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 Written in memory of


Dr. Monte V. Davis


Adviser, mentor, and friend.


He would have liked it.




AUTHOR’S NOTE


Stories Told at Night around the Glow of the Reactor


AS THE TWENTIETH CENTURY DAWNED in Georgia, there remained two sure sources of income left over from the antebellum days: growing cotton and draining the sap out of pine trees. These two commodities, cotton fiber and turpentine, sold well to the industrial northern states, but to dress them up for sale required steel straps to bind the bales and steel hoops to hold the barrels together. The closest place to buy these necessary items was in Pennsylvania.


Finding this situation unacceptable, a mortgage broker in Atlanta, George Washington Connors, sold the concept of building a steel mill to a group of enthusiastic investors, and in 1901 the Atlanta Steel Hoop Company was formed. An old farm north of the city was the perfect place for it. The land, which had been fought over one afternoon in the summer of 1864 in the Battle of Peachtree Creek, was purchased from the brothers Kontz, A. L. and E. C., and Captain James W. English.  The site was cleared; a sprawling complex of buildings, steam engines, and open-hearth furnaces was erected; and a railroad spur was laid. A workforce of 120 men was hired. Soon 50 tons of steel, formed into the desired articles, were rolling out of the mill per year, and Atlanta rejoined the industrial world after thirty-seven years of sleep following the Late Unpleasantness.


By 1907 the company was in explosive expansion, and the name was changed to Atlanta Steel Company. There were now more than one thousand people drawing pay at the plant. Good times rolled, and steel hoops, bands, nails, rivets, welding rods, rebars, and Dixisteel barbed wire piled high at the loading platform. Most hirelings lived within walking distance in the Home Park neighborhood that had sprung up south of the plant, from Fourteenth Street down to Sixth, with the main north-south venue being Kontz Street. It became the northernmost suburb of Atlanta, and as automobiles started being used for transportation, the streets were even paved. North of the plant, the deer still roamed.


Downtown was hustling and jiving, with a new vaudeville theater, the Forsyth, built at the corner of Forsyth and Luckie in 1911. Always striving to beat the Atlanta Theater over on Edgewood Avenue, the Forsyth Theater was pleased to snag a one-week engagement of the world-famous Harry Houdini, extraordinary magician and escape artist, starting April 19, 1915.1


Houdini was a truly rare event. The Handcuff King worked the Orpheus Circuit, which usually ranged west all the way to San Francisco, north to Boston, and south as far as Richmond, when he wasn’t entertaining Europe or Australia. To reach the masses in suburban Atlanta, some face time was in order. He hired a mule-drawn flatbed wagon on which he and his assistants could stand and perform. On Sunday, April 18, after church let out and lunch had been eaten, he parked it on the east side of Kontz Street, halfway between Sixth and Tenth Streets, where the steep hill was briefly interrupted by a flat, vacant lot. Across the street was the big, normally muddy backyard of  the house at Sixth and Kontz. An artesian well in back of the house, fed by an underground tentacle of Peachtree Creek running north, kept the area in semi-swamp mode.


Harry Houdini stood on the wagon, rolled up his sleeves, and started shuffling cards. Soon, a small wad of curious wanderers collected in front of the wagon. Word spread rapidly by speedy-foot telegraph through the Home Park community. Some Yankee was giving a free magic show up on Kontz! The crowd, hushed and spellbound, grew to hundreds, taking up the entire backyard across the street. Children were hoisted to shoulders so that they could see, and women were asked to remove their hats. There is no record of what tricks the great magician performed that day, but he was over his handcuff-escape phase and was probably showing off with cards and his new East Indian needle trick.


He first swallowed a handful of needles, one at a time, sometimes having dramatic trouble getting them down. There were at least thirty-five needles of various sizes, up to two and a quarter inches long. He then ate a length of thread, which was actually a five-foot-long piece of highly visible white twine, swallowing a couple of inches per gulp. He paused for a second to settle his stomach, then searched around in his mouth with a digit, seemed to discover something by feel, then slowly withdrew the thread, held delicately between his thumb and forefinger. The string was so long, a couple of assistants had to support it as it slowly emerged. The needles were spaced at random intervals, hanging on the string. He had apparently regurgitated the needles and threaded them onto the string with his tongue. The crowd was amazed, and Houdini enjoyed sellout crowds at the Forsyth.


That December, the name of the mill was changed to the Atlantic Steel Company, and Kontz was renamed Atlantic Drive. World Wars I and II came and went, and the fortunes of Atlantic Steel grew as the demand for Dixisteel products increased. By 1952, 2,100 people were working at the mill. At that time the Georgia School of Technology, headquartered down on North Avenue, was striving to become a research university and was buying up property north of Sixth Street.


The change of technology from simple to complex had been in effect since a person picked up the first rock and found it useful for cracking walnuts. In the 1950s, the movement seemed to accelerate. While the steel plant, built with the most advanced nineteenth-century  mechanisms, faded into the heavy industry landscape, the feisty trade school on North Avenue loomed large. The name was changed to the Georgia Institute of Technology. In 1954, the governor of Georgia appointed a Tech graduate, Frank H. Neely, forward-looking industrialist and the head of Rich’s department store, as chairman of the Georgia Nuclear Advisory Commission. Under aggressive prodding by Neely, Georgia Tech built the Radioisotopes Laboratory Facility at the southeast corner of the intersection of Sixth and Atlantic Drive in 1959, and plans for a large nuclear research reactor were laid down. The old house at the top of the hill on Atlantic was demolished, and the Electronics Research Building was erected with the parking lot paved directly over the artesian well, ensuring that there would always be a curious wet spot there. Sixth Street was renamed Ferst Street.


Behind the Electronics Research Building, right over the spot where the crowd had congregated to see Houdini on a fine April afternoon, a large hole was excavated, down to bedrock. Here was planted the Frank H. Neely Nuclear Research Reactor, a multipurpose neutron source, designed by the General Nuclear Engineering Corporation in Dunedin, Florida. The main building was a gleaming white steel cylindrical structure with a domed top, connected to a two-story annex having offices, a classroom, laboratories, and special shops for nuclear work. It was issued an operating license, no. R-97, by the Atomic Energy Commission on December 29, 1964, and proceeded to entertain with its own form of magic, doing tricks that would have baffled Houdini on a daily basis, doing everything from driving a LASER cavity with neutrons to investigating Legionnaire’s Disease.2


By 1975, I was an eager PhD candidate at Georgia Tech wanting to do an experimental thesis dissertation using the impressive 5-megawatt, heavy-water moderated reactor. Funding for such work had  pretty much dried up by then, and I had watched as the last of the Era of Great Reactor Experiments disappeared over the horizon, but I was determined, as a candidate must be, to do something significant.


There was much to be learned. First of all, the operations staff at this facility was an underpaid, diversely tempered gang of refugees from the Georgia Nuclear Aircraft Laboratory and the nuclear navy, unappreciated by the Institute as a whole, and under constant bombardment by the Nuclear Regulatory Commission to do nothing wrong while generating neutron flux peaking at about trillion neutrons per square centimeter per second in the heart of a major metropolis. Thrown in were the nuclear scientists, ranging in personality from mildly eccentric to bat-shit crazy, and the ever watchful, ticking radiation counters of Health Physics. One thing these men had in common was that they all seemed to drive sports cars, from Fred Apple’s bug-eyed Triumph to Bob Kirkland’s Austin-Healy.


As an unfunded grad student with vague plans, I had little to stand on, but it became clear that if I was going to succeed as an experimentalist at this place, then the operations staff would have to want me to succeed. I would have to study them, connect with them, find their likes, their loves, fears, politics, and hatreds, and I would eventually have to convince the entire backbiting, claim-jumping, loosely coupled conglomeration to work together on my project, slaving away doing three shifts a day. They had to see me as basically competent, quick to learn, confident in my knife-edge narrow field to the point of cockiness, and one who would see and acknowledge the essential value of experience, something of which a grad student had vanishingly little. For my peculiar project, I had to run the reactor balls-to-the-wall for many hours to build up the iodine poisoning, then drop the power, level out, and map the axial neutron flux periodically as the iodine burned off, the net reactivity of the core increased, and the control-blades slowly sank into the reactor, maintaining precise criticality. It was harder than it sounds.


I spent many a day sitting in the control room, absorbing the atmosphere and a surprising influx of tales not told in the Real World on the other side of the air lock. Here, there was no sunlight, no passage of days or contact with anything happening outside. With the reactor stabilized and on autopilot, as it usually was, the only sounds were the ticking of a certain multi-pen chart recorder as it changed horizontal position on the  paper roll or the squeaking of the deteriorating bearing in a swivel chair. The operations men, usually not a particularly talkative lot, under this condition of isolation would start to open up, spilling old government secrets or their guts. Orren Williams, a grad student working as a reactor operator, leaned back, put his feet up on the console, and described the beautiful, highly intelligent woman he was seeing and the house he was going to buy as soon as they were married.3 There were tales of service on the Nautilus nuclear sub, the Enterprise nuclear aircraft carrier, and odd bits from the national labs, from Brookhaven to Los Alamos.
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The control room of the Georgia Tech Research Reactor with Dave Cox at the console.





