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12 The question of research in prewar
Japanese physics

Ito Kenji

Introduction

A primary challenge that James Bartholomew addressed in The Formation of
Science in Japan: Building a Research Tradition was the establishment of a
tradition of scientific research in Japan, an issue that this chapter revisits by
examining some of the problems that confronted noted prewar physicists in
their efforts to integrate their research activities within the international scientific
community and subsequently to develop their own tradition of physics
research.! Here the word research means methodical and institutional activities
conducted to produce new knowledge, not learning established knowledge from
others. Shaped by various characteristics of the time and debated among its
historical actors, what actually constitutes research is contingent and con-
tentious. Nonetheless, physicists’ research efforts can be examined from an
historical perspective.

Physics research in Japan was not necessarily part of empire building. Since
research is an activity to produce knowledge, its relevance to empire building
was not inherent, even if it was contingent on that process. As many Japanese
in the late nineteenth and first half of the twentieth century, physicists in
Japan did not necessarily have all aspects of their work immersed in empire
building. As was the case with other imperial powers, however, imperialism
and colonialism shaped the social contexts in which research activities took
place. The question might be how the context of empire building affected
physics research in Japan and vice versa.

Sociologists and historians have discussed the relation between science and
its social contexts for half a century.? The ways by which scientific research
affected society constitutes a prevalent theme in popular accounts of the his-
tory of science.® Various attempts have been made since Robert K. Merton’s
and Paul Forman’s seminal work to show how social contexts shaped scien-
tific contents and research activities.* For example, there is a renewed attempt
to explain scientific content through social context during the Cold War.® It
is, however, problematic to separate scientific content and social context, and
to attempt to explain the former by the latter, because such dichotomous
reductionism is groundless. This applies to science and empire building, too.
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Analyzing empire building and science in Japan, the temptation to reduce
scientific activities to things related to empire building is strong. As Bartho-
lomew suggests in his afterword, Westerners often impute uniqueness or par-
ticularity to Japan as a society. Seeing Japanese scientists as loyal servants of
Japan’s empire building might appeal to some readers who approach this genre
with Orientalistic curiosity, intending to see Japanese science as different,
peculiar, or even unique, and forgetting the complicated relation between
science and colonialism in Europe.

By contrast, this chapter approaches the issue of physics research and
empire building with extreme caution. In particular, I avoid the semiotic
topography to include scientific activities within empire building. Basic physics
research and empire building were separate activities with separate goals. At
the same time, they were intertwined with various, and significant, intersections.
This chapter tells a more ambiguous story than some might expect.

As symbolized by several Nobel laureates, physics is one of the fields in
which Japan has displayed impressive strength in scientific research. One can
safely say that Japanese physicists started producing strong research before
World War II. I have discussed elsewhere the rise of quantum physics in
Japan, which marked the creation of a strong research tradition in the country.
My focus was on how scientific cultures in Japan received and adapted to the
research culture’ of quantum physics.®

Here, I attempt a rough illustration of a different approach to locate physics
research in Japan in historical contexts. My assumption is that establishing a
research tradition was not simply a process of achieving a pre-defined goal, but
a resolution to a set of questions and problems confronting physicists. These
questions are partially constructs of the analyzer since the historical actors did
not consciously formulate or endeavor to solve them. They also reflect the
actual problems that confronted scientists. These questions might well be within
the personal and individual spheres of each physicist. Then again, they might be
in the external spheres, which concern time, space, and society. Here I examine
Japanese physicists who contributed to the establishment of Japan’s research
tradition and how they responded to these questions. Weaving a historical
narrative through such questions and the physicists who confronted them, I
eschew asking the simplistic question of how the “context” affected the
“content” of research.

Without pretending to be comprehensive, 1 focus on four questions: the
questions of possibility, legitimacy, strategy, and originality of research.

The question of possibility concerns whether it was possible to conduct
physics research in Japan, either for Japan as a society or for individuals. This
was an especially valid question during the Meiji era. When racial prejudice
was common, a lack of observable evidence that the Japanese were capable of
research could also be considered sufficient to assume they were incapable.
Moreover, even if the Japanese were inherently capable of research in physics,
whether it was possible for Japanese physicists to compete with researchers in
Europe and North America was another matter. While Japan’s socio-cultural
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environment may have not been nearly so encouraging of research, Japan is
geographically separated from Europe and, at the time, journals took at least
two weeks to arrive.” The question of possibility is thus not only a matter of
personal capacity but also a matter of social conditions, broadly defined.

