
  
    
      
    
  


  Rider of the Pale Horse


  
    [image: image]

  


  
Rider of the Pale Horse


  A MEMOIR

  OF LOS ALAMOS

  AND BEYOND

  McAllister Hull

  with Amy Bianco

  Illustrated by John Hull

  
    [image: image]

  


  For Mary, who lived through it all


  ISBN for this digital edition: 978-0-8263-3555-5

  © 2005 by the University of New Mexico Press

  All rights reserved. Published 2005

  Printed in the United States of America

  10   09   08   07   06   05        1   2   3   4   5   6

  THE LIBRARY OF CONGRESS HAS CATALOGED THE PRINTED EDITION AS FOLLOWS:

  Hull, McAllister H., 1923–

  Rider of the pale horse : a memoir of Los Alamos and beyond / McAllister Hull with Amy Bianco ; illustrated by John Hull.

  p. cm.

  Includes bibliographical references and index.

  ISBN 0-8263-3553-5 (alk. paper)

  1. Hull, McAllister H., 1923–

  2. Physicists—New Mexico—Biography.

  3. Los Alamos Scientific Laboratory.

  4. Manhattan Project (U.S.)

  5. Nuclear weapons—Social aspects—United States—History.

  6. Cold War—Social aspects—New Mexico—Los Alamos.

  7. Nuclear energy—Research—United States—History.

  I. Bianco, Amy, 1964–    II. Title.

  QC16.H85A2 2005

  
    
      	
        530.092—dc22

      
      	
         

      
    

    
      	
         

      
      	
        2005011952

      
    

  


  
Preface

  The first version of much of this memoir was written in late 1945 or early 1946 after I transferred to T-division at Los Alamos National Laboratory and began to work on the Bikini Test phenomenology. I wanted to see whether I had acquired a reasonably complete understanding of the nuclear physics and technology of the two nuclear bombs we had built for the war. I now had access to any document I wanted to read, but not as much leisure as I would have liked, since we were still working with some of the wartime urgency. So I just sat down and wrote out the story. It was fairly nontechnical, partly because I was still learning nuclear physics—a process that is still going on. I left the written piece on my desk in the Gamma Building and found the next day that it had been picked up by security and classified. I could have gotten it back, but I didn’t bother, since I had written it only for my own clarification. I suppose it’s still in the files.

  When I began to teach at Yale in 1951, I always included a lecture or two on nuclear energy and nuclear weapons and discussed—with debate if possible—the attendant policies I thought needed to be considered for a sound national agenda on nuclear matters. This memoir is, for me, an extension of that practice for a wider audience. I have strong—and, I trust, well informed—opinions on the employment of nuclear reactors for the energy needs of the world and the development of nuclear weapons under any conditions. I try to leaven my argument here, especially on weapons, by some personal history that tells how I got where I am.

  I didn’t write anything for anyone but me to read until recently. My oldest granddaughter, Damaris, asked for the story of nuclear weapons ten or twelve years ago, and so I wrote something for her. Very little of what I knew was still classified by then, so the story was fairly comprehensive. She later had me invited to talk to her history class in high school. Shortly afterward, my son, John, asked for a narrative he could use to inspire a suite of paintings on the S-Site work. Fortunately, we were able to visit the main casting building at Los Alamos before it was derelict and torn down. Some of these paintings were in an exhibition in the Governor’s Gallery in Santa Fe to help raise private funds to preserve some of the wartime buildings at Los Alamos. John donated one of the paintings to the permanent collection of the Bradbury Museum at Los Alamos. He has seen the book in various drafts as he created completely new illustrations. It’s the first time we’ve worked together this way.

