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        —Los Angeles Times

        “Nelson writes a wonderfully detailed, anecdote-filled account of atomic energy, from Wilhelm Röntgen’s 1895 discovery of radiation to the ongoing hangover of the Fukushima disaster. . . . Other authors have covered the myriad ways this invisible power impacts our lives, but Nelson brilliantly weaves a plethora of material into one noteworthy volume.”

        —Publishers Weekly (starred review)
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        —Kirkus Reviews (starred review)

        “A sweeping panorama of the nuclear age . . . paying particular attention to the colorful scientists whose brilliance and diligence unlocked the secrets of the atom. . . . Nelson tells their stories vividly, with a journalist’s eye for symmetry and irony.”

        —Booklist

        “As he did with the space program in Rocket Men, in The Age of Radiance Craig Nelson has brought an era and an ethos to life. At the same time, he’s performed an even more difficult task: he’s made both the scientific and political complexities of the atomic era comprehensible and transparent.”

        —Daniel Okrent, author of Last Call

        “[Nelson] is especially good with a ‘you are there’ approach in describing Curie’s work and her late-night visits to the backyard lab with husband Pierre to look at the glow from her experiments stored in jars.”

        —Pittsburgh Post-Gazette

        “Wow! Craig Nelson’s The Age of Radiance is like the best of John McPhee mixed with the page-turning glory of a science-fiction thriller. A magnificent storyteller, Nelson takes even the most atomized of details and spins a dazzling history of the Atomic Age. This book gives you X-ray glasses: after reading it, you literally can’t walk down the street without seeing everything in our world anew.”

        —Doug Stanton, author of Horse Soldiers and In Harm’s Way

        “Nelson’s vivid reconstructions . . . shine. They make this book fun to read and sometimes hard to put down.”

        —On the Seawall

        “A comprehensive and fascinating look at the invention of atomic energy. . . . The pleasure of reading this book comes from the many, many insights and facts that are brought to light through Nelson’s smart voice.”
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For Stuart—You are the best in the world at what you do.


The most beautiful and deepest experience a man can have is the sense of the mysterious. It is the underlying principle of religion as well as of all serious endeavor in art and science. He who never had this experience seems to me, if not dead, then at least blind.

—ALBERT EINSTEIN

Nothing in life is to be feared, it is only to be understood. Now is the time to understand more, so that we fear less.

—MARIE CURIE
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Radiation: What’s in It for Me?

YESTERDAY you dashed your breakfast eggs with dried spices that had been irradiated against bacteria, germination, and spoilage. The secret ingredient in the microwave oven reheating that morning’s to-go coffee was radioactive thorium, first isolated from hearty Scandinavian minerals and named for their tempestuous lord. Your kitchen’s smoke + CO2 detector then started beeping every thirty seconds since it had to be replaced—its 0.9 micrograms of americium-241 had expired. The Brazil nuts in your cereal, meanwhile, had a thousand times more radium than any other food eaten by modern humans. Your banana’s potassium was radioactive, as was the body of the person you slept next to the night before. All night long you returned the favor, two lovers irradiating each other across snores, dreams, and twitching REM eyes.

Since you live at sea level, you get an annual cosmic-ray shower of thirty millirems (roentgen equivalent man (or mammal), a measure of the cancerous effects of radiant emanations, with one rem meaning .055 percent chance of cancer), but moving to Denver with its increased elevation will double that, while an aviation career equals 1 mrem for every thousand miles soaring at thirty thousand feet. Living in a home of masonry—stone, brick, adobe—doses you with 7 mrems annually, and in a city of buildings made from those same types of earth, 10 mrems, with an extra shot every time you pass through halls of granite, such as New York’s Grand Central Terminal or Washington’s Capitol (which is so vibrant it would fail the Nuclear Regulatory Commission’s licensing conditions for a reactor site).

Visiting the dentist, you are draped in a lead apron but, even so, get another 80 mrems, as you would with a chest X-ray, CAT scan, or nuclear stress test. There’s uranium in your dental work, added to porcelain for long-lasting whiteness and fluorescence, and if you walk too closely by certain policemen after a dental or medical procedure, you’ll set off their Geiger counters (otherwise engaged in the hunt for mythic dirty bombs). On the way home, you bought a balloon for your daughter, the helium that made it float produced by all-natural, all-organic radioactivity within the planet’s mantle. Your delinquent nephew still smokes, inhaling 12,000 to 16,000 mrem every year from radon isotopes trapped in tobacco’s delicious leaves. As you watch the glittering skyline of New York City on your way home that night, 30 percent of its power draws from a nuclear reactor that, if it suffered a Chernobyl-like failure, would mean the evacuation of 10 million people.

Your family is radioactive; your friends are radioactive; your pets are radioactive; and the earth itself throws off a gaseous froth of radon, 200 mrem for each of us, as uranium and thorium decay within the planet’s restive loam. Your vacation at a health spa includes daily bathing in mineral waters, but doesn’t include the information that hot springs are hot in two senses—the water is heated by rocks burning from those same uranium and thorium emissions, the force that also powers earthquakes to tremor, and volcanoes to erupt. Physicist Paul Preuss: “What spreads the sea floors and moves the continents? What melts iron in the outer core and enables the Earth’s magnetic field? Heat. Geologists have used temperature measurements from more than 20,000 boreholes around the world to estimate that some 44 terawatts (44 trillion watts) of heat continually flow from Earth’s interior into space. Where does it come from? Radioactive decay of uranium, thorium, and potassium in Earth’s crust and mantle is a principal source.”

Radiation is so organic that in 1972, geologic evidence of fourteen naturally occurring nuclear reactors, 1.5 billion years old, were found in the Oklo mines of Gabon, Central Africa. When groundwater leaked into a radiant vein of pitchblende ore unusually dense with that rare and quick-to-fission isotope uranium-235, the water slowed the energies of the free-range neutrons that make uranium radioactive, until their bouncing around like multiple strikes on a hundred-ball pool table triggered a chain reaction of neutrons splitting nuclei, which creates more free-range neutrons, splitting more nuclei. When the water boiled away, the natural ore reactors shut down . . . until more seeped back in, and they started up all over again.

In real life, though, you are not imperiled by Brazil nuts, bananas, microwave ovens, smoke detectors, going to the dentist, working as a flight attendant, sleeping with a lover, visiting Gabon, or living in Denver. Even with these daily accumulations, a scientific majority believes that you would need over 10,000 mrem to get any increased cancer risk, and 200,000 for radiation sickness—so only your smoking nephew is in trouble. Though tobacco companies knew as early as 1959 that cigarettes were rife with polonium-210, they kept that fact quiet for over four decades, even after discovering that acid-washing could remove 99 percent of the problem—but deciding that it wasn’t worth the cost—resulting in 138 deaths per 1,000 smokers per twenty-five years. And for those concerned about Denver, even though elevated Colorado gets between two and three times the cosmic-shower radiation of New Jersey, cancer rates in New Jersey are higher than they are in Colorado.

Irrational. Confusing. Conflicted. These are hallmarks of the whole of nuclear history. What was once an era heralded by Curie, Einstein, and Oppenheimer became degraded to Dr. Strangelove, $50 billion wasted on Reagan’s failed Star Wars, the 1979 partial meltdown at Three Mile Island, the 1986 explosion at Chernobyl, and the 2011 crisis at Fukushima. We are now living in the twilight of the Atomic Age, the end of both nuclear arsenals and nuclear power, yet, simultaneously, radiation has become so ubiquitous in contemporary life that it is nearly invisible, at once everywhere and unnoticed. It is the source of medical diagnostics from X-rays to PET scans and barium tracers, as well as a significant weapon in vanquishing certain cancers; it powers submarines and aircraft carriers; provides 20 percent of America’s domestic energy (and 80 percent of France’s); is used by anthropologists and forensic scientists to date biological remains, and by farmers to destroy bacteria; it remains a Pentagon mainstay and a weapon held dear by a club of developing nations who see it both as a route to global prestige . . . and the ultimate in defense against that same Pentagon.

At its root, radioactivity is wholly irrational to the human mind, appearing to exist somewhere between the quick and the dead. Uranium, thorium, and their ilk aren’t biological, yet they have half-lives, the amount of time it takes for a radioactive element to lose half of its radiant force, which is followed by a loss of a quarter, then an eighth, then a sixteenth, then a thirty-second, and on and on . . . mathematically immortal. That seemingly “dead” rocks can send out powerful rays without external stimulus is counterintuitive, reminiscent of quicksilver, the half-liquid, half-metal state of room-temperature mercury that so transfixed Isaac Newton, he died, poisoned by it. This fundamental condition is nothing less than magical—matter spontaneously converting itself into energy; atoms flying apart all of their own volition; a process disturbing to our common sense of the world.

Radiation’s powers rise from a simple condition: fat atoms. Uranium, thorium, and their radiant cousins are built from atoms so morbidly obese that they burst the laws of attraction—the fundamental building block of matter—and spit out a little piece of themselves, radiating subatomic alpha particles (two neutrons and two protons); beta particles (electrons); and energy waves of gamma rays (similar to X-rays). Imagine a giant blob of Ping-Pong balls, held together with rubber bands, but there are slightly more balls than the bands have the strength to cohere—fat atoms. Years may pass, but sooner or later, the rubber ties that don’t bind enough will falter, and the blob will spit out a ball. The changes in atomic structure caused by the spit induces alchemy, a transformation into an isotope, or into a different element altogether.

When uranium ore is left atop photographic paper, it leaves the image of a rock veined in energy, of matter seeming to pulse with life. Hold silvery plutonium in your hand and it feels warm as a puppy . . . a big enough lump will boil its own water. The meltdown of runaway nuclear reactors, meanwhile, results in what physicist Robert Socolow describes as “afterheat, the fire that you can’t put out, the generation of heat from fission fragments now and weeks from now and months from now.” A fire that, unchecked, becomes eternal. And say what you will about the less than pleasant qualities of nuclear weapons . . . their detonations are rapturously beautiful.

Formed by stars that exploded into the gas and dust of supernovas, radiance is the main source of heat within the earth, and its force propels the tectonic shift of the continents. Its invisible rays trigger biological damage, birth defects, tumors, and cellular mayhem. Hiroshima; Godzilla; Dr. Strangelove; Nagasaki; Bikini; Spider-Man. What other history combines unimaginable horrors with genetic monstrosities, Armageddon fantasies, Hollywood tentpole grandees, and a revolution in swimwear? No wonder it’s rare today for someone not to be at least a little bit radiophobic, alarmed by this omnipresent, invisible, mythic force. Yet the same rays that cause cancer can be used to cure cancer—drink the poison, or die—and the development of the most hideous weapon in the history of humankind has wholly eroded that same humankind’s ability to wage global war against itself. Every time another country with erratic political leaders—Pakistan, North Korea, Iran—develops the ability to manufacture nuclear weapons, the world responds with grave fear. Yet, two of the greatest mass murderers in human history—Stalin and Mao—were nuclear armed and never used their atomic weapons. Sixty-five years and counting, and still the only country to ever drop the Bomb is the United States of America. The deterrent benefits have led more than one expert on this history, after detailed analysis, to propose awarding the atomic bomb with the Nobel Peace Prize.