The most unusual individual of the lot was John Moon. He was one who did not own a sports car. Instead, he drove a 1965 Mercedes-Benz 190Dc diesel sedan, painted white-gray, flogging it fifty miles down from Dawsonville every morning. By pure chance, I owned an identical car, the same color and with a serial number that was  sequential with his. That was my immediate connection to this particular reactor operator.
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The author, sitting on top of the reactor with his neutron counting equipment. The computer in the rack at right was built from scratch in the electronics shop downstairs. Notice the hole in his shoe.





Moon had been an operator at the Georgia Nuclear Aircraft Laboratory (GNAL), and his reputation ran in front of him, warning away the meek and sensitive. Moon was something of a wild man. He was the type who would eat a roach off the floor on a dare or decide to test the emergency escape tunnel after lunch.4 One night  we were at the console, running at one megawatt, and Moon was disclosing the secrets of his former place of employment as the reactor ran on autopilot while I took mental notes. A young student observer interrupted to ask an undergraduate question: “Mr. Moon, does a reactor glow when it’s running?”
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The author on top of the reactor core, with the shielding removed, installing his axial instrument thimble in V-14.





John Moon shifted slightly in his chair, cut a wicked smile, and touched his fingers together. “Why, yes, it does. Would you care to see it?”


“May I?”


Moon turned slowly in his seat and addressed his fellow reactor operator, David Cox, who was resting quietly. “Mr. Cox, go pull vertical fourteen so we can show this fellow what the core looks like.” Dave roused himself and complied with due care, using the remotely controlled polar crane to lift the concrete plug on V-14 gently off the reactor face and put it aside. This was the glory-hole for my experiment, and the upper and lower shield plugs had already been removed.  I raised an eyebrow. Moon wasn’t really going to send this kid to peer down the hole, was he?


No, he wasn’t. Dave, being cautious not to stand over it, maneuvered a big, 45-degree mirror over the open hole and turned it to face the control room. The bright Cherenkov light coming from the naked reactor core, eleven feet down, washed through the glass wall of the control room and overdrove our retinas. The gamma rays went straight up out of the hole and through the steel roof of the containment building.


“Huh,” mused the undergraduate. “I thought it would be red. You know, like a stove eye.”


We chuckled. No, young man, the reactor glow is a lovely shade of blue.5


_________________


1This was actually Houdini’s second show at the Forsyth Theater. The first was announced in late December 1911, and his engagement was January 1–6, 1912. To have him appear in Atlanta was still a world-class novelty in 1915. Working back from the original story, I believe that the 1915 show is the one depicted here.


2The Houdini story was first told by Georgia governor Lester G. Maddox. Upon his election in 1967, Maddox was treated to a tour of the Georgia Tech campus, and he was particularly intrigued by the nuclear reactor. He was invited to the control room, located high and overlooking the reactor bio-shield in the containment building. The operations crew encouraged him to sit at the control panel, where he put his feet up on the console and spun his tale about what had been on this spot back in the day. The governor didn’t know anything about nuclear research, but he knew a lot about Atlantic Drive. He had grown up in a house right down the street, and he quit high school to work in the steel mill.


3Williams’s description of his beautiful, highly intelligent love interest, who was working downstairs in the reactor complex for a nuclear medical research foundation, sounded so irresistible, immediately upon graduation I married her, following a brief courtship. Our thirty-eighth anniversary is coming up in 2017. Orren Williams never talked to me again.


4Moon’s favorite stunt while idling at the control console was to ask a fellow operator, in this case Dean McDowell, did he know that bees can only sting you through open pores, and further that pores open only as you take a breath? If you simply hold your breath, a bee cannot sting you. McDowell found this claim difficult to believe, but Moon just happened to have a bee right here, under an inverted urine specimen cup. He took a deep breath, held it, and slipped his palm under the cup. The bee, mad as hell, tried repeatedly to stab him, to no success. See? “Let me try that!” McDowell enthused. He took his breath, slid his palm under the lip of the cup, screamed, and flung the bee-cup combination ceilingward. Moon collapsed with laughter. His palm was so heavily callused, there was no way for a bee to stick a stinger in him. The escape tunnel was at GNAL, not at Georgia Tech. It was a steel pipe, 3,600 feet long, just wide enough for a man to crawl through, leading from the underground control room of the Radiation Effects Reactor to the main gate at the “lethal fence.”


5The Georgia Tech Research Reactor was shut down and de-fueled in 1996, for fear that international athletes would storm the building and steal the 97 percent enriched metallic uranium fuel during the 1996 Summer Olympics in Atlanta. The facility was decommissioned in 1999. It took a few years to knock it down and haul away the remains. Atlantic Steel was down to four hundred employees by 1997, but they were still turning out Dixisteel barbed wire. The mill was bought by Jacoby Development in 1998, erased from the old farmland, and replaced with a residential/commercial development named Atlantic Station. Neither facility, the reactor nor the steel mill, will ever be built again.




 INTRODUCTION


The Curious Case of the N-Rays, a Dead End for All Times


I GOT A CALL FROM a friend who lives down the street, Dr. James Cooke, an anesthesiologist with Emory Hospital. Cooke grew up in Berrien Springs, Michigan, along with his friend, Gregory Stemm, founder and CEO of Odyssey Marine Exploration. Stemm needed a favor.


Odyssey Marine Exploration was in the habit of finding old shipwrecks that had gone down carrying a lot of gold, and Stemm was always on the lookout for new technology that claims to find precious metal at a distance, buried or under a lot of water. A fellow from Florida, to whom I will refer as Randy, had approached him with a new type of gold-finder instrument. Would I take a look at what he claims and make a preliminary evaluation? Be glad to. Send him up to Atlanta.


Randy arrived, not with his device, but with a photograph of it and some maps showing found booty. He looked like a walking American Legion post, decked out in a jacket and a hat crowded with Vietnam  War patches. We asked him to explain his device. It looked like a metal box, about a cubic foot, with a parabolic dish antenna on the front, some unlabeled knobs and switches, and a meter on the back. Randy explained that he was in the navy in the Vietnam conflict, working the radar set on a ship, when he noticed certain signals when the antenna was aimed at far-off metal objects. Using his knowledge of military radar, he had perfected his gold-finder using technology that could detect the special, undocumented radiation that is emitted by all matter, concentrating on the specific characteristics of radiations given off by gold and silver.


His description of how his instrument worked was vague and mysterious. I concluded that either his device was unprotected by a patent and he feared theft of the design, or that he had no idea how it worked. Claims of performance measures for it ranged all over the map, depending on how the question was worded, but I got the impression that this particular model gold-finder could locate an 80-ton block of pure gold at a distance of 40 miles. I paused to wonder how he had tested this capability.


My immediate impression of the device was not positive. For one thing, the probe in the center of the antenna dish was way too long, far outside the focal point of his parabola, but my opinion was clinched when he described its operation. Not just anyone could use the instrument correctly to find gold or silver. In fact, he was the only one who knew how to turn the knobs and read the subtle movements of the meter, and it was impossible to explain it to anyone else. He had, however, practiced with his children reading the dial, and he was confident that they would soon be able to use the instrument effectively.


That was all I needed to hear. He was describing something that in experimental science is called the Hieronymus Effect. This term is used to condemn a physical measurement in which a certain sensitivity of a human being is an essential component of the instrumentation. The problem with using the Hieronymus Effect is that no two people are exactly alike, and that can result in different outcomes of the same measurement. This complicates the problem of duplicating an experiment and compromises the integrity of results. The dependence on a Hieronymus Effect is therefore avoided in any scientific experiment or engineered data collection effort. Your measurement or detection must  rely on the objectivity of physical equipment and not on the wishful impressions of a person.6


Thomas Galen Hieronymus, born in 1895, worked for twenty-five years as an engineer at the Municipal Power Company in Kansas City, Missouri. Always looking beyond the daily grind at the power company, Hieronymus tinkered constantly with the frontiers of electronics and physics in his home laboratory. He had a theory that life on Earth, particularly chlorophyll plant life, depended on more than sunlight for the growth process. He postulated that there is another, unknown type of radiation from the sun that does not propagate by electromagnetism. He described it as “eloptic” energy, and in the 1930s he devised several experiments proving its existence.


His setups were orderly and scientific. In a totally dark room, several germinating pots were arrayed on a tabletop, each containing an oat seed and a small amount of dampened potting soil. On the bottom of each pot was a metal plate, connected by a copper wire to a common cold-water pipe. Atop each pot was a metal screen, and all but one of these screens, which would be the control specimen, were electrically connected to metal plates outside the lab and on trays facing the Sun. The plates were of varying sizes, and the results of growing oat plants in the dark seemed to confirm that a previously undiscovered form of solar radiation was being conducted to the plants and causing them to thrive. All plants germinated, but only the ones connected to outside radiation collectors (metal plates) survived to turn green. The specimens connected to the larger plates actually seemed scorched, while those on the smallest plates were only weakly green.


Encouraged by his experimental results, Hieronymus further postulated that all matter emits this energy, and that, on an atomic level, its wavelength depends on the atomic weight of the nuclide that is emitting. He quit his day job at the power company and devoted the  rest of his life to investigating his discovered form of radiation and developing practical instrumentation to exploit its properties.