  My classes in Physics and Society that I started in Buffalo and brought to some kind of good order at the University of New Mexico again included a section on nuclear energy and nuclear weapons. I kept promising to write out a set of organized materials for the students because the course was different enough that available texts were not very helpful. I finally wrote the nuclear physics part a year or two before I retired for the second time and gave up teaching. I planned to get this part published, and if possible, write for the other parts of the course, but the press of my university doesn’t do texts, so I had to go elsewhere. I tried one of the big New York publishers, and an editor there, Amy Bianco, thought the chapter in the material on weapons could make a trade book—if I was willing to tell a personal story. This book is the result of the collaboration between me and Amy: I wrote in my usual linear, didactic style, and she rearranged the written material into a narrative she—and the University of New Mexico Press (which does publish memoirs)—hoped is more attractive to intelligent readers who are as interested in the human story as the technical one. Working with a collaborator is a new experience for me, as is writing in the first person. Amy asked for some personal anecdote she wanted to include and demanded fuller explanations of technical matters when I was not clear. We have worked well together, and the results are much better than if I’d worked alone. I remain interested in bringing an issue that is critical for the future of our world before the readers who can determine the policies of their governments. Of course, I hope the readers will also find this a good story.

  The work I describe at S-Site was not done alone, so I wish to remind readers of the hard work of the few GIs who helped us learn to cast reliable lenses and the larger number of civilian powder men who cast them in production for the Trinity Test (now sixty years ago) and Nagasaki.

  Some of the material appearing here has been published before, and we are grateful to the World Scientific Publishing Company for permission to reprint some of what I wrote for the Gregory Breit Centennial Symposium proceedings that they published, and to the National Academy of Sciences and its publisher, the National Academy Press, for permission to reprint some of the memoir I wrote on Gregory Breit for their member biographies series.

  We thank Phill Bloedow, Department of Chemistry, University of Wisconsin, for finding us a picture of Joe Hirschfelder taken in about 1947 or 1948, just after he returned to campus from Los Alamos. William R. Massa, Public Services Archivist at Yale, took a new picture of Sloane Physics Laboratory for us, and Bob Gluckstern found a picture of himself from those ancient times when we worked together.

  The staff at the press does the hard work, and we thank Beth Hadas, who is supposed to be partially retired, for taking on the book.

  —McAllister Hull

  Albuquerque

  September, 2004


  Behold a pale horse: and his name that sat on him was Death

  —Revelation, 6:8
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Introduction

  When I was ten or eleven years old, some school assignment or item of curiosity sent me to the modest encyclopedia in our family library to look up the article on light. The piece was not very long, as I recall, but it included a sentence that has influenced my life for the last seventy years or so. The sentence read: “According to the theory of relativity, light has weight.”

  Now, Steven Mithen and Steven Pinker, among other students of the human mind, believe we are born with a built-in understanding of physics—enough to succeed as hunter-gatherers, in any case. Whether that innate understanding extends to light and weight I doubt, but as a boy I immediately understood that the scale on which I weighed myself was not going to work with light. The statement in the encyclopedia was not developed, and my books said nothing about any physics, much less relativity. So I went to our local (Waco, Texas) Carnegie Library, where I was a regular customer for boys’ adventure stories and books on astronomy, the only popular science I had ever found there. The librarian, starting with “relativity,” came up with three items of interest:

  (1) Albert Einstein was responsible for the theory.

  (2) He was called a “physicist.”

  (3) A book called Easy Lessons in Einstein by a man named Edwin Slosson.

  I quickly read the book—it was very slim—and learned about shrinking meter sticks, slowing clocks, light rays bending in the gravitational field of the sun, and the perihelion of Mercury. Obviously I got more than I started out to discover, which is the nature of education—or ought to be. My fascination with these ideas and my newfound awareness that people who study these matters are called physicists determined my career choice. I decided to become a physicist.

  I knew I wanted to be a physicist, but I didn’t know how a physicist made a living, and I could never have anticipated the course my career would take. I began my formal studies at Mississippi State in 1941 in an engineering program, thinking that engineering was something I could teach while I worked on physics problems. We entered World War II in December of my freshman year, so I took a job as a draftsman in an ordnance plant in the summer of 1942. What I learned there, working with problems of explosives in the chemistry department, would have more of an impact on the course of my life than any of my academic training to that time, for it would take me to Los Alamos. I was drafted in March 1943, and in the fall of 1944 I was sent to Los Alamos to cast explosives. Though I would spend only about two years at Los Alamos itself, I would be involved with that unique place in one way or another for the rest of my career.