Before this research, you and I probably had similar thoughts about atomic energy (an eternal, potential menace) and nuclear weapons (a moral and mortal hazard). Then I found out that Chernobyl has become something of a human-free Eden, that the survivors of Hiroshima and Nagasaki are in much better health than any of us could ever have imagined, that except for the radiating blanket of fallout, nothing can be accomplished with atomic weapons that can’t be done with conventional explosives, and that Marie Curie was one hell of a broad. The very term atomic bomb originated with science fiction writer H. G. Wells and was taken up by the physicists of Los Alamos as something of a joke. Since everything in the material world is composed of atoms, not just nuclear weapons are atomic—all weapons are atomic, this book is atomic, and you are atomic. But when it comes to radioactivity in the modern world, this “atomic everything” paradox makes a piquant kind of sense. For example, the 2011 disaster at Japan’s Fukushima Daiichi nuclear power plant was triggered by a power failure when the emergency backup batteries, stored foolishly in the basement, were destroyed by a tsunami. That oceanic flood originated with an earthquake, which was the result of crashing tectonic plates, which moved from the pressure and heat created by radiation rising from the earth’s iron core. In the end, the Fukushima nuclear disaster was triggered by organic atomic forces . . . so in today’s world, the “joke” has reverberated back on Los Alamos. Nuclear in power, in medicine, and in weaponry has become so pervasive that it might as well be “atomic,” and the story of its birth, of nuclear’s startling rise and slow-motion collapse, of the men and women who changed our lives in ways they could never imagine, from Curie to Oppenheimer, Teller to Reagan, and “duck and cover” to Fukushima, defies belief.
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The Astonished Owner of a New and Mysterious Power

THE cataract of discovery that inaugurated the Atomic Age was a fifty-year revolution that transformed our scientific comprehension of matter, energy, and the essential ingredients of all that we know of the material world. Nearly every one of these great leaps forward was made, astonishingly enough, by an academic nonentity.

On the late afternoon of November 8, 1895, at the University of Würzburg, a fifty-year-old scientist who had been expelled from the Utrecht Technical School (and had never received a diploma) was investigating the electrostatic properties of various glass vacuum tubes, fitted with metal posts at each end. At the turn of the century, physicists were obsessed with electricity; their laboratory’s stature was determined by battery power and the size of their sparks, with an appearance that has been re-created on a more epic scale in the movies of Frankenstein. Everything in a scientist’s lab was handmade in this, the “sealing wax and string” era, as red Bank of England wax was liberally used to seal up leaking vacuum apparatuses, and delicate blown-glass tubes were held up with strings.

The Tesla coil of 1891 provided electrical investigators with their first generator of lightning-quality bolts, but the most popular turn-of-the-century sparker was the Rühmkorff—a widely admired London Rühmkorff had a 280-mile-long coil that could throw forty-two-inch jolts. These induction coils were powered by sulfuric and nitric acid batteries with zinc anodes that had to be cleaned with mercury, a combination that produced a constant gust of unsavory odors. By 1895, physicists were attaching each end of a vacuum tube to these coils, and trying to understand why throwing the switch would make the insides glow in blues and greens, a philosophic conundrum as these were “vacuum” tubes with presumably nothing inside them (though the mechanical methods of producing vacuums at the time rarely achieved perfect zero emptiness). The more advanced of these men and women thought that the revelation of the source of these glows might reveal the mysteries of electricity . . . and they were right. English chemist William Crookes insisted that the evanescences within cathode tubes, these cathode rays, must be a new form of “radiant matter” in a “fourth state”—neither solid, liquid, nor gas. French physicist Jean Perrin theorized that they were “corpuscles” carrying a negative charge . . . eventually known as electrons.

Wilhelm Röntgen (RUNT-gun)—described by a McClure’s magazine profile as “a tall, slender, and loose-limbed man, whose whole appearance bespeaks enthusiasm and energy”—was director of the Physical Science Institute at the University of Würzburg and lived with his wife, Anna Bertha, upstairs from his two-room office, “a laboratory which, though in all ways modest, is destined to be enduringly historical. There was a wide table shelf running along the farther side, in front of the two windows, which were high, and gave plenty of light. In the centre was a stove; on the left, a small cabinet, whose shelves held the small objects which the professor had been using. There was a table in the left-hand corner; and another small table . . . was near the stove, and a Rühmkorff coil was on the right. The lesson of the laboratory was eloquent. Compared, for instance, with the elaborate, expensive, and complete apparatus of, say, the University of London, or of any of the great American universities, it was bare and unassuming to a degree.” Today the site of this lab is easy for medical-imaging enthusiasts to find, as it’s directly behind the Würzburg bus station.

Röntgen used a Raps pump to vacuum out the pear-shaped Hittorf-Crookes and zeppelin-like Lenard tubes, which he then connected to a Rühmkorff that could throw sparks of four to six inches. On November 8, 1895, he covered a Lenard with black cardboard, drew the curtains to completely darken the room and ensure that the cardboard jacket was light-tight, and flipped the current. He then did the same with a different style of tube, a Crookes, but this time, though the cardboard still kept all light within, he noticed an odd, green glow coming from a lab bench, about a meter away. He turned the current off . . . the glow from the bench faded . . . then clicked the switch back . . . and once again the glow resumed. Lighting a match, he went over and found a piece of cardboard coated in barium platinocyanide—a standard fluorescent screen called a Leuchtschirm—and realized that, somehow, invisible rays from the cathode tube had to be passing through the black cardboard sheath and igniting this distant screen: “A yellowish-green light spread all over its surface in clouds, waves, and flashes. The yellow-green luminescence, all the stranger and stronger in the darkness, trembled, wavered, and floated over the paper, in rhythm with the snapping of the discharge. Through the metal plate, the paper, myself, and the tin box, the invisible rays were flying, with an effect strange, interesting, and uncanny.”

It was mysterious, and alarming. Wilhelm immediately began a series of investigatory experiments to learn as much as possible about these rays. He kept using thicker and thicker objects to try to block the emanations, from paper to cardboard to books, then experimented with sheets of metal. Only a disk of lead would wholly interfere; otherwise, the Leuchtschirm continued to luminesce. At one point he photographed his door, which produced a strange effect in the plate, and he couldn’t understand this result. He took the door apart, and the answer was plain: lead paint.

Once while he was waving a lead disk between the tube and the screen, his hand fell before the stream. On the Leuchtschirm, within the vague, dark outline of the shadow of his skin, the bones of his fingers could plainly be seen. He was so stunned that he decided to tell absolutely no one about this: “When at first I made the startling discovery of the penetrating rays, it was such an extraordinary astonishing phenomenon that I had to convince myself repeatedly by doing the same experiment over and over again to make absolutely certain that the rays actually existed. . . . I was torn between doubt and hope, and did not want to have any other thoughts interfere with my experiments. . . . I was as if in a state of shock.”

For the next two months, Röntgen spent every possible moment exploring this discovery, photographing the effects of the rays passing through wood, metal, books, and flesh, spending so much time at the lab that his wife became upset. When her husband then described what he’d found, Anna Bertha thought Wilhelm had lost his mind. On December 22, 1895, he asked her to come downstairs with him and had her rest her hand atop a cassette holding a photographic plate. He showered her with rays for fifteen minutes, then asked her to wait. He returned with the developed plate: a photograph of the bones in her hands and the rings on her fingers, with her flesh in soft outline around the whole. He was so pleased with what he had discovered. She was horrified, and like so many others in that era who would, for the first time, view what will remain, she cried out, “I have seen my death!”

Even after constant efforts in the lab, Röntgen remained so mystified by his rays that he could only name them X . . . the unknown. Almost immediately after he began to report his findings, others started working with cathode-ray screens and published follow-up reports in scientific, medical, and electrical journals, which were in turn almost immediately taken up by the popular press. McClure’s: “Exactly what kind of a force Professor Röntgen has discovered he does not know. As will be seen below, he declines to call it a new kind of light, or a new form of electricity. He has given it the name of the X rays. Others speak of it as the Röntgen rays. Thus far its results only, and not its essence, are known. In the terminology of science it is generally called ‘a new mode of motion,’ or, in other words, a new force. As to whether it is or not actually a force new to science, or one of the known forces masquerading under strange conditions, weighty authorities are already arguing. More than one eminent scientist has already affected to see in it a key to the great mystery of the law of gravity. All who have expressed themselves in print have admitted, with more or less frankness, that, in view of Röntgen’s discovery, science must forth-with revise, possibly to a revolutionary degree, the long accepted theories concerning the phenomena of light and sound.”

“Röntgen ray” articles appeared on January 5 in Vienna’s Wiener Press; January 7, in Frankfurt’s Frankfurter and Berlin’s Vossiche; January 11, London’s Saturday Review; January 13, Paris’s Le Matin; January 16, New York Times. In a journalist’s game of “telephone,” each would rewrite the previous item with an ever-growing collapse in accuracy, which continually enraged Röntgen. As the public then became obsessed with the discovery, the era’s newspapers fed the hunger by publishing thousands of haunting photographs illuminating the shadowy flesh and lacy, geometric skeletons of mice, chickens, puppies, and birds. Journalist Cleveland Moffett described one example of what were called shadow photographs: “A more remarkable picture is one taken in the same way, but with a somewhat longer exposure—of a rabbit laid upon the ebonite plate, and so successfully pierced with the Röntgen rays that not only the bones of the body show plainly, but also the six grains of shot with which the animal was killed. The bones of the fore legs show with beautiful distinctness inside the shadowy flesh, while a closer inspection makes visible the ribs, the cartilages of the ear, and a lighter region in the centre of the body, which marks the location of the heart.” Inside of a year, over fifty X-ray books and a thousand articles were released, and at London’s Crystal Palace, lucky visitors could have their change purses Röntgen-rayed as a souvenir. The fad was versified in Photography magazine:

The Roentgen Rays, the Roentgen Rays.

What is this craze?

The town’s ablaze

With the new phase

Of X-ray’s ways.

I’m full of daze,

Shock and amaze;

For nowadays

I hear they’ll gaze

Thro’ cloak and gown—and even stays.

These naughty, naughty Roentgen Rays.

Kaiser Wilhelm asked his nation’s most famous scientist to give him a private royal lecture in the Star Chamber on January 13, 1896, after which Röntgen was decorated with the Prussian Order of the Crown. One newspaper summed up the revolution: “Civilized man found himself the astonished owner of a new and mysterious power,” and for this power, Röntgen would be awarded, in 1901, the first Nobel Prize in Physics. At the same time, his embarrassment at the public’s hands continued, with X-rays taken up by spiritualists, Christians, somnambulists, and the temperance movement, with claims as well that they could erase the mustaches of women and transmit anatomical drawings directly into the brains of medical students. One man announced a secret alchemy technique of x-raying ordinary metals into gold; another claimed to have photographed souls.

Cartoons in British Punch and American Life portrayed high-society swells reduced to skeletons, while eavesdropping maids no longer had to stoop with their ears to keyholes, as they could now see through doors. The state of New Jersey thought it necessary to debate a bill forbidding X-ray glasses in theaters, while a London manufacturer produced shielding undergarments for ladies who didn’t want to be seen naked on the streets by hordes of X-ray-spectacle-equipped voyeurs.

Miracles in our time always seem to combine blessing with menace. Röntgen had used a zinc box and a lead plate to focus his beams, to protect the photographic plates in his lab from being accidentally exposed. This procedure coincidentally protected Röntgen himself. Others were not so fortunate. In 1896 Columbia’s H. D. Hawks demonstrated Röntgen rays at Bloomingdale’s department store in New York City. He noticed a dryness on his skin, which became something like a sunburn, and then scales appeared. Over the following months, his fingernails stopped growing, the hair on the side of his head fell out, and he had trouble seeing. His eyelashes and eyebrows fell out, and the skin became extremely painful.

The February 1896 Electrical World announced that Thomas Edison suffered from “Röntgenmania.” Following the public euphoria, the great inventor ordered his employees to investigate any and all X-ray possibilities for seventy hours nonstop, keeping them awake and working by hiring a man to aggressively play the accordion. By May, the New Jersey lab offered a fluoroscope demonstration at New York’s Electrical Exhibit so that the public could appraise its own bones. The exhibit was run by glassblower Clarence Madison Dally, who then spent a number of years helping to develop an Edison X-ray lightbulb. After eight years of work, Dally’s hair fell out and his skin started erupting in lesions that wouldn’t heal. Edison canceled the bulb, but Dally continued working with Röntgen rays. Burns on his hands became cancerous; both of his arms were amputated to save his life. It didn’t work, and he died in 1898 at the age of thirty-nine, becoming the first human known to be killed by X-rays. His death stopped Edison’s Röntgenmania for good; the wizard of Menlo Park never worked with radiation again.

