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Summary

The history of science is important because science has long been important and is
becoming more so. Our discipline can give an essential perspective on science. From the
scientific revolution through the Enlightenment to successive industrial revolutions, from
the role of chemists in World War I and of physicists in World War I, from evolution to
genetic engineering, in medicine and in environmental issues, science and technology
have had enormous impact. Historians of science need to interact with scientists, with
other historians, and with teachers of science and of history. We can thereby contribute to
science education and to the scientific literacy of non-scientists.

I am honoured by the opportunity of speaking here, and grateful to the Japan Society for
the Promotion of Science, the Japanese Society for the History of Chemistry, and
Professor Makoto Ohno, my sponsors, for inviting me to Japan. This lecture will be a
very general one. I must ask those of you who are specialists in one or another area of the
history of science to bear with my introductory remarks; I shall tell them little that they do
not already know, but I hope that I may encourage them to reflect on different aspects of
their expertise. I should also state at the outset that the examples illustrating my argument
are drawn principally from English-speaking cultures, then from other European cultures,
and minimally from other traditions. This limitation reflects both my education and my
ignorance.

The history of science is important because science is important. Science has been
important for millennia, as we can see, for example, in the magnificent multi-volume
enterprise begun by Joseph Needham, the history of science and technology in China.'
Western science is in many respects a newcomer by comparison with Chinese science. It
has, however, become the model for modern science internationally. For good and ill, it
has come to dominate the world we live in. That makes understanding its history all the
more important.

I do not need to stress before a Japanese audience how crucial it is to know one’s
history. But there is often an assumption that, since old science has been superseded by
new science, we can forget the old, and dismiss it as simply wrong. Einstein revealed the
limitations of Newtonian physics. The English astrophysicist Stephen Hawking
observed” that over and over again in the history of physics, scientists had thought that
they finally had the right answers. Of course, said Hawking, they were wrong. He then
went on to say that we, in contrast to all previous generations, do have the right answers.
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That attitude ignores the uncomfortable fact that today’s science will in turn be
superseded, and it encourages an uncritical view of current science. Isaac Newton knew
better, and quoted Bernardus Sylvestris, saying that if he had seen further than other men,
it was by standing on the shoulders of giants. The history of science can help to give us a
valuable perspective on modern as well as ancient knowledge about the natural world.

The history of science is a relatively new and a relatively small discipline.
Scientists have for centuries expressed some interest in their precursors, but historians of
science as a group date from the twentieth century. George Sarton in the United States of
America has a claim to be the founding father, and it was through him that Isis was
founded in 1912. It is the journal of the (American) History of Science Society. The
international body is the International Union for the History of Science, which meets only
once every four years.

The meetings are often fragmented. Historians of scientific practice, including
those who study scientific instruments, may have little in common with those who
emphasize theory. There are besides many different scientific disciplines, each with its
own history, and each requires different specialized knowledge. What does an historian
of Babylonian astronomy have in common with an historian of twentieth-century
cosmology, or biology, or chemistry? Historians and philosophers of science have long
taught us that there is no such thing as the scientific method. There are instead different
scientific methods, practiced by different scientists in different branches of science, and
varying over time. Similarly, there is no single all-embracing field of science. There are
many different sciences.

Before the history of science was a recognizable discipline, it was an avocation of
natural philosophers. Francis Bacon argued that all knowledge should be compiled in the
form of histories, from which understanding could be distilled. The history of nature, or
natural history, has remained as a significant component of the modern range of the life
sciences. But Bacon also included in his purview the history of society, and the history of
human knowledge. The history of science can reasonably be lodged within the
framework of Bacon's schema for all knowledge. In the eighteenth century, the English
dissenting minister and natural philosopher Joseph Priestley taught natural philosophy to
his students. In preparation, he first studied the history of electricity, then its current state,
and only then embarked on his own experiments.’ He followed the same pattern in
approaching chemistry and optics. Engagement with the inquiries and discoveries of his
predecessors were part of his self-education and of the education of his students. They led
him to contribute to the advancement of knowledge. The French chemist Antoine Laurent
Lavoisier was the principal architect of the chemical revolution of the eighteenth century.
He was determined to take full credit for that revolution, and in his later publications was
not generous in acknowledging the work of others. In his Opuscules Physiques et
Chymiques of 1774, he described and repeated the work of his predecessors, and used
their work as a springboard for his own researches. Both his apparatus and his laboratory
technique, although developed beyond the range of his predecessors, clearly show their
influence. Newton was not alone in seeing further by standing on the shoulders of others.

But although Priestley and Lavoisier, like Newton, were careful to learn about the
work of their predecessors, they did not see themselves as writing histories of their
scientific disciplines. Scientists writing histories of their own disciplines are few until the
nineteenth century. This was the great age of scientific biography, of histories of



The History of Science

individual sciences, and also of the first attempts at comprehensive histories of science.
The timing was propitious. German steps towards the creation of scientific history
coincided with the proliferation of scientific disciplines, including physics and biology,
and with the creation of the new term, scientist, to describe practitioners of any science.
Eminent chemists wrote histories of chemistry and alchemy, not always before they
retired from laboratory work. German chemists like Hermann Kopp, and French chemists
like Marcelin Berthelot, were particularly prolific. A degree of nationalism sometimes
entered into their histories. German historians of chemistry were more likely than French
ones to see virtues in the phlogiston theory, which the French chemist Lavoisier had
discredited. Adolphe Wurtz, a French chemist, began his history of chemistry with the
claim that "Chemistry is a French science, invented by Lavoisier."* But perhaps the most
interesting approach to the history of science was that taken by the English polymath
William Whewell. He was a friend and correspondent of many of the leading physical
and chemical scientists of his day. It was he who coined the word scientist, as a way of
indicating that physicists, chemists, biologists and others had common concerns. They
were all devoted to contributing to the understanding of the natural world. Whewell wrote
a history of science,’ ranging across all natural sciences, and followed it by an equally
comprehensive philosophy of science.® His history had the virtue of giving a credible
account of progress in science and of exploring the connections between the sciences; and
he used that history to work out a philosophy of discovery, in which observation and
experiment were brought into union with the creative and imaginative power of the
human mind. For Whewell, the history of science and the philosophy of science were one
unified discipline. The same can be said of the work of the neo-Thomist French writer
Pierre Duhem, author of major works on the history of astronomy, and also of a
wonderful introduction to the methods of science. His book, The Aim and Structure of
Physical Theory, is especially illuminating in its treatment of different national styles of
science. Like Whewell, Duhem was concerned more with the ideas of science than with
matters of scientific practice. Even more than Whewell, Duhem presented science as a
part of intellectual culture, and was a key figure in ensuring that the history of science in
the twentieth century began with the history of scientific ideas. The work of Alexandre
Koyré follows firmly in Duhem's footsteps. A good deal of Koyré's work remains
important for historians of science. But there were drawbacks to his approach. One was
that his stress on ideas led him to present key figures in the history of science as Platonists,
stressing ideas over practice. This in turn led him to dismiss as inconceivable some
experimental results reported by Galileo and others. Later historians, working with
careful documentary analysis allied to the reconstruction of experiments, have shown that
these "impossible" results had indeed been obtained. Stillman Drake’ and more recently
Melvyn Usselman® are among those historians who have shown us the strengths of
archival research combined with the reconstruction of experiments.

In the nineteenth century, writers on the history of science were generally
scientists. In the work of Sarton, and later of Koyré and many others, the history of
science emerged as an autonomous discipline, in which historians of science wrote
primarily for one another. Sarton's journal Isis was and still is the journal of a professional
society, and there are many general history of science journals, including Annals of
Science, which I have the privilege of editing. Annals of Science is one of the few general
journals in the field that has no affiliation with a professional society. There are also more
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specialized societies and journals, including the Japanese Society for the History of
Chemistry, the second oldest society for its subject, with its journal Kagakushi, and the
Society for the History of Chemistry and Alchemy, with its journal Ambix. Besides
societies and journals, there are academic positions in the history of science at many
universities. Scholars are appointed to these positions, and their promotion and tenure
generally depend upon research and publication directed towards their professional peers.

Writing for other historians of science has led to enhanced rigour in methodology;
it has also, in too many cases, led to work that has little appeal either for practising
scientists or for other historians. Towards the end of his career, Stillman Drake became
unhappy with this tendency in the history of science, and deliberately sought to write for
scientists, and in several instances to collaborate with them. He and several other
distinguished historians of science also sought a wider field for their research through
publication in general science journals, including the very successful Scientific American.

Fortunately, there are increasing numbers of historians of science working with
science and scientists. Among the very finest of them was the late Frederic Lawrence
Holmes. His major works include a two-volume biography of Hans Krebs,” written in
constant communication with Krebs, and with full access to Krebs's laboratory notebooks.
He devoted an excellent book'® to the Meselson-Stahl experiment on the replication of
DNA. He also wrote about scientists of previous centuries. Even there, he made such
detailed studies of the laboratory notebooks and correspondence of his subjects that he
recreated the laboratory environment. He did this with great effect for Claude Bernard
and for Lavoisier.!' Holmes's books are important for historians of science. Their
importance and their achievement are equally apparent to practicing scientists.

Scientists are an important audience for historians of science, and writing only for
our professional peers is a mistake. But scientists are not the only audience besides our
immediate colleagues, nor should they be. The Institute where I work in Toronto was
founded in the late 1960s in response to an essay published by C. P. Snow in 1959 on The
Two Cultures and the Scientific Revolution. The sciences constituted one of those two
cultures, and the humanities constituted the other. Snow was concerned at what he saw as
a gulf between them. The history of science emerged as a possible bridge, a discipline
rooted in historical methods, while it addressed the nature and the content of science.
Snow was too pessimistic. It is common enough to find scientists who are also deeply
imbued with the ethos of humanism. But it is true that students of the humanities are
much less likely to acquire any degree of intimacy with the sciences. C. P. Snow was no
scientist, but he was a keen observer of the structures of power and knowledge within
academia. His essay on the two cultures identified a problem. Many saw the history of
science as a way of helping to solve that problem.

Herbert Butterfield in Cambridge, England, was one of the most prominent
historians to tackle the history of science. In his book, The Origins of Modern Science,
1300-1800 (1949), he claimed that the scientific revolution, occurring mainly in the
seventeenth century, was the most important historical event since the life of Jesus.
Historians had an obligation to provide some account of this momentous transformation.
Butterfield's account was lively, highly accessible, and widely influential. It was also a
strange one, in the light of another of his books, The Whig Interpretation of History
(1931). In that book, Butterfield had attacked the kind of history written by Macaulay and
other nineteenth-century authors, in which all previous history was interpreted as
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progress towards the current state of affairs. For Whig historians, the past was interpreted
as if there was some teleology at work, consciously or otherwise working towards the
present. This was history written by the victors, in which those who were not on the path
of progress were dismissed as insignificant. But that is precisely the kind of history that
Butterfield wrote when it came to science. The chemical revolution came a century after
the Newtonian revolution, and Butterfield saw the former as delayed or postponed -- it
should have taken place in the seventeenth century. Even worse, those chemists who, like
Joseph Priestley, persisted in supporting the phlogiston theory in the final decades of the
eighteenth century were clearly misguided as well as wrong.

We can agree that they were wrong, but I am reluctant to call them misguided
without knowing more of their arguments than Butterfield allows. Ptolemy was wrong in
his belief in a sun-centred universe; Copernicus was wrong in persisting in trying to
explain the motions of the planets by combinations of perfect circles; Newton was wrong
in treating space and time as Euclidean. Yet all of these scientists made major
contributions to the understanding of the natural world. Old science is often wrong, but
that does not make it bad science. We need to look at the rigour of experimental work, the
utility of theories for further discovery, and the canons of good science as they existed at
the time. There has always been good science and bad science. In chemistry, for example,
the analyses carried out by Thomas Thompson in the early nineteenth century were often
not replicable, and the great Swedish chemist Berzelius quite rightly criticized
Thompson's results. But that was not because Thompson's theories were wrong, but
because his experimental technique was poor. Butterfield's Whig historiography cannot
make these necessary distinctions.

Even if we do not go so far as Butterfield in our view of the significance of the rise
of modern science, we need to recognize that science has been of great historical
importance. The case is obvious for the twentieth century, and it seems equally obvious
for the industrial revolution of the late eighteenth and early nineteenth centuries. The
scientific revolution was succeeded by the industrial revolution, and surely that is not
accidental. But for many years, most historians asserted, without offering any evidence,
that the inventions of the industrial revolution depended upon science. Alas, they could
not explain the nature of this dependence.

Social and cultural historians of science have begun to give us the answers. The
answers appear to lie in networks of communication and legitimation. Investment in the
new technologies was rendered attractive by clothing these technologies with the aura of
respectable science. The authority of science was coupled with the profitability of
commerce, to bankroll projects. Larry Stewart has given us the first account'? of the
process that is based on rigorous archival research, the methods of social history, and an
understanding of the machines and scientific knowledge of the day.

This raises an issue that has been problematic for recent history of science. The
history of science is important only because science is important now, and has been
important over the centuries. That is why historians and scientists both need to take the
history of science into account. And science is a matter of theory, observation, and
experiment, an engagement with the natural world. Where the history of science loses
touch with that engagement, it loses its main justification. A recent book by James
Secord, Victorian Sensation,I3 is a wonderful account of the writing, publishing, and
reception of Robert Chambers' anonymously published Vestiges of the Natural History of
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Creation. As a contribution to the history of the book, and to the reading culture of
Victorian Britain, it is a splendid work. But, as one scientific reviewer observed, Secord's
book tells us everything about Chambers' book -- except for the science. And this
troubled the reviewer, as it troubles me. Historians of science need to communicate with
one another, with other kinds of historians, and with scientists.

The history of science has to deal with science; and it has to recognize the context
in which that science develops. Science is a social phenomenon as well as an intellectual
and material one. Thomas Kuhn, in his seminal work, The Structure of Scientific
Revolutions (1962), painted a picture of science in which periods of normal science
alternated with periods of chaos and upheaval. Kuhn, who had trained as physicist before
becoming an historian and philosopher, recognized that paradigm shifts occurred within
communities, and that science took place within social and institutional frameworks.
Many historians have followed Kuhn’s lead. Among the best works dealing with a single
institution are Morrell and Thackray's account'® of the early years of the British
Association for the Advancement of Science, and Nicolaas Rupke's biography of the
comparative anatomist Richard Owen."® Rupke's book, in spite of its title, is as much an
account of the foundation of the British Museum (Natural History) as it is a scientific
biography. Indeed, one could claim that it is really two interdependent biographies, one
of a scientist and the other of an institution. A similar symbiosis is portrayed in Mary P.
Winsor's account of the Museum of Comparative Zoology at Harvard University, and of
Louis Agassiz's work there.'® Comparative anatomy, comparative zoology, natural
history, palacontology and geology, are among the sciences where the importance of
collections and museums is apparent. Lewis Pyenson and Susan Sheets-Pyenson have
taken the argument further, in a book which provides an admirable and wide-ranging
account of the history of science seen through its institutions.'”