  After the war was over, I helped calculate the phenomena attendant to the explosion of nuclear weapons in the Bikini Tests. During this time I did the research for my first published paper on the penetration of gamma rays through thick targets, which involved quantum electrodynamics. I was between my sophomore and junior years of college and had not yet taken a proper course in classical mechanics, much less quantum mechanics. After I was discharged, I continued to work at Los Alamos until school started in the fall of 1946. Los Alamos was to shape my life even further, for I met my major professor there in 1946 and moved with him to Yale in the middle of my junior year. Gregory Breit and I worked together for twenty-five years in New Haven, occasionally on special problems for Los Alamos. In 1976 I returned to New Mexico as provost of the University of New Mexico (from which post I am now retired), and I continue to have interactions with the Laboratory.

  As I studied physics in a somewhat more orderly fashion in courses at the university, the central ideas of the discipline became clear to me. I learned how they were integrated into a picture of the physical universe and how they led to new concepts. Physics is the search for the fundamental laws that govern the functioning and structure of the universe and all the physical objects and processes in it. Physicists thus undertake a daunting task that may never be completed. They are inspired by two fundamental assumptions: (a) that the world they study exists outside their minds, and, when they have gotten its properties right, it will be seen in the same way by other physicists; and (b) that in the process of getting it right they must search deeply enough beneath the surface of what they observe so that no more fundamental level can be found. The one-word labels for these beliefs are Platonism and reductionism—so physicists are, in general, Platonists and reductionists.

  The average working physicist does not think of these labels as describing his worldview, and he certainly does not worry about entertaining concepts that may not strictly conform to philosophers’ definitions. Physicists look for consistency among the concepts they adopt; any given concept must fit with all others that have been defined in the field, and the phenomenon it describes must be the same wherever and whenever it is encountered. Above all, physicists want the referents of their concepts to remain unchanged as processes involving them continue to develop.

  Physicists do not believe (yet?) that they can describe the total reality of the world, only parts of it. We know that the reductionist approach does not cover all the phenomena we try to explain. (I once complained to a biologist friend that his systems were too complicated to be understood from the atom up. The advent of complexity theory and the study of self-organizing systems only justify my complaint!) Our theories are models of the ultimate objective physical reality we believe we are studying, and, as models, there are limits to their faithfulness of representation. Of course, we do not agonize over this all the time. We are pragmatists and think in terms of what works within the accepted epistemology of the field.

  Heraclitus reminds us that we cannot step in the same river twice, for change is the way of the world. But there is a constant: the river remains. Constants in the midst of change are very important to us, as they have been to people who think about the nature of the world since, perhaps, Greek ideas began to focus in the middle of the first millennium BCE. Matter was an early concept of something that persisted, and in the sophisticated ideas of Democritus (expounded by Lucretius), matter is composed of atoms, which accounts for the apparent loss of matter when a log burns. Some of the atoms comprise the smoke that rises from the burning log. Note that reductionism has triumphed over observation here. The atoms cannot be seen, but they yield a description a level below the obvious description of the log as a wooden cylinder, say two feet long and six inches in diameter. These unobserved atoms provided these early thinkers with a concept that (a) allowed the conservation of matter to be retained, since atoms don’t change; and, (b) allowed consistent descriptions of different kinds of matter on the same terms, since it held that they were composed of different compounds of the few, indestructible atoms.

