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Introduction

In 1938 German chemists Otto Hahn and Fritz Strassmann found that when a uranium atom captured a neutron and became highly excited, it sometimes split into two lighter elements and simultaneously converted a tiny fraction of its mass to a very large pulse of energy. Soon two of their compatriots, theoretical physicists Lise Meitner and nephew Otto Frisch, found an explanation. They compared the process, which they called fission, to a vibrating soap bubble breaking into two smaller bubbles. Since additional neutrons were emitted in this process, scientists speculated that a sufficient amount of uranium in an appropriate geometry might sustain a rapidly multiplying “chain” reaction. The notion of an atom bomb suddenly moved from science fiction to imminent reality.

I brought the newspaper announcement of the discovery of fission to my college sophomore physics class at Worcester Polytechnic Institute. Dr. Morton Masius devoted his lecture to the article and concluded that an atom bomb was unlikely. It was an event that would eventually draw me deeply into science and shape the rest of my life.

After receiving a bachelor’s degree in chemistry in 1941 from Worcester Polytechnic Institute, I became a member of the cyclotron research group at Princeton. In May 1942 the group moved to the University of Chicago to join the newly formed Manhattan Project, the huge government crash program designed to produce one or more atomic bombs. I remained with the Project through its termination in 1946. In my subsequent career in nuclear chemistry and physics at Los Alamos, I was largely involved with weapons test diagnostics and assessment of foreign technology. The problems were challenging and attracted many gifted scientists. We developed much of what is currently termed nuclear forensics. I was also provided with time and resources to pursue basic research.

In describing some of the historic events in which I played a supporting role, I hope to nurture the interest of young people in science. I am quite sure that those who choose to become scientists will be deeply challenged by new surprises, some of them comparable to, or exceeding, the discovery of fission. An old friend, Peter Carruthers, said, “Science is a bubble, expanding into an infinite sea of ignorance. As the interface gets bigger, important questions keep multiplying.”

My decision to undertake this memoir was also influenced by a rather different topic. I have searched my early history to help explain what I became as an adult. Untangling the complex mixture of innate and external influences that eventually made me a nuclear scientist, the founder of a center for research on complexity science, and a part-time entrepreneur in finance has been a fascinating challenge.

When did I become a scientist? I can’t remember any particular event that might qualify as an epiphany. I now believe that I must have begun very early. Some prominent developmental psychologists have asserted that all normal babies are born scientists. Most of what they experience is new. They have to constantly construct hypotheses and test them. However, after a few birthdays, most toddlers become less curious about their environments. They have learned enough “scripts” to cope with daily events. Some, for reasons that may be innate or cultural or both, retain and enlarge their world of wonder. Apparently, I was one of them. In constructing this account, I’ve found it necessary to delve back in time as far as I can, possibly to age two.

In recent years I have developed an increasing interest in neuroscience and its relationship to behavior and the world of human affairs. In 1991 when, at age seventy-one, I left the presidency of the Santa Fe Institute, I decided to study infant brain development and behavior. Developmental psychology deals with externally observable behavior of infants and toddlers. Neuroscience looks inside the skull and deals with the way the brain works. Clearly, parts of these two fields of study must overlap. A research scientist can stimulate one or more of the senses with a particular signal and observe the related neuronal response. But when an individual is independently selecting among various incoming signals from the environment and attending to some of them, deducing connections between the environment, neuronal activity, and behavior is very difficult. Nevertheless, I felt that additional research might demonstrate how observable patterns of regional ongoing and specifically evoked neuronal activity are related to developing patterns of behavior.

My belief was based in part on the fact that the brain governs behavior from the moment of birth. The brain is the most complex organ we know. An experiment conducted by Dr. Andrew Meltzoff, a developmental psychologist at the University of Washington, serves to illustrate an early aspect of its complexity. The circumstances of a newborn infant’s delivery were arranged so that Dr. Meltzoff’s face was the very first object seen when the baby opened her eyes. Dr. Meltzoff stuck out his tongue. The baby stuck out her tongue. The visual cortex had registered its very first image, recognized a relationship to self, transferred this information to an innate map of its own body, identified the correct region, and activated the imitative motor response. What a remarkable chain of events in the baby’s first moments of life!