The question of legitimacy concerns how research initially became a legit-
imate activity in Japan. Since research secks new knowledge, it is often an
exploration of the unknown and a quest for new ideas. The content of new
knowledge is by definition impossible to predict and can have unexpected
results. Results might be insufficiently beneficial to justify the expense or might
have undesirable impact. Researchers often challenge the orthodoxy when they
produce new knowledge. They develop an ethos to challenge orthodoxy, and new
ideas can shake established social norms. Consequently, research is potentially
risky, costly, and subversive. For an individual, therefore, conducting research
requires a certain mindset that incorporates their own sense of the legitimacy of
their work. Whether society even allows and/or supports research activities as
legitimate is a socio-cultural question. For a country, supporting research
activities may not be a reasonable allocation of national resources. Because
doing research was not the norm in pre-Meiji Japan, the emergence of research
as a legitimate activity requires an explanation. In this context, the question of
legitimacy was often tied to Japan’s empire building. Although Japanese scien-
tists were not necessarily mindless minions of the empire, the cause of empire
building and its associated goals of industrial development and military research
were rationales that research-oriented scientists could use to justify their activ-
ities. It was not simply because research could produce scientific weapons, but
also because research could enhance the status of the empire in industry,
commerce, and prestige. )

The question of possibility is connected to what I tentatively call the ques-
tion of strategy: what strategies could Japanese physicists employ to produce
research? Of what opportunities (and resources) could and should they take
advantage? I do not assume Japanese physicists always made conscious deci-
sions in choosing their strategies. Instead, this line of analysis attempts to
examine possible options allowed by the scientists’ socio-cultural situation,
such as the state of the scientific community, the status of research organiza-
tions, other available resources, and the tangible choices that individual
scientists made.

The question of originality pertains to the question of strategy—and points
to the fundamental question of introducing Western science. In the Japanese
context, conducting scientific research was a potentially contradictory enter-
prise. On the one hand, modern scientific research came to Japan from
Europe and North America. Conducting research involved the use of con-
ceptual and practical tools invented in Europe, which might encourage the
imitation of Western practices and thoughts. On the other hand, conducting
research was supposed to produce new knowledge, which critically hinged on
the researcher’s creativity and originality. How to achieve originality is the
apparent dilemma.
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Kitao Diro (Jird) and local science

Among early Japanese scientists, Kitao Diro (1854-1907) has received little
attention from historians. In 1869, at age 16, Kitao went to Germany to study
medicine. After spending two years at a gymnasium, he entered the University
of Berlin, switched his major to physics, and studied under Hermann
Helmholtz and Gustav Kirchhoff until he returned to Japan in 1883.
During his unusually long stay, Kitao was immersed in the Helmbholtzian tradi-
tion of physics and physiology. In 1878, he wrote and published a doctoral
thesis, Zur Farbenlehre, in which he described his invention of Leukoskop, an
optical instrument for diagnosing color blindness.® After his return to Japan,
Kitao obtained a position at the College of Science, Tokyo University.” His
scholarship, however, did not take root in Japan’s physics. A confrontation
with Kikuchi Dairoku, a mathematician trained in Britain and a member
of the powerful Kikuchi-Mitsukuri family, led to Kitao’s departure from
the College of Science in 1886. He subsequently became a professor of
“agricultural physics and meteorology” at the College of Agriculture of the
Imperial University of Tokyo, where in 1887 he published a three-part paper on
typhoons.10 Demonstrating Kitao’s mastery of late nineteenth-century mathe-
matical physics, the study involved a rigorous application of fluid dynamics in
a meteorological , phenomenon. Highly regarded by meteorologists outside
Japan, this original study was one of the earliest theoretical treatments of the
typhoon.!!

Three aspects of Kitao’s work pertain to the question of strategy. First, he
was able to learn his skills in mathematical physics during his extended
stay at a prime research circle in Berlin. Kitao’s training was scarcely distin-
guishable from that of contemporary German scientists. Second, Kitao specia-
lized in theory, which suffered relatively little from the lack of a physical
infrastructure, making it possible for him to do noteworthy work even
after his return to Japan. Third, he chose a local phenomenon, typhoons,
as his topic. Although it is not certain how much it mattered in Kitao’s
theoretical work, Japanese scientists have used this strategy repeatedly in
order to turn their inherent geographical marginality into an asset. There-
fore, earth science was an area to which European and American physicists
hired by the Meiji government paid particular attention. Early physicists in
Japan (Japanese and non-Japanese) achieved early success in this field. In
addition to meteorology, seismology was another good example of an area
representing early research success.'?