Institutions shape science in ways that often correspond to national styles. The
network of magnetic observatories established in the nineteenth century along the lines
proposed by Alexander von Humboldt and Carl Friedrich Gauss were devoted to the
accumulation of vast quantities of magnetic data, collected at synchronised times around
the world, and to be reduced to pattern and order in central institutions. Susan Cannon
described this model of science as Humboldtian. '®It became international, but its
German origins in disciplined, centrally organized and coordinated work lent their mark
to the international magnetic enterprise. In Canada, the first scientific work to receive
government support was utilitarian in its goals, and mainly devoted to the collection of
data, through the experimental farms, the Geological Survey of Canada, and the work of
the Dominion entomologist. These sciences were based on inventories. Suzanne Zeller's
book, Inventing Canada,' has a pun in its title, for it is devoted to a study of the
inventory sciences in the creation of Canada as a nation.

Science today is undoubtedly international, but I suspect that historians a hundred
years from now will still be able to point to institutional and theoretical differences in the
way that different countries practice science. Early in the last century, Pierre Duhem?®
compared French and English culture in literature, gardening, and physics. He concluded
that English gardens ran wild, English literature was riotously undisciplined, and English
science was like a factory in its use of mechanical models. French culture, in contrast,
was ordered, elegant, and formal -- a Cartesian dream made real. A similar dichotomy
operated in the early nineteenth century, when German philosophy was at the height of
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post-Kantian idealism, and where the German chemist Johann Wilhelm Ritter, Henrik
Steffens (the Norwegian-born student of mineralogy and the history of the earth), and the
Danish natural philosopher Hans Christian Oersted all came under the influence of the
nature philosopher Friedrich Schelling. Britain and France were very resistant to
Schelling's philosophy. When Oersted, inspired in part by Schelling, succeeded in
demonstrating the magnetic effect of an electric current, Pierre-Louis Dulong in France
wrote to Berzelius that most Frenchman ignored Oersted's discovery, because they
thought it was just another German dream. Only André-Marie Ampére, who had studied
German philosophy, took the news seriously and thereby gained a head start over other
Frenchmen in developing electro-magnetic theory.

Today we take it for granted that communication around the world is virtually
instantaneous. Many journals are published electronically. Scientific publication is rapid
-- the pace of advance is such a delay of a few months would be intolerable. We know that
this is a recent phenomenon. Papers published in the Memoirs of the French Academy of
Science in the late eighteenth and early nineteenth centuries often took years to appear in
print. Shipping scientific instruments internationally was also a slow business. Since new
theories often required new instruments for their demonstration, this was a serious
problem. During the Napoleonic Wars, delays of years were a commonplace.

But we should remember that international travel, although neither as rapid nor as
comfortable as travel today, was common, especially within Europe but even between
Europe and North America. Benjamin Franklin, the American printer, natural
philosopher, diplomat and statesman, went back and forth across the Atlantic Ocean.
Joseph Black, Scottish chemist, seldom travelled far, but his students did; they came from
Russia and Spain, and from a dozen other countries, and they spread his teaching
internationally. The members of a coffee house philosophical society that met in London
through the 1780s obtained the latest scientific intelligence through correspondence,
visitors, and their own travels.?! They knew of research in progress, of instruments under
development, and often had the manuscript text of foreign papers years prior to
publication. There were even men who could best be described as scientific gossips and
intelligencers, who travelled internationally and made a living from the exchange of
information and the purchase of scientific instruments. One such traveller was the
one-time Portuguese monk J. H. Magellan. He resigned from his order, moved to London,
and kept up a lively international correspondence, reinforced by travel.

Scientific communication, at least for those with the right connections, was
reasonably rapid by the end of the seventeenth century, and impressively rapid a century
later, at least for those living in major centres for science. Priority was and remains
important for scientists, and publication, or at least a witnessed dated document, was a
good way to claim priority. The system was not without its flaws, as we can see from the
controversy over the discovery of oxygen, and the related controversy over the discovery
of the composition of water.

But if publishing was important in science, secrecy was important in technology.
In sixteenth-century Venice, it was a capital offence to reveal the secrets of glass making
or to sell the tools of the trade to foreigners. In the late eighteenth century, the firm of
Boulton and Watt, makers of the most efficient steam engines and pumps of their day,
went to great lengths to keep their secrets, while going to equally great lengths to try to
discovery the secrets of their rivals. Industrial espionage was rife throughout Europe in
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the eighteenth century.”? By and large, inventors and industrialists wanted profit and
power, while natural philosophers wanted understanding and reputation. Joseph Priestley
discovered a way of making soda water, which he believed was beneficial to health. He
published the information, since he believed that scientific knowledge should be open.
The contrast with the practice of his fried James Watt is striking. Watt, however, was not
just an inventor and industrialist; he was also a natural philosopher. He has been studied
by historians of science and by historians of technology, but there has been no truly
effective overall account.

This highlights a problem for the history of science. When Sarton founded Isis, he
regarded science and technology as part of a continuum. He believed that theoretical
science and applied technology were both subjects for the history of science. But
historians of science concentrated increasingly on scientific ideas, and historians of
technology concentrated increasingly on machines and techniques in their social context.
The history of technology began to seem like a poor relative, and historians of technology
went their own way. The result was the foundation of the Society for the History of
Technology, with its own journal, Technology and Culture, which first appeared in 1959.

-It is worth noting that "culture" in this title includes material culture, and is far removed

from the work of cultural historians. In recent years, the history of science has become
more inclusive. Isis has published papers on the history of technology, and Annals of
Science includes science and technology. In 1992, the Dibner Institute in the USA was
founded deliberately to further research in the history of science and technology. We
appear, in this respect at least, to be returning to part of Sarton's vision.

Sarton wanted the history of science to use the methods of rigorous historical
scholarship. His approach focused on the content of science. It did not speak directly to
scientists, but its approach was one that could not have offended any scientist. That has
not always been the case in recent decades.

The development of theory in the humanities, epitomized in the work of
Stanley Fish in the United States, supported a view that no realm of knowledge is
privileged over others; that we cannot know anything for certain; and that the form of
argument is at least as important as its content. Taken to extremes, as it often was, it
implied that both objective knowledge and effective communication were impossible.

In 1960, Charles Gillispie, the editor of the magisterial Dictionary of Scientific
Biography, wrote a book with the title The Edge of Objectivity. His thesis was that the
history of science is an account of the progressive enlargement of our understanding of
the natural world. He argued that scientists produce objective knowledge. As science
advances over time, so the boundary of what is known advances with it. Thus Lavoisier
contributed to the advance of chemistry beyond the old phlogiston theory, Darwin
advanced the boundary between the known and the unknown in biology, and Albert
Einstein's representation of space-time was objectively an advance over the physics of
Newton. Scientists have always had an incomplete understanding of nature, and their
knowledge will necessarily remain incomplete. But even though they may be wrong on
one point or another, and even wander down blind alleys, still the social and intellectual
enterprise of science advances the sum total of what we really know about the natural
world. That was Gillispie's argument, developed with erudition and style, and he was
surely right. But his approach to the history of science was to run counter to the new
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relativism arising from the development of theory as a substitute for knowledge in the
humanities.

If, as deconstructionism and post-modernism claimed, scientists cannot claim any
special status for their enterprise, then we should look for motives other than curiosity
about nature. Some historians were delighted to attempt to demolish scientific icons.
They announced that Newton's work was riddled with error, that Pasteur falsified his
evidence, and that Lavoisier was more interested in power than in knowledge. Some
scientists and some historians of science responded angrily to the debunking of their
heroes, and the ensuing public controversies generally did credit to no one. There are
fashions in academia, as in much if not everything else. The history of taste (as judgment
and preference) has proved to be a rich and stimulating area for scholarship. Fortunately,
the fashion for debunking, and the so-called science wars that accompanied it, seem to be
on the wane. But there are still aspects of the history of science that bother many scientists.
The treatment of progress is one such aspect. It is hard to argue that scientific knowledge
does not progress. The construction of designer molecules in chemistry, coupled with the
advent of chiral catalysis, enable us to synthesize biologically active and specific
substances, crucial in modern medicine. Advances in physics have led to modern
electrotechnology, computers, nuclear power plants, and a host of other innovations.
Genetic engineering affects agriculture and is likely soon to affect human health. I make
no claims about the social or ethical issues accompanying the applications of science; but
the very fact that these applications work means that, at some level, we know more about
some facets of nature than our predecessors did. Well and good. The determination of
many historians of science to avoid Whig historiography at all costs makes it hard for
them to think in terms of progress, rather than mere change. We have already seen that in
the nineteenth century, William Whewell crafted a history and a philosophy of science
that gave a clear explanation of scientific progress. Kuhn's account of scientific
revolutions is now more popular with social scientists than with natural scientists. It
offers no explanation of progress. Nor does the account offered by Karl Popper,> whose
criterion of falsification means that we can show that a theory is wrong, but not that it is
right. Even when historians of science adopt neither Kuhn's nor Popper's views, they may
concentrate so hard on understanding a scientific debate in its own terms that they divorce
it from all later science. Understanding a debate in its own terms is an important part of
historical scholarship, but we need to combine this with a diachronic sense that enables us
to relate the debate to what came before, and to what came after.

Scientists are concerned with knowledge, and also with discovery, priority, and
recognition. Scientific societies have for centuries awarded prizes for major discoveries.
The Nobel prizes in science are perhaps the best known prizes offered for major
discoveries. The structure of modern university science puts a premium on discovery.
There may well be an element of good luck in making discoveries, but as Pasteur
observed, "fortune favours the prepared mind".** Good scientists are more likely to make
important discoveries than bad ones. At the very least, a good scientist will carry out a
piece of research that others may replicate, even though not all experimenters are equal.
Henry Cavendish in the eighteenth century achieved astonishing accuracy in his
determination of the gravitational constant. His researches into the chemistry of gases
yielded results accurate to around 1%, whereas most of his contemporaries would have
been well satisfied with an accuracy of 5%. Just as Berzelius knew that Thomas
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Thompson was not a good experimentalist, he and his contemporaries knew that
Cavendish had been a superb one. Contemporaries could make these judgments.
Historians of science need to do so too. It is a matter of writing good history, and has the
added advantage that it resonates with scientists today.

One area that is challenging, and even daunting, is the history of recent science.
The enormous importance of medical research, both in human and financial terms, has
led to a lively interest in the history of twentieth-century biology, including molecular
biology. The attention attracted by the human genome project has reinforced this trend.
Histprical and philosophical studies of the Darwinian revolution have dominated the
scene for decades, but twentieth-century biology is rapidly overtaking it. In physics, the
saga of fundamental particle theory has led to much good work. The Danish historian of
science Helge Kragh has written an admirable account of twentieth-century physics.?’

My own area, the history of chemistry, has been slower in moving forwards.
Professor Yasu Furukawa's history of the invention of polymer chemistry is one of the
very few first rate twentieth-century studies. The Japanese Society for the History of
Chemistry has many members, the majority of whom are chemists or teachers of
chemistry. That is a model for other countries to emulate. In the United States of America,
the Chemical Heritage Foundation is concerned with the history of chemistry as a whole,
but it focuses on the twentieth century, including industrial chemistry. In Europe,
Christoph Meinel has taken a leading role in urging historians of chemistry to study
twentieth-century chemistry. Lavoisier and the chemical revolution have attracted the
lion's share of attention, and we know quite a lot about the history of chemistry through
the nineteenth century. In contrast, we know far too little about early eighteenth-century
chemistry, and far too little about the history of twentieth-century chemistry. Meinel,
along with Peter Morris in England, and many others, have encouraged conferences,
books, and papers dealing especially with the twentieth century.

One question that is of interest to historians and philosophers of science, and also
important for practitioners of science, is what counts as evidence, and how data are
transformed into evidence. Theory can sometimes override experimental and
observational evidence, whereas at other times, observational data can force a
fundamental change in theory. Perhaps the most famous example of the latter
phenomenon is Kepler's reliance on Tycho Brahe's data. Tycho had the best instruments
of his day, and he trained and supervised his observers. His data were excellent, and
Kepler was right to trust them. There was a tiny discrepancy between the predictions of
theory and Tycho's observations of the motions of the planet Mars. This discrepancy led
Kepler to reject circular motion, and to discover the elliptical orbits of the planets.
Observation triumphed over theory.

In contrast, when Isaac Newton published the first edition of his Principia,
unquestionably one of the greatest achievements in the history of science, his theory did
not quite match the data concerning the motion of the moon in its orbit around the earth.
Logically, there were two possible causes for the mismatch: either Newton's gravitational
theory needed modification, or the data provided by astronomers were in need of
correction. Newton was so confident of his theory that he took it for granted that the
mismatch arose from poor observations. He urged the Astronomer Royal to tell his
observers to go back and make more careful observations. They did so, and the result
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showed that Newton was right. The second edition of the Principia incorporated the new
data, and was much more satisfactory than the first in dealing with the lunar orbit.

One problem in obtaining accurate and consistent data in observational astronomy
is the personal equation. A good astronomer’s observations will be consistent with one
another, but they will not match the observations of another equally good observer. In the
nineteenth century in England, the Astronomer Royal, George Biddell Airy, simply
dismissed any assistants whose personal equation differed significantly from his own.

A different sort of problem emerged in Lavoisier's quantitative chemistry in the
late eighteenth-century. His experimental results, as he published them, appeared to
claim a very high degree of accuracy. Some of his contemporaries believed, quite rightly,
that the results could not be that accurate. So we may reasonably ask why Lavoisier's
results were precise without being equally accurate.

The distinction between accuracy and precision is an important one. Richard
Fortey illustrates it with the story of a visitor to a museum of palaeontology. The visitor
was very struck by a label attached to a fossil skeleton, stating that the fossil was three
hundred million and seventeen years old. When he asked the curator how this
extraordinary precision was achieved, she replied that seventeen years previously, her
predecessor had estimated the age of the fossil as 300,000,000 years.

Now, back to Lavoisier. He possessed the very best laboratory apparatus of his
time. His precision balances were outstanding, constructed by superb craftsmen. Modern
estimates indicate that his best balance could weigh to one part in 400,000. Lavoisier used
his unsurpassed precision balance, along with the beautifully engineered gasometers that
he and his instrument maker devised. His results were sometimes given to eight
significant figures. Alas, his measurements of gases were in sometimes in error by 20%
or more. He estimated the composition of the atmosphere as 25% oxygen to 75% nitrogen.
The correct figure is around 20% oxygen. Lavoisier's purely gravimetric results were
more accurate, but sometimes wrong by 10%. How could such good instruments, in the
hands of a good laboratory science, yield such poor results?

There are two principal answers to that question. The first is that although
Lavoisier published results to eight figures or so, these were the results of computation.
He measured his samples in pounds, taking five pounds of this, three of that, and then
converted the measurements to smaller units, including drams and grains. That accounts
for the number of seemingly significant figures in his results, but it does not explain the
size of his errors. Errors may be cumulative: impure starting materials and problems in
sealing the connections between different parts of modular apparatus were among the
major sources of error.