At birth the brain contains about one hundred billion neurons. These are the cells that enable us to think and remember. The number of neurons doesn’t change much during subsequent development. However, they become increasingly connected to one another by stimulating signals from the external environment. Although many chains are programmed in the womb to enable the newborn infant to deal with its environment, much of the brain’s instruction occurs after birth. New chains constantly form as they incorporate memories and patterns of acquired skills. The number of potential arrangements is almost incomprehensibly large, much more than enough to provide a diary of every conscious moment of existence. Marcel Proust wrote an extensive series of novels, much of it autobiographical, in his Remembrance of Things Past. He reconstructed daily events in exquisite detail. He was continuing to work on a seemingly endless journal of remembrances when he died. I think of Proust when I find myself unearthing veins of memory that become constantly richer as they are explored.

My memories have helped me identify some apparent relationships between my early environment and the person I became. However, much seems to have been due to chance. If there is a continuing, unbroken thread, it must be related to the innate curiosity that tended to keep me more interested in my vast ignorance than in my acquired fragmentary expertise. It was also essential that I learned habits of critical thinking that prompted me to examine conventional wisdom and beliefs. They profoundly affected my behavior. Fortunately, I found my first professional employment with people who valued and nurtured these habits. I owe them a great debt.
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My Early Environment

I was born in Worcester, Massachusetts, on February 15, 1920. My parents were Jewish immigrants from Trochenbrod, a village about 150 miles northeast of Lwow in the Ukraine. It was eradicated, together with its people, by occupying Germans in 1942. Jonathan Safran Foer memorialized it as the fictional Trachimbrod in his wonderful, simultaneously hilarious and tragic 2002 novel Everything Is Illuminated. I almost certainly would have had a short adulthood if my parents had remained in Trochenbrod.

Two enormously important constitutional amendments were adopted in the United States in the year of my birth. The Eighteenth was the Prohibition Amendment. The Nineteenth was the Women’s Suffrage Amendment. Both profoundly affected the culture that contributed to my early development. It is the Eighteenth that I particularly remember. It taught many millions of law-abiding citizens to become parttime chemists, producers of beer and wine. The amendment made it illegal to manufacture or sell alcoholic beverages for external distribution. It was legal so long as they were used at home. An illegal solution was to buy what was needed from bootleggers. Both solutions were popular and widely practiced. My mother made wine from dried cherries. My father had Canadian rye delivered to the house about once a month. Our neighbors made beer.

Prohibition was an effort to change generally accepted behavior by edict. It was a failure. The Eighteenth Amendment was repealed in 1933. After nearly fourteen years of national prohibition, the principal effect on our culture was to nurture a widespread disregard of civil authority. It was an important part of my environment in my formative years.

Memories of my own early childhood begin around age two. My mother loved music, particularly opera. She played arias on a windup Victrola in our living room. I remember sitting on the floor, looking up at the dark mahogany record player, and listening to Feodor Chaliapin singing Moussorgsky’s “Song of the Flea” in Russian. I suspect I could hum it before I could talk.

I also sat on the floor when I learned to count with toothpicks that my mother arranged in groups. They had names—one, two, three, and so on. I had semantic problems. Why not one, three, two? I was told this was forbidden. I suspect I was initially offended by the arbitrariness of language, particularly with respect to the names of numbers.

Proust’s reference to madeleines in his Remembrance somehow makes me smell chocolate cake. Its fragrance was part of the stream of messages that bombarded my senses from the moment of birth. New information had to be sorted out and remembered or forgotten. Novelty was delightful. My brain was faithfully making lists of faces, sounds, tastes, textures, and smells. I’d search for more until I fell asleep. I think now of how curiosity is innate in babies.

The one sense that probably never slept was smell. At first the odors were associated with mother and food, then with soap, and then with other people, pets, flowers, and mysterious stuff that drifted in the window. Years later I realized that my sense of smell was an enormously skillful chemistry laboratory. Each odor was due to a particular molecule or set of molecules. My nose and brain could identify and remember thousands of them and attribute most of them to their source.

I had an older sister, Charlotte (aka Lottie), and a younger brother, Milton. Charlotte must have considered me a remarkable addition to her collection of toy dolls. She paid me a great deal of attention. By age four I could hardly wait for the Sunday paper. It came wrapped in several pages of colored comics. Charlotte would slowly read the words in the balloons above people’s heads, and I eventually learned to read them with her. I loved to learn new words. I would play with them and make bad puns, sometimes in two languages.