  The evolution of the concept of “atom” provides a good illustration of the process of learning about physical reality. In the 2,500 years since the atom was first postulated, its meaning has undergone development and extension, but its role as the basic unit of matter has remained. The atom of the Greeks was indestructible, and so it remained as chemists, especially, parsed the four classical elements of fire, air, water, and earth into the ninety-two modern elements of the periodic table—plus two dozen more we have made in the laboratory since 1940—each identified by its characteristic atom. But twentieth-century physicists found that the atom, while retaining its position as the elementary constituent of matter in the myriad compounds that make up our world, was not indestructible after all. It had parts and a structure: a cloud of electrons surrounding a nucleus of neutrons and protons. The electromagnetic field holds the electrons in orbit, and the strong force holds the nucleus together. The electrons can be separated from the nucleus, and the nucleus itself can be resolved into its constituents. Current ideas take us two levels below this picture, where nucleons (neutrons and protons, the constituents of the nucleus) are made of quarks, gluons carry the strong force, and quarks, gluons, and electrons are made of superstrings.

  It is not known whether we have now arrived at the final, basic level of explanation. There has been talk for several years of a “Final Theory” or a “Theory of Everything” that would unite the forces of the atom with all other known forces, but physicists know better. Even if we find such a theory, it will, at best, be nothing more than a theory of the physical universe—a very important part of what may be conceived as the “whole,” but certainly not all of it. In any case, physicists—as pragmatists—work at whatever level of explanation is needed to address the problem at hand. There is no need, for example, to invoke superstrings to discuss nuclear physics. Fission and the release of nuclear energy may be treated almost classically.

  It is apparent, then, that the knowledge of the physical world we develop evolves and is, at any moment, contingent. Newton’s theories of motion and of gravity could, together, predict the orbits of the planets and even reveal the existence of planets not yet known at the time (Neptune and Pluto), but it could not explain the details of the orbit of Mercury. This is what we mean when we say theories are contingent: they are valid over a wide range of values of their variables (position, mass, velocity, time, and so on), but not all values. Newton’s theories remain valid (if incomplete) descriptions of the world for the range of variables for which they were formulated in the first place—velocities small compared with the velocity of light and masses small compared with the sun’s mass. We design space vehicles and launch astronauts according to Newton’s theories, but we explain the advance of the perihelion (the point in the orbit closest to the sun) of Mercury with Einstein’s general theory of relativity.
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  Einstein’s method of developing general relativity is instructive here. It was well known before Newton’s time that the measure of resistance to change of motion, called inertia, is equal to the parameter that gives the strength of gravity, although Newton was the first to give this equivalence a clear and productive formulation. (Whether or not Galileo actually did demonstrate the equality of inertial and gravitational mass at the Leaning Tower of Pisa, he certainly knew the result.) With Einstein this became the principle of equivalence. From his own theory of special relativity, Einstein also knew that mass and energy are equivalent, and that this result must come out of any general theory of relativity. In addition, Einstein opened a new approach to constructing physical theories by insisting that they be independent of any local transformation of coordinates. His reasoning was that since the systems we choose to describe the world are arbitrary, their choice cannot affect the physics that occurs. In special relativity this means that physics must be the same in all inertial—or nonaccelerating—systems. Obviously, inertial systems are a subset of all systems, so in the regime of validity of special relativity, any general theory would have to give the same picture of physical reality. Einstein further insisted that his description of gravity yield the same results as Newton’s theory for appropriate masses and velocities. When he finally got the formulation he wanted, he found that gravity was replaced by curved space-time, so an accelerated frame and one for which there was a gravitational field were equivalent—an observer could not tell the difference from inside the frame. He found that the current best value for the anomalous advance of the perihelion of Mercury was given exactly by his theory. He said afterward that this result was the most satisfying in his life. Having made a few (much less momentous) calculations myself, I think I know how he felt. Einstein’s intuitive approach in developing general relativity—starting with the symmetry one wishes to achieve rather than looking for a symmetry to fit data—is the approach favored today in looking for theories that embrace all the forces we know about in the physical world. (His attempt, though classical, to unify gravity and electromagnetism was in the same spirit, but two new forces, the weak and the strong nuclear forces, were discovered while he labored, so his approach to that problem was hopeless.)
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  The lesson here is that a theory that has been thoroughly vetted by experiment is always useful in the regime where it has been confirmed, as is Newton’s theory of gravity. In forming new theories to account for unexplained facts, it is helpful to start from older, validated formulations. This continuity in the development of physics is why most of us find Thomas Kuhn’s idea that science advances in abrupt steps called paradigm shifts inappropriate. The facts he deals with are valid enough, but they are not the whole story; and he fails to understand the way physics really develops. Of course, Einstein’s curved space-time is different from Newton’s gravitational fields, but the latter are contained in the former, and they transform smoothly into each other at their boundaries. They are models of the same reality. It is interesting that today, almost eighty years after Einstein formulated this theory, general relativistic corrections are necessary to allow Global Positioning Satellites to fix positions on earth to the precision required by the users. Thus a theory formulated to treat the universe in the large is applied to navigating cars in a tiny corner of it! To one who has followed the difficult search for experimental verification of general relativity beyond light bending and Mercury wobbling, this mundane application is fascinating.