But there is another source of error, and it lies at the heart of Lavoisier's
quantitative method, the method of the balance sheet.?® Since matter is neither created nor
destroyed in a chemical reaction, the weight of the reactants should be equal to the weight
of the products. A single result demonstrating this equality must be accurate, or so
Lavoisier believed. But it was possible to obtain a very poor result in which, by
coincidence, the weights of reactants and products appeared to be the same.

As a final instance of the massaging of data to provide evidence, consider the
work of Gregor Mendel on pea plants and heredity. His results were simply too good to be
true. There is no reason to assume that he falsified his results. His helpers knew what he
was looking for. That knowledge could have encouraged them to ignore specimens that
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did not quite fit into distinct categories, or to uproot unhealthy specimens that did not fit.
There is no need to assume any dishonesty here; any such preferential selection may well
have been unconscious.

In considering the relations between theory, data, and evidence, I have referred
explicitly to Tycho’s and Lavoisier's apparatus. Apparatus is designed to obtain data,
interpreted as evidence, within a theoretical context. The design of the apparatus
corresponds to the demands of theory. It is therefore not surprising to find that
experiments using purpose-designed apparatus tend to support the theory within which
they were designed. lan Hacking has usefully referred to this tendency as the
self-validation of instruments and theory.

Scientific instruments have been examined as artefacts, but, with striking
exceptions, they have not been integrated into the history of science. And yet, as any
working scientist knows, instrumentation is often at the core of scientific practice. A
recent volume edited by Peter Morris with the aim of catalyzin% the study of
twentieth-century chemistry bears the title The Instrumental Revolution’” We know a lot
about some instruments, including Galileo's refracting telescope and Newton's reflector,
the range of microscopes invented in the seventeenth century, and Lavoisier's balances
and gasometers. But for most of the history of science, we know all too little about the
apparatus. There was a drive towards precision in eighteenth-century Europe,?® and it is
not easy to determine whether this was driven by the demands of science, or, as I believe,
driven by the skills of instrument makers. Jesse Ramsden and his competitors wanted to
show the excellence of their graduated observational instruments, which meant taking
precision to the limit. Lavoisier's instrument makers were undoubtedly driven by
Lavoisier's need to measure gases accurately, but the precision of his and their best
balances was a demonstration of virtuosity, going far beyond the needs of experiment.

Some precision instruments, however, were invented in response to economic and
political needs. The Royal Observatory in England was at first under the control of the
Ordnance Department based in the fortress of the Tower of London. This was because
accurate navigation was essential for maritime power, and depended upon accurate
astronomical observations. The measurement of longitude required time-keepers accurate
over a period of months or even years. John Harrison's chronometers, and the smaller
devices that followed, were devised in response to this requirement. Similarly, the
magnetic observatories of the nineteenth century were made possible by new
geomagnetic instruments. An understanding of the earth's magnetism was crucial for
navigation, and so the British contribution in the nineteenth century also came under the
Royal Artillery, a department of the Ordnance of the army. Geomagnetic instruments to
be carried on British naval vessels were subject to approval by the Hydrographer of the
Navy.

Science in such cases was clearly in the service of power, the military and
political power of the state. We saw this operating more nakedly in the twentieth century,
where World War I, the Great War of 1914-1918 became known as the chemists' war,
whereas the Second World War of 1939-1945 was the physicists' war. Physicists,
chemists, and biologists have all found themselves conscripted by the state for military
purposes. In Russia, under the tyranny of Joseph Stalin, scientific information was
regarded as a state secret, and the much vaunted openness of public science was

12



The History of Science

converted to a crime against the state.”’ At the same time, the decidedly unscientific
teaching of Lysenko was elevated into politically sanctioned orthodoxy.

In spite of such abuses, there have, happily, been other and more inspiring
examples. At the height of the Napoleonic Wars in Europe, French and British scientists
exchanged information. Joseph Banks, the President of the Royal Society of London,
used his office to arrange for the return of captured English and French scientists to their
home countries. So effective were such efforts that in 1960 Gavin de Beer wrote a book
with the title The Sciences were never at War. “Never” was too strong a claim. But there
have been many who regarded science as a path to freedom. Joseph Priestley,
conservative in chemistry and radical in politics and religion,*® claimed that the public
expression of scientific truth could only assist the overthrow of tyrannical rulers and
corrupt governments.

Priestley was quite clear that religious hierarchy and authoritarianism was every
bit as intolerable as political absolutism. The difficult relations that have often obtained
between scientists and theologians have been the subject of much debate, both at the time
and by subsequent historians. The most celebrated cases include Galileo Galilei, whose
condemnation by the Inquisition and forced recantation so alarmed René Descartes that
he took back his cosmological essay, Le monde (The World) from the printer, and never
published it. Galileo's argument, in his Letter to the Grand Duchess Christina, that there
were two sources of truth, the bible as the word of God and the natural world as the
handiwork of God, might seem easily acceptable. But Galileo was reserving the
interpretation of the book of nature for scientists, and warning theologians not to meddle.
It is not surprising that he found himself on trial, even though he considered himself a
good Catholic.

Isaac Newton, in his Principia of 1687, wrote of God's power and governance,
and made the world of nature depend upon his unorthodox view of the deity. Leibniz in
Hanover saw this as a major contributor to the decay of religion in England. None the less,
natural theology, arguing from nature up to nature's God, became firmly entrenched in the
Church of England. But in the nineteenth century, alongside the voluminous defence of
natural theology in the Bridgewater Treatises, there were disturbing developments.
Questions in natural history, geology, and palaeontology raised issues troubling to many
Christians. Charles Darwin seems to have lost his religious belief almost without noticing.
His critics were alarmed by the implications of his theory of the origin of species through
natural selection. Some of his friends, including the cheerfully combative Thomas Henry
Huxley, took positive glee in fighting against the rule of the church. "Extinguished
theologians", Huxley announced, lay around the natural sciences "like snakes around the
cradle of the infant Hercules". The warfare between science and religion in Christendom
became something to celebrate for radical materialists in Europe and North America,’'
and something to deplore for those who wished to combine religious belief with scientific
practice. As John Brooke has shown® on a wide canvas, the relations between science
and religion are both more complex and more interesting than the thesis of warfare
allows.

The richness of the historical material and the continuing vitality of debates about
science and religion have led to many initiatives and books. The Gifford Lectures by John
Brooke and Geoffrey Cantor,*® the vigour of the Templeton Foundation's efforts to
promote the study of the interactions of science and religion, the endless debates in the
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USA between creationists and evolutionists, and the establishment in Oxford University
of a chair in the study of religion and science, all indicate in different ways the liveliness
of the field, and the importance attributed to it.

I am aware that there are many religions besides Christianity, and many
interactions between religion and science besides those that I have touched on here. I can
only remind you of the limitations that I indicated at the start of my lecture, and hope that
you will add to my understanding in subsequent discussions.

With that reminder of my opening remarks, it is time to return to the title of this
lecture: "The History of Science: What it is, and why it matters." Science indisputably
does matter. Understanding something of its history is important for scientists and
humanists -- indeed, for every member of modern society. But I should like to end this
lecture by noting one particular area where the history of science has much to contribute
-- the teaching of science in our secondary schools and universities. When I was a student,
text books often contained a brief historical introduction, for example a short paragraph
on John Dalton before an introduction to chemical atoms, atomic weights, and combining
proportions. But there was never any organic connection between the historical
introduction and the technical exposition that followed. The first time that I encountered
the history of science used to help students learn science was more than thirty years ago,
in the opening modules of the chemistry course of the Open University in England. Colin
Russell, at that time a research chemist and an historian of science, had used debates
among chemists to help students to think about the key issues. He took his examples
mainly from the nineteenth century. He was, however, careful to avoid the explicit
presentation of his examples as historical. He told me that chemistry students would be
alienated if they realized that they were being taught history.

More recently, science teachers, professors in faculties of education, and
historians and philosophers of science have come together in an organization with the
title International History Philosophy and Science Teaching. They have a journal,
Science and Education, edited by the Australian Michael Matthews, and annual
conferences. Their goal is to reduce the enormous demands upon memory made by the
conventional science curriculum, while increasing students' understanding of science,
and their ability to think and solve problems. They advocate science education in
secondary schools that will produce scientific literacy among those who will go on to
further studies in science, and also among those who have very different plans. The
participants in this organization tend to use particular instances, for example the
development of the isochronous pendulum, to show how particular concepts have been
developed, and how problems have been resolved over time. Their methods reveal how
many different aspects and even disciplines of science have been applied to that
resolution. Their problem-centred methods are intended to teach students to solve
problems by understanding what is involved, rather than merely applying a standard
algorithm. There is some urgency, and some passion, in their enterprise. The urgency
arises from the fact that in many countries, while rates for attendance at university are
increasing, the number of students studying the physical sciences is decreasing. In some
areas we are already facing shortages of trained and educated scientists and teachers of
science.

The history of science features as a tool in new kinds of science education. It can
help students in the humanities as well as in the sciences develop a sympathetic
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understanding of the scientific enterprise. It can enrich the study and practice of science.
It can help us to understand the role of science in our material and intellectual cultures as
they have evolved over time. It can thereby contribute an important and neglected area for
the teaching of history, which is also a shrinking part of school and university education.
And it can also provide a vital engagement with past science.

The history of science can in principle do all of these things. In practice, it has
been mainly an inward-looking professional discipline for the few, and an occupation for
retired scientists. The onus is on its practitioners to reach a much wider audience. I am
therefore doubly grateful for this opportunity to talk to Japanese audiences. I have tried to
present to you thoughts about my discipline, including its deficiencies and its strengths.
Thank you for letting me share with you some thoughts about where the history of science
should go.
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“Comparative Study of the Early History of Nuclear Development
in Germany, Russia, and Japan
—Social Responsibility of Scientists at the Dawn of Nuclear Age—”

Tokyo Workshop (7th August)

(Collaboration Room in the West 9 Bldg of the Tokyo Institute of Technology)

(1) Mark Walker (Union College, NY) “Working for Hitler? The German Work on Nuclear
Weapons during the Second World War and the Postwar Controversy”

(2) Igor Semenovich Drovenikov (Vavylov Institute for the History of Natural Sciences and
Technology) “In Search of Knowledge: Historiography of the Soviet Atomic
Project”

(3) Hiroshi Ichikawa (Hiroshima University) “Two Major Viewpoints to the History of the
Soviet Atomic Project: Propriety of R&D Process and ‘a Political History of
Scientists’”

(4) Masanori Kaji (Tokyo Institute of Technology) “A Comment on V. I. Vernadskii and the
Origin of the Soviet Nuclear Project”

(5) Masakatsu Yamazaki (Tokyo Institute of Technology) and Walter Grunden (Bowling Green
State University, Ohio), “The Japanese Nuclear Development during the
Second World War”

(6) Walter Grunden, “Reflections on Past and Future Directions in the Historiography of
Japan’s WWII Nuclear Weapons Research”

Workshop (8th August)

(1) Mark Walker, “A Comparative History of Nuclear Weapons™

(2) Masakatsu Yamazaki, “A Japanese Perspective on the Historical Comparison of Nuclear
Projects”

Comment: Yutaka Kawamura (Tokyo College of Technology)

Hiroshima Symposium (10th August)

(Hiroshima Peace Memorial Museum)

(1) Lawrence Badash (University of California, Santa Barbara) “The Social Responsibility of
Scientists in the Manhattan Project”

(2) Igor Semenovich Drovenikov, “On the Ethical Motivations of the Soviet Atomic Scientists”

(3) Mark Walker, “The Intentions and Actions of the German ‘Uranium Scientists’”

(4) Masakatsu Yamazaki, “The Nuclear Project in the Wartime Japan and the Impact of
Hiroshima on Nuclear Scientists”

Comments

(1) Walter Grunden

(2) Shoji Sawada (Nagoya University, Professor Emeritus in Physics)
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American Physicists, Nuclear Weapons in WWII,
and Social Responsibility”

Lawrence Badash

Department of History
University of California
Santa Barbara, CA 93106-9410
<badash@history.ucsb.edu>

Abstract: Social responsibility in science has a centuries-long history, but it was such a
minor thread that most scientists were unaware of the concept. Even toward the
conclusion of the Manhattan Project, which produced the first nuclear weapons, only a
handful of its participants had some reservations about use of a weapon of mass
destruction. But the explosions over Hiroshima and Nagasaki not only made society
more aware of the importance of science, they made scientists more aware of their
responsibility to society. For as J. Robert Oppenheimer famously remarked in 1947,
“physicists have known sin.” This paper describes the development of the concept of
social responsibility and its appearance among American scientists both before and after
the end of World War II.
--J. R. Oppenheimer,
“Physics in the contemporary world,”
Technology Review, 50 (Feb. 1948),
201-204, 231-38, quotation on 203.

I read somewhere that Isaac Newton was chosen as the man of the millennium,
the most significant person in the period between the years 1000 and 2000. I don’t
know who makes such selections, but I think that the choice was a good one. And if
not Newton-the-scientist in particular, then it could well have been scientists in general,
as men of the millennium. For one must agree that science has become an enormously
important part of our lives and has shaped the world in which we live.

If, however, the choice was made a mere half century ago, I am not so sure that
science would have been honored in this way. This is because science, for almost all
of human civilization, has been an interesting, but not a particularly influential, pursuit.
Not until the middle part of the 19" century did science begin to impact society in major
ways, with the development of the chemical and electrical industries. Science, it was
seen, could improve the health, wealth, and comfort of people. During World War I,
the use of poison gas cast scientists into an unfavorable light, but overall the public
thought well of science, if they thought of it at all as a social force.

This matter of poison gas highlighted the recognition that scientists could do
harm. Physicians had dealt with this issue of doing harm in antiquity, with the

* Reprinted with permission from the June 2005 issue of Physics in Perspective.
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Hippocratic oath. Over previous centuries, engineers also had to address the ways they
went about their work, for people would not tolerate houses and bridges that collapsed.
But if you asked physicists in 1939 what the phrase “science and social responsibility”
meant, most probably would have looked very puzzled and been unable to compose an
articulate answer. If you asked the same question in late 1945, physicists would have
had no problem replying. What had changed? The answer is obvious. Nuclear
weapons had been produced in World War II, used to destroy Hiroshima and Nagasaki,
and the social responsibility of scientists was now widely discussed.

Note, however, that science and social responsibility were not entirely strangers
in earlier periods. Novelists, such as Mary Shelly and her Dr. Frankenstein (also Dr.
Faustus, Dr. Caligari, Dr. Strangelove) presented unfavorable pictures of anti-social or
power-hungry scientists,' but in real life scientists’ contributions were seen as far more
positive. The American physicist Benjamin Thompson, known too as Count Rumford,
designed efficient stoves for poor people. His 18" century contemporary, Benjamin
Franklin, also designed stoves, and even more famously the lightning rod, which
protected both people and buildings. The British chemist Humphrey Davy built a
miner’s safety lamp, a device that provided illumination underground but did not allow
explosive gases to reach their ignition temperature. Geologists located minerals that
created jobs and wealth. Medical scientists provided means to prevent and cure
diseases. And, no doubt, there are many other examples.