His most famous invention, the Hieronymus Machine, was capable of sorting the elementary constituents in a sample of anything and indicating how much of which elements made up the specimen. This was doing what a mass spectrometer does, only without pulling a hard vacuum. The user would place a sample, such as an airplane rivet, onto a flat, spiral-coil of magnet wire, connected back to the instrument, and stroke his or her fingertips on a copper plate that is covered with insulating lacquer. By turning a knob slowly, the user would find places along the 60-degree arc of the knob at which the plate would become rough or sticky to the finger touch. These incidents were noted as degrees of deflection, and each could then be mapped into an atomic weight using a simple chart.7 The rivet would then analyze as being mostly aluminum, with some magnesium and silicon traces.


This analysis was determined using a fixed, triangular glass prism to spread the radiation spectrum being emitted from the specimen into a 60-degree span. The radiation was conducted from the object being analyzed into the machine using wires, just as it had been in Hieronymus’s plant-growth experiments. Inside the box, the transported radiation would escape from a small, metal electrode; be collimated by a short, narrow tunnel; and hit the prism base at a 30-degree angle, where it would be bent to an extent dependent on the wavelength of the radiation. The radiation would then be reacquired by an identical electrode connected to a swing-arm attached to the knob. The weak radiation signal would then be amplified millions of times using a three-stage audio amplifier and ultimately connected to the copper touch-plate.


T. Galen Hieronymus applied for a patent of his device, “Detection of Emanations from Materials and Measurement of the Volumes Thereof,” on October 23, 1946.8 The patent was awarded on September 27, 1949,  and the Hieronymus Machine went into limited production. His best seller was the Eloptic Medical Analyzer, which could both diagnose and treat any medical condition in crops and farm animals.


By 1954, Hieronymus was at the top of his game. His field of science now had a name, psionics, and he had branched out into building a newer device with more signal amplification, called the “pathoclast.” He was now living in Hollywood, Florida, had been given an honorary PhD in physics, and had demonstrated his device to Dr. Arthur Compton, chancellor of Washington University and discoverer of the Compton Effect. The Air Force wanted to talk to him about detecting human presence on the ground from a high-altitude airplane.9


At this zenith of psionics research, he got a call from John W. Campbell Jr., the influential and intellectually overwhelming editor of the magazine Astounding Science-Fiction. Astounding was widely read among the scientists and technologists populating the national laboratories, and Campbell, a self-proclaimed nuclear physicist, was beginning to lose interest in his favorite pseudoscience, L. Ron Hubbard’s dianetics. Dianetics had started out as Hubbard’s alternate answer to psychiatry but had morphed into a religion called Scientology. Religion did not interest Campbell, but psionics sounded exotic and weird, just the way he liked it. He quickly broke down any resistance Hieronymus had to revealing everything, and within days was building psionics machines in his home laboratory in Mountainside, New Jersey.


At first skeptical, Campbell with his own tests became convinced of the legitimacy of the Hieronymus machine concept. He began a new campaign to push Hieronymus and his machine in an editorial in Astounding, June 1956, “Psionic Machine—Type One.”


This was superb advertising for psionics and the Hieronymus Machine until Campbell left the rails. During his extensive program of testing and verification of the Hieronymus Machine, Campbell noticed  that one did not have to be touching an actual machine to exploit its principles of operation. In fact, a schematic diagram of the machine, drawn with a pencil on a piece of paper, worked just as well. He could lay a rock over the drawn depiction of the sensing coil, erase the picture of an open switch on the amplifier schematic and redraw it as a closed switch, then rub the picture of the metal pad with fingertips. When he had drawn the receiving electrode at the proper angle on the schematic, he could detect the composition of the mineral by feel. The paper became sticky. After a while, the thing would quit working, and he would have to erase the diagram of the now-dead battery and redraw it.


This discovery was written up in the magazine, and it did not go down well in the scientific community, which had been quietly discounting the claims as wishful thinking. Campbell enthusiastically interpreted this finding as proof that the Hieronymus Machine worked by means of extrasensory perception, or ESP. At that point, in the early 1960s, the Hieronymus Machine and John W. Campbell Jr. were effectively torpedoed and eventually sank out of sight. The entire concept of putting a human being’s sensory perception somewhere in line in a data measurement was solidly confirmed as a dead end. Eloptic radiation does not exist, and any research scientist who would bother to test a psionics machine would find its action driven by psychology and not physics. T. Galen Hieronymus died in 1988, and his machine went with him.


Such pseudoscience was understandable coming from a radar technician, a science fiction magazine editor, and even from an electrical engineer, especially at a time when parapsychology, chiropractic, unidentified flying objects, hypnosis, and searches for Noah’s Ark were seriously pursued and even funded. One can get caught up in the pursuit of new knowledge and lose track of reality, clinging only to positive evidence and neglecting any negative findings. You might expect it less from a professional scientist, but you might be wrong.


The Hieronymus Effect had its most profound incident in 1903 at the Nancy-Université, in Nancy, France. It caught Prosper-René Blondlot, professor of physics. It would go down in history as the “N-rays illusion.”


In 1903, the atomic nucleus had yet to be discovered, yet what would become known as nuclear physics was crashing ahead at full speed, and discoveries were being documented on a monthly basis. Still stinging from the attention-grabbing discovery of X-rays in Germany back in 1895, Professor Blondlot and his assistants were actively striving to find another particle of radiation before they were all gone. Paul Villard, after all, had discovered the gamma ray at École Normale Supérieure rue d’Ulm in Paris just three years prior. Blondlot considered the École a good place to train high school teachers, and the major finding coming from it was something of an embarrassment to the public university system. Blondlot was determined to bring things back into balance by making a gamma-ray-eclipsing discovery with unique strangeness and novelty at his beloved Nancy University.


Blondlot was born in Nancy in 1849, the son of the professor of toxicology at the university, Nicolas Blondlot, MD. He received his doctorate in physics at the Sorbonne in 1881 and joined the faculty at Nancy the following year. He thrived in his element as a professor, winning the Gaston Plante Prize for research in 1893 and the La Caze Prize in 1899. He had successfully measured the extremely rapid response speed of a Kerr cell under electrical excitation using an ingeniously modified rotating-mirror apparatus from Léon Foucault’s speed-of-light measurements.10 After that, he measured the speed of radio waves, confirming an important prediction by James Clerk Maxwell. By 1903, Blondlot was on a roll.


On February 2, he submitted a paper to the French Academy of Science, “On the Polarization of X-Rays.” Blondlot was generating X-rays using a simple vacuum tube driven by a Ruhmkorff high-voltage apparatus. The Ruhmkorff transformer converted the six volts from a battery into several thousand volts. The high voltage was not exactly steady, but was produced in a ragged, pulsed alternating current using a buzzer operating off the iron core of the transformer.11 On the positive-going section of the high-voltage waveform, or about half the time, electrons would stream off the cathode of the tube, run a couple of inches through the vacuum, and crash against the metal anode plate, canted at 45 degrees and pointing the resultant X-rays through the side of the tube and into the room.


Blondlot had a novel idea for detecting any polarization of the X-rays, or the tendency of the electromagnetic waves to vibrate in only one direction. He took a twisted pair of heavily insulated wires and wrapped the bare ends around the feed lines from the Ruhmkorff, with one on the anode lead and one on the cathode lead. He then supported the other end of the wires in front of the vacuum tube, with the bare ends pointing at each other and separated by “a very small distance,” making a spark gap. He reasoned that the electromagnetic oscillations of the X-rays would interact with the spark gap, and furthermore the extent of interaction due to polarization, whatever that might be, would be dependent on the orientation of the long axis of the gap.


Blondlot found what he was looking for. When he twisted the gap, which was making a semicontinuous, sputtering high-voltage spark, the visible brightness of the spark changed, indicating that the X-ray was indeed affecting the gap and that it was orientation dependent. Moreover, using the spark-gap detector, he could observe a twist in the polarization of the X-ray using an interstitial crystal of quartz or lump sugar. His X-rays therefore behaved like visible light.


Excited by these fascinating results, Blondlot continued experimenting, looking for other ways that X-rays might behave the same way as visible light. To preclude any cross-contamination, he shielded the cathode-ray tube with metal foil to block out any visible-light fluorescence produced by electrons hitting the glass. Using the spark-gap detector and his eyesight to judge the spark intensity in a darkened room, he found evidence of elliptical polarizations using thin sheets of mica. With this finding, he leapt to the next logical step and put a glass lens in the X-ray path. He was astonished to find a perfectly focused, inverted image of the tube’s cathode, suspended in space in front of the lens. He scanned across the invisible image using his spark-gap X-ray detector, finding the sharp edges of the image at the predictable focal plane of the lens.


Coming down off the euphoria, Blondlot realized that there were only two problems with these observations. X-rays don’t really brighten sparks, and X-rays do not focus using a glass lens. In fact, he believed he was looking at a new, previously undiscovered form of radiation coming out of the X-ray tube. These rays are plane polarized coming out of the tube, can be circularly polarized, and can be reflected, refracted, and diffused, but they do not interact with photographic media, nor do they make anything fluoresce.


His next, ground-trembling paper was “On a New Species of Light,” submitted on March 23, 1903, in which he announced his discovery, soon to be named “N-rays” for his university. He concluded the paper saying:


At first I had attributed to Roentgen rays the polarization which in reality belongs to the new rays, a confusion which it was impossible to avoid before having observed the refraction, and it was only after making this observation that I could with certainty conclude that I was not dealing with Roentgen rays, but with a new species of light.