Blessing, with menace. X-rays started being used for medical diagnosis eight weeks after Röntgen announced his discovery. A student at Hahnemann Medical College in Chicago, Emil Grubbe, stuck his hand in an X-ray machine and noticed that, after a while, the skin from that hand was falling off. Showing this to one of his professors, he convinced him to try the rays on a breast-cancer patient named Rose Lee, diagnosed as hopeless. With the rays, Lee improved; the cancer shrank and seemed to remit. Radiotherapy was born. In February 1896, Grubbe founded the first radiation-therapy facility in Chicago—he didn’t graduate from medical school until 1898—and by 1929, the rays had so damaged his left hand with cancer that it had to be amputated. In 1960, he died of squamous cell carcinoma.

By 1959, Germany’s Röntgen Society announced that 359 people had died of X-ray overexposure. The mixed blessing produced by science, and its disturbing qualities, triggered mixed feelings about the discoverer. Wilhelm Röntgen, with his unruly beard and hair, wild and untamed, would become the world’s image of a mad genius.
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When Röntgen sent preprints of his article announcing X-rays out to fellow scientists at the end of 1895, his discovery was the dramatic breakthrough in an investigation of the mysterious relationship between matter and energy that had been building long before he’d ever charged a tube. One of the recipients was French mathematician Henri Poincaré, who shared Röntgen’s X-ray photographs with the fellow members of Paris’s Académie des Sciences on January 20, 1896. In that audience was Antoine Henri Becquerel, who, inspired by the fact that the X-rays seemed to emanate from the area of the vacuum tube that glowed, immediately began experimenting with fluorescent materials and their emissions.

Henri’s grandfather, Antoine César Becquerel, was a Parisian celebrity for having discovered the use of electrolytes to refine metal and was one of the first graduates of the École Polytechnique, which became so central to the military, scientific, and engineering cultures of France that anyone wanting a career in those fields needed to be a polytechnicien. After Antoine César was told in 1815 that he was terminally ill and that death would arrive shortly, he resigned from the army, became a physics professor at Paris’s Musée d’Histoire Naturelle, developed a keen interest in electricity, electrochemistry, and fluorescence, became the museum’s director, and lived to the age of ninety. After himself graduating from the Polytechnique, son Alexandre-Edmond worked at his father’s museum and taught at his father’s school. The Becquerels would assemble at their institution a profound collection of minerals that could absorb, and then radiate, light. They were of two kinds: those that could glow after the light was turned off phosphoresced; and those that only glowed with the light on luminesced. Antoine César told his son, “I will never be satisfied with explanations they give why some chemicals and minerals shine in the dark. Fluorescence is a deep mystery and nature will not give up the secret easily.” By 1896 and the age of X-rays, grandson Antoine Henri had the Musée chair and taught at the Polytechnique, following in his father’s and grandfather’s shoes with fluorescence and phosphorescence; he also typified his era by sporting a commandingly luxuriant and astonishingly manicured barrage of facial hair.

After winning his doctorate investigating crystal phosphorescence, Henri decided to take the Becquerels’ dynastic expertise into a new direction inspired by Röntgen, with this one experiment: “One wraps a Lumière photographic plate with a bromide emulsion [photography then being done on glass panes coated with a warmed colloidal suspension of potassium bromide and silver nitrate] in two sheets of very thick black paper, such that the plate does not become clouded upon being exposed to the sun for a day. One places on the sheet of paper, on the outside, a slab of the phosphorescent substance [Becquerel used uranyl potassium sulfate—a uranium salt], and one exposes the whole to the sun for several hours. When one then develops the photographic plate, one recognizes that the silhouette of the phosphorescent substance appears in black on the negative. If one places between the phosphorescent substance and the paper a piece of money or a metal screen pierced with a cut-out design, one sees the image of these objects appear on the negative. . . . One must conclude from these experiments that the phosphorescent substance in question emits rays which pass through the opaque paper.” If Becquerel had been able to conduct his research with modern photographic paper, he would have been even more flabbergasted, for the results are the shadow of a rock veined in energy; matter seeming to pulse with an inner life.

Henri was trying to determine if uranium captures sunlight and emits it later. One day was so overcast that he decided it wouldn’t be productive, so he put away that day’s plate and his rocks in a drawer. By accident, he developed that pane as well and was stunned to find that “there is an emission of rays without apparent cause. The sun has been excluded.” Even after leaving his ore in the dark for many months, it still inscribed its uranic form into the photographic gelatin, and no other element he tried matched this feat. When he discovered that uranium’s emanations could penetrate aluminum, copper, and even platinum, he believed he’d discovered another form of Röntgen rays.

Becquerel’s uranium results were in equal measure mystifying and alarming because all the other known incidents of phosphorescence and luminescence began with an external source of illumination. Instead, the rays of uranium emitted all on their own accord. Unlike what everyone had known so far about the boundaries of the material world, Becquerel’s accident revealed matter creating energy through its own volition: “Its luminosity came from within.” He had discovered light that comes from a stone, and called it les rayons uraniques—“uranic rays.”

Despite this earthshaking revelation, scientists at the time continued studying Röntgen rays instead of uranics—which, after all, did not dramatically reveal skeletons—but that lack of broad interest appealed to a Sorbonne graduate student looking for a topic for a doctorate in 1897, as this meant there was no lengthy history of journal scholarship to research, and the properties of uranic rays could immediately be investigated firsthand in the lab. This academic “shortcut” led to six years of backbreaking toil and a discovery that would revolutionize the science of physics, as well as the stature of women in the world.
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When they were teenagers together in Warsaw, Bronya Skłodowska (Squaw-DOFF-ska) made a pact with her littlest sister, Manya. If Bronya was accepted to medical school in Paris, Manya would work two years to support her; then if Manya was accepted to the university, she would be supported in turn. As Polish women were forbidden from anything approaching higher education in the czarist Russian colony of that time, though, they first attended the Floating University—“we agreed among ourselves to give evening courses, each one teaching what he knew best,” as Manya described it. This illicit underground educational collective got its name from the fact that its classes met in changing locations, the better to evade the eyes of imperial authorities and local snitches, and its students’ lofty goal went far beyond mere self-improvement. They hoped their grassroots educational movement would raise the likelihood of eventual Polish liberation, and many followed the “positivist” philosophy of Auguste Comte, which promoted a scientific method for understanding both human affairs and the universe. Even to this day in the Polish tongue, a positivist is a pragmatist, accepting of people as they are and the world as it is.

From the example of the Skłodowskas, the Floating University was exemplary in educating its brave students. Bronya was indeed accepted to medical school at the Sorbonne in Paris, and Manya, as promised, began work as a nanny, first in Kraków with a family whom she unreservedly despised, telling her cousin Henrietta on December 10, 1885, “My existence has been that of a prisoner [working for] a family of lawyers [who] when there is company speak a chimney-sweeper’s kind of French. . . . I shouldn’t like my worst enemy to live in such a hell. . . . They are sunk in the darkest stupidity. . . . I learned to know the human race a little better by being there. I learned that the characters described in novels really do exist, and that one must not enter into contact with people who have been corrupted by wealth.”

Manya was then hired by the Zorawskis, the managers of a sugar-beet plantation north of Warsaw. The family house was stucco, with a pleasure garden, a croquet lawn, forty horses, and sixty cows, adjacent to the immense brick sugar-beet factory, which processed the bounty of two hundred acres, continually arriving in a stream of oxen carts, and discharged into the river a “dark, sticky scum.” Her charges on the estate included Bronka, eighteen; Andzia, ten; Stas, three; and Maryshna, six months. Manya wrote Henrietta that “Stas is very funny. His nyanya told him God was everywhere. And he, with his little face agonized, asked: ‘Is he going to catch me? Will he bite me?’ . . . I ought to think myself very lucky.” Manya and Bronka, with the parents’ assent, spent two hours a day teaching the farm’s eighteen peasant children how to read and write in Polish—an effort considered such a crime by Russian authorities it was punished with hard labor at a concentration camp. The Zorawskis paid Manya a good salary of five hundred rubles a year, and she would stay with them for four years. This job would change Manya’s future course in the world, but it also included “moments which I shall certainly count among the most cruel of my life.”

The cruelty arrived when firstborn son Kazimierz (Casimir), studying mathematics and agricultural engineering at Warsaw University, returned home for the holidays. He quickly fell in love with the nineteen-year-old Manya, and she fell back, tail over teacup. In time, he told his parents they wanted to get married, and the young couple expected a happy consent. Everyone adored Manya. But, they were wrong. The parents believed their brilliant son was destined to marry above, not below, his station and forbade an engagement with this penniless nobody. Casimir agreed to his parents’ wishes, which made him seem weak to Manya, but she still loved him, and she couldn’t afford to quit a job that paid so well.

Then, for a number of years, Casimir wavered, telling Manya he loved her and had to have her as his bride and, alternately, that he had to accede to his parents’ wishes. She wrote Henrietta on April 4, 1887, “If [men] don’t want to marry impecunious young girls, let them go to the devil! Nobody is asking them anything. But why do they offend by troubling the peace of an innocent creature?” On November 25, 1888: “I have fallen into black melancholy. . . . My existence strangely resembles that of one of those slugs which haunt the dirty water of our river. . . . I was barely 18 when I came here, and what I have not been through! . . . I feel everything very violently, with a physical violence, and then I give myself a shaking, the vigor of my nature conquers, and it seems to me that I’m coming out of my nightmare. . . . First principle: never to let one’s self be beaten down by persons or by events.”

The tormented young woman tried drowning herself in her studies, reading ferociously after dinner every night—sociology, literature, history, even an advanced math course she completed, by mail, with help from her father. Repeatedly her interests and her talents were sparked by physics and chemistry, so much so that she convinced one of the factory chemists to give her lessons. Then the Zorawskis learned that Casimir and Manya were still illicitly seeing each other. She was fired. Completely heartbroken, Manya returned to Warsaw, lived with her father, worked at a few more governess jobs, and, through her cousin Joseph, got laboratory experience at the clandestine Museum of Industry and Agriculture, where Joseph illegally educated a generation of Polish scientists.

Then in March 1890, Manya received a letter from Bronya. The elder sister announced she was engaged to a very different Casimir—a man who would be deported to Siberia if he ever returned to the Russian empire, as he was believed to be one of the conspirators behind Czar Alexander II’s assassination—and that her studies were complete. Now it was Manya’s turn, and Bronya invited her littlest sister to come to Paris to live with the new couple and be supported financially, as promised so long ago. But now, Manya wavered, for she was still so much in love. Finally in the fall of 1891, Casimir Zorawski wrote to say that their relationship was categorically finished. Manya left Poland, for Paris.

But this is not the end of that story. After growing up to become a well-regarded mathematician in Poland, the adult Casimir Zorawski would frequently be seen gazing up at Warsaw’s monumental statue of the nation’s great heroine, Marie Curie, the “penniless nobody” he had lost forever.
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Born November 7, 1867, in the province of Vistula Land, a Poland brutally ruled by a vengeful Moscow, Marja Skłodowska was the baby of her family and like all Polish husbands, wives, pets, children, and cherished possessions, she and her brothers and sisters all had nicknames. Zofia was Zosia; Bronisława, Bronya; Helen, Hela; Joseph, Jozio; and the youngest, Marja, went by Manya, Manyusya, and Anciupeccio. The birth of her fifth and last child led mother Bronya to resign her position as head of a Warsaw school, where the family had resided in complimentary housing; she now worked from home, as a cobbler. Then, she became ill, the beginnings of a family cataclysm. Bronya had been taking care of her husband’s younger brother, sickened with tuberculosis. The brother passed, and soon enough Bronya herself was infected, having likely contracted the disease from her good intentions.