In the early 20™ century, individual efforts of this sort grew together into a
movement. We see in Great Britain, for example, in the 1920s and 1930s the Social
Relations of Science Movement.> With physicists John Desmond Bernal and Patrick
Blackett, and mathematician Lancelot Hogben, prominent among them, these scientists
argued for a deliberate focus upon applied science that would help the common man.
A short time later, in Britain, the Association of Scientific Workers was organized, a
cross between a labor union and a lobby for socially responsible science. Also, before
the Second World War, a counterpart society arose in the US, the American Association
of Scientific Workers.> All these groups were politically on the left, and many
outsiders believed they were inspired by communism, or at least the Great Depression.
Whatever their motivation, it is clear that not all scientists were strangers to the concept
of social responsibility. Note too that the idea primarily was to help people lead a
better life.

A lesser trend of social responsibility was to keep people from harm. The
miner’s safety lamp and improvements in public health have already been noted.
Another example follows from the discovery of radioactivity in 1896. First, the known
elements uranium and thorium, and then the new elements polonium, radium, and
others, were seen to emit energetic radiation. In 1903, the British chemist Frederick

' Roslynn D. Haynes, From Faust to Strangelove: Representations of the Scientist in Western
Literature (Baltimore: Johns Hopkins University Press, 1994).

2 Gary Wersky, The Visible College (London: Allen Lane, 1978).

* Elizabeth Hodes, Precedents for Social Responsibility Among Scientists: The American
Association of Scientific Workers and the Federation of American Scientists, 1938-1948,
unpublished doctoral dissertation, University of California, Santa Barbara, 1982.
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Soddy—who, with Ernest Rutherford, deciphered the phenomenon of radioactivity—
proclaimed that the earth was “a storehouse stuffed with explosives.” The same year,
Pierre Curie and Albert Laborde quantified the energy by showing that a sample of
radium maintained itself slightly warmer than its surroundings. When this microscopic
laboratory measurement was editorially converted to macroscopic terms, newspapers
announced that an ounce of radium could drive a fifty-horsepower automobile at thirty
miles an hour around the earth.*

In his Nobel lecture for the physics prize of 1903 (which he shared with his wife,
Marie Curie, and with Henri Becquerel), Pierre Curie warned that radium could become
dangerous in criminal hands; its radiation could lead to death. The author H. G. Wells,
who prided himself on his scientific understanding, dedicated to Soddy The World Set
Free (1914), a novel about warfare with “atomic bombs.” By the early 1920s,
increasingly accurate mass spectrometer measurements of atomic weights were
combined with Albert Einstein’s formula of E = mc? to show that enormous energy
releases were theoretically possible from nuclear reactions. British astrophysicist A. S.
Eddington suggested that fusion of four hydrogen atoms into one of helium might be the
source of even greater, indeed, stellar energy. Russian mineralogist Vladimir
Vernadsky felt that the need to control this new atomic energy had become urgent.
However, British physicist F. W. Aston, who generated the mass spectrometer data, was
more sanguine, and asserted  that investigation must never be stopped.’

This idea—of a “scientific moratorium” to protect the public—arose several
times during the 1930s. It was attacked strenuously by American physicist Robert A.
Millikan, who argued that “the creator has put some foolproof elements into his
handiwork and . . . man is powerless to do any titanic physical damage.” While
apparently a statement of religious “belief,” his views were supported by calculations of
binding energies. Similarly, in his 1933 presidential address to the British Association
for the Advancement of Science, Lord Rutherford famously remarked that “Any one
who says that with the means at present at our disposal and with our present knowledge
we can utilize atomic energy is talking moonshine” (i.e., nonsense). Rutherford, who
carefully qualified his statement, was trying to put a more realistic spin on the
enthusiasm flowing from his own Cavendish Laboratory—including the success in 1932
of John Cockcroft and E. T. S. Walton in inducing nuclear reactions in a particle
accelerator.®

Harnessing atomic energy was a topic discussed with great frequency,

. respectability, and morality in the decade before the Second World War. Indeed, at

least thirteen people who won the Nobel Prize contributed to this debate. Although
Rutherford was later criticized for his lack of foresight about utilizing atomic energy, he
was precisely correct in his remark (made before fission was discovered). He also was
correct in thinking that the neutron, discovered in his laboratory a year earlier by James
Chadwick, might be the “magic bullet” to release atomic energy. But only Hungarian-

4 L. Badash, Elizabeth Hodes, and Adolph Tiddens, “Nuclear fission: Reaction to the discovery
in 1939, Proceedings of the American Philosophical Society, 130 (June 1986), 196-231.

5 L. Badash, et al., note 4.

¢ L. Badash, et al., note 4.
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born physicist Leo Szilard had the insight to think in terms of a chain reaction (a
concept more familiar to chemists). Escaping to London from Germany in the mid-
1930s, Szilard filed a secret patent on a neutron-induced chain reaction. He wished not
to alert Hitler’s scientists to the notion. Szilard had no idea what element could be
used, but neutron experiments in Rome by Enrico Fermi’s group led to interesting
results with uranium. Ultimately, Otto Hahn and Fritz Strassmann in Berlin reported
that elements in the middle of the periodic table seemed to be present following the
reaction, and Hahn’s colleague Lise Meitner, along with Otto Frisch, interpreted the
phenomenon as nuclear fission.”

Szilard’s secret patent was inconsequential, since the acclaimed discovery of
fission was widely seen as the key to securing unprecedented amounts of energy. At
the April 1939 meeting of the American Physical Society, in Washington, DC,
frightening newspaper headlines ranged from the extreme, “Vision earth rocked by
isotope blast,” to the more modest, “Physicists here debate whether experiments will
blow up 2 miles of the landscape.” Szilard tried to have physicists censor themselves,
so as not to give information to Germany, but he failed to suppress the discovery that
two or three neutrons were released in each fission of a uranium nucleus. If these
neutrons were not captured by impurities or allowed to escape from the system, they
would be available to promote a chain reaction.?

Censorship was ultimately imposed, but before fission research was obscured by
the outbreak of the Second World War its discovery prompted another round of
introspection about social responsibility. In July 1939, Scientific American
editorialized that this new force had to be explored, despite its destructive potential.
This was the role of the scientist, even if others turned the novelty to evil uses. If the
Allies abandoned fission research, it would be left to the “world conquerors,” meaning
Hitler. British novelist C. P. Snow observed that it was hard to exaggerate the power
of a nuclear weapon, and equally difficult to have confidence that humankind would
refrain from its use.  Yet, he, too, felt that it must be constructed, if physically possible.
“There is no ethical problem,” he wrote, because there is no secret—a position that later
would be challrenged.9

It must be emphasized, however, that this discussion in 1939, of atomic bombs
and ethics, was almost equivalent to the medieval debates about the number of angels
which could fit on the head of a pin. It was intellectually interesting, but not of
practical importance. This is because few of those scientists thought that they would
be called upon to make ethical choices; they did not think that they would be the ones to
construct such weapons. It would be done by their students in the next generation, if at
all. In this, they read the tea leaves wrong, and failed to foresee the efficiency of a
huge and well-financed industrial operation, using an army of outstanding scientists.'®

7 L. Badash, et al., note 4.

® L. Badash, et al., note 4.

° L. Badash, et al., note 4.

0L Badash, et al., note 4.  Arthur H. Compton, Atomic Quest: A Personal Narrative New
York: Oxford University Press, 1956), 41.
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Even though these scientists produced terribly destructive weapons, they
believed that they were motivated by a greater good—in this case, preventing the
enslavement of the western world by Hitler’s Germany. (Although they may have
opposed Japanese actions in Asia in the 1930s, their focus was almost entirely upon
Europe.) All but a handful of Allied scientists chose to do war work. One who
declined for moral reasons was Volney C. Wilson. After doing some fission explosion
calculations at the request of Arthur Compton, who later headed the Manhattan Project
activities in Chicago, Wilson asked to be excused from further nuclear work. But once
the United States entered World War II, Wilson felt it was his patriotic duty to
participate in fission research."' 1 do not know all their names, but I learned from
James Chadwick that a few people in Great Britain also declined to work on the bomb,
for humanitarian reasons. ' (In both countries, some others avoided the nuclear
projects because they felt they could make greater contributions to different wartime
work, where the chance of success was higher.)

In the Manbhattan Project, there was a pervasive, if naive, sense that they, the
scientists, would determine how, if at all, the bomb would be used. The absence of a
remembered tradition in which basic research was so rapidly applied gave them no
reason to anticipate problems of social responsibility. During the last several months
of the war, however, when the momentum to use the so-called “gadget” against an
enemy became unstoppable, several protests were heard. In December 1944, Polish-
born British physicist Joseph Rotblat left Los Alamos—the only person to resign--
because he believed his reason for being there was no longer valid. The German bomb
project was moribund, and the American bomb would be ready only after Germany’s
surrender. The following spring and summer, Princeton physicist Robert R. Wilson
organized a meeting of concerned scientists at Los Alamos. Szilard, at the
Metallurgical Laboratory in Chicago, circulated a petition to urge the president not to
use the weapon before giving the Japanese a chance to surrender. And a University of
Chicago committee led by refugee physicist James Franck wrote a classic report urging
a non-lethal demonstration test for Japanese observers.

Robert R. Wilson, who later became the founding director of Fermilab, was
sensitive to the fact that the bomb project began because they feared that Hitler might
construct the weapon first. Once Germany was defeated, in May 1945, he questioned,
as had Rotblat, whether work on the bomb should continue. At a staff meeting in Los
Alamos that Wilson organized, Oppenheimer convinced him that the bomb must be
completed and tested, so the newly-formed United Nations could properly take it into
consideration in its deliberations. The bomb obviously had importance beyond World
War II.  Still, although Wilson admitted that he had no bargain to be consulted by the

A H. Compton, note 10, 41-42.  See also Richard G. Hewlett and Oscar Anderson, The
New World: A History of the United States Atomic Energy Commission (University Park:
Pennsylvania State University Press, 1962), 206.

'2 L. Badash interview of James Chadwick, 11 Feb. 1970, in Cambridge, England. Chadwick
did name Maurice Pryce. In a further interview, on 30 June 1970, Chadwick suggested that he
was greatly disturbed about working on the bomb himself. This is repeated in a quotation in
Richard Rhodes, The Making of the Atomic Bomb (London: Simon and Schuster, 1986), 356.
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US government, he felt betrayed when Hiroshima was bombed without giving the
Japanese the opportunity to witness a peaceful demonstration. 13

More for political than ethical reasons, Szilard in March 1945 got Einstein to
write another letter to President Roosevelt. Aware of the enormous destructive power
of the new weapon, Szilard recognized that the United States itself would be vulnerable
to nuclear attack, and felt that international control of the atom was the only way to
avoid an arms race. It seems clear that Szilard believed that he had a higher duty to the
nation than he did to the US Army and its chain of command. However, the president
died before he received the letter.'* Szilard failed also in an attempt to gain an
interview with the new president, Harry Truman, and had a most unsatisfactory
discussion with James Byrnes, soon to be the new secretary of state.'”” Niels Bohr, the
famous Danish physicist, was another internationalist who failed to convince both
President Roosevelt and Prime Minister Winston Churchill that it would be wise to
notify the Soviets of the bomb project, or face “a perpetual menace to human
security.”'®  And the top scientist-administrators of wartime work, Vannevar Bush and
James B. Conant, similarly found no receptive ears for gaining international support for
the weapon’s use."”

In the spring of 1945, while scientists at the laboratory in Los Alamos, New
Mexico, were working overtime to complete assembly and testing of the bombs, their
colleagues in Chicago had time on their hands, for they had completed their tasks.
This enabled them to think seriously about the future of nuclear energy. Several
committees produced statements, none more famous than the Franck Report, named
after its chairman, Nobel laureate James Franck. Looking at the social and political
implications of the bomb (note that these two concepts are tightly linked), the committee
stressed two main points: (a) it would be impossible to avoid a nuclear arms race by
trying to keep the scientific facts of the bomb secret, or trying to get a monopoly on the
world supply of uranium, and (b) when such a race developed, the US would be at a
relative disadvantage because its population and industry were concentrated and could
be destroyed by fewer bombs.

Safety lay in international control, and this meant that the US must not use the
bomb against Japan without specific warning, including a test witnessed by
representatives of the newly-founded United Nations. “It may be very difficult to

13 Mary Palevsky, Aromic Fragments: A Daughter’s Questions (Berkeley: University of
California Press, 2000), 135-37, 140-43.

" Leo Szilard, “Reminiscences,” Perspectives in American History, 2 (1968), 94-151, on 123-
24; Szilard’s enclosure to Einstein’s letter of 25 Mar. 1945 is reproduced on 146-48. R.G.
Hewlett and O. Anderson, note 11, 342. Carol S. Gruber, “Manhattan Project maverick: The
case of Leo Szilard,” Prologue (the journal of the US National Archives), 15 (Summer 1983),
73-87, on 79.

5 L. Szilard, note 14, 124-28. R. G. Hewlett and O. Anderson, note 11, 355.

1 R. G. Hewlett and O. Anderson, note 11, 326-27. The Bohr memorandum to President
Roosevelt, of July 1944, is reproduced in Robert Jungk, Brighter Than a Thousand Suns: A
Personal History of the Atomic Scientists (New York: Harcourt, Brace, 1958 ), 308-10,
quotation on 308.

"7 R. G. Hewlett and O. Anderson, note 11, 325-26, 329-31, 344-46.
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persuade the world,” said the report, “that a nation which was capable of secretly
preparing and suddenly releasing a new weapon, as indiscriminate as the rocket bomb
and a thousand times more destructive, is to be trusted in its proclaimed desire of having
such weapons abolished by international agreement.” The “military advantage,” the
report continued, “and the saving of American lives achieved by the sudden use of
atomic bombs against Japan may be outweighed by the ensuing loss of confidence and
by a wave of horror and repulsion sweeping over the rest of the world and perhaps even
dividing public opinion at home.” It was by no means certain that Americans would
“approve of our own country being the first to introduce such an indiscriminate method
of wholesale destruction of civilian life.” Thus, both international and domestic
support, and the moral leadership of the US, would be lost if the Japanese were not
given the opportunity to surrender.'®

A high-level government committee (the Interim Committee) and its scientific
advisors discussed whether a technical demonstration before Japanese observers could
be conducted, but could think of no satisfactory trial to convince the Japanese War
Cabinet that the bomb was able to destroy an entire city.”” Also of concern was the
possibility that the Japanese might be warned of an attack and the bomb not explode, a
situation embarrassing to the US, or the placement of prisoners of war in the target area
designated.