So launched an accelerated effort to find the peculiar characteristics of this new type of radiation. Blondlot and his assistants, seeing a future graced with research prizes and possibly, if they dared hope, a most coveted Nobel Prize in physics, applied themselves with vigor and resolve.


Blondlot worked to identify all possible sources of N-rays. He made a chart showing which materials would conduct N-rays and which would stop them. He measured the index of refraction in different circumstances, and discovered three subspecies of N-rays. New data piled up, and on May 11, 1903, he submitted another paper, “On the Existence, in the Rays Emitted by an Auer Burner, of Radiations which Traverse Metals, Wood, etc.”12 Four days later, he submitted another paper, and six more by the end of the year. He could not have been getting much sleep. In the next three years Blondlot would submit twenty-six papers concerning N-rays and eventually publish a book. His fellow research physicists, 120 of them, mostly of Gallic origin, would collectively publish almost three hundred notes, articles, and papers on the subject.13 It required fifty-nine pages to briefly list the discoveries concerning N-rays.


The found properties were peculiar, but so were characteristics of other contemporary discoveries. N-rays would not cause fluorescence, but they would enhance a previously established fluorescence. Aluminum, gold, platinum, silver, glass, and oak were all transparent to N-rays, but a sheet of wet cardboard would stop them cold. N-rays, to one extent or another, seemed to be emitted by just about everything, from the Sun to a Nernst lamp, with special “physiological” N-rays coming from anything alive, including human beings. N-rays were definitely not emitted by green wood or (I hope you’re sitting down) tempered steel that had been anesthetized by first soaking it in ether or chloroform.


A tempered steel file, presumably borrowed from the school shop, that had not been put to sleep, however, turned out to be an excellent source of N-rays. Using the file as a source, it was found that N-ray flux  enhances human eyesight. In a dimly lit laboratory, it was hard to read the clock on the far wall and tell whether it was time to put down the instruments and go home, but Blondlot found that if he held that file up to his face the N-rays would improve his vision to the point that the hands of the clock would snap into focus and the light-gathering power of the retina would increase. The same was true of a material under stress. Hold up a seasoned wood walking stick in front of your eyes, bend it almost to the breaking point, and you could almost see without the glasses.


Back in the United States, there was a mounting sense of skepticism concerning Blondlot’s new form of radiation. Other forms of radiation, such as Hertz’s radio waves or Roentgen’s X-rays, were the result of some form of expended energy, and alpha, beta, and gamma rays were known to be generated by atomic decay, an irreversible process. If everything emitted N-rays all the time, then how long could this continue before the source was exhausted? The massive list of effects attributable to N-rays was starting to look silly.


Robert W. Wood, professor of optical physics at Johns Hopkins University in Baltimore, highly accomplished experimentalist and inventor, author of two science fiction novels, and the one who admitted to having written How to Tell the Birds from the Flowers, was in Britain attending a scientific conference when he decided that he had heard enough about N-freaking-rays. He had “wasted an entire morning” trying to duplicate at least one of Blondlot’s experiments, and had corresponded with the French scientist making sure that he hadn’t been doing it all wrong. Blondlot had been delightfully cordial and patient with him, but Wood found his body of work concerning the new radiation hard to swallow. Wood took a side trip to Nancy, France, to meet Dr. Blondlot and see for himself what was going on.


Blondlot was pleased to demonstrate all of the fundamental N-ray experiments over the course of three hours in the laboratory. First, Wood was shown a spark-gap detector with N-rays concentrated on it using a lens made of solid aluminum. The light from the spark, which is a naturally sputtering, dancing illumination source, was diffused with a piece of frosted glass. With the lights turned down, an assistant would put his hand between the source and the lens, demonstrating that the normally bright spark, enhanced by the focused  beam of N-rays, would dim when his hand was in the way. Woods had to admit that he could not see this effect. To him, the spark always looked about the same, although it was randomly flickering at about 25% luminosity just due to the fact that it was a high-voltage spark. A spark tends, naturally, to heat up the air it is passing through. The hot air wants to float to the ceiling and take the spark with it, so there is a chaotic tug of war between the rising air and the need of the spark to seek the path of least resistance between the electrodes. His inability to see the difference in the brightness of the spark was attributed to a lack of sensitive eyes.


Wood suggested another way to run the experiment. “You look at the spark and tell me when my hand is in the beam.” The assistants were unable to guess correctly when he had his hand in the beam and when he had withdrawn it.14 An explanation was not offered, and they moved quickly to the next demonstration.


The lens was removed and replaced with a screen of wet cardboard having a vertical slit about 3 millimeters wide. In front of the slit was placed an aluminum prism, which would receive the 3-millimeter N-ray beam and spread it out into a spectrum. Replacing the spark gap as the detector was a piece of dry cardboard with a thin, vertical line of pre-excited, glowing phosphorescent paint drawn on it, about half a millimeter wide. The cardboard was on a track so that it could be slid past the slot with a crank-driven screw. When moved through the  spread of the N-ray spectrum, the demonstrators claimed that spectral lines as fine as 0.1 millimeter wide would make obvious changes in the brightness of the phosphorescent line. When Wood asked how a bundle of rays 3.0 millimeters wide, as defined by the width of the slit, could possibly make a spectrum that could be resolved down to 0.1 millimeters, he was told that this was “one of the inexplicable and astonishing properties” of N-rays.


As he cranked the phosphor detector through the N-ray spectrum, Wood had to admit that he could not see any deviation in the brightness of the line of paint. Perhaps, he suggested, it would be easier on his unpracticed eyes if they turned off the lights? The researchers agreed, but with the lights out, Wood removed the prism and put it in his pocket. Blondlot ran the detector through its entire sweep, pointing out the characteristic spectral lines as he saw them lighting up the line of phosphorescent paint, even though there was no prism in the setup to generate a spectrum. At that exact point in time, as the detector carriage reached the end of the spectrum image, the entire N-rays phenomenon turned downward and began the long slide to oblivion.


Wood was shown the effect of holding a file up to your face and being able to see in the dark. It did not work when Wood tried it, and the experiment was easy to shoot down. Wood suggested that he should hold the file in front of an assistant’s face while he looked at the clock hands, while he surreptitiously substituted a block of wood for the piece of tempered steel. The assistant did not notice the chicanery and reported improved eyesight.


Wood immediately wrote up his discouraging, depressing experience at the University of Nancy and sent it from Brussels, Belgium, to the premier science journal in Britain, Nature, on September 22. It was published in the September 29, 1904, issue, and the word spread like the bubonic plague across Europe. In October, the same letter appeared in the French Review Scientifique and the German Physicalische Zeitschrift, and N-rays crashed slowly over the next two years.


At the end of 1904, as the N-rays controversy exploded around him, Prosper-René Blondlot was awarded the Prix Leconte, a prize given by the French Academy of Sciences recognizing important discoveries in mathematics, physics, chemistry, natural history, or medicine. It was 50,000 francs, or five times his annual salary. He continued in his post  as professor of Physics for the next six years, dialing back the N-rays research but never admitting the nonexistence of his rays. He retired at age sixty-one in 1910 and lived for another twenty years in his large home at 16-18 Quai Claude le Lorrain. He wrote a new preface for the third edition of his textbook on electricity in 1927. He and the last mention of N-rays died in 1930. He was eighty-one years old. There is a street named for him in Nancy.


Robert W. Wood continued a distinguished career in optical physics, becoming a member of the Royal Society in London, winning seven awards in optics and physics, and serving as president of the American Physical Society. The ultraviolet lamp he developed for medical use is still called the “Wood’s lamp,” and the bright reflection from green plants in infrared photographs is called the Wood Effect. A crater on the far side of the Moon is named after him.


He died on August 11, 1955, at age eighty-seven.


N-rays are often cited as an isolated example of pseudoscience, and yet mysterious rays with similar characteristics would show up from time to time in the even more enlightened later twentieth century. N-rays were not even new in 1903. The same phenomenon had turned up in 1850, having been discovered by Baron von Reichenbach in London and revealed in his treatise “Researches on Magnetism, Electricity, Heat, Light, Crystallization, and Chemical Attraction in their Relations to the Vital Force.” Before that, Franz Mesmer in Vienna had detailed the same rays in 1779 in his “Memoire on the Discovery of Animal-Magnetism.” Every time they pop up, N-rays or the equivalent are eventually knocked down as scientific delusions, if not outright fraud.


Physics is a wide field of study and discovery, trying to cover all of reality. One branch of this science deals with the invisibly small “hard nut,” the nucleus, at the center of the atom, the fundamental unit of condensed matter. Nuclear physics stands atop two dissimilar, conflicting theory sets working at opposite ends of the largeness spectrum—quantum mechanics for the imperceptibly small and general relativity for the astronomically big. Quantum mechanics predicts that the mass of things on the atomic scale can be diminished just by rearranging the component parts, and relativity predicts that this change will manifest itself as a surprisingly large energy release.  There is nothing intuitively obvious about this phenomenon or anything else about nuclear physics, and this inherent strangeness keeps it out on the edge, dangling over the precipice and always in danger of falling into the infinitely deep pit of the not possible. The specter of pseudoscience always hangs close.


N-rays seem impossible, at least in retrospect, but what about nuclear physics would not seem odd? The field covers everything from turning platinum into gold to the quantum entanglement of photons. So, try to stay in touch with what you consider to be reality in the following chapters, as I step you through some atomic adventures. There are inevitabilities and things that never should have happened. There are things to fear and things that should cause no alarm. There are monuments to fallibility and tiny markers for the truth. I hope to convince you that while nuclear science can be unbelievable or even dreadful, it is never a boring topic of study, conversation, or even reading.