Topics of local scientific interest may have provided an advantage relative
to the question of legitimacy. Scientific understanding of typhoons appeared
to be especially useful and socially legitimate in a country where typhoons
cause serious damage. This, however, led to the development of another
discipline separate from physics. Consequently, this work did not lead to
Kitao’s legitimization as a mathematical physicist. He is typically considered a
precursor of Japanese dynamic meteorology.
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Nagaoka and the Japanese capability for research

After Kitao, and representing the struggle to conduct research in Japan, was
Nagaoka Hantard (1865-1950). Nagaoka was a wide-ranging research-oriented
physicist. His most important work, the Saturnian model of the atom, was one
of the earliest scientific achievements by Japanese scientists relevant to main-
stream physics. Mentoring younger researchers and serving as an administrator
at scientific institutions, Nagaoka was a towering figure in Japan’s physics
community.'?

Nagaoka’s research orientation was not the norm and he appeared to be
deeply unhappy about the circumstances of physics research in Japan. After
World War II, remembering the environment of physics departments in the
early twentieth century, Nagaoka criticized his colleague, Tanakadate Aikitu, for
not conducting research. When a younger physicist, Fujioka Yoshio, later asked
whether Japanese physicists had started doing research when new issues of physics
journals had arrived in Japan, Nagaoka laughed and declared that that would have
been impossible when Tanakadate had been in charge.'*

As a student, Nagaoka was seriously concerned with the question of possibi-
lity. He held fundamental doubts regarding Japanese capabilities for scientific
research. In 1883, after finishing the first year at Tokyo University, he took a one-
year leave of absence and turned to the Chinese classics for evidence of scientific
research by Asians. He found a number of examples of how ancient Chinese
scholars investigated natural phenomena, such as ZAuangzi, which provided both a
description and explanation of lightening based on the theory of yin and yang.
Nagaoka considered that explanation essentially correct and in the same vein as
the modern scientific theory of positive and negative electricity. To his surprise,
Zhuangzi also raised the question of the sky’s blue color, a question later
answered by the British scientist John Strutterr (Lord Rayleigh). Similarly,
Nagaoka claimed that there were various descriptions of natural phenomena in
the Chinese classics of the Warring States period. Hui Sui, a logician who often
appears in Zhuangzi, for example, discussed the issue of the infinitesimal, asking
the question of repeating the operation of breaking a stick into two halves. From
these examples, Nagaoka concluded that Asians were indeed curious and capable
of systematic scientific research.'’

Nagaoka was aware of the question of legitimacy and was keen on
connecting physics with practical applications. For him, atomic physics was
not an abstract scientific theory devoid of practical utility. In early twentieth-
century atomic physics, the electron was ptobably the most important and most
studied object. This was also the case with quantum mechanics, which was, in
practice, mostly a theory of electrons. As a theory of electrons, atomic physics
was considered especially relevant to the rapidly developing discipline of elec-
trical engineering, which people widely thought would rebuild the modern
urban landscape. Thus, Nagaoka and other physicists of his generation wrote
popular accounts and textbooks of electron theory, which naturally included
atomic theory.'®
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For Nagaoka, the link between physics and its practical applications was not
limited to electrical engineering. Spectroscopy, for example, was an experimental
sub-discipline of physics important to atomic physics and to Japan’s optical
industry. Nagaoka’s later interest in the transmutation of elements was at least
partially legitimized by its practical value, in particular the transmutation of
mercury into gold, in which Nagaoka toiled for years to no avail.'” None-
theless, this idea of the transmutation of elements resurfaced when Nagaoka
endorsed and called for support for Nishina Yoshio’s efforts to construct
cyclotrons.'®

As for the questions of strategy and originality, Nagaoka was inclined to
reduce these issues to the question of mentality and personal traits. He ascribed
his success with the Saturnian model to his “rashness” in publishing his work—
in spite of criticism from colleagues. He described later generations (and
implicitly his contemporaries) as “too timid” in comparison to himself.'°