Shortly before the plutonium implosion bomb was tested at Alamogordo, New
Mexico, on 16 July 1945, Szilard circulated among the scientists at Chicago a petition to
the president about using the bomb. He also asked his good friend, Edward Teller, to
distribute the appeal at Los Alamos. Teller, however, asked laboratory director Robert
Oppenheimer if he should do this, and was told that it was unnecessary because high-
level people in Washington were already considering the problem. Of course, nothing
came of these efforts in Washington. Teller, who claims to have learned a lesson—he
would not in the future let others change his mind--seems to enjoy telling this story,
which may be the only one in which he appears as something of a peacenik.?’

Szilard and more than fifty Chicago colleagues argued in their petition not so
much politics, as before, but morality. The nation that first used nuclear weapons must
“bear the responsibility of opening the door to an era of devastation on an unimaginable
scale.” Should the US drop the bombs, it would weaken its moral position to such an
extent that other nations would hesitate to join in bringing the bomb under control.
These scientists recommended that the president halt plans to use the weapons until the
surrender terms offered Japan had been made public, and Japan rejected them.”'
Others in Chicago disagreed with the petition, leading the laboratory director (now

'8 R. G. Hewlett and O. Anderson, note 11, 366. The Franck Report to the secretary of war,
11 June 1945, is reproduced in R. Jungk, note 16, 311-20, quotations on 315-16. It is also
reproduced in Bulletin of the Atomic Scientists, 1 (1 May 1946), 2-4, 16.  See also Louis
Morton, “The decision to use the atomic bomb,” Foreign Affairs, 25 (Jan. 1957), 334-51.

% R. G. Hewlett and O. Anderson, note 11, 366-69.

2 E. Teller lecture at University of California, Santa Barbara, 29 Mar. 1968.

21 . Szilard, note 14, 130-33; the first version of the petition, dated 3 July 1945, is reproduced
on 150-51.
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Farrington Daniels) to survey a larger group of 150 scientists. The results were as
follows:

15% use weapon in the most effective military way to bring prompt surrender with
minimum Allied loses.

46% military demonstration in Japan, and if surrender did not follow, then use as a
weapon.

26% experimental demonstration in the US, with Japanese observers to convey the
warning to their government.

11% public demonstration only.

2% no combat use and maintain total secrecy afterward.”

This poll showed that more than two-thirds of the Chicago scientists favored a
demonstration of some kind in which people would not be killed, while the rest split
roughly on use and no use.

Nuclear weapons were, of course, dropped on Japan in a manner consistent with
the first category—most effective military use. A large number of scientists agreed
with Berkeley physicist Luis Alvarez, who was aboard one of the B-29s on the mission
to Hiroshima. He later reflected that, “I never could understand those scientists who
felt so terrible about this. Frankly, I’'m much happier with all the tension and
brinkmanship we live with [in the Cold War] than I am with the spectacle of having ten
million people wiped out every twenty years in conventional wars. And that’s the
schedule we were on before the atomic bomb,” he said. For Alvarez, Hiroshima and
Nagasaki were justified because they served as warnings to avoid World War m.2

In contrast, other scientists expressed remorse about the bombings. When
details of Hiroshima reached the Los Alamos Laboratory, Robert Wilson was greatly
moved. “It was one thing to have a scientific expectation about the damage to be
caused by a nuclear bomb,” he said.

But it was another thing . . . to have the actual horror described to us in more and
more gruesome details. So the existential knowledge of what would happen in
a target-city became utterly different to us scientists after Hiroshima. The news
of the tremendous suffering and damage and loss of lives gave a new dimension
to the catastrophe. It did not contradict, but it did supplement, the accurate
technical expectation we had.?*

Chicago physicist Samuel Allison recalled that, “I was elated at having done
something to win the war. I didn’t worry about the thousands of women and children

2 R. G. Hewlett and O. Anderson, note 11, 399-400. Lansing Lamont, Day of Trinity (New
York: Atheneum, 1965), 264. Fletcher Knebel and Charles W. Bailey, “The fight over the A-
bomb: Secret revealed after 18 years,” Look, 27 (13 Aug. 1963), 19-23.

2 L. Lamont, note 22, 300.

* R.R. Wilson, “Hiroshima: The scientists’ social and political reaction,” Proceedings of the
American Philosophical Society, 140 (Sept. 1996), 350-57, quotation on 351.
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burned to death. Subsequently I did. Now I don’t have a comfortable feeling for
having helped cremate a hundred thousand Japanese civilians.” Cyril S. Smith, a
metallurgist on the project, said that “The bomb would have been equally effective
without using people as victims. You could feel this after seeing the crater at [the]
Trinity [test site in New Mexico]. Sometimes I wake up at night feeling the plutonium
metal in my hands—metal that I personally helped fabricate for the bomb—and realize
that it killed hundreds of thousands of people. It’s not a pleasant feeling.”*

And Edward Teller and Robert Oppenheimer, who disagreed on so many things,
were alike in believing that it was necessary and correct to make the atomic bomb, but
that it was unnecessary and wrong to bomb Hiroshima without clear warning to Japan
and the international community that the US possessed such a weapon of mass
destruction.”®  Yet, even before the bombs were dropped, Teller wrote to Leo Szilard:
“The accident that we worked out this dreadful thing should not give us the
responsibility of having a voice in how it is to be used.””” Similarly, although
Oppenheimer admitted that he was “a little scared of what I have made,” he argued that
“a scientist cannot hold back progress because of fears of what the world will do with
his discoveries.”® However, neither Teller, nor Oppenheimer, nor many others were
content in the future to let the politicians assess nuclear issues. They too wanted to
share in decisions about the construction and use of nuclear weapons.

Months after the end of the war, the American public remained bitter and blood-
thirsty against the Japanese. A survey in Fortune, a magazine of the business
community, showed that 53.5 percent were satisfied with the bombs’ use over two
Japanese cities, while an additional 22.7 percent wished that even more atomic bombs
could have been dropped before hostilities ceased. More than three-quarters of
Americans surveyed, thus, approved of using nuclear weapons against cities.”” Several
prominent scientists, by contrast, joined publicly to express their rejection of the bomb
in future conflicts. One World or None, a popular book that sold more than one
million copies, was a collection of essays by Albert Einstein, Niels Bohr, Arthur
Compton, Robert Oppenheimer, Leo Szilard, Harold Urey, Eugene Wigner, E. U.
Condon, Hans Bethe, Irving Langmuir, and others. Their major theme was that only
international control of the bomb could prevent an arms race. Nuclear weapons were
too terrible to be used again.*’

In summary, social responsibility in science has a centuries-long history, but was
such a minor thread that most scientists were unaware of the concept. Even toward the
conclusion of the Manhattan Project, only a handful of its participants had some
reservations about use of weapons of mass destruction. They generated efforts that
were sincere, thoughtful, and intelligent, to seek alternatives to actual use of the bomb,

» L. Lamont, note 22, 300-301.

% L. Lamont, note 22, 302.

7 E. Teller to L. Szilard, 2 July 1945, Szilard Papers, Library of the University of California,
San Diego, quoted in C. Gruber, note 14, 87.

28 1. Lamont, note 22, 267.

¥ Elmo Roper, “The Fortune survey,” Fortune, 32 (Dec. 1945), 303-10, on 305.

30 Dexter Masters and Katharine Way (eds.), One World or None: A Report to the Public on
the Full Meaning of the Atomic Bomb (New York: McGraw-Hill, 1946).
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but they carried little weight politically. The explosions over Hiroshima and Nagasaki
that followed not only made society more aware of the importance of science, they made
scientists more aware of their responsibility to society. For as Oppenheimer famously
remarked in 1947, “physicists have known sin.”™'

IR Oppenheimer, “Physics in the contemporary world,” Technology Review, 50 (Feb.
1948), 201-204, 231-38, quotation on 203.
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Hiroshima and Nagasaki remain the most dramatic symbols of the advent of the
atomic age and the joining up of science with politics.

A notable closeness of physicists to the power-bearers on the political stage is
hardly an unprecedented phenomenon. The forefather of ancient physics, Aristotle, was
tutoring Alexander the Great. A founder of classic modern physics, Newton, was a
member of the House of Commons and headed the Royal Mint. No wonder that in
recent history the adepts of quantum and relativistic physics did not escape the
authorities' attention as well. What is remarkable about this new generation of physicists
is that their activities not just brought them close to the powerful, but rather resulted in
their real intrusion into the formerly alien realm of professional politicians, military
bosses, diplomats, intelligence agents, managers of war industry, that is to say all those
who used to proclaim themselves the champions of national interests. Thus physics
acquired state borders, and physicists — political weight.

East or West, it is certainly thanks to nuclear weapons that physicists were given a
major role to play on the political scene. Their performance of that "nuclear role",
however, was quite different in the two parts of the world. Why so? To answer this
question, we'll have to trace the actors' histories somewhat beyond the chronological
limits and try to determine the "moral equivalents" of atomic weapons in different
countries.

Why, for example, was it typical for the American physicists to focus mostly on
influencing international nuclear policy, in contrast to their Soviet counterparts who
would rather interfere in domestic affairs, and occasionally engage in a dangerous
enterprise of criticizing the system? Why did it happen that many Western scientists
clearly expressed a sense of personal responsibility, or even guilt, for the political
reality of a new nuclear world, while Andrei Sakharov, a person of great moral
authority, repeatedly emphasized the rightness of his participation in the making of
nuclear weapons? And he was not unique among the Soviet physicists in holding this
work morally justified. In an article with a telling title "Side by Side with Sakharov",
written by L.V.Al'tshuler, once a leading designer of the first original model of the
Soviet atomic bomb (the so-called "Tania"), the author summarized the Soviet
physicists' attitude toward making nuclear weapons by the phrase "Categorical
Imperative".

The simplest, and therefore most popular, answer to such questions consists in
pointing to the "secondariness" of the Soviet atomic project. Success of the Manhattan

Copyright © 2005 by Igor S. Drovenikov
* Sponsored by Russian Foundation for Basic Research (#04-06-80288a), and Russian Foundation for
Humanities (#05-03-03364a).
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Project resulted in the tragedy of Hiroshima and Nagasaki and relieved, as it were, all
further makers of nuclear weapons from moral responsibility. Moreover, it made their
work justified — insofar as the restoration of the balance of power came to be viewed as
a necessary ingredient of the world's peace. ‘

Indeed, Resolution of the USSR State Defense Committee No. 9887 as of August
20, 1945, that gave an actual start to the Soviet atomic project and mobilized all the
efforts in the country for its implementation was signed by Stalin not in September or
October 1941, after the first reconnaissance data were received from London concerning
the start of work on the uranium bomb, and not it July 1945, when Truman announce in
Potsdam that the USA have "new weapon of unprecedented destructive power": it was
signed only two weeks after the news on the atomic bombardment of Hiroshima.

Under the circumstances, the participants of the Soviet atomic project from the
outset regarded themselves as saviors of their motherland and of the whole world. Later,
that feeling of an exploit performed day in and day out was nourished for decades by
the idea that the cold war, thanks to their efforts, had never turned into a nuclear one
despite the poignant confrontation. Nonetheless, Soviet nuclear scientists started to feel
themselves as heroes (and those officially recognized as such) only in 1949, after the
tests of the first nuclear charge RDS-1, which destroyed the American nuclear
monopoly. They became finally and firmly convinced in the idea and their status after
the hydrogen bomb tests in 1953 and 1955.

It is a well-known story that, following the tests of the first Soviet truly
thermonuclear bomb in 1955 that surpassed all expectations, the venerable, already
white-bearded Academician 1.V.Kurchatov, scientific leader of the entire Soviet atomic
project, made a low bow to Andrei Sakharov, 34-year-old developer of the bomb, and
extended words of appreciation to Him — "savior of the Russian Land". Is it not unlikely
it was then that Andrei Sakharov accepted the responsibility and received, as it seemed
to him, what was unavailable for rank-and-file Soviet people — the right to discuss
openly the matters of their country for its own salvation.

However, that occurred later. In 1945-1949, Soviet scientists had been involved
by the course of history into the nuclear race where the prize to be won was
preservation of life on the Earth, as it seemed to them then and as it was probably a
matter of fact. The race demanded sacrifices, and the sacrifices were offered — neither
for Comrade Stalin' sake nor for the sake of Beriya, who had been appointed to be in
charge of the Soviet atomic project, and not for Kurchatov's sake, but for the sake of the
moral choice and the duty the scientists felt they had.

Let us recall several lines from the history of Maiak or from that of Kombinat 817,
where weapons plutonium was produced for the first Soviet nuclear charge: "The
diseased were rapidly becoming thinner. They were sitting silently in the canteen and
behaved like performing a heavy industrial conscription while just eating a few
spoonfuls of soup and a piece of bread... T.F.Gromova died at the age of 30, then
Z.G.Madenova and A.G.Shalygina died at 34. In 1959, N.V.Simanenko died. She was
only 32... Plutonium concentration in T.F.Gromova's body was 250 greater than the
maximum permissible level... The patients suffered from the occupational disease, and
they passed away courageously. Neither of them complained against their destiny or the
plant. They believed they did their duty to the motherland. Avgusta Sukhanova was
dying in a hard way. They diagnosed a host of occupational diseases in her: chronic
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radiation sickness, pneumosclerosis of the lungs, rib osteosarcoma, and lung cancer.
Being an optimist, she always kept her head up and joked... They buried
A.P.Sukhanova on a warm sunny day in early autumn..."

Liya Sokhina, a radiochemist and one of them, wrote a book about them, her
friends and colleagues. A book that is worth remembering at least because of its precise
and touching title "Plutonium in Girls' Hands" appeared in print when the author, who
could not avoid occupational diseases, had already passed away. The historian that
knew her may be consoled by recollection of the fact that he managed to give her a
chance to meet Albert Ghiorso, her peer, with whom they had been related by an
invisible historical thread for many years although they were not aware of that.

Albert Ghiorso and Liya Sokhina, veterans of the Soviet and American weapons
projects met at the International Symposium "Science and Society: History of the Soviet
Atomic Project (40s-50s)", held in Dubna (Moscow region, Russia), May 14-18, 1996,
and featuring more than 200 scientists from Germany, Japan, Russia, the United States,
and other countries. As we know Sokhina worked at the "Maiak" Corporation, and
Ghiorso was in Glenn Seaborg's group at the Metallurgical Laboratory in Chicago.
Sokhina was one of those who risked their lives to produce plutonium for the first
Soviet atomic bomb (exploded Aug. 29, 1949). Ghiorso was responsible for discovering
plutonium in the residues and thereby proving (in his report of May 29, 1950) that the
bomb in question was a plutonium device. This discovery was of enormous importance
more than 50 years ago, but what seems more important today is that the meeting of
these two veterans as well as our session may indicate the beginning of a really
comprehensive historical understanding of the atomic age.