_________________


6But science is flexible. Alessandro Volta was a professor of experimental physics at the University of Pavia, Italy, in 1800, when he invented the electric battery. The first voltmeter, used to determine that electricity was indeed being produced by the new device, was Volta’s tongue. He would place the two wires, anode and cathode connections, against the tip of his taster and feel the burn. This important experiment, by definition, employed the Hieronymus effect. Some people could definitely taste the “metallic” flavor of electricity, and, over a spectrum of response sensitivity, some could not. How Volta thought to stick the wires in his mouth is not written down.


7I am writing this description from T. G. Hieronymus’s literal description of his device. I think that he meant to say “atomic number.” Given only the atomic weight, one could derive only a vague idea of what the element is. Finding, for example, an atomic weight of 14, the specimen could be either oxygen-14 or carbon-14. An atomic number, the number of protons in an element’s nucleus, corresponds only to a specific element.


8The title of this patent, no. 2,482,773, is misleading. Nowhere in the patent does this device claim to measure the volume of anything. It is supposed to measure the element composition of materials.


9Hieronymus gladly stepped up to this challenge, but instead of mounting his machine in the downward-looking bombsight window of a high-altitude plane, he instead requested photographs of the ground where soldiers were hidden. The Air Force complied, Hieronymus scanned the pictures with a psionics device, and he found evidence of people all over the photographs. When told that people were only in a few locations, Hieronymus explained his analysis saying that the soldiers had obviously been urinating on all the trees and had left their essence scattered hither and yon. The Air Force decided not to pursue this inquiry.


10The Kerr cell, invented in Scotland in 1875 by the physicist John Kerr, consists of two parallel electrode plates separated by a layer of nitrobenzene. Apply electricity across the electrodes, and the liquid develops interesting optical properties. It becomes birefringent to polarized light, refracting it off in two directions. The effect will switch on and off with incredible speed on the nanosecond scale. This property was exploited in the rapatronic camera, invented by Harold Edgerton of MIT, for use recording motion pictures of atomic bombs exploding at the tops of steel towers. These movies, only ten frames long, break an event that lasts a few milliseconds down into a slow-moving sequence, with the rapidly evolving explosion frozen in time. Watching it, you can see the fireball erupt from the bomb as the overrunning X-ray shock waves travel down the guy wires of the tower and cause them to evaporate. The tower has no time to be blown out of the way as it reduces to plasma under the spherical shock. It’s a rare spectacle of two divergent theories operating in the same photograph. Quantum mechanics eat the tower, while Newtonian mechanics (inertia) make it stand still.


11Blondlot would later employ a “rotary interrupter” to modulate the primary coil in his Ruhmkorff setup. This was a disc made of an electrically insulating material having a conducting stripe of copper foil adhered to the surface. The disc was spun at a high, constant speed by being fastened directly to the axle of an electric motor. As the disc spun, two spring-loaded electrical feelers would bear against the surface and make a periodic on/off connection through the copper strip to the battery driving the Ruhmkorff. The rotary switch setup may have improved the sputtering, inconsistent quality of the high-voltage spark.


12The “Auer burner” was invented by Carl Auer von Welsbach, an Austrian scientist, in 1890. It was a new way to use a gas flame for light, employing a mantle made of a mixture of thorium dioxide and cerium oxide. Instead of a dim, yellow flame, an Auer burner glowed brilliant white from the fluorescence of the thorium-cerium combination, and it turned out to be a strong source of N-rays. Think Coleman lantern. Carl went on to invent the cigarette lighter flint.


13It has been said, as a slur attributed to Robert W. Wood, that “only Frenchmen could observe the phenomenon.” This is an exaggeration. J. S. Hooker and Leslie Miller, both Englishmen, and F. E. Hackett, a student at the Royal University of Ireland, reported N-ray observations. Miller was the first to exploit N-rays for profit, selling a manufactured device for finding them and advertising it in Lancet.


14This is obviously a case of the “Hieronymus Effect” taking the place of objective instrumentation, and the attributes of N-rays corresponded with the Hieronymus “eloptic” rays. The researchers at Nancy had even confirmed that the “physiological rays” to and from living things could be collected by a metal plate and conducted along a wire. Blondlot may have been deluded by his experimental results, but he was not a complete fool. He had, in fact, recorded many of his spark-gap brightness measurements on photographic plates, correctly thinking that eyes could be fooled, but not photographs. The extent that a photographic emulsion is exposed by the light from a spark over a fixed unit of time should be an unimpeachable recording. Wood saw it differently. Watching a demonstration of Blondlot’s photo-recording techniques, he could see how subtle biasing of the exposure time or processing duration could throw the measurement to a consciously or even subconsciously desired outcome. There was a troubling possibility of skullduggery at work in this laboratory. It was traditional to split the monetary proceeds of a research award with the lab assistants, and if they would score a Nobel with this discovery, the reward would be substantial. The assistants, who have never been named, could have thrown out any photographic evidence that there was no N-ray effect, and kept only those that confirmed what Blondlot wanted to see.




CHAPTER 1


Cry for Me, Argentina


“On reading the first line of Richter’s papers one would think he is a genius; on reading the second line one comes to the conclusion he’s nuts.”


—Dr. Edward Teller, 1956


IF THERE WERE A HOLY Grail of nuclear technology, a noble and unattainable goal for which only the bold and fearless strive, it would be power production by hydrogen fusion. Hydrogen fusion, the Grail, promises the salvation of humankind by supplying an endless source of clean, pure power. Unlike power derived from nuclear fission, fusion works at the opposite end of the scale of atomic mass, the lower end of the “curve of the binding energy,” where instead of blowing apart the heavy, complex elements like uranium and plutonium, isotopes of the very lightest and simplest element, hydrogen, bind together to form heavier elements.


In fission, the mass of the fragments from the breakup does not exactly add up to the mass of the original atom, and this otherwise inexplicable “mass deficit” manifests as a burst of equivalent energy. In similar fashion, when four hydrogens bind together to form a helium, the mass of the resulting atom does not quite match the combined masses of the four original atoms, and the deficit is a burst of energy. The tremendous difference in these two modes of power production, neither of which involves burning flammable material and making carbon dioxide gas, is that the end products of fission are always unnatural, neutron-heavy nuclides. These nuclides are usually unstable, and they try various means of normalizing the neutron load in the nucleus to reach stability. This results in radioactive decay of the fission products, and the radioactivity gives fission an unattractive danger property. The waste products of fusion are only slightly more complex than the hydrogen used in the reaction, and they are not radioactive.15 Fusion power is utterly harmless, and on top of that, the source of fuel is virtually endless. It uses hydrogen, the most common element in the known universe. On Earth there are literally vast oceans of it. It is a component of sea water.


As is the case in most high-concept nuclear technology, the heavy lifting in fusion power research was performed in secret for the development of extremely destructive devices. At this time, all of the advanced nuclear weapons in the arsenal of the United States use some form of hydrogen fusion for a fission booster, a neutron source, or as the main show. The most powerful bombs are “thermonuclear,” which translates to “hydrogen fusion.” There is no question that a tremendous power can be derived from hydrogen fusion, and that it leaves no poisonous residue. In the broadest view, hydrogen fusion obviously deserves Grail status, but the devil is in the details.


Lise Meitner postulated the fission process to have occurred in neutron bombardment experiments on uranium by Otto Hahn in Germany in December 1939, and given this discovery, a fission reactor was designed, built, and operating in the United States three years later. Way before that, in 1933, the Australian physicist Mark Oliphant had observed hydrogen fusion at the Cavendish Laboratory at the University of Cambridge, England. He used a 500,000-volt electrical potential to accelerate positively charged deuterium ions (deuterons) and crash them into a stationary target of tritium. Deuterium is the heavy-hydrogen nuclide, consisting of simple hydrogen (a single proton) with one neutron added to the nucleus. Tritium is the heavier-hydrogen nuclide, which is hydrogen with two neutrons added to the nucleus.


The atom created by the fusion of deuterium (D) and tritium (T) is helium-4 (He-4), the naturally occurring, inert element used to fill birthday balloons. One D-T fusion yields a respectable 17.6 million electron volts (MeV) of energy.16


Oliphant’s experiment was a sensation, and laboratories around the world confirmed his findings with similar setups. A bonus of the helium-generating fusion reaction is a free, high-speed neutron, and an enduring application of this fusion apparatus is to use it as a neutron generator for laboratory or industrial use. By 1938, the enthusiasm was high despite a lingering, worldwide economic depression. Patents were filed in Germany and the United States for the fusion neutron generator, and at the Langley Memorial Aeronautical Laboratory in Hampton, Virginia, the first “tokomak” fusion reactor was built by Arthur “Arky” Kantrowitz and Eastman Jacobs.17


Fusion at the experimental level is not particularly difficult to achieve. In August 1971, Scientific American encouraged many a talented student to go nuclear by publishing plans for building a Van de Graaff accelerator for producing tritium and neutrons with a deuterium-deuterium (D-D) fusion. Although it is far less efficient than the D-T fusion, one doesn’t have to own a tritium source to make it work.18


In 1935, four years before nuclear fission was accidentally discovered, Dr. Hans Bethe of Strasbourg, when it was part of Germany, was working on the theory of solar hydrogen fusion in a faculty position at Cornell University. Bethe, one of the finest theoretical physicists of the twentieth century, had been dismissed from his job as an instructor at the University of Tübingen, Germany, in 1933 because, although he was a Lutheran, his mother was Jewish. Bounced out of Germany to the University of Bristol in England, he moved to the United States a year later.
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Mark Oliphant’s D-T fusion reaction. The free neutron, traveling at very high speed, 14.1 MeV, is a bonus that can be exploited as a neutron generator. The helium-4 is four times heavier than the neutron and is moving more slowly, but together the two kinetic energies of the product particles are 17.6 MeV.