We had a teenage babysitter. She invented games and played them with me. The one I loved most required her to overturn a high-backed easy chair. She made this a performance, with much grunting and groaning. I sat inside the arms and defended my castle against her attacks from all directions. I became fond of my babysitter and missed her greatly when we moved away.
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The World Outside Our Yard

One of my earliest chores was to walk with Charlotte to the shopping area on Water Street, a few blocks away, where we bought a Yiddish daily newspaper for my father to read when he came home in the evening. We passed by a furniture factory that used banana oil (amyl acetate) in its varnish. The memory of its unique smell hasn’t faded over the decades. A little farther down the street, fermented kosher dill pickles were made every day in large barrels. The area was bathed in a haze of dill and garlic that would make me salivate for a pastrami sandwich. I must have resembled an inquisitive puppy on our daily walks.

The kindergarten class that I attended at age five was boring. Its function was mostly babysitting. Apparently, educators at that time felt it was too soon to introduce books with words. I complained. I recall that my teacher felt that my social skills needed attention. I’m sure that I gave her reason to feel that way. Neither my teacher nor my classmates were of interest to me. I can’t visualize any of them.

I improved socially at age six when my father bought a grocery store in another part of town, and we moved across the street from it. Our new neighborhood had broad ethnic diversity. School was now more interesting. I had a new friend, a classmate in first grade, whose family came from Canada and spoke French. When we played together in his home, they were enormously warm and friendly. I learned to say “comment ça va” in the local dialect instead of “hello” and assumed that I was simply adding to my vocabulary.

Worcester was the birthplace of Robert Goddard, the inventor of the liquid-fueled rocket. He conducted his early experiments in Auburn, only a few miles from where we lived. In 1926 my father had acquired his first car, a Model T Ford, and we drove in it to the initial test of Goddard’s new rocket, a firing that had been pre-announced in the local paper. It was spectacular. It also made a lot of noise. It was objections to the noise from neighbors that eventually drove Goddard to Roswell and the surrounding New Mexico desert, well before the supposed arrival in Roswell of aliens from outer space. My early experience led to a continuing interest in Goddard and rockets. It seems more than a coincidence that, years later, I followed him to Worcester Polytechnic Institute and eventually, in 1983, received the Robert H. Goddard Award on the same campus.

I shared another interest with Goddard. He was a voracious reader and constantly visited the Worcester Public Library. As it happened, in our new home we lived about six blocks from the library. It offered fabulous possibilities. I went there almost every day, especially during school breaks. There was a children’s side and an adult side that I was forbidden to enter. This was a problem. It got solved when my mother went with me and persuaded some official to grant me adult privileges. I quickly found a bookshelf full of the historical novels of Joseph Altsheler who wrote about American Indians, our colonial settlers, and our various early frontier wars. I became a devoted fan. Dickens and Oliver Twist came later.

Of course we celebrated the Fourth of July. There were almost no restrictions on the kinds of fireworks we set off in the streets. The explosions, the bursts of light, and the smell of gunpowder made the holiday unique and exciting. Following the Fourth, when I was seven or eight, I patrolled the neighborhood, picking up firecrackers that had failed to ignite, splitting them open, and examining their makeup. A burning fuse would heat the powder inside and make it explode. I held a lighted match to a little pile of the silvery powder. It flamed up and singed my hand.

The fireworks season was a good time to buy cans of grainy calcium carbide. When water was dripped on the grains, they generated a flammable gas, acetylene, used widely in lamps before battery-powered flashlights became common. Anyone could get calcium carbide, even kids. It had an unpleasant metallic smell, but it promised lots of fun. We would put it under a can with a perforated lid, drip water through the hole, and then throw a lighted match at it. The acetylene and air mixture ignited with a loud explosion and blew the can high into the air. The fun stopped when some neighborhood boys poured a large amount of carbide into the corner street sewer and tossed in a burning match. Our street windows shattered. The boys were knocked to the ground and taken to the hospital in an ambulance. These days calcium carbide isn’t easily available. Only spelunkers (cave explorers) seem to know where to buy it.