Recollection of their meeting gives a chance to glance at the Soviet atomic project,
its participants and ethical aspects of their activities in a broader historical perspective.
History is always a kind of court proceedings over the past, where witnesses are
sometimes summoned and sometimes not, but almost always without the benefit of
counsel. Documents are enough for the historian. Now we can and must judge the use of
prisoners' labor in the Soviet atomic project, its environmental consequences, the
country economic deformations it brought about, and all the rest associated with it. But
who could be aware at the time of plutonium toxicology, radiation sickness,
radionuclides, and radioactive pollution of land and water bodies? Experience and
knowledge came later, while then nothing was more important than "deadlines",
because the range of potential damage in case of an American atomic attack was known
reliably. Concern made Soviet nuclear researchers disregard their lives and put their
creative potential to the utmost while taking part in the world nuclear race that was full
of uncertainties and obsession.

Are scientists responsible for the destiny of their discoveries? V.I.Vernadsky
answered the question positively, while a well-known historian A.Toynbee answered in
the negative. However, ethical problems of science are nothing new. Two thousand
years ago, people asked themselves... no, not about the use of nuclear energy, and not
about missiles with multiple warheads, and not about strategic arms limitation, but just
about iron. Let me remind you what they thought concerning that:

"...Iron serves life as the best and the worst tool, because we use it to plough
land, to plant trees, to trim bushes, to rejuvenate vines every year, to cut dry
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branches; that is by which we build houses, split rocks, and we employ iron for
many other needs. However, we use the same for wars, murders, robbery, and not
only in a close-handed fight, but also as throwing or flying implements, sent by a
launcher, or by hands, and they are sometimes winged. I regard that as criminal
ingenuity of human inventiveness. Because to hasten death and force it to be able
to hit a man faster, we gave it wings and thus made a bird of it. That is why nature
is not to blame for iron's guilt. Several attempts proved in practice that iron can be
harmless. In the agreement concluded with the Roman people by Parsenna (an
Etruscan czar who fought Rome in the 6th century BC after the czars had been
exiled), we can find special provisions according to which the Roman people could
use iron only for land cultivation..."

The words belong to Plinius Major, author of "Natural History" and probably the
first martyr of science, who was observing eruption of Vesuvius until death found him
in his effort.

Let us return, however, to the 20th century, the nuclear age. What is that
determines the moral choice and further self-appraisal of a researcher, such as, for
instance, Yuly Khariton, who was for half a century the permanent scientific leader of
Arzamas-16, the cradle and forge of Soviet nuclear weapons?

Here is what he wrote recalling the start of his path in science that occurred in
1928: "...While traveling from Cambridge to Leningrad, I stayed in Berlin for several
days. While buying newspapers in the morning, I found some fascist bulletins at the
newsagent's and saw that totally strange things were happening in politics. I have never
had any idea of them before, in England. The fascist papers I read produced a disgusting
impression. But when I talked about them with my German friends, they tried to calm
me down saying that it was all rubbish, a temporary phenomenon, nothing to pay
attention to. Nevertheless, I was very much concerned about that. I thought that we
might be approaching another war. And I made up my mind we had to do something...
While pondering on the future direction of our research, I arrived at a conclusion that
we'd have to deal with explosives, that those represented most interesting chemical
processes related to both chemistry and physics, and that they would be useful for
military engineering. So I suggested to N.N. (Nikolai Semyonov, future Nobel Prize
winner and developer of the general quantitative theory of chain reactions; at the period,
he headed a laboratory at the Leningrad Physical-Technical Institute; Yu.B.Khariton
returned for work in the laboratory after a training period under E.Rutherford) that we
should start studying them. I decided to deal with the problem of explosive detonation.
N.N. supported the idea very much."

At the end of his life, Yuly Khariton, then Full Member of the Russian Academy
of Science, three times Hero of Socialist Labor, wrote after the Chernobyl disaster,
disintegration of the USSR, and many other things he witnessed, in his 1995 letter to
R.Oppenheimer Memorial Committee: "Recognizing my involvement in the remarkable
scientific and engineering achievements that made it possible for the humanity to master
an energy source that is practically inexhaustible, today, at a more than mature age, I am
not sure anymore that the humanity is mature enough to wield the energy. I recognize
our involvement in terrible deaths of people and the shocking damage to our home, the
Earth. Words of repentance would never change anything. God grant us that those who
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come after us would find their ways and have enough of strength of mind and
determination not to create the worst while striving for the best."

Yes, high technologies are most often highly hazardous, and it is scientists, their
scientific and moral choice that call them into being. With all their striking differences,
Stalin, Roosevelt, and Hitler were close to each other in that they were not the
originators of nuclear projects, and the point is not their political will or moral doubts.
They had sufficient authority for decision-making but lacked scientific knowledge to
initiate the decisions. They were not aware of atomic realia, and therefore the initiative
had to belong to scientists. History tells us that the first developers of atomic weapon
were Manhattan Project participants, and they caused a chain reaction of its
reproduction.

But were the physicists who launched Manhattan Project really unique in their
fateful choice? Hardly so. For didn't the German uranium project start roughly at the
same time, in 1939? And already in 1943 the Soviet Union established its famous
Laboratory No. 2. Similar outbreaks of activities did happen on the personal level as
well. Just as Albert Einstein's famous letter of August (2) 1939 to Roosevelt, written
long before Alamogordo testings, gives us one striking example of that kind from the
States; Georg Joos's and Wilhelm Hanle's warning of April 1939 to the Ministry of
Education as well as Paul Harteck's and Wilhelm Groth's letter of April (24) 1939 to the
Army Ordnance gives us another from Germany. And from the USSR comes a no less
remarkable specimen: a letter of April (5) 1942 by Georgii Flerov to Stalin, or an
application of October (17) 1940 to the People's Commissariat of Defense for invention
rights of Viktor Maslov and Vladimir Shpinel on use of uranium for a military purpose.

All these initiatives and activities deserve comprehensive analysis of scientific,
ideological, and cultural landscape of the countries which realized their atomic projects.
The research collaboration within the framework of comparative study of the early
history of the making of nuclear weapons gives a good opportunity to draw such a
landscape sketch. It must be done both in memory of the Hiroshima and Nagasaki
victims and for the sake of future generations.
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From the end of the Second World War, the story of Japan’s wartime nuclear
weapons research has been told several times from many different angles. Ever since the
lifting of the ban on publications discussing nuclear research and weapons under
SCAP’s censorship policy in Occupied Japan (Braw), Japanese scientists and historians
have been telling the story. Just after the war, Nishina Yoshio was among the first to
begin to discuss Japan’s wartime research. (Nishina 1946, 1947) Many other scientists
and military men involved in the project have followed in their own time. (Ito, 1953;
limori, 1980; Kigoshi 1975; Suzuki, 1963, Yomiuri Shimbun, 1968, etc.) Many
Japanese scientists involved in the project freely discussed their wartime research with
scholars and journalists in Japan and abroad. (Yomiuri, 1968)

But in 1978, Deborah Shapley, a staff reporter for the journal Science, claimed
to be breaking news of Japan’s wartime nuclear research, even alleging that the
Japanese had pulled a “curtain of silence” over the subject since the end of the war.
(Shapley, 1978) Nothing could have been further from the truth, however, and
Shapley’s article was strongly criticized by scholars in the United States. (Dower, 1978;
Weiner, 1978) Yet, the suggestion of a “conspiracy of silence” was enough to prompt
others to investigate. In 1985, free-lance journalist and writer Robert Wilcox published
Japan’s Secret War, the first, book-length examination of Japan’s wartime nuclear
research projects published in English. While researching the book, Wilcox came across
a provocative article that had been published in the Atlanta Constitution in October
1946, which alleged Japanese scientists had succeeded in testing a nuclear device of
their own in northern Korea at the end of the war. (Wilcox, 1985) The story, well
investigated by US military intelligence at the time, turned out to be false, and Wilcox
was ultimately unable to prove this allegation. But his book became widely known,
nonetheless, and the story of the Japanese atomic bomb took on a life of its own even
reaching something of mythic proportions in the historiography of World War II.
(Grunden, 1998)

Wilcox’s book also came under fire by scholars in the know in the West, but
despite their efforts to debunk this myth (Dower, 1986, 1993; Low, 1990; Grunden,
1998), the fiction lived on and continues even now to be repeated uncritically by
journalists and writers looking for a good story. (Henshall, 2000) Unfortunately, there
seems not to have been much critical response to the Wilcox book in Japan. To what
extent was Wilcox’s book even known in Japan? What audience did it receive? And,

* He is author of Secret Weapons And World War II: Japan In The Shadow Of Big Science
(Modern War Studies), University Press of Kansas, 2005.
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how easy was it for scholars and the general public alike to dismiss it as “Japan
bashing”? Perhaps because of Japan’s so-called “nuclear allergy,” and a general cultural
aversion to direct confrontation, especially concerning the subject of nuclear weapons,
the response from Japanese scholars, scientists, and journalists seems to have been
rather muted. Was there a shared fear of bringing more attention to such an unpleasant
subject among the Japanese? Was there no one willing to step forward to challenge
Shapley and later Wilcox? Whatever the case, Japanese scholars, scientists, and
journalists were busy writing about the subject.

As can be seen by even a perfunctory review of the literature, interest in the
subject from the Japanese side has been consistent, while from the US (and more
broadly West) side has been sporadic. Given the number of publications on the subject
by the Japanese from the end of the war, the allegation of a “conspiracy of silence” is
untenable. (See statistics on Chronology of Publications based on Bibliography.) From
1946 to 2002, there were sixty-eight articles published in Japanese on the subject, while
there were only thirty published in English. Of those published in English, at least
eleven were written by Japanese authors. While Japanese interest has remained
consistent, interest in the United States appears to coincide with other factors, such as
the Japan bashing that resulted from intense US-Japanese economic competition in the
1970s and 1980s. There was also what I would consider an apparently cynical and
opportunistic effort by Wilcox and his publisher to exploit the fifty-year anniversary of
the nuclear attacks on Japan by publishing a second edition of his book in 1995. In the
end, as popular science guru Carl Sagan was known to say, “Extraordinary claims
require extraordinary evidence,” and to this day, Wilcox and his followers have been
unable to unearth such evidence. Yet, the myth endures.

And there are many reasons why. As has been pointed out elsewhere, knowledge
of Japan’s effort to build a bomb somehow rationalizes the US nuclear attacks on Japan,
and somehow assuages our collective guilt. (Dower, 1986; Low, 1990, Grunden 1998)
But there are also more fundamental and banal reasons that a myth like this can endure.
First, those on the conspiracy theorists’ side of the fence are mostly illiterate in Japanese,
and as a result, are overly dependent upon English sources and translations. But as John
Dower, Professor of History at MIT, has pointed out, “Unfamiliar languages and
societies are themselves ‘secrets’ to those who do not know them; and the impression
that information and ideals not rendered in English are at best irrelevant and at worst
duplicitous has become a familiar aspect of American parochialism.” (Dower, 1993)

But, we historians are also parochial in our own ways. For many years, the
trend among historians has been toward greater specialization and good generalists are
increasingly hard to find. The walls between the sub-fields of history sometimes appear
to have grown higher and thicker. The subject of Japan’s wartime nuclear research, for
example, may be of interest to science historians and to military historians alike. But
these fields rarely converge. Moreover, it is difficult to find many scholars with deep
interests in both. Military historians traditionally have not had much interest in science,
while science historians have generally been averse to studying “things military.”
(Roland, 1995) And where studies of science and technology in war are concerned, the
literature is uneven. In the words of technology historian, Alex Roland, “The bad news
is that military history has been studied often but not well; the history of science has
been studied well but not often.” (Roland, 1985) It is not at all an exaggeration to say
that Roland’s axiom is particularly applicable where Japan is concerned. With very few
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exceptions, historians of science have generally tended to shy away from the Pacific
War.

Another problem, as was pointed out by science historian Nakayama Shigeru
nearly twenty years ago, is that Japan, and East Asia in general, have been relegated to
the periphery of the History of Science field by scholars in the West. Nakayama also
identified the linguistic barrier as a significant factor. (Nakayama, 1985) This
observation may also be true of military history in general. There have been too few
Western scholars possessing both the interest in wartime science and technology and the
language skills necessary to conduct research in Japanese. Indeed, it has been a sparsely
populated area of specialization. Nor have many Japanese scholars necessarily been
willing to step into the breach. Although the Pacific War remains a popular subject for
publication in Japan, especially among amateurs, there are comparatively few
professional historians engaging the matter and far fewer still with specific interests in
science and technology. This situation has resulted in a dearth of publications that can
be considered of much scholarly value. Unfortunately, so much of what has been
written about Japan’s wartime nuclear research remains in Japanese, and thus, is only
accessible to those literate in Japanese. If such conspiracies are to disappear, this
situation must change. But what can be done?

First, I would argue that more of the existing literature in Japanese be translated
and made available to a broader audience, beginning with publishing in English as well
as other critical languages of Europe and Asia. A good start might be translating the
lengthy piece produced by the Yomiuri Shimbun in Showa-shi no Tenno, which
includes reminiscences of the many scientists and military personnel involved. Secondly,
the comparatively short article in the reference series Nikon Kagaku Gijutsushi Taikei
would also be a useful document for historians outside of Japan to be able to examine.
These two sources appear to be the most commonly referenced in the available histories,
and may be the best general narratives over all. (Wilcox supposedly used a translation,
or partial translation of the former to write most of his book. Some of it was also
reproduced in the Pacific War Research Society, The Day Man Lost, 1972.) For over
thirty years, the information contained in these two works has been widely available to a
Japanese reading audience, but too few others.

Secondly, I would argue that more internalist studies need to be completed
concerning Japan’s wartime nuclear research. In recent years, a few Japanese historians
have taken this approach with impressive results. (Yamazaki, 1999, 2000, 2001;
Yamazaki and Fukai, 1999; Ichikawa, 1999) These studies have gone to the heart of the
matter by examining the notes and documents produced by project scientists themselves
and explaining the science involved in such a way as to offer almost irrefutable proof
that Nishina and his colleagues could not have produced a nuclear reactor or weapon
during the war. These internalist studies are invaluable for the counter-evidence they
bring against the conspiracy theorists. But the problem remains: how to make such
information accessible to a wider public? Reproducing technical diagrams and formulas
will convince only those capable of understanding them. Here, we face two language
barriers: not just translating Japanese to English, but translating the jargon of science
into terms the layman can understand. (And perhaps third, doing so in a way that will
convince a reputable press that such a thing is worth publishing!)

My third suggestion is a call for more collaborative studies. Perhaps only when
both Japanese and Americans, or Japanese and Russians, or all of the above, together
have examined the subject and can put their names on a published piece will the
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accusations of “conspiracy of silence” begin to wane. No longer could Japanese
scholars be accused of hiding, or of being able to hide, information on this subject.
Hopefully, recent publications in special editions of the journals Osiris and Historia
Scientiarum will initiate such a trend.