Nakamura Seiji on the Imperial Institute for Physical Research
and RIKEN

Nakamura Seiji (1869-1960) was an experimental physicist at Tokyo Imperial
University. He is of interest primarily because of his justification for research,
not his own résearch. In March 1908, Nakamura published an article in Jiji
shinpd calling for the establishment of a “Teikoku Rigaku Kenkyijo” (Imperial
Institute for Physical Research).”® According to Nakamura, the most important
measure for the survival of the nation was fukoku kydhei (“rich nation, strong
army”). The best way to achieve this, Nakamura argued, was to be progressive
and to develop commerce and industry. He argued that fundamental to the
development of commerce and industry was establishing an imperial research
institute. Nakamura also argued that a research institute would enhance Japan’s
standing internationally. Nakamura supported his argument by providing the
example of Physikalische Technische Reichsanstalt, the German research insti-
tute for physics and engineering, funded by donations from Werner Siemens.
Nakamura praised Siemens as a “true patriot” and sought donations from the
rich to establish such an institute in Japan.*!

Although Nakamura’s idea did not materialize at the time, other scientists,
especially chemists Takamatsu Toyokichi and Takamine Jokichi, repeated his
argument in subsequent years, emphasizing the utility of chemical research fora
newly developing chemical industry.?? As a result of the experience of World
War I, an institute was eventually established as the first research-oriented
organization in Japan, the Institute for Physical and Chemical Research, or
RIKEN, in 1917.

RIKEN was originally established as a research institute for chemistry and
physics, with the hope that its research results would contribute to the develop-
ment of heavy industry in Japan. It was a non-government organization,
originally funded by donations from the imperial household and the industrial
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sector, as well as annual grants from the government.>’ Its functions soon
multiplied.

RIKEN’s third director, Okouchi Seibin, appointed in 1921, made it an
institution where pure scientific research and empire building coexisted. He solved
the problem of funding by industrializing research results through RIKEN itself
and later RIKEN Sangyddan, the industrial concern under Rikagaku Kogyo, a
stock-holding company that he created in 1927. A specialist in military engi-
neering and a prominent member of the House of Peers, Okouchi obviously
had Japan’s empire in mind and considered research in physics and chemistry
a scientific basis for developing Japan’s heavy industry, an important source of
national wealth, and a necessary step for modernizing Japan’s armaments.?*

RIKEN was successful in producing scientific knowledge, but not so much
for the development of Japan’s heavy industry. RIKEN was able to industrialize
some of its scientists’ research. A large portion of the profit was returned to
RIKEN. One early example was industrialization of vitamin A. Because of this
funding, researchers at RIKEN were able to enjoy abundant funds and free-
dom, a research environment far better than what was to be found at the
imperial universities. Ironically, because of the assumed utility of its research,
RIKEN created an ideal place for pure research, viewed as a “free paradise of
scientists.”*>

Okouchi was less successful as an industrialist. Compared to other newly
emerging industrial concerns such as Nissan, Nicchitsu, Shoden, or Nissd,
RIKEN’s interests and impact on society were much more limited, consisting
of very small companies specializing in one product with a fragile financial base,
many of which stopped producing profits. In 1939, Okouchi was removed from
power and RIKEN underwent reform to separate profitable and unprofitable
companies.”®

Terada Torahiko and experimental physics

Even if being Asian did not actually prevent the Japanese from being capable
of conducting scientific research, it obviously did not guarantee research
abilities. Furthermore, there were other disadvantages and obstacles, such as
the geographic separation of Japanese scientists from European scientific
centers and the stimulus of close professional contacts. Distance prevented
them from receiving the latest scientific news in a timely manner and keeping
in touch with colleagues overseas.

Overwhelmed by these difficulties, Terada Torahiko (1878-1935) sought an
alternative strategy. Terada was a professor of experimental physics at the
Imperial University of Tokyo as well as chief scientist at RIKEN. Although
he was one of the best-known scientists in Japan, Terada is recognized more
for his literary essays based on science than for actual scientific research.
Early in his career, Terada sought success in mainstream physics topics.
Inspired by Max von Laue’s work, in the 1910s Terada conducted research on
X-ray diffraction.”’” While von Laue used photography, Terada found a way




200 [to Kenji

to observe diffraction patterns using a fluorescent screen. In 1913, he published
two short articles in Narure and one long article in Proceedings of the Tokyo
Mathematico-Physical Socz'eZy.28 Around the same time, however, William
Lawrence Bragg, along with his father William Henry Bragg, developed the
famous work that has come to be known as Bragg’s law and the idea of net
planes. Their work laid the foundation for X-ray crystallography, which
resulted in their Nobel Prize in 1915.*