I found a job at age seven. The local bootlegger had access to a seemingly unlimited supply of grain alcohol and distributed it to people who made bathtub gin or colored it with caramelized sugar and sold it as whiskey. He worked out of an open touring car, packed in back with tins of alcohol. At his invitation, I joined him on his rounds and sat innocently in the car while he delivered his tins. I was given a quarter when he brought me back home. I’d earned only a couple of quarters when my mother asked me about my wealth. I no sooner told her than I was unemployed. I can’t remember any sense of wrongdoing, only of economic hardship.

The Lindberg solo flight to Paris in 1927 lives on vividly in my brain. Newspapers in those times published “extras” that would suddenly flood the streets. I remember the extra with huge headlines announcing Lucky Lindy’s arrival in Paris. The Lindy adoration that followed lasted for years. Model plane building became a craze. We could buy kits with sheets of balsa wood in Woolworth’s. My ownership of a part interest in a real plane and a pilot’s license had to wait almost thirty years after Lindy’s flight.

Memorial Day was a big holiday. So was Armistice Day. We observed one minute of silence at 11 am on November 11. Parades would fill Main Street on both these holidays. There were still marching and riding contingents of Civil War veterans wearing blue. Of course, there were also platoons of much younger World War I veterans. I don’t remember any Rough Riders from the Spanish-American War, but I suppose there must have been a few. We put our caps over our hearts whenever the colors went by.
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Movies and Vaudeville

We had no radio or TV in my early days, but movies were ubiquitous and were frequently combined with vaudeville. Although recorded sound tracks were yet to come, the movies were not really silent. Most theaters had, at the very least, a pianist who provided a live sound track. The major theaters had a trio or a small orchestra, particularly if the program also included a vaudeville show. They also had a newsreel and a “short,” one of an ongoing series of episodes that invariably ended with an imminent catastrophe, the outcome to be resolved at the beginning of next week’s installment.

Movies, at least once a week but usually more, were an essential part of our lives. They also served as babysitters for parents. Saturday at the movies became a must when my father started his grocery and meat market. Customers would phone in large orders that supplied not only Sunday dinners but also most of the week’s less perishable needs. The orders were delivered by my father in his 1926 Model T Ford. While he was gone, my mother ran the store. We were given fifty cents and sent off to buy lunch and watch our heroes and heroines—Tom Mix, Hoot Gibson, Harold Lloyd, Charlie Chaplin, Douglas Fairbanks, Mary Pickford, and a helpless girl being tied to railroad tracks full of thundering freight trains.

My mother loved the movies. I was seven when she took me to watch The Way of All Flesh, starring the German movie star Emil Jannings. It was silent. The ending is etched in my mind. The once-happy and prosperous banker has been seduced and robbed of bank securities by a courtesan and thought to be dead. He has disappeared from society. Now he comes back in rags to the home of his abandoned family, creeps through the snow to peek into the living room window, and sees them all happily celebrating the holiday around a warm fireplace. My mother was audibly sobbing. I was, too. Jannings won an Academy Award for his role.

Sound arrived the same year. We stood in line at the Warner Theater to buy tickets to The Jazz Singer with Al Jolson. The orthodox father of the jazz singer wanted him to be a cantor, but he revolted. The intermittent sound track came on when he sang “Sonny Boy.” The facial movements and sound weren’t quite synchronized, but we hardly noticed. My sister bought the sheet music to play on the piano at home. I learned the lyrics and sang them often, complete with Jolson gestures.

The Palace (Poli) opened in 1926. It had three thousand seats and was built like a fairy-tale version of a palace, probably the grandest movie theater in New England. The performances included vaudeville by traveling Fanchon and Marco teams. It was there that I first saw Abbott and Costello do the “Who’s on First” routine. I also remember Houdini, unbelievably draped in heavy chains and suspended upside down in a tank of water for interminable minutes. He suddenly emerged, carrying his chains. On another Saturday, the Singer Midgets cavorted mindlessly onstage until I almost left. The weekly backup line of sixteen long-legged chorines at the Palace was always spectacular.
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Finding a Role

I began to serve customers in my father’s meat market and grocery store at age eight. Often I would get up before sunrise and accompany him to the wholesale vegetable market and the walk-in meat freezer to buy supplies for the store. I learned what to look for in vegetables and how to choose sides of beef, pork, and lamb. He would stop at a diner for a cup of coffee and a frosted cruller. I got a doughnut. Sometimes we ran late and went hungry. The store had to open at 8 AM.