From early optical spectra of sunlight, it had been known that the Sun seemed to be a large ball of compressed hydrogen gas with helium mixed in, but there was no plausible theory until 1920 as to why it was glowing white-hot. Arthur Eddington, a most capable English physicist, threw out the idea that four hydrogens were somehow combining to form one helium atom, and this process must involve a direct-energy conversion. He wasn’t sure how.


The process of making helium-4 out of four hydrogens is not simple. George Gamow and Carl Friedrich von Weizsäcker proposed a way to make deuterium out of two hydrogens. For it to work, one of the hydrogen nuclei (a proton) has to change into a neutron, using a sort of beta-plus decay of the proton, which is something that under normal circumstances never occurs, and leftover debris from the reaction are a positron and a neutrino. It was a start, but it did not explain where the helium comes from, nor did it explain how heavier elements, which were detected by spectral analysis of larger stars, could be built up by solar fusions.19


The Bethe-Weizsäcker study found that in five steps, four hydrogen nuclei (protons) can eventually combine into one helium-4 nucleus. The exhaust is two gamma rays and two neutrinos, with two additional protons having “catalyst” roles in the transformation. The energy release from this process, the “PP I reaction,” is 26.72 MeV, and this reaction accounts for 86% of the energy produced in the Sun. The other two reactions, PP II (14% of solar fusions) and PP III (10%), are even more complex. In addition to making tritium and deuterium as intermediate products, these reactions build up and break down beryllium-7, lithium-7, beryllium-8, and boron-8 just to make some helium-4.


I saw my first hydrogen fusion reactor in action in 1965. It was at the New York World’s Fair in the General Electric Fusion on Earth exhibit.


The fair was held in the summers of 1964 and 1965 on one square mile of Flushing Meadows-Corona Park in the borough of Queens, New York. The theme was “Peace through Understanding” and was dedicated to “Man’s Achievement on a Shrinking Globe in an Expanding Universe.” The spectacle, which was boycotted by some big countries such as the Soviet Union and Canada on official sanctioning issues, was thick with American culture and technology. It was a massive Walt Disney Imagineering design, crammed with exhibit halls and pavilions sponsored by such heavy hitters as IBM, the Bell System, Kodak, General Motors, Ford, and Chrysler.
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The fusion of simple hydrogen to form helium requires a complicated process that involves five steps. First, two sets of two protons combine to form two deuteriums, just as Gamow had worked out, but then another pair of protons fuse with the deuteriums to form tritiums. The two tritiums crash together and make helium-6 for only an instant, and it blows apart, leaving a helium-4 and the two secondary protons given back into the process. The total energy produced is 26.72 MeV.





General Electric had a big piece of real estate next to the Clairol hair products and Chunky Candy pavilions. It was an enormous, inverted bowl, dedicated to the use of electricity in our everyday lives. A must-see was the Carousel of Progress, which was four scenes of life in the twentieth century, inhabited by Disney audio-animatronic robots, demonstrating how far we had come in the first sixty-four years and where we would end up by 2001. The Mammoth Sky Dome Spectacular showed on a large projection screen the progress made in the development of nuclear power, while the Medallion City showed what it will be like when everything runs on electricity.


On the way out we were standing on a downwardly spiraling walkway along the inner walls of the big rotunda, and at the center was a large glass dome housing a Z-pinch fusion reactor. A bank of very large capacitors under the floor was being charged with electricity. It took thirty minutes to build up a charge, so the show was every hour and half hour. A voice came over the public address system, announcing an impending demonstration of fusion power. We were advised to turn our heads and look to the center of the floor.


The hollow center of the reactor was filled with a mixture of deuterium and tritium, and the Z-pinch machine tried to replicate conditions at the center of the Sun by suddenly switching the pent-up energy in those capacitors, all at once, across the gas mixture. The artificial lightning bolt ionized the gas, turning it instantly into a conducting plasma. The electricity conducted through this plasma created an intense magnetic field around and through the plasma, pinching it down into a blazing hot, extremely thin cylinder. Under these conditions, a few deuterium-tritium pairs might become helium, ejecting a free neutron for each fusion.


The announcer started a dramatic countdown. “Ten . . . nine . . . eight . . . seven . . .” The crowd hushed, and I could now barely perceive a hum, as the transformers and rectifier arrays crammed the last measure of electrons into the capacitor bank, running hot, vibrating, and gradually loosening a few rivets. “. . . three . . . two . . . one.”


BANG! It sounded like a filing cabinet had been tipped over and hit the floor a few inches from the back of my head. The glass hemisphere flashed nuclear-blue as the more sensitive members of the crowd flinched and exclaimed. There were a few high-pitched screams. On the wall was a huge digital display showing the total number of neutrons counted since the reactor had first banged over a year ago, with neutron counts implying fusions. I cannot remember the number, but I think it was in the millions. I watched as the numbers spun and a new total was displayed. It went up by more than one hundred fusions.


The reactor had generated at least 4.5 watt-hours of energy so far. Compared with the tens of thousands of watt-hours used every day to charge the capacitors to throw a lightning bolt across the core, that was not very much. The announcer voice thanked us for watching the demonstration and assured us that more work was necessary before General Electric would be powering our home with fusion. It would take as long as the next thirty years to build commercial fusion power stations.20


Thirty years came and went, and there was a disappointing lack of progress toward lighting up America with fusion power. Hundreds of experimental reactors were built worldwide, and many dollars were spent. Billions and billions, like the number of stars and galaxy clusters in a Carl Sagan lecture. What was the problem? Why, with all the science and engineering effort concentrated into it and all the hideous success with fusion weapons, were we still in 1995 thirty years away from fusion power?


While achieving hydrogen fusion is not difficult, doing it on a continuous basis at a rate that will generate net power, in which more power is recoverable from the reactions than goes into creating the fusion environment, seems beyond our current technical ability. The Sun, from which we have derived our reactor model, is 109 times wider than our planet, having a volume 1,300 times that of Earth, and it weighs 2.19 × 1027 tons. This enormous mass produces a pressure of 9,400 pounds per square inch and a temperature of 15,700,000° Kelvin. Under these conditions, the hydrogen in the Sun near its center is reduced to plasma, with the electrons stripped off the atomic nuclei. The hydrogen plasma is 150 times heavier per unit volume than water. Temperature is a measure of the speed at which the atoms in matter are traveling as they randomly collide with one another. At this temperature in the Sun, the protons are traveling at 1,400,000 miles per hour.


The only reason that hydrogen does not fuse with abandon is that the proton (the nucleus) is electrically charged, and things charged with like polarity (positive, in this case) avoid each other. They repel, and the force of repulsion increases rapidly as the distance closes. For fusion to occur, two nuclei must get close enough together for the strong, attractive nuclear force, which binds together the protons and neutrons in an atomic nucleus, to overcome the electrostatic force. For two hydrogens, this distance is 1 to 3 × 10–15 meters, which means they are practically touching each other. A head-on collision at 1,400,000 miles per hour can achieve this condition, and fusion occurs. In the Sun, it occurs 9.2 × 1037 times per second, giving a net power output of 3.85 × 1026 watts.


However, proton-proton fusion has an extremely low probability of happening, even in the best of conditions. Fusion at the center of the Sun is so unlikely, the power density is only 7.85 watts per cubic foot. To put this in perspective, that level of power density describes the metabolism of a reptile. A large box turtle, awake, generates about as much heat as a like volume of tightly compressed plasma at the center of the Sun. The only reason the Sun gets hot enough to glow is that it is so big. An active compost heap the size of the Sun would generate as much power, and it would warm the Earth just as surely.


Generating electricity by fusion in a large concrete building on Earth will therefore not be emulating the Sun. A fusion power reactor will have to establish conditions of pressure and temperature that are orders of magnitude greater than exist in the Sun, and a simple proton-proton fusion scheme, which has the least probability of fusing, has no hope of success. The fusion reaction with the highest probability (5.0 barns), is the one that Oliphant achieved in 1932, the deuterium-tritium reaction.21 The next best, at 1.2 barns, is the proton-boron-11 reaction, and the deuterium-deuterium fusion is down on the list, at a maximum 0.11 barns.22 A reliable deuterium-tritium fusion will occur at temperatures over one billion degrees Kelvin, which is sixty-four times hotter than the center of the Sun.


At the end of World War II, when civilian nuclear power seemed an inevitability, these cold facts concerning hydrogen fusion were well-known. The use of a single fusion pulse, initiated by the pressure and temperature of an adjacent atomic bomb explosion, was in crash-program status as Dr. Edward Teller’s “super bomb” for military purposes, and no serious development of controlled fusion for power generation was considered worth the effort. It was a far-off concept, perhaps to be examined later.