Three years before Manya’s birth, Polish nationalists waged revolutionary assaults against the Russian colonial authorities and were defeated. Tens of thousands were interned in Siberian slave-labor camps; hundreds of thousands fled to live in exile, and the rulers began a program of “Russification.” Manya’s daughter, Eve: “For the children, the dreadful nature of Czarist occupation was in the Russian-appointed head of the gymnasium, Ivanov. They were taught that Poland was a province and their language a dialect, and forced to recite their Catholic prayers in Russian.” Manya: “Constantly held in suspicion and spied upon, the children knew that a single conversation in Polish, or an imprudent word, might seriously harm, not only themselves, but also their families.”

Manya’s grandparents had been comfortably well-to-do, and the furniture in the family’s study revealed this prosperous ancestry: a desk of French mahogany, Restoration armchairs in red velvet, a green malachite clock, a table inlaid with a marble checkerboard; the portrait of a bishop; and a collection of scientific apparatuses, including an oak-mounted barometer and a gold-leaf electroscope. But Manya’s parents’ sympathies with the Polish liberation movement destroyed their earnings as a state-employed teacher and school administrator, and that combined with poor investments erased their inheritance.

Eve described what happened next: “While his wife was being treated on the Riviera in Nice, his brother-in-law had lost 30,000 rubles of the family’s money in a steam mill; the father was forced to take in boarders. The proper family was unraveled into chaos and cacophony; Manya had to study with her thumbs in her ears. But she became so absorbed in whatever she turned her mind to that the family made a joke of making a tremendous noise around her and watching as she continued to read and pay them no attentions.” The girl would have this power of concentration for the rest of her life, as Manya herself said, “Weak as I am, in order not to let my mind fly away on every wind that blows, yielding to the slightest breath it encounters, it would be necessary either to have everything motionless around me, or else, speeding on like a humming top, in movement itself to be rendered impervious to external things. . . . One must make of life a dream, and of that dream a reality.”

Mother Bronya then returned from Nice, her condition unimproved. Eve: “One of the boarders infected Bronya and Zosia with typhus, killing the elder sister. Their mother, too weak to leave the house, watched from the windows as the cortege took her first born away forever.” Manya was eight when her beautiful sister Zosia died, but this was not the end of the family’s sorrow. The children prayed every night for their mother’s health to be restored, but on May 9, 1878, she died as well. Manya was ten, and “would often sit in some corner and cry bitterly. Her tears could not be stopped by anybody,” sister Hela said, while Manya remembered, “For many years we all felt weighing on us the loss of the one who had been the soul of the house.” The family was forced to sell their country home, but at least some of their friends and relatives still had estates, where they were invited to spend the summers, tramping the woods for mushrooms and whortleberries, playing dress-up as traditional peasants, riding horse-drawn sleighs, and waltzing at night to fiddlers on the lawn. Manya: “We sleep sometimes at night and sometimes by day, we dance, and we run to such follies that sometimes we deserve to be locked up in an asylum for the insane.”
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Traveling as economically as possible, Manya Skłodowska left Warsaw for Paris carrying not only enough food and reading for the trip, but also a folding chair and a blanket, as German fourth-class travel did not include seats. She then joined Bronya and her husband at their apartment on the rue d’Allemagne at the city’s edge in smelling distance of la Villette, the abattoir. Twice a day the small, young foreign woman climbed the spiral staircase of a horse-drawn double-decker omnibus for the hour-long commute to and from the Sorbonne. The top section, open to the elements and known as the imperial, held the cheapest seats, with the best views. It was impossible, but she was in Paris, taking classes at the finest university in all of continental Europe. She filled out her registration card not as Marja or Manya, but as Marie Skłodowska, half-French, and half-foreign, with a surname no one but a Pole could pronounce—regardless, everyone who knew her forever called her Manya. Marie’s educational background and laboratory experience were dramatically scantier than that of her fellow classmates, and she struggled to keep up with schooling and with the mysteries of the French tongue. Stubborn, shy, dressed in the gray-wool-and-pomegranate-linen dress of a poor immigrant scraping through life, Marie was nevertheless a striking woman, with ash-blond hair and porcelain complexion. She was so pretty that one of her friends told a group of boys to leave them alone or risk a beating from her parapluie.

Bronya and Casimir turned their apartment into petite Pologne, with every night a gathering of homesick Varsovians in exile, enjoying wine, cake, vodka, tea, and a piano player by the name of Ignaz Paderewski, all in heated conversation over science and politics—two future presidents of Poland were among the regulars. It was a glorious reminder of home, and it was also too much of a distraction for an overburdened university student. After six months, Marie moved into a sixth-floor chambre de bonne—a one-room garret—at 3 rue Flatters off boulevard de Port-Royal in the quartier latin, paying twenty-five francs a month, with no hot water as she couldn’t afford heat. Sometimes, she fainted from hunger. Her first real adult home had a folding iron bed, a white wooden table, a big brown trunk (which could be sat on in an emergency), an oil lamp, a stove, an alcohol-fed oven, a washing tub, one fork, one knife, one spoon, one cup, one cooking pan, two plates, and one teakettle with three glasses for herself and her only guests, the relatives. She knew how to sew, but never made herself any clothes, only repairing her Polish outfits again and again. On nights when it was too cold to sleep, she put everything she owned—clothes, coats, towels—on top of her coverlet, then put the single chair on top of all of it to weigh everything down and perhaps give at least the illusion of warmth. “My situation was not exceptional; it was the familiar experience of many of the Polish students whom I knew,” she wrote later. “I carried the little coal I used up six flights. . . . I prepared my meals with the aid of an alcohol lamp. . . . It gave me a precious sense of liberty and independence. . . . [This was] one of the best memories of my life.”

After all her troubles as a university student, undereducated because she was a woman and foreign-born, Marie finished first in her master’s-degree physics course in the summer of 1893 and second in math the following year. Then a miraculous stroke of luck came her way: the same friend who’d defended her on the streets with an umbrella got her awarded the Alexandrovitch scholarship—six hundred rubles—enough for over a year of living expenses. She was saved. The following year, she was awarded her master’s in mathematics, and by then, she spoke perfect French with a bare whisper of Polish flavor. In a few years’ time, she would have her first paid assignment, and out of those fees she would repay, for the first time in its history, the scholarship, so another impoverished student could be given help when it was most needed.

Before completing the math degree, she was commissioned by the Society for the Encouragement of National Industry to do a study aligning the magnetic properties of different steels to their chemical compositions. She needed to find a lab where she could do this work, and a friend she’d met while working for the Zorawskis knew someone who might have a room, a teacher at the École Supérieure de Physique et de Chimie Industrielles de la Ville (the city’s industrial engineering and chemistry school). Additionally, this friend of a friend of a friend had a number of remarkable similarities to Marie. She was investigating the magnetic properties of steel, and this city schoolteacher had discovered a remarkable interaction of heat and magnetism; Marie was educated outside any state system through the Floating University and her program of self-education while working as a governess, while Pierre had been homeschooled by his parents, his brother, and a tutor before qualifying to enter the Sorbonne. They were both workaholics, with his family nearly as well educated and as financially precarious as the Skłodowskas. And they were both outsiders in the French scientific community, who expected their members to have a Polytechnique education like the Becquerels.

Marie: “Pierre’s intellectual capacities were not those which would permit the rapid assimilation of a prescribed course of studies. His dreamer’s spirit would not submit itself to the ordering of the intellectual effort imposed by the school. . . . He grew up in all freedom, developing his taste for natural science through his excursions into the country, where he collected plants and animals for his father.” Pierre: “I did not regret my nights passed in the woods, and my solitary days. If I had the time I would let myself recount my musings. I would describe my delicious valley, filled with the perfume of aromatic plants, the beautiful mass of foliage, so fresh and so humid, that hung over the Bievre, the fairy palace with its colonnade of hops, the stony hills, red with heather. . . . We must eat, sleep, be idle, have sex, love, touch the sweetest things in life and yet not succumb to them.”

Pierre Curie had fallen in love as a young man, but then the girl died, and a lack of income forced him to put off work toward his doctorate indefinitely. Instead, he became a poorly paid laboratory instructor at the city school; at the age of thirty-five, he was still living with his parents. Working with elder brother Jacques, Pierre studied crystals—quartz, tourmaline, topaz, sugar—and found that, when they were compressed along the axis of symmetry, they produced a charge—piezoelectricity (from the Greek, “to squeeze”). For the precise measurements needed for this work, the physicist brothers created a highly sensitive instrument that combined tiny weights, microscopic meter readers, and pneumatic dampeners—the Curie scale. Then, heating various materials to 1,400°C (over 2,500°F), they discovered a link between heat and magnetism. Today the temperature that a given element loses its magnetism, the Curie point, is used in studying plate tectonics, treating hypothermia, measuring the caffeine in beverages, and understanding extraterrestrial magnetic fields, while piezoelectricity is found in mechanisms propelling the droplets of ink-jet printers, regulating time in quartz watches, controlling the shrill wail of smoke detectors, turning the adjustable lenses of autofocus cameras, acting as the pickups of electric guitars, giving a spark to electric cigarette lighters, reducing vibrations within tennis rackets, and sending out high-frequency audio to monitor the heartbeats of fetuses.

Lord Kelvin was so taken with the Curie brothers’ work on electric quartz that he arranged for a number of visits with Pierre in his lab the first week of October 1893, the same period that the impoverished teacher was meeting the great love of his life. Marie Curie: “As I entered the room, Pierre Curie was standing in the recess of a French window opening on a balcony. He seemed to me very young, though he was at that time thirty-five years old. I was struck by the open expression of his face and by the slight suggestion of detachment in his whole attitude. His speech, rather slow and deliberate, his simplicity, and his smile, at once grave and youthful, inspired confidence. . . . There was, between his conceptions and mine, despite the difference between our native countries, a surprising kinship, no doubt attributable to a certain likeness in the moral atmosphere in which we were both raised by our families. . . . Soon he caught the habit of speaking to me of his dream of an existence consecrated entirely to scientific research, and he asked me to share that life. It was not, however, easy for me to make such a decision, for it meant separation from my country and my family, and the renouncement of certain social projects that were dear to me. Having grown up in an atmosphere of patriotism kept alive by the oppression of Poland, I wished, like many other young people of my country, to contribute my effort toward the conservation of our national spirit.”

Marie was the first woman Pierre had encountered in fifteen years who was both attractive physically and shared his great passion for science. She felt likewise; besides his professional achievements, Marie “noticed the grave and gentle expression of his face, as well as a certain abandon in his attitude, suggesting the dreamer absorbed in his reflections.” But then he asked if she planned to remain in France permanently, and she said, “Certainly not. . . . I shall be a teacher in Poland; I shall try to be useful. Poles have no right to abandon their country.”

After a few months passed, Marie made plans for a trip to Warsaw, for a vacation with her family, and to apply to graduate school in her native country. Pierre suddenly insisted, “Promise me that you will come back! If you stay in Poland you can’t possibly continue your studies. You have no right to abandon science.” Marie later said that she felt what Pierre really meant by this was “You have no right to abandon me.” But she could never, in turn, imagine abandoning Poland, or marrying a man who wasn’t Polish, and only allowed Pierre to consider themselves as friends.