Yet, perhaps even these efforts will not be enough to convince everyone. Of
course, the die-hard conspiracy theorists may continue to deny all the rational evidence
presented before them. Until a “smoking gun” is found to prove otherwise, however, the
burden of proof still lies with them. For now, our responsibility is to get the available
information disseminated to the widest audience possible and to try to put to rest this
untenable myth that some have used and may continue to use toward malicious and
nationalistic ends.
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The history of the "uranium project”, the German wartime research into the
economic and military applications of nuclear fission, is intrinsically interesting and
fundamentally frustrating. Scientists and scholars have found it difficult, if not
impossible, to agree on an interpretation of this research, no matter how much historical
evidence is unearthed or how carefully it is scrutinized. This chapter of history has been
politicized, both because it took place under the auspices of the National Socialist
government, and because of the terrifying postwar specter of nuclear war.

However, the problem with our historical understanding of this scientific
research goes deeper and is the result of our collective inability to distinguish clearly
and consequently between intent and action, between what might have happened, and
what did. This essay will illuminate precisely this distinction by first of all providing a
narrative description of what happened during the war, but rigorously omitting any
speculation with regard to the motives of the various actors. Only after this description
has been presented, will the question of intent, of what might have happened if things
had been different, be analyzed.

Action

The discovery of nuclear fission by Otto Hahn and Fritz Strassmann in late 1938,
and the subsequent theoretical explanation of the phenomenon by their former colleague
Lise Meitner and others, surprised the scientific community. But once this result was
publicized, very many scientists in many different countries took up the problem with
enthusiasm. These frantic efforts to understand and control nuclear fission were the
result of the usual forces driving research: scientific curiosity and professional ambition.

The great interest in uranium was difficult to control, even on the eve of the
Second World War. The veil of secrecy did not fall on fission research until after the
most important results had already been published. Isotope uranium 235 could be
fissioned with slow neutrons, while isotope 238 usually absorbed neutrons. When
uranium nuclei fissioned, two or more neutrons were released. Since these neutrons
moved at high velocities, an energy-producing nuclear-fission chain reaction was
possible. A nuclear reactor composed of uranium and moderator could control such a
chain reaction and thereby produce nuclear energy. When uranium 238 absorbed
neutrons, it transmuted stepwise into transuranic elements (neptunium and plutonium),
which would probably be as fissionable as uranium 235.

Eventually scientists in all countries began to withhold their most important
results from publication. However, the research did not stop unless the war made it
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impossible. Thus the work continued in France and the Soviet Union until the German
invasion shut it down. After the German attack on Poland in September of 1939, most
of the fission research came under governmental and thereby military control in all
countries. In Germany, a few dozen scientists were conscripted by Army Ordnance to
research the economic and military potential of nuclear fission. Some of these scientists
had already been involved in uranium research, others had not. Many of these scientists
were conscripted for the war effort, but since the uranium project fell under the auspices
of Army Ordnance, they were able to trade one form of military service, work on
uranium, for another.

Army Ordnance assigned a very specific task to its scientists: the determination
of whether atomic bombs could be developed in time to influence of whether atomic
bombs could be developed in time to influence the outcome of the war, from either side.
However, there was a subjective element in this assignment, for "in time" depended on
how long the observer, and in particular Army Ordnance, believed the conflict would
last. During the Blitzkrieg phase of the war, September, 1939 to the last months of 1941,
the German scientists working for the uranium project collectively came to the
conclusion that nuclear explosives, in the form of pure uranium 235 and plutonium,
could be manufactured by means of isotope separation and a nuclear reactor,
respectively. However, during this period the overwhelming majority of Germans, and
most likely of these scientists as well, believed that the war would soon end with a
German victory.

As soon as the members of the uranium project had achieved important results,
they communicated their conclusions to Army Ordnance, including explicit references
to atomic bombs. For example, in late 1939 Werner Heisenberg told Army Ordnance
that isotope uranium 235 would be a powerful nuclear explosive. In the summer of 1940
Carl Friedrich von Weizsicker reported to the same office that a fissionable transuranic
element (which the Germans subsequently recognized as plutonium) would be created
in a nuclear reactor. Later that year, Otto Hahn referred to the military significance of
von Weizsécker' s work when he argued to the Army that the research being carried out
on transuranic elements in his institute was worthy of support. In the summer of 1941,
von Weizsdcker submitted a patent application for making plutonium in a nuclear
reactor and using this transuranic element as an explosive in a bomb.

The work of the German uranium project during the Blitzkrieg phase compares
favorably with that of the American atomic bomb project. With a few exceptions, the
two sides took up the same problems, found the same solutions, and achieved the same
results. Thus these scientists not only communicated their results to Army Ordnance
without delay, these were basically the same results being communicated at almost the
same time by their American counterparts to the government of the United States. There
is no evidence of a German scientist falsifying, delaying, or withholding its work from
the Army or the National Socialist state. There is also no evidence that, during the
Blitzkrieg, these scientists saw their work as relevant for the conflict raging in Europe.

The end of the Blitzkrieg did not transform the uranium project into an all-out
national effort to develop and manufacture atomic bombs, but it also did not restrict this
project to the so-called peaceful uses of nuclear energy. In December of 1941 Army
Ordnance asked the project scientists, for the first and the last time, whether or not
atomic bombs were feasible, and when they could expect them. The project scientists
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agreed that atomic bombs could be created, but would take several years at least. Erich
Schumann, head of the research section of Army Ordnance, came to the reasonable
conclusion that nuclear fission research was irrelevant to the war Germany was fighting,
and transferred the uranium project to civilian hands.

Research continued at the laboratory scale, with around fifty full or part-time
researchers investigating all aspects of applied nuclear fission. In particular, these
scientists continued their efforts to manufacture and analyze the two potential nuclear
explosives, uranium 235 and plutonium. However, whereas up until the winter of
1941-1942 the Germans had essentially kept pace with their American and British
counterparts, the Germans now fell rapidly behind as the nuclear fission research in the
United States was moved from the laboratory to the industry scale. Although the
Germans continued to work very hard on nuclear reactors and isotope separation,
essentially what they accomplished by the end of the war, the Americans and the British
had achieved by the summer of 1942.

The German scientists continued to emphasize the military side of their work to
the National Socialist state. In 1942 Paul Harteck tried to convince Army Ordnance to
give more support to his isotope separation research because, he argued, it offered the
best prospects for producing nuclear explosives. In February of the same year, Werner
Heisenberg gave a popular lecture on "The theoretical Foundation for the production of
energy from uranium fission" before an audience of leading officials of the National
Socialist German Workers Party, the state bureaucracy, the armed forces, and German
industry. On one hand, Heisenberg told his audience that uranium 235 and plutonium
would be nuclear explosives of "utterly unimaginable effect"; on the other hand, the
physicist also emphasized that these explosives would be very difficult to obtain and
that much work had yet to be done. The uranium project scientists never stopped
working on these matters, however, as time passed and German prospects in the war
deteriorated, they did stop publicizing the military applications of nuclear fission.

Although by 1944 nuclear weapons in the form of atomic bombs like those
dropped on Hiroshima and Nagasaki were clearly impossible for Germany, a small
group of scientists working under the direction of Army Ordnance physicist Kurt
Diebner, and with the strong support of the academic physicist and Reich Research
Council plenipotentiary for nuclear physics Walther Gerlach, built and tested a different
type of nuclear device in the waning months of the war. This device was designed to
take provoke both nuclear fission and nuclear fusion reactions in a hollow-point shell
configuration of high explosives. It was nothing like the atomic bombs that used a
nuclear fission chain reaction in a critical mass of uranium 235 or plutonium, but it
nevertheless was a nuclear weapon. It is not clear that the test of this device was
successful, but it is clear that these scientists tried to make it so. The other members of
the uranium project--Hahn, Heisenberg, etc.--apparently did not know what Diebner's
group was doing.

At the end of the war, most of these scientists were arrested and interrogated by
the Alsos Mission, a scientific-intelligence-gathering unit of the American armed forces.
The Germans ironically believed that their achievement - the complete separation of
minute quantities of uranium 235 and a nuclear reactor built of a natural uranium and
heavy water which almost went critical, i.e., almost facilitated and sustained a
nuclear-fission chain reaction - had outstripped the allies. The Americans did not correct
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or discourage the German feeling of superiority, but they also did not create it.

The German scientists changed their minds abruptly when the news of the attack
on Hiroshima revealed that the Americans had built and used atomic bombs. Ten of
these scientists were interned in England. They reacted by not believing the news at first.
Even after they had become convinced that the Americans had built an atomic bomb,
the Germans at Farm Hall continued to argue among themselves that some aspects of
their work might be superior to that of the Americans. Gradually, as more and more
information reached them about the American atomic bomb project, they had to admit
that the Americans had outperformed them.

Intent

Of course actions are not everything. Intentions matter as well. We want to
know why something was done, not just what happened. But intentions are much more
difficult to determine than actions, and moreover, intentions are not always relevant. For
example, there is a very great difference between the following pairs of questions: (1)
"did they warn the Allies of the danger of German atomic bombs?" and "would they
have warned the Allies of the danger of German atomic bombs?"; (2) "did they only
work on the peaceful applications of nuclear energy?" and "would they have only
worked on the peaceful applications of nuclear energy?"; (3) "did these scientists deny
atomic bombs to Hitler?" and "would these scientists have denied atomic bombs to
Hitler?"

For the first question in each of these pairs, actions can provide an answer, and
intentions are irrelevant. German scientists never warned the allies of the danger of
German atomic bombs simply because these Germans knew that there was no danger
that such weapons could be developed and used before the end of the war. Some
members of the uranium project did discuss their research with foreign colleagues and
expressed ambivalence with regard to potential consequences in the future, but they
never claimed that they or their colleagues were providing atomic bombs to the National
Socialists or were likely to in the near future.

German scientists could not work only on the peaceful applications of nuclear
energy because the economic and military applications are interconnected. As all the
members of the uranium project knew, the techniques of isotope separation they were
improving could both enrich uranium for use in a enriched uranium-light water reactor
and to create pure uranium 235, a nuclear explosive; the nuclear reactors they were
building would produce plutonium as a by-product of any sustained chain reaction.

Finally, these scientists did not deny atomic bombs to Hitler. Instead, they
carried out the research they had been assigned, they did good work, comparable to that
of the allies, and they immediately reported their results to Army Ordnance. It was the
National Socialist government that decided to freeze uranium research at the laboratory
level and thereby ensure that these scientists could only achieve relatively modest
results by the end of the war. The German uranium scientists did not give atomic bombs
to Hitler, but that does not mean that they denied them to him.

For the second question in each of these pairs, actions cannot provide an answer
because these three questions ask what these scientists would have done if things had
been different. Intentions are irrelevant for the same reason. Whether these scientists
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would have tried to warn the world if there had been a danger of German atomic bombs,
whether they would have chosen to work only on the peaceful side of this research if
they could have, and whether they would have done what was necessary to deny atomic
bombs to Hitler if there was a chance that he would get them - these questions lie
outside the boundaries of history. No one can know for certain what they would have
done, which means that no one can deny that they would have done the right thing, and
no one can prove that they would have. It is not even clear that everyone would agree as
to what the "right thing" would have been.

There is one way to combine the area of action and intent in order to help us
understand this history. Historians and students of history can ask what motives these
scientists had for what they did, not for what they might have done if things had been
different. Even here no one can never know for certain what their motives were, but we
can at least use the historical evidence of their actions to help construct a plausible
explanation of their intent.

The fact that these scientists both continued working without interruption on
applied nuclear fission and, in some cases, informed foreign colleagues of their research
implies that at least some of the uranium project scientists were ambivalent about their
work. They were not troubled enough to stop, but they were also concerned. Indeed this
is a very reasonable conclusion, given that they were working on powerful new energy
sources and explosives for the National Socialist government during World War II, and
that the overwhelming majority of the German scientific community had been
mobilized for the war effort. It would be much more surprising either if they had had no
qualms about the uranium research, or if they had refused out of hand to participate in
the research project.

The fact that these scientists demonstrated in their technical reports that they
recognized the duality of nuclear energy and atomic bombs, but, with a few exceptions
like Heisenberg in 1942, usually spoke only of the peaceful applications of nuclear
fission, also suggests that they were ambivalent about the destructive potential of their
research. This prospect was not troubling enough for them to stop, but it clearly also did
not fill them with enthusiasm. i

The last question is perhaps the most disturbing, for these scientists without
exception did what their government told them, did it to the best of their abilities, and
immediately passed on this information to the responsible military and civilian
authorities. There is no evidence of a member of the uranium project refusing a given
task, either because of the government he was serving or the destructive potential of his
research; there is no evidence of a member deliberately either doing inferior work or
slowing down his research; and there is no evidence of a member withholding his
results from the authorities.

As the other questions have shown, there is no reason to doubt that these
scientists were ambivalent about their work, but the question here is not about
ambivalence, rather about obedience: if they could have created atomic bombs in time
for the German armed forces to use them, and if they had been ordered or asked to do
this, what would they have done? No one can answer this question, not even the
scientists themselves.
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WCSJ - Its current status and perspective

ARAKAWA, Fumio

Abstract:

The 4™ WCSJ took its place in Montreal, Canada, from 4™ to 8™ October 2004.
Its first Conference was held in Tokyo 12 years ago (1992) under the initiative of people
who established JASTJ two years later (1994). JAST]J has been positively working for
the better science and technology journalism to communicate with society and to
organize activities not only by journalists but also by researchers, engineers and experts
of the public relations in industry. Similar activities in the global society have been
promoted by WFSJ, which was organized and established on the base of WCSJ
activities. This paper introduces some part of WCSJ and JASTJ history and their
activities to discuss their perspective for productive interface of the science and the
technology with the public society, citing the importance and effectiveness of
cooperation between science and technology journalism and society of history study on
science and technology.
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A history of the Japanese Army’s aeronautical research strategy
during the early period of WWII.

MIZUSAWA, Hikari

Abstract:

It was during WWII that Japan started to draw up national policies relating to
science and technology. Developing a new aeronautical technology then became a
major objective. In this work, I present a history of the Japanese Army’s aeronautical
research strategy under technology embargo from the Allied Nations during the early
period of WWIL.

Its special aeronautical research program gave the Army opportunity to seek
the service of the institutions outside the Army such as the Aeronautical Institute of
Tokyo Imperial University and the National Central Aeronautical Institute. The Army
consistently insisted that the aeronautical institutions should conduct applied research
more than theoretical research. Until 1937 the Army had been critical of the
Aeronautical Institute of Tokyo Imperial University for conducting only academic
research. Under pressure, the institute then accepted to give priority to applied
research.

In 1941 just before the war broke out the Army modified the request to
overcome technology embargo from the Allied Nations. The Army emphasized that the
aeronautical institutions should continue extensive study so as to “cultivate
environment for developing original technology.” In the Army’s perspective, the
non-military institutes should develop such new technologies as stratosphere flight.