Everything changed suddenly in 1951, when controlled, continuous fusion for power production became an obsession that continues to span the globe. On March 24th of that year, a stimulus blasted across the technical world from way out in left field, from an unexpected place and an unknown perpetrator. The kick that started fusion research was from Argentina, and the expert who surprised the world was an obscure third-tier scientist, part of the human fallout left over after the smoke cleared in the defeat of Nazi Germany, Dr. Ronald Richter.


Ronald W. Richter was born on February 21, 1909, in Eger, Bohemia, which was then in Austria, later to be annexed into Czechoslovakia. He was an only child, and as such he enjoyed the undivided attention of his parents and as much prosperity as one could attain in Europe straddling World War I. At the age of twelve, he entered high school in Eger and graduated in 1927. He was fascinated by all aspects of physical science, and his parents, who managed a coal mine, that summer gave him a laboratory setup on the mine property where he could indulge in research topics of his choosing.


He was accepted into Prague University in 1928 to study physics, chemistry, and, at his parent’s urging, geophysics. His undergraduate interests were wide to the point of attention-scattering, ranging from astrophysics, quantum mechanics, and nuclear physics to gravimeter systems and the Earth’s magnetic field. As a grad student he was seen as a loner, rarely participating in anything, but impressive in an aloof sort of way. Dr. Kurt Sitte, a fellow student at Prague and a year behind him, remembered him as furiously jotting down notes in class, using weird signs and symbols, seeming more sophisticated than his peers. His class attendance was erratic, and his performance in advanced classes was nothing notable.


Professor Reinhold Fürth of the Department of Experimental Physics was his thesis adviser, remembering him as “a moderately gifted scientist with an excessively active imagination and an incapacity for self-criticism.” Richter was bouncing up and down at having read a magazine article about “delta-rays” coming up out of the middle of the Earth, and he was bent on basing his dissertation on detecting them. Fürth and his recently appointed research assistant, Sitte, managed to talk him down off that cloud, and he wound up doing a more sedate and reasonable “Investigations on Photo-Voltaic Cells with Soft X-Rays.” Still, he managed to inflate the investigation with as much drama and hyperbole as possible. Further work on this topic was continued by another student, Hans Felsinger.23 Richter graduated with a Doctor of Natural Science degree on March 2, 1935.


Richter was fortunate to have graduated in 1935, even though the world was in the middle of a deep economic depression. The new government of Germany was purposefully divesting itself of all Jewish influences, and it was thus stripping out a population of technical specialists, from theoretical physicists to watchmakers. There was a resulting vacuum of scientific and engineering talent that would have to be filled. Germany, even at this early date, was forming plans to take over the world, and the resulting conflict was predicted to be unusually technical and innovative. Employers would take anybody with a technical degree, even space cadets from satellite countries, such as Ronald Richter. He had no trouble job-bouncing through World War II.


Upon graduation, he started a private research laboratory in Eger with funding from a coal-industry consortium arranged by his parents. Germany was already planning to manufacture gasoline using coal as source material, and Richter’s pitch to the sponsor involved plans to research catalyst-controlled coal hydrogenation and a new coal-cracking process. Given the freedom of being solely in charge and with his mind amped up with the postdoctoral buzz, his ideas and research were original and breaking some new ground.24


Roaming at will, he plunged into a fascination with high-power electric arcs as a source of concentrated, high-temperature plasma available in no other process. Drifting out of coal research, he saw the electric arc as something that could be used to make exotic, high-temperature alloys and compounds. The problem with arcs that gained all the attention was a lack of control at the flashover boundary. As power is applied to two carbon electrodes, facing each other and separated by an air gap, tapping the carbons together starts a bright electric arc that can be expanded by moving the electrodes farther apart. At a sufficiently high voltage, electrons jump the gap, causing the gas between them to become a superhot, superconducting plasma. More voltage and more amperage make the gap hotter and produce a larger volume of plasma. Turn up too much power and the well-behaved electron stream breaks down into a sudden mini-explosion and blows out the arc.25 For that reason, arcs had to be run below their highest possible temperature, and much work was going into feedback controls that would detect an oncoming flashover and adjust the voltage down until the crisis potential dampened. In the age of vacuum-tube electronics, this was not easy.


Richter saw it differently. To him, the arc breakdown was not a problem; it was a feature. He recognized the breakdown as a plasma shock wave, detectable as a very loud, floor-shaking bang. It meant that the sudden disturbance in the plasma between the electrodes was moving faster than the speed of sound, and this meant that a region of unusually high pressure and accompanying temperature must exist in the middle of the apparatus, at least for a split second. He purposefully over-drove the arcs, so as to consistently cause the shock wave, and he designed a focusing reflector to further concentrate the effect at the center of the disturbance. It was difficult to measure exactly what pressure/temperature situation he was creating, as the effect was literally over in a flash.


He, along with every other physicist in the academic world, was well aware of Mark Oliphant’s fusion experiment using deuterons hitting tritium.26 Richter’s density-enhanced plasma blob would, in theory, do the same thing to heavy hydrogen nuclides that Oliphant’s linear particle accelerator would do. It would throw them at each other at high speed, overcoming the repulsive e-mag force and causing a percentage of them to fuse. High temperature means high speed, and it was the same effect as achieved in a particle accelerator, only from a completely different setup. Richter reasoned that he could measure the physical properties of his plasma shock wave by using it to cause fusion. It would not, of course, be a net energy-producing fusion, but it would produce a burst of secondary gamma rays, and those he could detect and count with a Geiger-Müller instrument located external to the plasma. The bigger the gamma-ray burst, the bigger was his shock-wave effect. Tritium was hard to come by, but he bought a vial of Norsk Hydro heavy water and spritzed an aerosol of it into the electrode gap.27 A deuterium-deuterium fusion has a lesser cross section than Oliphant’s deuterium-tritium reaction, but it is still a fusion. It worked as planned, and it was an excellent idea.28 Monitoring the gamma-ray bursts, Richter was able to optimize his shock-wave reflectors and experiment with other ways to enhance the arc effect.


Having concentrated on his plasma-shock experiments, Richter quickly lost his sponsor’s attention, and his paycheck collapsed. In 1937, he started another research laboratory connected to the Berlin-Suhler-Waffen und Fahrzeugwerke (weapon and vehicle factory) at the Gustloff-Werke in Suhl, Thurlinga, Germany. He partnered with Dr. Hugo Apfelbeck and Otto Eberhardt, working in a top-secret underground facility while living in a small house at Mühltorstrasse 11 in Suhl. He was supposed to be working on hydrogen storage systems, but most of his time was consumed investigating ways to measure the temperature in his plasma shock waves.29 It was a happy if less than productive time.


His comrade and best friend, Eberhardt, was killed in an auto crash on January 31, 1939, and seven months later, on September 1, Germany invaded Poland, starting the Second World War. Richter bounced to the Junkers Aircraft Factory in Dessau, Germany, and was put to drawing pay on a project to find airplane vibration problems at supersonic speed. He was delighted to find that the instrumentation used in the supersonic wind tunnel at Junkers was just what he needed to further measure his arc shock waves.


A year later, Richter was passed off to Dr. Busemann and Professor Dirksen at the Aircraft Research Facility Hermann Göring, Department LC1, near Braunschweig. With the war running hot and shrill, he found himself constantly under surveillance and prodding by the Gestapo, the secret police that did not trust a single loyal German, much less a Czechoslovakian working on military secrets. They confiscated his passport, making it impossible for him to leave the country. Sometime in the autumn of 1942, while he was traveling by train to another aircraft factory, the Gestapo arrested him on charges of spying for the British, which probably would have paid better than what he was actually doing.30


Richter could talk a very good game, and he was able to wrangle an apology out of the authorities in Berlin by using impressive nuclear physics jargon and suggesting that his extreme talents be put to good use in the atomic bomb program, which apparently suffered from many information leak-points. (Technically, Richter should not have been aware of the top secret project’s existence.) There in the Gestapo office, he completed a phone call with R. Abraham Esau, a physics professor at the University of Berlin with an impressive fencing scar, who happened to be head of the physics section of the Reich Research Council, and pried open a position in the ongoing nuclear fission effort.


He was assigned to Baron Manfred von Ardenne. Von Ardenne was a self-educated physicist and electronics engineer. He was blessed with a massive inheritance and his own private, lavishly outfitted research laboratory in the basement of his home at Berlin Lichterfelde Ost. He was credited as the father of German television, which covered the 1936 Olympic Games, and in 1943 he was working on a magnetic uranium isotope separator under contract with the German post office. Backed up against a wall was his 60-ton cyclotron, named “Elle,” with its guts out on the floor; his custom-built scanning electron microscope bolted to another wall; and a desk groaning under the weight of a mass spectrometer. He put his new hire, Richter, in charge of his Van de Graaff high-voltage machine and hoped that he wouldn’t break anything.


The personalities of von Ardenne and Richter meshed together like two trains meeting head-on in a dark tunnel, and von Ardenne had the bigger locomotive. Richter was terminated after a few weeks, and the Deutsche Versuchsanstalt für Luftfahrt (German Research Institute for Air Transportation) at Berlin Aldershof was encouraged to take him. He was assigned measurements of subsonic vibrations using airplane models in the wind tunnel.