While Marie was away, a torrent of letters arrived from Pierre in his childlike writing, signed “your very devoted friend” and begging her to return: “We promised each other (isn’t it true?) to have, for each other, at least a great affection. As long as you do not change your mind! For there are no promises which hold: these are things that do not admit of compulsion.” Pierre “had a touching desire to know all that was dear to me,” Marie said. He even learned a bit of her difficult native language and, when she finally returned in October, made a remarkably abject offer: he would move to Poland and find some kind of position, if only she would marry him. Pierre Curie: “It would, nevertheless, be a beautiful thing in which I hardly dare believe, to pass through life together hypnotized in our dreams: your dream for your country; our dream for humanity; our dream for science. Of all these dreams, I believe the last, alone, is legitimate. I mean to say by this that we are powerless to change the social order. Even if this were not true we should not know what to do. And in working without understanding we should never be sure that we were not doing more harm than good, by retarding some inevitable evolution. From the point of view of science, on the contrary, we can pretend to accomplish something. The territory here is more solid and obvious, and however small it is, it is truly in our possession.”

After Kraków University rejected her application because she was a woman, Marie decided to compromise, writing a friend, “It is a sorrow to me to have to stay forever in Paris, but what am I to do? Fate has made us deeply attached to each other and we cannot endure the idea of separating.” In time, she would change her mind, falling deeper and deeper in love: “I have the best husband one could dream of; I could never have imagined finding one like him. He is a true gift of heaven, and the more we live together the more we love each other.” Pierre: “I think of you who fill my life, and I long for new powers. It seems to me that in concentrating my mind exclusively upon you, as I am doing, that I should succeed in seeing you, and in following what you are doing; and that I should be able to make you feel that I am altogether yours at this moment—but the image does not come.”

Their wedding was in every way untraditional. The couple needed no lawyers since their only possessions were two bicycles bought the day before with wedding money from a cousin. They would have no white dress or tails, no gold rings, no formal breakfast, and no religious ceremony, as Pierre was a freethinker. The bride’s attire, a navy wool suit and blue-on-blue-striped blouse, was paid for by her brother-in-law’s mother and sewn by Mme. Glet according to Marie’s requirements that it be “practical and dark, so that I can put it on afterwards to go to the laboratory.”

The couple rode, together, atop the omnibus across boulevard Saint-Michel to the Gare du Luxembourg for the train to Pierre’s hometown of Sceaux, where his parents still lived. They were married at city hall, with a reception in the garden of the Curie home. Taking their vélos on the train, they honeymooned in Brittany. The two would in time discover they both enjoyed long bike rides and overseas travel, and over the next eleven years, Marie remembered, “My husband and I were so closely united by our affection and our common work that we passed nearly all of our time together.”

Having refused Dr. Curie’s marital gift of furniture, their drawing room in Paris had a wooden table with two chairs, one for each of them, and none for any guests. Photographs depict the Curies as a remarkably severe couple: Pierre with his gaunt face, his bristling salt-and-pepper Vandyke, and his military brush cut; and his wife, Marie, tough as cancer. But clearly, they were as meant for each other as any man and woman in history. Though he had the significant scientific background, it was the unstoppable, indefatigable force known as Marie Curie, with her seemingly infinite reserves of energy and ambition, that drove the couple professionally. With her encouragement (and very likely nudging), by 1895 Pierre had won the doctorate he’d long deserved and was promoted to a full professorship at the city school. In addition to the two master’s degrees she held by the time of her marriage, Marie passed the French state exam to teach science to women, while continuing to experiment on magnetics and steel. The director at Pierre’s school gave her a lab to use, and she convinced French metalworks companies to donate materials, a trinity of corporate, government, and academic funding she would juggle for the rest of her professional life, and which would become a standard for modern practice in the era of big science.

In the summer of 1897, when they would be separated by Pierre’s work and Marie’s difficult first pregnancy, they would write back and forth in Polish, he poetically, beginning each with “my dear little child whom I love”; she, in language plain enough that he might understand it. Then in her eighth month, during a bicycle trip when she said all was fine, they were forced to rush back to Paris where Marie’s father-in-law oversaw the birth of his granddaughter, Irène (ee-REN), on September 12. Though impossible to imagine for the first twenty years of her life, Irène and her husband would in time achieve a professional stature nearly as prominent as that of her parents.

Soon after giving birth, Marie decided on her doctoral topic: Henri Becquerel’s rays, which she picked since “the subject seemed to us very attractive and all the more so because the question was entirely new and nothing yet had been written upon it.” With this pragmatic notion, Marie Curie had found a subject to study for the rest of her life; a partner to study it with; and a temple where she suffered and was redeemed.

Before Becquerel, German pharmacist Martin Klaproth named the element uranium in the spring of 1789 after the recently discovered Uranus. It was used to stain glass in the Roman empire, the bodies of American Indians, and the glazed pottery of Depression-era America (eating from Fiestaware orange-red plates produced before 1942 is hazardous, though the maker has argued, “In truth, the red glaze emitted far less radiation than some other consumer products”).

Marie arranged to get a ton of ore donated from Bohemia’s St. Joachim’s Valley, where a mine in the 1500s produced 2 million silver coins called joachimsthalers (or thalers, which became the English word dollars). Only interested in silver, the Bohemians ignored the various yellow, orange, and green ores they called “bad luck tar rock,” or Pechblende (English, pitchblende). Not realizing what bad luck this tar rock really was, though, the miners would, two decades later, choke up blood for about six weeks and then die from an unspecified “mountain sickness.”

With Pierre’s help, Marie built an ionization chamber out of wooden crates discarded by their grocer. Inside were two metal plates, with the element to be tested resting on the lower plate and one of Pierre and Jacques’s delicate instruments on the upper. By charging the lower with a battery, Marie could determine if the element electrified the air—as Becquerel had noted—through a current detected by the instrument. Besides its being one of the great love stories of the twentieth century, then, Marie Curie’s great professional luck in meeting Pierre was that he had coinvented the piezo electrometer.

What were these uranic rays, this invisible power somehow generated by inorganic minerals? Marie confirmed Becquerel’s assertion that the rays’ force was not affected by wetting, drying, heating, illuminating, compressing, or pulverizing; that nothing but the amount of uranium itself determined the amount of voltage emanated. But Marie and Pierre could not understand how uranium’s rays were birthed. They first theorized that a special feature within uranium absorbed cosmic rays from space, then slowly released them. To test this, German schoolteachers Julius Ester and Hans Friedrich Geitel buried radioactive materials beneath 300 meters of Harz mountain rock as well as at the bottom of an 850-meter mine shaft, for forty-eight hours. Neither had an effect on their emanations, and Marie, along with Ester and Geitel, then went beyond Becquerel to theorize that the effulgence must arise not from chemistry (from the interaction of uranium with other elements), but solely from within the element’s very atoms. By their showing all the ways in which its power was unaffected, radiance by default had to be an atomic property of the element uranium. For the rest of his life, Pierre Curie remained convinced that the process was an energy transfer, similar to thermodynamics, and spent many of his last years trying to apply theories of heat to radium and polonium. But if atoms were constantly losing their energy through a thermodynamic-like process, they would eventually either implode or explode, and his experiments to counter Marie’s atomic assertion were all failures.

Out of everything Madame Curie would discover, as science this was the simplest, most significant, and most revolutionary. She had pointed to the first physical evidence that enormous energy lay within the very essence of matter. It was revolutionary because, as she noted, “from this point of view, the atom of radium would be in a process of evolution, and we should be forced to abandon the theory of the invariability of atoms, which is at the foundation of modern chemistry.” The fundamental law of thermodynamics, which forbade the creation of energy from nothing, had been undone.

On February 17, 1898, Marie’s piezo electrometer measured torbernite (or chalcolite) having twice the radiance of uranium, while pitchblende ore was four times as vibrant. This only made sense if some other, even more powerful, radiating element, still unknown, lay within these compounds, and clearly, Becquerel was mistaken in calling them uranic rays. She tested and recalibrated her instruments and still had the same results, working constantly to explain this mystery. Her speed came from a fear of being trumped, as she knew full well that if Becquerel (who was overseeing her doctorate) had not told the Académie des Sciences of his own findings the very day after he made them, the discoverer of Becquerel rays would instead have been Silvanus Thompson, who announced his identical discovery one day later.

Pierre was so fascinated by his wife’s conclusions that on March 18 he dropped his work with crystals and joined her efforts. “Neither of us could foresee that in beginning this work we were to enter the path of a new science which we should follow for all our future,” she later said. Eventually the Curies worked with seven tons of pitchblende from Bohemia, black ore suffused with pine needles, in a “laboratory” that was essentially a hut that the municipal medical school used for its students to dissect human corpses. But now it was in such disrepair, especially the leaking roof, that it wasn’t even fit for cadavers. (The Institut Curie is now located on the same rue Lhomond as the shed, adjacent to rue Pierre et Marie Curie.) The hut’s glass roof made summers roasting, winters debilitating, and rain an imminent presence; the stove used for heat was too weak to be useful; the only ventilation was the opening of a window and a door, meaning that processes involving fumes, which were innumerable, were conducted in the courtyard . . . with any rainstorms forcing the scientists to scurry their equipment back into the leaky shed, where they worked at remarkable physical labors from 1898 to 1902 . . . four toilsome years. Marie:

The life of a great scientist in his laboratory is not, as many may think, a peaceful idyll. More often it is a bitter battle with things, with one’s surroundings, and above all with oneself. . . . Between the days of fecund productivity are inserted days of uncertainty when nothing seems to succeed, and when even matter itself seems hostile; and it is then that one must hold out against discouragement. I had to work with as much as 20 kg of material at a time so that the hangar was filled with great vessels full of precipitate and of liquids. It was exhausting work to move the containers about, to transfer the liquids, and to stir for hours at a time, with an iron bar, the boiling material in the cast-iron basin. . . . I extracted from the mineral the radium-bearing barium, and this, in the state of chloride, I submitted to a fractional crystallization. . . . And yet it was in this miserable old shed that the best and happiest years of our life were spent, entirely consecrated to work. I sometimes passed the whole day stirring a mass in ebullition, with an iron rod nearly as big as myself.

The couple carried on between them the labors of a large chemical plant. Even though that winter was especially harsh, their work had to be done out of doors due to the fires and fumes. The first step was to melt the crude ore in a large, oblong tank until it was boiling like lava. Then acids were poured in to dissolve out the salts. The next stage was to melt down the residue in separate cauldrons, fired up twenty-four hours a day, with either Pierre or Marie present throughout. The reduced ore had to be filtered again and again to remove all other elements, and then evaporated in small bowls . . . revealing crystals. Marie: “We lived in our single preoccupation as if in a dream. We’re very happy in spite of the difficult conditions under which we work. We passed our days at the laboratory, often eating a simple student’s lunch there. A great tranquility reigned in our poor shabby hangar; occasionally, while observing an operation, we would walk up and down talking about work, present and future. When we were cold, a cup of hot tea, drunk beside the stove, cheered us.”

On April 14, they ground up one hundred grams of pitchblende to prepare it for crystallization, knowing full well that they were searching through an agglomeration of thirty or so elements arrayed in multiple compounds, yet having no idea that the elements they wanted were so rare that seven tons of ore would have to be processed to extract one gram. With advice from their school’s chemists, they heated, distilled, pulverized, and precipitated with ammonium, until Marie’s samples registered 300 times as radiant as uranium’s, and Pierre’s 350 times. Each time they thought they were done, however, the spectroscope refused to produce clear lines revealing a new element. Inside of a month, they were able to isolate two concentrations of ore radiant enough to publish findings. In their report of July 1898, “On a New Radio-Active Element Contained in Pitchblende,” they announced the discovery of a new member of the periodic table named for the home where Marie couldn’t live, yet couldn’t say farewell to: polonium. The same paper coined a new term for the emanation of Becquerel rays—“radio-active”—and called matter that emanated “radio-elements.”