While the Bragg’s work overshadowed Terada’s, Terada was at least able to
choose the right scientific problem and make progress toward an important
finding. Had he been given a better research environment, he might have pro-
duced results comparable to Bragg’s. In this sense, the kind of question that
Nagaoka asked, namely the question of whether the Japanese possessed the
inherent ability to do scientific research, was no longer as pressing as the exter-
nal disadvantages from which Japanese physicists suffered. If geographic isola-
tion made communication with European and American research centers
difficult, the lack of experimental facilities and equipment was equally con-
founding. Terada used a second-hand X-ray tube donated by the Faculty of
Medicine, which was apparently better funded and equipped than the Faculty
of Science.*®

These difficulties compelled Terada to give up competing with European
and American physicists. Instead, he opted to find research topics that European
scientists would not think of, or with which they would have a disadvantage, such as
local natural phenomena. In Terada’s case, it was geophysics, especially seismology.
The other research category involved various artifacts and everyday natural Japa-
nese phenomena. While his 1907 doctoral thesis was an acoustic study of the
traditional Japanese bamboo flute, he studied topics such as small fireworks, the
expulsion of wisteria seeds, and the falling motion of the camellia flower.*!

Choosing such non-mainstream and somewhat eccentric topics was prob-
ably Terada’s answer to the question of originality. One of his students, Uda
Mititaka (Michitaka), reported that Terada encouraged them not to imitate
foreigners but instead attempt to find rare phenomena, explaining, “In physics,
too, we don’t have to imitate Westerners. There must be a kind physics suited
to the Japanese.”>? Terada simultaneously created a tradition of scientist-literati,
who not only produced scientific research but also literary work based on
scientific knowledge.

Positioning himself in this situation, Terada created a niche for his own
variety of Japanese physics. Ultimately, Terada’s combination of scientific
research and literary skill provided the means to legitimize research in physics
quite differently from the legitimation of physics in engineering. Research
could be valued from literary, and aesthetic perspectives could be further justified
by a wider readership outside the scientific community.

Whether Terada’s research activities were completely unrelated to Japan’s
empire building is debatable. After all, Terada belonged to RIKEN, and some
of his research had relevance to military technology and industrial applications.
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Yet, conceptually, Terada opened a space for research in which physicists were
able to justify their work without resorting to the rhetoric of empire building.

Ishiwara Jun and modern physics

Unlike experimentalists like Terada, theoretical physicists did not require a
significant material environment for research. Nonetheless, to be successful
and have access to up-to-date information on developments in the field, theore-
tical physicists needed to have intellectual interaction with research centers.
Japanese physicists could visit international research centers. Another strategy
was to choose a novel research topic for which such a research center did not
yet exist (e.g. the work of Terada Torahiko and Kitao Diro).

Ishiwara Jun’s (1881-1947) strategy was similar. Ishiwara was one of the
most successful theoretical physicists in the generation immediately after
Nagaoka. Upon graduating from the Imperial University of Tokyo in 1906,
he studied relativity and quantum theory, publishing a paper on the former in
1909, the latter in 1911.>* These publications appeared before he spent time
abroad studying in Europe from 1912 to 1914. During his stay in Europe,
Ishiwara visited and studied with important theoretical physicists, including
Arnold Sommerfeld in Munich, Max Planck in Berlin, and Albert Einstein in
Zurich.* In 1915 Ishiwara produced his most important paper, a study on
quantum conditions.®® After returning to Japan, he was appointed professor
of theoretical physics at the newly founded Tohoku Imperial University,
which was intended to be a new research center in science and technology. In
1921, however, Ishiwara resigned the post because of repercussions from a
scandal caused by his extramarital love affair.

Although Ishiwara’s shortened scientific career failed to create a strong
research tradition of theoretical physics at Tohoku Imperial University, he there-
after became a prominent science writer. Through popular lectures, articles, and
books, he promoted the new physics, relativity theory, and quantum theory. He
also facilitated Einstein’s 1922 visit to Japan. These activities were extremely
important in popularizing modern physics in Japan and enhancing its legiti-
macy. Indeed, Ishiwara’s writings generated support for physics and lured young
people, including future physicists such as Tomonaga Sin-itiro and Yukawa Hideki,
into the field.*®