  Newton’s equations are inadequate for the very small as well. The development of quantum mechanics, the name we give the theory of the very small, took yet another path from established physics—and at about the same time. Following Max Planck’s introduction of quanta of radiant energy (a quantum is just a piece of something; for example, a penny is a quantum of money), Niels Bohr applied the idea to the orbits of the electrons that attend nuclei in Ernest Rutherford’s “solar system” atoms. He began with Newtonian orbits, but insisted that only some of them were realized in nature. He quantized them. Other formulations of classical mechanics were used to develop more broadly applicable quantum theories. Paul Dirac incorporated special relativity, and found that Wolfgang Pauli’s spins for the electron came out naturally. Antiparticles were predicted and eventually found. When quantum mechanics is applied to electrodynamics, the best-validated theory in physics is formed: quantum electrodynamics gets agreement with measurement to twelve decimals—hardly an accident! It is an interesting comment on the pragmatism of physics that the wave functions of quantum mechanics are not observable in principle—just their absolute squares. A completely acceptable interpretation of quantum mechanics—especially for measurements—has eluded us to this day, yet we calculate quantities that are measurable with great success. Superstrings are as yet still in the hypothesis stage, but their formulation uses ideas from classical mechanics. The continuity of our models of physical reality thus extends from the edge of the universe to the constituents of nucleons, a span of some forty orders of magnitude (or perhaps twenty orders more, depending on the string model we use). That range is startling even to those of us engaged in current speculations about how the world works.

  Part of the power of physics in describing the physical world lies in its formulation in terms of mathematics. Galileo started this approach, and it has continued ever since. (The Greeks had used mathematics, but it was not a requirement for their models.) It is puzzling to practicing physicists that this is so. The efficacy of mathematics in physics is unreasonable, suggested Eugene Wigner, one of the giants in twentieth-century theory. When Einstein needed a way to formulate his general relativity, Riemannian geometry* was waiting. Hilbert space† was around before quantum mechanics came along, and Lie‡ had described his groups before they were needed for particle theory. (However, when Newton needed a means of working with his formulation of gravity, he had to invent the calculus!) Despite its beginnings in observations of the world (think of the string stretchers of Egypt, for example, or the stone counters of Europe), mathematics is a free creation of the human mind, while physics remains essentially attached to observable reality. Perhaps the answer to Wigner’s “unreasonable efficacy” lies in the fact that the same kind of mind constructs the objects of mathematics and chooses the concepts of physics.