The more Marie learned about uranium and its emanations, the more in love she fell. Manya Skłodowska may have renounced religion with the death of her mother and sister, but she seemed a penitent in the arms of the Lord when it came to her approach to science: monastic, devoted, chaste, she lived her life in what Pasteur had called “the temples of the future”: laboratories. This would be especially true after Bronya and Casimir decided to leave France and open a tuberculosis sanitarium in their beloved Zakopane, Poland. Marie was brokenhearted, writing to Bronya on December 2, 1898, “You can’t imagine what a hole you have made in my life. . . . I have lost everything I clung to in Paris except my husband and child. It seems to me that Paris no longer exists, aside from our lodging and the school where we work.” Yet in that period, she would also say, “Life is not easy for any of us. But what of that? We must have perseverance and above all confidence with ourselves. We must believe that we are gifted for something, and that this thing, at whatever cost, must be attained.”

After three months of vacation in Auvergne, the Curies returned to work in November and made rapid progress, a barium concentrate producing results nine hundred times as strong as uranium’s. One of the school’s chemists could finally see their second element through the spectroscope, and around December 20 they named it: radium. After four years, forty tons of chemicals, and four hundred tons of water, on March 28, 1902, they produced one-tenth of a gram of radium chloride.

In time, English chemist Frederick Soddy would work with New Zealand physicist Ernest Rutherford to discover the secret of uranic rays, the remarkable ability of radioactive elements to, through the spontaneous loss of subatomic particles, change into other elements, producing an emanation of alpha, beta, or gamma rays over the course of what they called a half-life. Subatomically bloated, these elements are forced to constantly shed neutrons or electrons until they achieve a stable, nonradioactive form and are at nucleic peace. It was, to Rutherford and Soddy’s great dismay, the transmutation that alchemists had pursued for centuries . . . dismay, as alchemy had been a laughable topic for generations. But half-lives themselves are pretty funny, when they aren’t being cosmically grand, such as what happens to the most common form of uranium over its many lives as it ejects subatomic particles and alchemizes into various elements and isotopes:

Uranium-238 has a 1/2 life of 41/2 billion years, after which it turns into

Thorium-234, with a 1/2 life of 24 days, after which it turns into

Protactinium-234, with a 1/2 life of 1.16 minutes, after which it turns into

Uranium-234, with a 1/2 life of 245,500 years, after which it turns into

Thorium-230, with a 1/2 life of 75,380 years, after which it turns into

Radium-226, with a 1/2 life of 1,620 years, after which it turns into

Radon-222, with a 1/2 life of 3.8 days, after which it turns into

Polonium-218, with a 1/2 life of 3 minutes, after which it turns into

Lead-214, with a 1/2 life of 26.8 minutes, after which it turns into

Bismuth-214, with a 1/2 life of 20 minutes, after which it turns into

Polonium-214, with a 1/2 life of 0.164 microseconds, after which it turns into

Lead-210, with a 1/2 life of 22.3 years, after which it turns into

Bismuth-210, with a 1/2 life of 5 days, after which it turns into

Polonium-210, with a 1/2 life of 138 days, after which it turns into

Lead-206, which is stable, not radioactive, and has no 1/2 life.

While Pierre investigated radium’s signature properties (including that it generated enough continuous heat to melt its own weight in ice in under sixty minutes—the first clue to nuclear power), Marie experimented with the industrial-chemistry recipes needed to isolate her new elements. They tried finding an atomic weight by measuring unrefined against refined samples, but couldn’t, and from this they knew the element was in tiny amounts and very, very powerful. Three years later they would discover it was less than one-millionth of 1 percent, and this was only the start of its magic. Marie: “The chloride and bromide, freshly prepared and free from water, emit a light which resembles that of a glow-worm. . . . A glass vessel containing radium spontaneously charges itself with electricity. If the glass has a weak spot, for example, if it is scratched by a file, an electric spark is produced at that point, the vessel crumbles like a Leiden jar when overcharged, and the electric shock of the rupture is felt by the fingers holding the glass.” Marie would then note the remarkable property that Irène would investigate and that in time would revolutionize both medical diagnosis and treatment: “Radium has the power of communicating its radioactivity to surrounding bodies. When a solution of a radium salt is placed in a closed vessel, the radioactivity in part leaves the solution and distributes itself through the vessel, the walls of which become radioactive and luminous.”

At that moment, there was no greater scientific achievement than adding new elements to the periodic table. The Curies had discovered two, publishing their proofs in nine months. Also, both elements brilliantly luminesced, radium with an aquatic shimmer reminiscent of absinthe. When the couple pressed glowing radium against their eyelids, they saw fireworks and meteors flashing across the retinas.

The other scientist investigating radium was a German organic chemist employed by a quinine factory, Friedrich Giesel, who said the blue light it produced was so powerful it could be employed as a night-light for reading. He advised the Curies to try bromide salts instead of chlorides during crystallization, and was able to deflect the path of Becquerel waves with a magnet, proving that they were, in fact, a form of matter. He also revealed that, when he fired the alluring radium with his Bunsen burner, it didn’t ignite with a green flame, like barium, but with a blaze that was the color of Christmas cherries. Marie’s beloved radium, then, had a sapphire light, but a carmine flame.

A little house at boulevard Kellermann 108 was now home to Pierre, Marie, the four-year-old Irène, and Pierre’s widowed father. One evening at nine o’clock, after her daughter was put to bed, Marie turned to Pierre and asked if they could go back to the shed, to their radium. They went to look, making sure to not turn on the lights. There, in shelves and on tables, the aquatic glow of their babies shone in the night: “Sometimes we returned in the evening after dinner for another survey of our domain. Our precious products, for which we had no shelter, were arranged on tables and boards; from all sides we could see their slightly luminous silhouettes, and these gleamings, which seemed suspended in the darkness, stirred us with ever new emotion and enchantment. . . . The glowing tubes looked like faint, fairy lights.” She loved the radiance so much that she would wait a few minutes before turning on the lights in her lab after arriving on dark, wintry mornings, to enjoy her shimmering vials. Other visitors noticed that, even after the samples were removed, the walls themselves continued to glow.

Only a heavy blanket of lead could contain the powerful rays of the Curies’ greatest discovery. Radium produced light, heat, and helium; it ionized the air and excited photographic plates; it tinted glass a delicate purple and dissolved paper into ash; and it could infect other substances with its emanations. Diamonds when treated would phosphoresce brilliantly; imitations, poorly, if at all. Sir William Crookes (of the Crookes tube that had originally served Röntgen) prepared for the Royal Society a 1903 demonstration of radioactivity: “Viewed through a magnifying glass, the sensitive [zinc sulfide] screen is seen to be the object of a veritable bombardment by particles of infinite minuteness, which, themselves invisible, make known their arrival on the screen by flashes of light, just as a shell coming from the blue announces itself by an explosion.” Marie called the process a “cataclysm of atomic transformation,” and she tried to explain the magic through science: “The sensitive plate, the gas which is ionized, the fluorescent screen, are in reality receivers, into another kind of energy, chemical energy, ionic energy . . . luminous energy . . . and once more we are forced to recognize how limited is our direct perception of the world which surrounds us, and how numerous and varied may be the phenomena which we pass without a suspicion of their existence until the day when a fortunate hazard reveals them. . . . If we consider these radiations in their entirety—the ultra-violet, the luminous, the infra-red, and the electromagnetic—we find that the radiations we see constitute but an insignificant fraction of those that exist in space. But it is human nature to believe that the phenomena we know are the only ones that exist, and whenever some chance discovery extends the limits of our knowledge we are filled with amazement. We cannot become accustomed to the idea that we live in a world that is revealed to us only in a restricted portion of its manifestations.”

During the age of the séance, this was a resonant notion, and radium, with its magical properties, appeared as an element of the otherworld. Electric lights, radio, telegraph, spiritualism—all unseen forces that were both magical to the human mind and, in their way, threatening. At that time, instead of being contrasted with science, spiritualism embraced it. The miracle of the telegraph bridged the divide of geography; séances bridged the divide of death. The Curies, along with Pierre’s brilliant student Paul Langevin, attended a number of séances with medium Eusapia Palladino, and during one evening, Pierre weighed her and discovered she’d gained six kilos (thirteen pounds). Other French spiritualists were communicating with the spirit world through planchettes, small tablets cut in the shape of a heart, with two legs and a pencil. Two men in Maryland combined the planchette with an alphabet board; another named the new contraption by merging the French and German words for “yes.” As the Great War unleashed a torrent of horror, grieving mothers and wives bought thousands of Ouija sets to communicate with their departed.

Two years before Manya’s arrival in France, Paris celebrated an 1889 World’s Fair by erecting Eiffel’s tower, and now that tower was the centerpiece of 1900’s Universal Exposition, which inspired Henry Adams to believe the age of the Virgin had been eclipsed by the age of the Dynamo. Electricity had begun to replace gaslights in Paris in 1891, but at this fair, it powered the first metro line and the trottoir roulant, a moving sidewalk of two tracks and two speeds carrying visitors—the women in the enormous, billowing dresses of that era, and the men in towering silk top hats framing topiary-like facial hair—across 277 acres. In the evenings, electrically powered fountains were lit by electrically powered lights, and the wonders of the age were displayed in the Palaces of Electricity, Civil Engineering, Transportation, Machinery, Textiles, Mining, and Metallurgy. Max Nordau, the Hungarian cofounder of the World Zionist Organization, became so alarmed by the new powers invested in science and electricity that he warned of a horrifying future where everyone would “read a dozen square yards of newspaper daily . . . be constantly called to the telephone [his era’s version of e-mail] [and] think simultaneously of five continents of the earth.” If Nordau had included “stare constantly at a blinking screen instead of living in the material world,” he would have been a prophet with a Nostradamus-like following, yet he seems to have been nearly alone with these trepidations, for everyone else in his era believed that scientific progress would solve all problems, fix all economies, end all war, and create a civilized, Edenic planet. Louis Pasteur referred to laboratories as temples of humanity, and a sensation running for three decades in both France and Italy was Luigi Manzotti’s 1881 Excelsior ballet, which chronicled the triumph of the Enlightenment over Darkness, ending with love, brotherhood, progress, and science. This fantasy ended in 1914, and as historian Barbara Tuchman noted, “A phenomenon of such extended malignancy as the Great War does not come out of a Golden Age.” The Universal Exposition’s two largest exhibits were, after all, Schneider-Creusot’s immense cannon, and Vickers-Maxim’s remarkable array of automatic machine guns.

Pablo Picasso’s favorite exhibit at the fair was American dancer Loie Fuller, famed for her billowing phosphorescent veils, which she used as screens for projectors of color-shifting light. The effect was so dramatic it would appear in his revolutionary painting Les Demoiselles d’Avignon, and Miss Fuller would ask the Curies for advice on creating “butterfly wings of radium.” After they helped her, she danced for them privately at their home and introduced them to sculptor Auguste Rodin; the four became regular friends and perhaps the only two people in the world the Curies saw regularly who weren’t scientists or blood relatives. Their closest friends remained the next-door neighbors at boulevard Kellermann, Jean and Henriette Perrin; he was a physics professor at the Sorbonne who verified Einstein’s explanation of Brownian motion, correctly estimated the size of water molecules and atoms, and established cathode rays as negatively charged particles—electrons.

Pierre presented his and Marie’s scientific findings to France’s Academy of Sciences on March 16, 1903, and the Swedish Academy of Sciences then awarded them and Becquerel the Nobel Prize. Behind the scenes, four members of the French Académie had recommended that Becquerel and Pierre alone share the Nobel, leaving out Marie’s work entirely. But one of her champions was a Danish mathematician who had great influence with the Swedish academy, and his strenuous efforts repelled that slight.