A waiting line of customers usually formed around five in the afternoon as people left work and shopped for their evening meals. I began to wait on them, pack bags, and add up the purchases. I would write the cost of each item on the side of the paper bag, add the column of figures, and present the total for payment. I learned to add by inspection, not as fast as today’s supermarket checkout counters that read bar codes, but faster than punching numbers on a calculator.

I had to use our finger-threatening wheel-slicer constantly to fill orders for cheese and baloney, big sellers for sandwiches, particularly when the Great Depression hit the neighborhood. Men who had worked steadily for years at the big American Steel & Wire plant would pack their lunch boxes and go to the main gate of the mill, waiting to be called. Most of the time they would come back before noon, buy a bottle of pop at the store, and eat their sandwiches while sitting on the curb. Welfare checks became common, thirteen dollars a week for a family of four. The money was not supposed to be used to buy cigarettes, but sales remained high.

I was eight when I became involved in a presidential campaign. My teachers were all Catholics and clearly favored Al Smith, the first Catholic candidate, over Herbert Hoover. I wrote a little speech describing why I also approved of Al Smith. It was a tremendous hit with Alice Lee, my third-grade teacher, who sent me to all the other classrooms to campaign. I had no problem with being identified as a Democrat. Becoming an honorary Catholic was a little unsettling.

The same year at Christmastime I discovered the famous Gilbert chemistry set. I asked for one and was given the beginner’s version. With it I got a general explanation of mysterious things going on around me, like painting iodine on wounds. These puzzling phenomena usually involved chemical reactions. I realized that chemistry was an important part of daily life.

I had a pure alto voice and became a member of an all-school choral group at age nine. Our most memorable concert involved an appearance at Worcester’s Mechanics Hall, famous in the region for its acoustics. The featured artist was Percy Grainger. He predictably played “Country Gardens” on the piano and finished his concert with a series of compositions for musical glasses. He played them expertly. He may have chosen this instrument because he knew about the hall’s acoustics. Each note was remarkably clear, almost harp-like. It was a great show.

Violin lessons and an hour’s daily practice became a major activity for a while. My lessons stopped when the depression affected the family income. My mother explained that the violin was too demanding and was damaging my health. She was probably right. The violin is a maddening instrument in the hands of an impatient student. I took it up again as a teenager and played for a while with the high school orchestra but never mastered the instrument.

My eyesight deteriorated. I was amazed, at age ten, by the vividness of the world around me when I was first fitted with glasses. Perhaps it was my bad eyesight that encouraged my memory of odors. But now I could plainly see words and numbers on the blackboard at school. Books became even more interesting, and I continued to rush off to the public library when school was dismissed. I built a little tree house in the apple tree in our backyard and would climb up there with one hand while holding a book in the other. It was a favorite private retreat for several years.

Buck Rogers first appeared in the comics when I was ten. He was an immediate hit. I became an organizer of space flights on a front-porch rocket ship manned by a pickup crew of young neighbors. Although the notion of flying in space had already been introduced by H. G. Wells, Jules Verne, Goddard, and others, our big hero was Buck Rogers. I was his self-appointed local representative.

I became interested in public radio. It was growing rapidly. A lowpower station, WTAG, had opened in Worcester. KDKA was a powerful station at the Pittsburgh headquarters of Westinghouse. Its signal could be picked up in Massachusetts. In 1930 I had a new close friend, Charlie Schon, who occasionally spoke Swedish when at home with his immigrant mother. There were just the two of them living in a one-room flat. At his suggestion we built a poor man’s radio, a “crystal” set. It was named after the small piece of lead sulfide that was needed as a detector. The tuner was a copper coil that we wound around the cardboard tube from a roll of toilet paper. We needed copper wire for the coil and over 60 feet of additional wire for a long antenna and for grounding the crystal. The last part was the earphone that was provided by an old, discarded telephone. It was exciting to install the antenna. It had to be attached high up on the house next door and brought in through the second-floor window. It was even more thrilling to move a “tickler” wire across the coil, completing a tuned circuit to the earphone. Suddenly we heard WTAG. The price of vacuum-tube radios, which amplified the signal enough to drive a loudspeaker, had now become low enough so that we had one in our living room and constantly listened to it. The crystal set remained with Charlie. He later became a radio announcer and then a TV commentator.
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