  The discipline of physics requires that the validity of even the most far-flung concept or theory must be tested in circumstances other than those in which it arose—another important source of its power. Ideally, it should be possible with a well-formed theory to predict in detail the outcome of such experiments; agreement between prediction and experiment provides confidence in the “truth” of the theory or the validity of the concept as a description of the objective reality we are attempting to understand. The experiment itself is an unassailable truth—within the limitations of its measurements. But as a candidate for absolute truth . . . there’s the rub. No measurement is infinitely precise, and a a better approximation to the reality we believe is there may lie within the experimental uncertainties (due, for example, to limitations in the apparatus). Obviously this means the measurement is not absolute, nor is the theory that predicted the result of the experiment. Even quantum electrodynamics contains quantities that cannot be calculated exactly within the theory. Approximations must be made, so we compare a theoretical result of limited validity with an experimental result with technical limitations! But both are valid within the uncertainties of the measurement and the theoretical approximation, and the agreements are breathtaking.

  Physics does not provide absolute truth (nor does mathematics, as Bertrand Russell and Kurt Gödel have shown us), but its theoretical constructs embrace an ever greater range of phenomena in a broadly consistent way, and, except at the outer limits of our search into the nature of physical reality, physicists agree on the meaning of concepts and the nature of theories. As I grew up in the field, in a somewhat helter-skelter way that in the earliest of my studies paid little attention to the usual hierarchical presentation of physics in school or university, it was the power of well-formed theories that always held my interest. I never thought the knowledge developed by physics was certain in an absolute sense, but I found it offers reliable models that allow us to understand physical reality in a fundamental and repeatable way.

  Though we cannot know what we know with absolute certainty, we can have sufficient confidence in our theories to put them to practical uses. Our technological society is built on the applications of physics, and the abundant amenities of our society come from all the sciences. Because our theories are rooted in observation of the physical world, are formulated in mathematics that allows solutions to unanticipated practical problems to be found, and are reductionist and continuous between levels (so that only the level of explanation required for a particular application need be employed), technology can mine the basic knowledge of physics with confidence in making its devices. The laser needs quantum electrodynamics, and the computer chip relies on solid-state quantum mechanics. Light meters and door openers use the photoelectric effect, a quantum phenomenon explained by Einstein, for which he got the Nobel Prize. (Relativity was too controversial for the committee!) The pervasive electrical power industry operates with classical electrodynamics. The communications industry also depends on James Clerk Maxwell’s (classical) electrodynamics; the waves he found now carry radio, TV, and cell phone signals. We launch communications satellites by Newton’s classical mechanics and operate them with classical electrodynamics. We put astronauts in space with classical mechanics and Newtonian gravitation. (Rockets operate on Newton’s third law of motion, and he anticipated low earth orbits!) We need relativistic quantum mechanics to understand the nucleus fundamentally, but we can make nuclear reactors and bombs with little more than classical ideas.
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  Physicists ordinarily do not work on these applications; they are interested in going on to the next problem in their study of physical reality. The distinction between physics and engineering is not hard and fast, however, and it can take years for basic findings to yield useful technologies. Heinrich Hertz observed Maxwell’s waves twenty-four years after their prediction, and Guglielmo Marconi sent messages across the Atlantic thirteen years after that in 1901. It took nearly another twenty years and its use in WWI for radio to become a practical technology for general use. (Anyone who has tried a crystal receiver for radio reception may question how “practical” early radio really was.) Thus in this case the application followed the basic discovery by nearly sixty years, and physicists made the first two steps in reaching that stage.

  In wartime this steady and deliberate process of finding useful applications of physical discoveries always appears too slow. Consequently, physicists were directly involved during WWII in the U.S. and Britain in the development of a number of technologies crucial to the war effort, such as the proximity fuse, which allows planes to be downed with a near miss; radar, which allows them to be seen at a distance (the Battle of Britain was won at least partially because of British radar); the means of making steel ships less susceptible to magnetic mines; and nuclear reactors and weapons. In Germany physicists worked on long range ballistic and cruise missiles. In the Allied nuclear program the time between the discovery of fission and the first operating reactor was just six years—perhaps only four counting from when we knew what the first experiments meant. Enrico Fermi was involved in both and saw the effort through another three short years to the test of the first nuclear (so called “atomic”) bomb. For good or evil, we had shortened the time between discovery and practical application dramatically.
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