The Nobel, which had only begun two years before, did not have the global prestige then that it has now, but awarding it to an obscure husband-and-wife team in that tabloid and suffragette era would change that dramatically. The Nobel made the Curies famous, and the Curies, in turn, made the Nobel significant.

In Pierre and Marie’s miracle year of 1903, few foretold what was to come. One who did was English chemist Frederick Soddy, announcing that matter must now be thought of “not only as mass, but also as a store of energy . . . [and] the planet on which we live rather as a storehouse stuffed with explosives, inconceivably more powerful than any we know of, and possibly only awaiting a suitable detonator to cause the earth to revert to chaos.” In 1904, Soddy told Canada’s military leaders that whoever unlocked the power within the atom “would possess a weapon by which he could destroy the earth if he chose.”

In the wake of the Nobel, the worldwide press created story after story about this unknown pair, their exciting discovery, their tremendous love for each other and for their work together, and whether Marie was equal, superior, or inferior to Pierre in scientific acumen and achievement. Only Röntgen could appreciate this kind of global attention, as the public enthusiasm for radium would now wholly eclipse that for X-rays. Cosmopolitan magazine called the metal “life, energy, immortal warmth . . . dust from the master’s workshop,” and the cover of the Chicago Daily Tribune of June 21, 1903, summed up the moment:

Radium Greatest Find of History

May Upset Vibratory Theory of Light and Questions Conservation of Energy.

New York Engineer First to Make Photographs by Rays from New Substance.

Discovery of Stupendous Import.

Radium, $2,721,555 a Pound.

Blessing, with menace. German chemist Friedrich Giesel, working with a dentist, first reported on radioactivity’s biological effects in 1900, and Pierre, following up, was thrilled to find radium could enflame his skin “with a lesion resembling a burn that developed progressively and required several months to heal,” as Marie reported. “Henri Becquerel had by accident a similar burn as a result of carrying in his vest pocket a glass tube containing radium salt. He came to tell us of this evil effect of radium, exclaiming in a manner at once delighted and annoyed: ‘I love it, but I owe it a grudge.’ ” Pierre: “The inflammation of the extremities of the fingers lasted about 15 days and finished when the skin dropped off, but the painful sensation did not disappear for two months.” An American journalist reported, “Pierre Curie pulled up his sleeve and showed me a forearm scarred and reddened from fresh healed sores.” Then it occurred to Pierre that radium’s emanations could kill malignant tumors, and a new medical specialty was born: curietherapy.

Just as Röntgen rays had been used against diphtheria, tuberculosis, and other germs, as well as certain cancers, the Curies’ radium, when administered with care, could kill tumor cells without killing healthy tissue. When X-rays were used for treatment, radiologists adjusted the settings by putting their arm in the path of the rays; if they got a small sunburn, the machine was ready. This seat-of-the-pants method resulted in many of these technicians’ dying of leukemia. Curietherapy was immediately adopted as a replacement since it required no difficult equipment. In one famously successful technique, a bare sip of radium was stuck to the tip of a glass needle or goose quill, then injected into the center of a tumor. Its alpha rays were of such short range that they only damaged the high-turnover cells of malignancy nearby. This would be called brachytherapy and is still used today, primarily for cervical and uterine cancers. Other techniques used radium and mesothorium in sealed glass vials, resting on skin cancers or inserted into body cavities for mouth, throat, and digestive cancers.

Some noticed that when animals were exposed to radium’s emanations, they were miraculously invigorated, and beyond its use in oncology, an entirely new industry arose in the 1910s and 1920s purveying radium-infused bath salts, bread, chocolates, Radithor bottled water, suppositories, and “liquid sunshine” tonics. Revigator tanks lined with a radium skin stored drinking water overnight to produce a homemade health infusion. Austria’s St. Joachimsthal, the source of the Curie’s ore, became a health spa featuring the Radium Palace Hotel (which served Radium Beer), attracting twenty-five hundred customers a year—one of them the young J. Robert Oppenheimer. The price of radium rose to three thousand times the price of gold, as now it cured “anemia, arteriosclerosis, arthritis, asthenia, diabetes, epilepsy, general debility, gastric neurosis, heart disease, high blood pressure, hyperthyroid, hysteria, infection, kidney troubles, muscular atrophy, neuralgia, neurasthenia, neuritis, obesity, prostatitis, rheumatism, senility, and sexual decline.” A 1929 pharmacy in Europe offered eighty radioactive products, including lotions, cigarettes, chocolates, bath salts, pillows, suppositories, condoms, and a face cream called Tho-Radia. Radium and X-rays were so magical and so admired they became brand names for many things that contained neither, including enamel, butter, cigars, playing cards, laundry starch, matches, hand cleanser, headache tablets, furniture polish, oil soap, liniment, and stain remover. A popular curio was the spinthariscope (after the Greek for “spark”), which held tiny bits of radium against a screen inside a brass viewer, like a kaleidoscope; the element’s emanations would strike the screen, creating a microscopic fireworks. The toy was based on the scintillation method used in physics, a zinc oxide plate under a microscope that flashed each time it was struck by an alpha particle, allowing the electrical shadows of atoms to be viewed with human eyes. Interned as an enemy alien at an abandoned Berlin racetrack during World War I, British chemist James Chadwick—discoverer of the neutron—was able to secretly continue his research using a thorium-infused German toothpaste.

There was even a movement to replace electric lights (which had, after all, just replaced gas lamps) with radium’s glow. The first electrics were so harsh and glaring that Robert Louis Stevenson, for one, pled for a return to gas, complaining, “Such a light as this should shine only on murders and public crime, or along the corridors of lunatic asylums, a horror to heighten horror. [Electric illumination will] never allow us to dream the dreams that the light of the living or the lab conjured up.” The resonantly named Undark Paint combined radium with arsenic, manganese, thallium, uranium, copper, lead, and zinc sulfide to be used as a replacement, offering the “color and tone [of] soft moonlight.” The Curies never profited from the fad, for they had published their exact method for extracting radium without (in the name of free and open scientific inquiry) patenting any of the details. Anyone could produce their own radio-element without any royalties paid to its discoverers or their school, and without the Curies having any say in its use.

As the Curies achieved greater and greater fame, with Marie becoming the most illustrious and renowned woman in the world, the couple seemed to turn more and more to each other. Neither’s personality changed a whit. At dinner with President Loubet at the Élysée Palace, a woman asked Marie if she would like to be presented to the king of Greece, and Marie said, “I don’t see the utility of it.” When the woman appeared shocked, Marie suddenly realized whom she was talking to: the first lady of France. “But—but—naturally, I shall do whatever you please. Just as you please,” she stammered. On January 22, 1904, Pierre described their novel situation to a colleague:

I have wanted to write to you for a long time; excuse me if I have not done so. The cause is the stupid life which I lead at present. You have seen this sudden infatuation for radium, which has resulted for us in all the advantages of a moment of popularity.

We have been pursued by journalists and photographers from all countries of the world; they have gone even so far as to report the conversation between my daughter and her nurse, and to describe the black-and-white cat that lives with us. . . . Further, we have had a great many appeals for money. . . . Finally, the collectors of autographs, snobs, society people, and even at times, scientists, have come to see us—in our magnificent and tranquil quarters in the laboratory—and every evening there has been a voluminous correspondence to send off. With such a state of things I feel myself invaded by a kind of stupor. And yet all this turmoil will not perhaps have been in vain, if it results in my getting a chair and a laboratory.

For reasons that remain unclear to this day, Pierre never trusted the Curies’ most important scientific colleague, Henri Becquerel, even after Becquerel helped them professionally and financially and never seemed to bear them ill will for eclipsing his professional stature with his own discovery. When in 1902, Pierre applied for membership in the Académie des Sciences and lost, he was certain Becquerel was responsible. The same year, he lost his second attempt at a Sorbonne chair and, when informed he was up for the Legion of Honor, refused it preemptively. Many in the local scientific community began thinking of the Curies not as unappreciated outsiders struggling to live a life of honor and science, as Marie and Pierre saw themselves, but as antisocial ingrates.

In the middle of the Curies’ great triumph, Pierre sickened and never improved. He was wracked by pain so debilitating it made him weak, and Marie joined him in sleepless nights, watching in fear as her husband groaned in agony. The only diagnosis physicians could offer was “rheumatism,” which the Curies attempted to treat through a diet free of red meat and red wine. Pierre whispered to Marie, “It’s pretty hard, this life that we have chosen.”

Blessing, with menace. The radium boom lasted for two decades, then collapsed. Like X-rays, radium’s emanations were discovered to be a miracle with two faces. Though exposure did indeed make people feel alive and energetic, it would be learned that the sensation came not from renewed health but from the body’s producing a torrent of red blood cells to defend itself. When Pennsylvania steel titan and international playboy Eben Byers died in 1932 after drinking Radithor every day for four years, the Wall Street Journal headlined, “The Radium Water Worked Fine Until His Jaw Came Off.” In the early 1920s, U.S. Radium in West Orange, New Jersey, hired eight hundred women to apply Undark Paint to watches and airplane instrument dials. Not knowing of any risk, the women used the radioactive ink as fingernail polish and moistened their work bristles with their lips for a sharper point. Nearly a decade later, they became horribly anemic, and their teeth and jaws fell out; a reporter noted, “One girl fainted at the sight of her own reflection; her body glowed as if lit from within.” In 1925, five of them sued U.S. Radium, and with the public support of New York World editor Walter Lippmann, they won their case in 1928. By then, twenty-four of the eight hundred were already dead.

[image: Images]

Manya Skłodowska Curie became the first woman in French history to be awarded a doctorate, in June of 1903. Sister Bronya, now practicing medicine in Poland, returned to celebrate. She insisted Marie buy a new dress for the occasion, and just as she had for her wedding, she got one that would work equally well as lab wear. Ernest Rutherford, the discoverer of the classical model of the atom (with electrons orbiting nuclei much as the planets revolve around the sun), visited from Canada and was astonished by the Curies’ lab in the cadaver hut, as well as by the celebratory garden party at Paul Langevin’s that evening, illuminated by radium vials—“The luminosity was brilliant in the darkness and it was a splendid finale to an unforgettable day”—and the sight of Pierre’s deeply swollen, burnt hands. When earlier that month the Curies had been the guests of London’s Royal Academy, Pierre was so ill and his hands so damaged that he needed help in buttoning his clothes, and during the middle of the Friday Evening Discourse before Lord Kelvin, he fumbled and spilled some of the precious radium.

Pierre’s health now rapidly deteriorated, and he frequently woke up in the middle of the night, unable to stop moaning from an untreatable pain. He said he was “neither very well, nor very ill. . . . I am easily fatigued, and I have left only a very feeble capacity for work.” His wife was also suffering; the couple’s fingertips were permanently damaged. Marie had lost twenty pounds, and in August she miscarried, telling Bronya that she “had grown so accustomed to the idea of the child that I am absolutely desperate and cannot be consoled.”

In the summer of 1904, Pierre’s “rheumatism” was so severe that he had to cancel going to Stockholm to give their Nobel lecture. Marie learned she was pregnant once again and, worrying over the loss of her miscarriage, abandoned her work and joined her sick husband and daughter, along with frère Jacques and his family, in a farmhouse in Saint-Rémy, just outside Paris. The couple’s second child, daughter Ève, was born on December 6, 1904. Marie: “I have been frequently questioned, especially by women, how I could reconcile family life with a scientific career. Well, it has not been easy.”

Their life of penury, at least, was over. Baron Edmond de Rothschild became a substantial donor, and industrialist Armet de Lisle started a company to produce radium and gave the Curies a laboratory on the factory grounds. They could now afford a servant to cook and clean, but the woman never heard a word of praise. Finally she could take it no longer and directly asked Pierre what he thought of her roast. In a near parody of the absentminded professor, he replied: “Did I eat a beefsteak? It’s quite possible.”