The Army tried to bring in the new agendas based upon their inspection of
recent German research program. When the Technology Board (Gijutsuin) was
established at the beginning of 1942 as a central governmental agency for mobilizing
science and technology, aeronautics was selected as one of its major fields of research.
To meet the Army’s demand, the Technology Board made plans for setting up new
aeronautical institutes such as the National Central Aeronautical Institute. However
aeronautical research under the control of this board remained rather limited.
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Post-War Reform Program
at the Tokyo Institute of Technology

OKADA, Daishi
Abstract:

After the World War II, Tokyo Institute of Technology embarked on an
ambitious and drastic reform program. This is generally regarded as the first step in
restructuring higher education system in post-war Japan. A leading figure of this
program was Koroku Wada (1890-1952), the president of the Institute, 1944-1952. In
1947, Wada also became the first president of the Japan University Accreditation
Association (J.U.A.A), which was modeled on the University Accreditation Systems in
the United States. It played a crucial role in shaping reforms in the post-war University
System in Japan. There are not many first-hand accounts of the reform program at the
Tokyo Institute of Technology. The extant official records are collected in the Tokyo
Kogyo Daigaku Hyakunenshi (The Official History Book of the Tokyo Institute of
Technology). Drawing on these records, other primary sources, and interviews with
surviving actors, this thesis attempts to analyze the post-war reform program at the
Tokyo Institute of Technology by placing in its broader social, political and historical
contexts. It highlights four aspects of the reforms:

First, although the reforms began after the war, it has its roots in the period
before it. Beginning in the early 1930s, a group of university professors met informally
to debate curriculum development and administrative and disciplinary problems. This
continued even during the war. Some faculty members, among Wada, looked at the
curriculums of other universities abroad. The recently reformed Massachusetts Institute
of Technology emerged as a primary example for the Institute to emulate or compare its
programs with. The new political and social environment after the war made the
introduction of a radically reformed university program not only possible but also
highly desirable. Taking this opportunity, Wada and other reformist professors at the
Institute launched their reform program soon after the war.

Second, the Reform Committee, which consisted of ten members, including
President Wada himself and Secretary General Moske Ishii, blueprinted and oversaw
the reform program at the Institute. A main priority was to re-structure all departments
and disciplines by closing down the formerly narrowly-defined and overspecialized
departments. In this ambitious task, the Committee received the enthusiastic support of
reform-minded junior professors and the tacit approval of politically indifferent and
narrowly-specialized conservative faculty members who felt at a loss after the war.

Third, this reform program at the Tokyo Institute of Technology, its blueprints,
concepts and ideas became keys to and inspired reforms in higher education system in
Japan in general. Its reform spirit and experience were also crucial to the establishment
of the J.U.A.A, as well as to Wada being picked up as its first president.

Fourth, -the reform movement was broadly supported by the Civil Information
and Education Section of the General Headquarters of the Allied Forces (G.H.Q.),
which ruled Japan from 1945 to 1951. The G.H.Q might have favored directly or
indirectly an American model for the reformed Tokyo Institute of Technology, and also
for the J.U.A.A. In fact, there seems to be some mystery about Wada’s own relations
with the G.H.Q. He might have been put forward as a key person for his familiarity with
the American university system and reform programs.

109



Bangladesh’s Natural Gas Dilemma

Md. Mamunur Rashid
(Supervisor: Prof. Masakatsu Yamazaki)

Chapter One, Introduction: The Question

This dissertation studies the dilemma of natural gas in Bangladesh. The story is not
unfamiliar to any developing country with large commodity reserves. Although it is one
of the poorest countries in Asia, Bangladesh has now a vast natural gas reserves, and its
current gas production far exceeds local demand. This has generated a fierce debate:
should Bangladesh export some of its gas and use revenues in poverty relief and other
development programs? This option may look at first the most desirable at least for the
short-term. But in the long run, especially a hasty natural gas export boom may increase
the political, social, and environmental cost of the development. For example, such a
boom may well trigger a Bangladeshi version of the Dutch Disease, plunging its already
fragile economy into yet a worse crisis.

Or should Bangladesh conserve all of its gas reserves at home for long-term
sustainable development? There is always a possibility that through successful
development programs, the country may raise its domestic consumption of natural gas,
for example, in local industry as a source of energy, and in households as fuel for
heating. However, Bangladesh does not have the technological and financial resources
to achieve such goals in the short term. In fact, it needs huge foreign investment and
technology to implement even the most basic programs to achieve such targets. The sale
of its natural gas then may generate some of the necessary basic funding and incentives
for the promotion of the general flow of foreign investment and expertise.

Thus each of these two main options comes with its own advantages and
disadvantages. This dissertation will elucidate these choices and evaluate their assumed
benefits and drawbacks. It hopes to explore the relationship and contradictions between
the economic and technological development and the export of natural gas program in a
poverty-stricken developing country.

Chapter Two, Natural Gas and its History of Exploration in
Bangladesh

This Chapter II first defines what natural gas is. It then traces the history Bangladeshi
gas exploration to the British colonial period. From 1908 to 1933, six exploration wells
were drilled by the Burma Oil Company (BOC), and the Indian Petroleum Prospecting
Company (IPPC). The deepest of the wells was 1,047 meters. Three of them were
abandoned as no gas was discovered in them. Although the other three wells proved to
be fertile, no commercial production was established at the time. From 1939 to 1945,
due to the World War II, all exploration activities were disrupted. After the war, the
Indian subcontinent was divided into two countries, Pakistan and India. After
Bangladesh became an independent state in 1971, it nationalized its gas reserves, and
established a state oil and gas monopoly, which later came to be called
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Petrobangla. Although Petrobangla was able to make some initial successes, it soon
became less and less productive. In the mid 1990s, gas sector was opened to private
ownership, and foreign companies were encouraged to invest in gas exploration. From
1996, mostly foreign energy companies discovered a large number of gas fields, and
Bangladeshi gas reserve expanded exponentially. In fact, more than 90% of Bangladeshi
current gas production comes from fields discovered by foreign companies. Presently
there are more than 40 foreign energy firms operating in the country.

Chapter Three, Exporting Natural Gas

The new vast gas reserves created a problem in the face of limited local demand for gas.
Foreign energy firms which discovered and operate gas fields became nervous that they
would not be able to recover their investments. Together with international
organizations, think tank institutions, and oil lobbies, they began to pressurize the
Bangladeshi government to allow substantial gas exports. They were joined by the
government, and a section of Bangladeshi public, who saw in natural gas a precious
commodity to help the country modernize, industrialize and became a wealthier nation.
This chapter also looks at the debates surrounding the real size of gas reserves, and
discusses the most economical ways of exporting gas.

Chapter Four, The Pros and Cons of Gas Export

The export of natural gas is a hotly debated issue in Bangladesh, among the
international think tank institutions, charity organizations, and oil companies involved
in Bangladeshi gas enterprise. In Bangladesh itself the issue has created two groups of
people, often politically oriented: one that favors it, and the other that opposes it. The
issue of gas export has divided the Bangladeshi public, local and international experts
and intellectuals. Supporters argue that gas export will keep foreign companies
investing in the country, and without their know-how, investment and technology,
Bangladesh will not be able to explore and market its natural gas, and that gas revenues
will help the country pull itself out of poverty. Opponents and critics doubt that gas
export revenues will make a real difference in the lives of the poor. They believe the
foreign companies take the lion share of the profits, and the rest of gas export revenues
will be spoilt by corrupt politicians and through mismanaged development programs.
The debate is highly politicized, and often polarized. Both supporters and opponents are
selective in their choice of arguments and of international experience to justify their
views. Nevertheless, from these debates Bangladesh is learning how to become a
transparent and open society.

Chapter Five, The Tangles of a Pipeline to India

This chapter looks at the idea and plans for a pipeline to India to carry Bangladeshi gas.
India is a big market for Bangladeshi gas, and pipeline will benefit both countries
financially and socially. However, there is still some historical animosity between the
countries, and thus many Bangladeshis fear that India may exploit the pipeline
politically and may gain a role in Bangladeshi affairs, which might threaten
Bangladesh’s independence and territorial integrity. But such a fear this chapter
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concluded was not well-founded. On the contrary, there is more evidence that the
pipeline will facilitate a bridge of friendship and collaboration between the two
countries, beyond a mere economically beneficial enterprise.

Chapter Six, Should Bangladesh Sell Natural Gas?

The politicization of the gas export debate is one the most fundamental problems in
Bangladesh. Local parties and interest groups in particular are exploiting gas export
issues for their political advantages. Although it recognizes drawbacks of gas export,
this chapter, at the same time, urges the necessity of exporting gas for poverty relief, the
country’s most pressing problem. Both the government and opposition are in agreement
that natural gas resources offer perhaps the only hope for a brighter future. A decision to
proceed with gas exports and a gas pipeline to India will definitely generate substantial
direct earnings from gas sale. At the same time, this should also stimulate foreign
investment in the country. Thus, with its hoped gas export earning, Bangladesh then
might take a huge leap towards becoming a new Asian tiger economy, comparable to
that of Malaysia, Indonesia or Thailand.

Chapter Seven, Development Theories, the Dutch Disease, and
Bangladesh

This chapter discusses economic and industrial development theories associated with
natural resource rich developing nations and its implications for Bangladesh. It
identifies the Dutch Disease as a major threat for emerging natural resource exporting
countries. The phrase Dutch Disease arose in reference to the loss in manufacturing
sector competitiveness experienced by Holland in the wake of a currency appreciation
driven by exports of newly discovered gas fields in the North Sea in the late 1950s. The
resulting natural gas sales drove the Dutch currency up, thus seriously hurting the
country’s other export industries. Although it has caused very serious problems for gas
and oil exporting counties such as Nigeria and Sierra Leone, the disease, however, is not
incurable. Botswana and Indonesia coped with the treat more successfully, and Norway
avoided it altogether. This may become a threat for Bangladeshi in the future when and
if it starts to export natural gas. However, there are policies, especially those recently
articulated by economist Joseph Stiglitz that Bangladesh could implement to mitigate
the effects of the Dutch Disease. More specifically, Bangladeshi policy makers need to
pay attention to the following:

A) Creating Special Domestic Funds:

Bangladesh needs to save some of its oil and gas income to create special domestic
funds. These funds should not be secret but fully transparent. The public should be able
access all information regarding complete transactions. The withdrawals from the funds
should be authorized only by the national parliament decisions. Bangladesh government
thus must ensure that the spending is controlled to ensure revenue is saving for future
use.

B) Improving International Cooperation:

Bangladesh needs to avoid the pitfall that other natural-resource -rich countries have
fallen. For this, it will have to implement a novel arrangement for management of

112



Bangladesh's Natural Gas Dilemma

wealth with the international help. To cope with the Dutch Disease effectively, some of
gas revenue earnings saved at special domestic funds should be deposited in foreign
banks. To manage this, the government will need to introduce new policies and
legislations. This will need the cooperation of the governments of the countries where
gas money may be deposited. Bangladesh has already been granted unlimited and tax-
free access to the markets of the European Union, the US, and Japan. This position
allowed the country to invigorate its textile industry. This should be expanded.

C) Transparency:

It is seen that oil and gas export countries national assets are siphoned illicitly into
private and corporate accounts. To avoid this difficulty, Bangladesh should establish
new standards of stringent transparency. Transparency will not only stimulate economy
and promote democracy, it will also provide a mechanism to cure the resource curse.

D) Powerful Democratic Institutions:

To gallop the resource curse, Bangladesh needs to become a stable, prosperous and
democratic society. The Bangladeshi government has made great efforts to improve
democratic institutions and deal with the country’s massive problems of corruption. It
should continue to do so, but more energetically and more radically. Transparency and
accountability, crucial conditions for success, can only be guaranteed under a
democratic regime.

E) A more Determined Government:

Although Bangladesh is a democratic country, it still suffers from the political
instability of governments and political parties. Due to this, the country has been
performing very poorly in economic management. This is reflected in very low level of
savings, high level of distortions within the economy and high subsidies in certain
sectors. In this respect, Bangladesh displays the characteristics of the countries that have
been very prone to the Dutch Disease syndrome. This requires that Bangladesh stays
alert, and politically motivated to counter the Dutch Disease and other economic
problems. The earlier political fractionalization in Bangladesh gave way to a more
mature democracy and improvement in the quality of governance. However, this is yet
not sufficient. The government need to stay determined to introduce all necessary
reforms and implement them.

Adoption of these policies will also ensure a healthier economic growth in Bangladesh.

Chapter Eight, Conclusion

There is an urgent need for radical reforms in the Bangladeshi gas industry, from
exploration to marketing. This dissertation observes that a transparent, liberalized, and
competitive market oriented exports program is crucial to Bangladesh’s becoming a
successful gas exporting country, and eventually a wealthier nation. These reforms,
together with new policy suggestions recently articulated by Joseph Stiglitz will help
Bangladesh to overcome any effects of the Dutch Disease and the resource cures.

Finally, as Stiglitz puts it, abundant natural resources can and should be blessings, not
a curse. What is the most needed to make it so is the political will.
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Medical Technology and Society:
A Case Study of Mammography Screening in Japan

MIMURA, Kyoko

Abstract:

This paper looks at the recent introduction of mammography, the x-ray
examination of the compressed breast, to the national breast cancer screening system in
Japan, and investigates its technological appropriateness and social implications mainly
from two aspects: medical policy, and medical communication.

Breast cancer screening in Japan had long been conducted mainly by palpation,
and supplemented with echography. However, since 2000, central and local
governments, together with medical experts, suddenly initiated an enthusiastic
nationwide promotion of mammography screening while discrediting other ways of
breast screening. How did this strong inclination towards mammography, which is
expensive, as well as is often stressful to women under examination, emerge, and what
are the implications of it to women in general? In order to answer these questions, I
have conducted a close analysis of several essential documents produced by medical
experts who promoted mammography screening, and minutes of a series of meetings for
the re-examination of the screening system, held from December 2003 to March 2004.
From this analysis it became clear that the experts who promoted mammography
screening did so in order to make decisions based on scientific evidence, although as it
turned out, the evidence they brought up seemed either inadequate and/or inappropriate.
Also, when these experts tried to communicate publicly about mammography screening,
there seemed to exist certain presumptions about the target women, such as indifference
and irresponsibility towards own health.

I have also carried out three (experimental) mini-focus groups and some
one-to-one interviews to women, in order to find out how they looked at the issue. From
the data obtained from these attempts, I have found out that they wanted to have
information and/or advices so that they could make decisions by themselves. Thus, the
top-down promotion of mammography screening was not exactly what these women
saw as an ideal breast cancer screening system, despite the fact that they appreciated the
promoters' aim, that is, to change the traditional ‘closed’ medical system in which
medical professionals did not bother to base their decisions on established evidences.

The gap in understanding of mammography screening by promoters and
women implies that they frame the issue differently. For a truly desirable breast cancer
policy, we cannot disregard women's wish for certain degree of autonomy. Thus, it may
be suggested that we should: base policy decisions on information obtained from
sufficiently wide sources, including sociological studies; attempt to build a system in
which women can get involved in decision-makings and assessments; and encourage to
develop a forum in which various issues related to breast cancer could be debated freely.
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