By this time, Richter claimed to have improved “the detectability of shock-wave-induced nuclear reactions by developing nuclear reaction schemes based on the chain-reacting consumption of lithium and boron isotopes.” The chief of the research department of Army Ordnance, a Colonel Geist, listened briefly to Richter’s exciting findings and his pitch for further investigations, but he lacked sympathy. “We have a war to win here! Get back to work at Aldershof, or the Gestapo will make an ashtray out of your skull.”31


Within weeks Richter had signed a consultant contract to work for the AEG research institute in Berlin, developing lightweight storage batteries. As an alternate activity, he managed to hide out in the AEG transformer plant at Berlin-Oberschöneweide and work on his arc plasma experiments in relative privacy, using lithium borrowed from the battery project. Allied bombing raids by this time, 1944, were making life in Berlin extremely unpleasant, and AEG had bigger problems than Ronald Richter.32


By May 1945, the European war was over, and the ancient land of the Germanic tribes was painted with chaos and dread.


Richter, who was not a member of the Nazi party and was not even a German, could not get arrested, much less land a paying job. He was not on the war criminals list, nor was he on the list of desirable scientists for which the Americans and Soviets were competing. Repeated attempts to gain a US visa were not productive. In 1946, he was in France looking for work in nuclear physics, and according to him, he loudly refused a position in the French Atomic Energy Commission because the president, Nobel Prize winner Jean Frédéric Joliot-Curie, was a notorious Communist. The Americans seemed unimpressed by this gesture.


Desperate, he went to Holland and then to England where, in 1947, by pure luck his path intersected with Professor Kurt Waldemar Tank in the lobby of a London hotel.


Kurt Tank was born in 1898 in Bromberg, which was in Germany at the time, into a military family. After a splendid showing in the Imperial German Cavalry during World War I, he graduated from the Technical University of Berlin in 1923 and sought his fortune in the crippled postwar German aircraft industry. He wound up a chief designer for Focke-Wulf Flugzeugbau AG, where he was responsible for the highly successful Fw 190 fighter plane and the Ta 152 interceptor. At the end of World War II, as the world collapsed in debris around Focke-Wulf, he was working on the radical design of a jet-powered, swept-wing fighter plane, the Ta 183 Huckebein.33 Tank loved designing out on the wet, naked edge of technology, and his Ta 183 was definitely out there. He slipped quietly out of Germany after the war with a suitcase filled with microfilmed copies of his unfinished Ta 183 plans, looking for a place to land.


The two behind-the-front fighters regaled each other with their war stories, and Richter topped his off by disclosing his latest brainstorm: a jet engine with a pulsed auxiliary source of thrust, his plasma-shock fusion reactor running on lithium and boron. Tank was captivated. The main thing wrong with jet propulsion, without which he would design no further aircraft, was the excessive fuel consumption. Richter’s idea employed the lightest elements in the universe in very small quantities. The extra thrust would not lift a plane off the ground, but the efficiency of his proposed auxiliary energy release was millions of times better than oxidizing hydrocarbon fuel. (Richter may not have mentioned the megawatts of electrical power necessary to produce the brief plasma condition.)


Tank was on his way out of Europe—out of the bomb-cratered, army-occupied landscape and to the Land of the Free, to the last place on Earth where a man could walk down the street in his snappy SS uniform without engendering harsh rebukes or sniper fire. Kurt Tank was going to Argentina, the new home of 800,000 expatriate Germans, and he promised Richter that he would find a way to get him out of Europe to join him.


Argentina, mirroring the United States, had in the last quarter of the nineteenth century encouraged a mass immigration of Europeans to fill out the empty western regions and bring an ingrained sense of civilization to the New World. By 1908, it was the seventh richest country in the world, with a per capita income right behind Switzerland and ahead of Denmark, Canada, and Norway. The average income in Argentina was 1.8 times higher than that in Japan. World Wars I and II, in which Argentina did not participate in a military way, only enhanced the economy, and fortunes were made selling beef and grain to both sides of the conflicts. In the early 1940s, Argentina sold .45-caliber pistols to Great Britain (the Ballester-Molina HAFDASA) while hosting a Western Hemisphere spy ring for Hitler’s Third Reich. Money piled up, Buenos Aires danced the tango, and Argentina was at peace with the world.


Argentina managed to grow a vibrant economy despite its leadership. Most presidents were elected by military coup. Foreign policy was directed by a cadre of Vatican-connected medievalists striving to create a Hispanic Catholic Nation, counterbalancing the materialistic Northern Hemisphere and erasing the unholy consequences of the French Revolution. The country was definitely in bed with Nazi Germany right up until January 26, 1944, when it looked like they were going to lose the war and pressure from the United States to join the Allies intensified.


On February 24, 1946, Colonel Juan Domingo Perón was elected president of Argentina. Perón, the former vice president and dictator-in-charge of the Fascist-posturing GOU (United Officers Group, a conspiracy of military colonels), had been arrested on October 13, 1944, for the crime of being popular. This and having the lovely, wildly popular Eva “Evita” Duarte Perón on his arm all but guaranteed his election.34


Perón, assuming office on June 6, was a forward-looking, progressive leader. He immediately paid down all of Argentina’s foreign debt, and soon just about everybody in the country was working and paying modest income taxes. Perón’s goal was to catapult Argentina not just into the twentieth century but into the future. He did not want to catch up with the United States in its world-beating technology, science, and manufacturing; he wanted to exceed it. He immediately started a jet-fighter-plane project in Córdoba, with French war criminal/aero-engineer Émile Dewoitine in charge.


Around Christmas in 1947, Perón’s trusted operative, Gallardo Valdez, smuggled Kurt Tank, his suitcase full of microfilms, and a busload of valuable technicians, out of Germany right before the refugee window in Denmark was closed. Tank was given a new name, Mr. Pedro Matthies, a large budget, and Émile’s job as director of the jet-plane project.


Early in 1948, Perón caught the atomic fever. It was a topic of conversation worldwide, and he, prodded by Enrique Gaviola, director of the Córdoba National Observatory, decided that Argentina should be in the game. Gaviola agreed, but he was not sure that they had the right infrastructure or, more important, the load of scientists that would be necessary. A country like Great Britain was currently trying to match speed with the Americans, but they had about ninety thousand scientists. Including himself, Gaviola could count twenty scientists, right here in Argentina. A public relations effort was given immediate priority to attract scientists to the new, progressive Argentina. Werner Heisenberg, George Gamow, and Enrico Fermi were offered free vacations to Argentina, a land where scientific studies would be free of secrecy and military applications, where atomic power would know nothing but peace, but nothing seemed to be jelling. Getting desperate, Perón called in Kurt Tank from his work in Córdoba for counsel.


Tank’s advice was simple. Get Dr. Ronald Richter down here, if you really want to shake up the Americans. He has some fantastic ideas, and he knows what he is talking about.


Right after the end of hostilities in Europe, with all the chaos and confusion, it was easier to smuggle in German refugees, but things were not so simple anymore. Perón plugged Richter into his “ratline” extraction service. In May 1948, Richter received word from Tank that he was wanted in Argentina for nuclear work. He had picked up some work at the French Petroleum Institute in Paris, but it was not hard to break the contract and disappear.35 By August, he had received instructions for the transfer.


In a group of former Focke-Wulf technicians, Richter was told to contact Dr. Gerhard Bohne in Munich, who directed him to a Croatian tavern in the city where he met a mysterious fellow in a black leather coat named Lavic. Lavic loaded the group into a caravan of American army jeeps, driven by occupation soldiers who were augmenting their incomes, and shot them through a soft spot in the Austrian border, where they were booked into a hotel. So far, so good. The group members were then issued Red Cross passports for displaced Croatians with an Italian residence permit folded inside. All they had to do was glue their photographs into the inside page and sign the Croatian name under the photograph. The group then traveled by train to Rome through Milan and Genoa, eventually meeting Ivo Omrcanin, a former Ustasha official who spoke flawless German and knew Krunoslav Draganović, a Croation war criminal/priest with solid Vatican connections and headquarters in the pontifical College of San Girolamo degli Illirici.36


The group spent the night practicing their name pronunciations in the Centrocella convent for Croatian nuns and loaded into a DC-4 airliner owned by Juan Perón’s FAMA airlines the next morning. It was a long flight, with stops in Madrid, Casablanca, Dakar, Natal, and Rio de Janeiro on the way to Buenos Aires. The plane rolled to a final stop on August 17, 1948, and the weary travelers were met at the airport by Nazi spy/glad-hander August Siebrecht, welcoming them to Argentina.37


One week later, on August 24, 1948, Dr. Ronald Richter was received by the Excelentísimo Señor Presidente de la Nación, General of the Army, Juan Domingo Perón. From the first moment, it was a match made in heaven, or at least on another planet. The two men had identical personality traits, temperaments, body language, and complementary dreams of conquest. Richter’s dream was to be locked in a building alone where he could pursue arc-fusion to his heart’s content, and Perón’s vision was to lock a German in a building until he could place Argentina at the front of the nuclear power quest. It was two minds melted together and floating above the humdrum noise of reality. “What I have in mind,” said Richter, “is the creation of a tiny sun. The immense energy of the Sun results from the thermonuclear reactions fueled by hydrogen, the most abundant element in nature.” Perón felt as if he could understand everything Richter said, and it sounded magnificent. “All we have to do is make two or three discoveries,” Richter added.
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