Marie confided to sister Helen, visiting over the summer of 1905, that Pierre’s attacks of severe back pain were now more frequent, and more severe. She worried that he had contracted something the doctors couldn’t diagnose, and that he would never recover.

On April 14, 1906, Pierre took the train from Paris to spend a day with his family at the Saint-Rémy farmhouse. The two parents sat together in a meadow, watching Irène, who was obsessed with butterflies. Though Marie had “a little heartache” about Pierre’s continuing medical troubles, she later wrote, “We were happy. [I] had this feeling I had had recently a lot, that nothing was going to trouble us.”

On the sixteenth, Pierre returned to Paris, and she joined him two days later.

On the nineteenth, he left his lab at around 10:00 a.m. to travel across town for a meeting of the Association of the Professors of the Science Faculties, of which he was vice president, at the Hôtel des Sociétés des Savants on rue Danton. Paul Langevin was there, as was Joseph Kowalski, the friend in common who had introduced Pierre to Marie twelve years before. Pierre was in such a good spirit that he invited everyone at the luncheon to his house that night.

He then headed out to Gauthier-Villars, publisher of the leading Parisian science journal, Comptes rendus. There, he would read proofs and, after, would do a little research in the library of the Institut de France.

He arrived at the publisher to discover that the offices were closed, due to a strike. So, he headed off to the library. A block away, he approached the Pont Neuf and the rue Dauphine and began to cross. It was raining, and foggy. Onetime milkman Louis Manin was driving two Percheron stallions hauling a thirty-foot wagon loaded with six thousand kilos of military uniforms and supplies. Manin started to rein his animals to allow a tram to pass, but the tram conductor signed for him to proceed. As he did so, Manin passed a carriage, and right behind it, Pierre appeared, rushing by foot across the street. He bumped into one of Manin’s horses, tripped, and grabbed it to keep from falling to the pavement. Both horses reared. Pierre fell. Manin jerked left to keep the horses from trampling M. Curie and succeeded in keeping the hooves and his wagon’s front wheels from striking the physicist. Daughter Ève: “His body passed between the feet of the horses without even being touched, and then between the two front wheels of the wagon. A miracle was possible. But the enormous mass, dragged on by its weight of six tons, continued for several yards more. The left back wheel encountered a feeble obstacle which it crushed in passing: a human head. The cranium was shattered and a red, viscous matter trickled in all directions in the mud: the brain of Pierre Curie.”

Parisians surrounded the cart and began threatening the driver; the police arrived to protect him from a growing and enraged mob. Officials decided the tragedy was a result of bad weather, visibility, and the victim’s not paying attention to what he was doing. Famously absentminded and distracted, Pierre Curie was in a weakened state from his poor health and likely did not see the wagon from under his large umbrella. Manin was acquitted of blame.

As no ambulance could reach through the mob, the officers carried the dying man on a stretcher to a pharmacy, where a druggist reported there was nothing anyone could do. The police then carried him to the station in the Hôtel des Monnaies, where a doctor pronounced him dead, and went to the Sorbonne, where the dean of the science faculty, Paul Appell, was informed. Appell then went with Curie friend and neighbor Jean Perrin to boulevard Kellermann to tell Marie. But, she and Irène had gone to spend the afternoon in the countryside, at Fontenay-aux-Roses. The two scientists did not want to reveal the terrible news to the elderly Dr. Curie, but after learning who they were, he took one look at their drawn faces and announced, “My son is dead.”

When the thirty-eight-year-old Marie returned that evening at seven, Pierre’s father told her what had happened: “I enter the room. Someone says: ‘He is dead.’ Can one comprehend such words? Pierre is dead, he who I had seen leave looking fine this morning, he who I expected to press in my arms this evening. I will only see him dead and it’s over forever. I repeat your name again and always ‘Pierre, Pierre, Pierre, my Pierre,’ alas that doesn’t make him come back, he is gone forever, leaving me nothing but desolation and despair.”

The notably tough Marie Curie became unmoored at this loss. “Crushed by the blow, I did not feel able to face the future [as] an incurably and wretchedly lonely person.” She felt she couldn’t go on, either as a person or as a scientist. Her Mourning Journal is a testimony to the horror of grief, loss, death:

They brought you in and placed you on the bed. . . . I kissed you and you were still supple and almost warm. . . . Pierre, my Pierre, you are there, calm as a poor wounded man resting in his sleep, his head bandaged. Your face is sweet, as if you dream. Your lips, which I used to call hungry, are livid and colorless. . . . Your little graying beard; one can barely see your hair, because the wound begins there, and on the right one can see the bone sticking out from under the forehead. Oh! How you were hurt, how you bled, your clothes were inundated with blood. What a terrible shock your poor head, that I had caressed so often, taking it in my hands, endured. And I still kiss your eyelids which you close so often that I could kiss them, offering me your head with the familiar movement which I remember today, which I will see fade more and more in my memory. . . .

We put you in the coffin Saturday morning, I held your head. . . . Then some flowers in the casket and the little picture of me . . . that you loved so much. . . . It was the picture of the one you chose as your companion, of the one who had the happiness to please you so much that you didn’t hesitate to make her the offer of sharing your life, even when you had only seen her a few times. And you had said to me many times it was the only time in your life when you acted without any hesitation, because you were absolutely convinced that it was right. . . .

Your coffin was closed and I could see you no more. . . . I was alone with the coffin and I put my head against it. . . . I spoke to you. I told you that I loved you in that I had always loved you with all my heart. . . . I promised that I would never give another the place that you occupied in my life and that I would try to live as you would have wanted me to live. And it seemed to me that from this cold contact of my forehead with the casket something came to me, something like a calm and an intuition that I would yet find the courage to live. Was this an illusion or was it an accumulation of energy coming from you and condensing in the closed casket which thus came to me as an act of charity on your part? . . . I got up after having slept rather well, relatively calm. That was barely a quarter of an hour ago, and now I want to howl again—like a savage beast. . . .

In the street I walk as if hypnotized, without attending to anything. I shall not kill myself. I have not even the desire for suicide. But among all these vehicles is there not one to make me share the fate of my beloved? . . . I feel very much that all my ability to live is dead in me, and I have nothing left but the duty to raise my children and also the will to continue the work I have agreed to.

Bronya had arrived to comfort her grief-wracked sister for two months, and now it was time for her to return to Zakopane. Marie asked her to come with her to the bedroom, where, in the middle of a hot June, the fireplace roared. The widow locked the door behind them and took a bulky package from her armoire. Retrieving a strong set of shears from the mantel, she asked her sister to sit beside her, before the fire. Then she cut open the parcel to reveal the bloody, mud-drenched clothes Pierre had been wearing when he was killed, which Marie had been saving all this time. She began cutting the material into pieces and throwing it onto the flames but, finding pieces of her husband’s body on part of a coat, she burst into tears and began kissing it. Bronya took the scissors from her and continued cutting, and burning, until everything was consumed. Marie then asked, “Tell me, how am I going to manage to live. I know that I must, but how shall I do it? How can I do it?” She fell into a spasm of sobbing, and Bronya tried to comfort her.

Marie could no longer live where she and Pierre had spent the whole of their married life and went to look for another home, deciding finally to move to 6 rue du Chemin de Fer, in Sceaux, close by her husband’s tomb. When Dr. Curie died in 1910, she had Pierre disinterred, putting her father-in-law’s coffin first, then Pierre, with room for her on top.

Marie Curie never forgave France for what she considered its rude treatment of her husband in failing to give him either the honors or the laboratory facilities he merited. Following his lead, she, too, refused the Legion of Honor and devoted the rest of her life to erecting a laboratory in Paris worthy of Pierre’s memory. In 1909, the Pasteur Institute offered to build a Curie lab, but this would have meant Marie’s resignation from the Sorbonne. Suddenly the university rose to action, collaborating with the Pasteur to build the Radium Institute, with one lab for Marie, and another for Claude Regaud, who researched to perfect curietherapy.

Its street was named rue Pierre Curie.

Four years after the accident that took Pierre’s life, in the spring of 1910, Marguerite Borel, the novelist daughter of Sorbonne chair Paul Appell, commented, “Everybody said Marie Curie is dead to the world. She is a scientist walled in behind her grief.” But, after years of widowhood, Marie began to resurrect. She stopped wearing all black and physically appeared to regain decades of youth.

The secret was as old as time, and Paris. She was in love.

[image: Images]

For a century after first becoming famous, the public would hold of Marie Curie an image of a brain without a heart; a scientist, but not a wife or mother; a hero of women’s rights as iconic as George Washington . . . and as a figurehead, just as lacking in humanity. Even though her greatest work was achieved when she was in her thirties, she is remembered as an asexual, emotionless old woman . . . but there are clear reasons for these misperceptions. At the height of her fame, a journalist asked for details of her childhood, of her psychology, of her emotions, and Mme. Curie refused, explaining, “In science we must be interested in things, not in persons.” She told another reporter, “There is no connection between my scientific work and the facts of private life.” Albert Einstein wrote, “Madame Curie is very intelligent but has the soul of a herring, which means that she is poor when it comes to the art of joy and pain.” Additionally, though he admired her immensely, her main method of expressing emotion, he said, was in griping. But a great reason for Marie Curie’s denuded public reputation was that her Mourning Journal was unknown for decades, as was her heartbreaking love affair with Pierre’s student Paul Langevin, a wildly handsome and extravagantly brilliant scientist famous for his magnetic theories, his quartz oscillators, and his termagant of a wife.

Their very public affair caused such a scandal that the Curie descendants would suppress its details for the next forty years.

Paul Langevin first met the Curies as a seventeen-year-old municipal school student under teacher Pierre in 1888 and was, in effect, a protégé of both husband and wife. When Pierre left for the Sorbonne in 1904, Paul was hired to replace him at the city school; he taught alongside Marie at Sèvres, and when she replaced Pierre at the Sorbonne in 1906, he was given her post. Paul said, at Pierre’s funeral, “The hour when we knew we could meet him, when he loved to talk about his science, the walk that we often took with him, these bring back his memory day after day, evoke his kindly and pensive face, his luminous eyes, his beautifully expressive head, shaped by twenty-five years spent in the laboratory, by a life of unrelenting work, of complete simplicity, at once thoughtful and industrious, by his continual concern with moral beauty, by an elegance of mind which produced in him the habit of believing nothing, of doing nothing, of saying nothing, of accepting nothing, in his thought or in his actions which was not perfectly clear and which he did not entirely understand.” Of Langevin, Einstein was equally fulsome: “In his scientific thinking Langevin possessed an extraordinary vivacity and clarity . . . it seems to be certain that he would have developed the special theory of relativity if it had not been done elsewhere.”

Paul was brilliant, passionate about science, and good-looking. It was a wonderful match for the brokenhearted widow, but Langevin was also married, to Emma Jeanne Desfosses, a harridan who never tired of warmongering in the name of love. In their first year of marital unbliss, Desfosses’s mother and sister took letters from the newlywed husband’s pockets that described his troubled marriage so that Jeanne would have evidence in case of divorce. The following year, he appeared at the lab covered in bruises—during a fracas, the three women had thrown an iron chair at him. But M. Langevin was no bystander in this eternal drama, for when Jeanne stormed out after one fight and threatened to end the marriage, Paul begged her to return . . . a scenario that would be repeated endlessly over the years to come. Sorbonne physicist Jean Perrin and his wife, Henriette, were close with both the Curies and the Langevins, and after one violent spat Henriette recounted, “Often, during meals, M. Langevin, cruelly wounded by the words of his wife, left the table. The meal continued. . . . I was very sad to see the unhappiness of a friend that I liked with all my heart. . . . He said to me, ‘I don’t know who I can lean on. I have only my children and they are very small.’ ”
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