Einstein’s high regard for Ishiwara’s 1909 relativity theory paper suggests
that Ishiwara was already able to produce significant research before his trip to
Europe.”” Ishiwara’s quantum conditions turned out to be similar to Arnold
Sommerfeld’s findings, a generalization of Niels Bohr’s quantum conditions.®
Of note, Ishiwara published his paper in Japanese half a year before Sommerfeld,
yet historians of physics indicate this particular work had only limited impact.*
It, however, indicates that Ishiwara had the ability to participate in the main-
stream development of quantum theory and produce first-rate research in
theoretical physics and to contribute substantially to major developments
in physics, yet remained hampered by slow communications. As was the
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case with Kitao, research in theoretical physics required less physical
infrastructure; therefore, its lack or deficiency caused fewer problems than
in experimental physics. A lack of access to timely information and intellectual
stimulation could still cause difficulties. This disadvantage was mitigated some-
what by the novelty of relativity theory and quantum mechanics. Because they
were both still relatively new, even in Europe, researchers were similarly dis-
persed and conducting their research independently. Ishiwara’s study abroad
should have helped him to make closer contacts with European theorists but he
failed to have much influence on European physicists partly because Ishiwara
published in a Japanese journal, and partly because World War I severed
communications between Germany and Japan. Ultimately, Ishiwara was not
successful in raising the visibility of his work.

Like Terada, Ishiwara had the qualities of a literary person and was known
for his tanka poetry. Ishiwara’s biographer and historian of science, Nisio
Sigeko, points to Ishiwara’s early interests in the aesthetic aspects of nature and
suggests that they might have actually been what led him to become a theore-
tical physicist. Being from the relatively poor Christian pastor’s home, physics
was a good compromise for Ishiwara, satisfying his literary and aesthetic pro-
clivities, while simultaneously conveying potentially more useful training for
finding a remuner“ative job.#

Nishina Yoshio and atomic physics in Japan

Nishina Yoshio (1890-1951) is arguably the most important physicist in pre-
World War II Japan. Originally trained as an electrical engineer, he turned to
physics after graduating from the Imperial University of Tokyo and entering
RIKEN. Nishina stayed in Europe, mostly in Copenhagen, between 1921 and
1928. As a theoretical physicist, he is known for his 1929 Klein-Nishina formula,
one of the earliest contributions to quantum mechanics by a Japanese scientist.*!
He led a team of experimentalists and initiated cosmic ray and accelerator
physics in Japan.*?> Most importantly, he trained young physicists, both in
theory and experimentation, contributing significantly to the creation of a strong
research tradition. During World War II, he led the Japanese Army’s nuclear
bomb project, Ni-go kenkyn.*® After the war, he became RIKEN’s director
(renamed KAKEN in 1948) and served as a statesman of science, working to
rebuild science in Japan until his death in 1951.%

In terms of his research in theoretical physics, Nishina used strategies
similar to Kitao and Ishiwara. During his long stay in Europe he acquired the
requisite skills to conduct research in the emerging tradition of quantum phy-
sics. One difference was that Nishina’s stay in Copenhagen coincided with a
period of fundamental change in physics, the birth of quantum mechanics, This
was soon followed by radical developments in experimental physics, including
the use of radioactive substances and accelerators that represented tremendous
opportunities for physicists attempting to “catch up” with European research.*
Simultaneously presenting new problems and new methods, Japanese physicists
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were able to reduce the advantage that European researchers enjoyed over
physicists in the periphery. An added difference is that Nishina not only
acquired the requisite skills to do theoretical physics, he also brought back a
way to develop a community of physicists in Japan.*®

Even greater than his contributions to theoretical physics, Nishina is credited
with creating a strong tradition of experimental nuclear physics in Japan.
Nishina was particularly quick to adopt the new methodologies of experi-
mental physics, namely cosmic ray research and the use of cyclotrons. Nishina
laid groundwork that eventually led to a tradition of cosmic ray and high-energy
physics in Japan. Initially, his strategy was most likely designed to overcome
Japan’s geographic disadvantage. When experimental physics methods were
changing radically, Japanese physics could gain a clear advantage by having
one of the most powerful experimental devices in the world. He could have
chosen to employ clever experimental approaches or to promote superb experi-
mental techniques. However, Nishina probably considered training experi-
mentalists would be even more difficult than gathering the resources to build a
Jarge device. He apparently underestimated the difficulty of building a cyclo-
tron. While its construction required significant material resources and pro-
prietary components, what mired construction was Japanese physicists’ lack of
experience with cyclotrons.47

Regarding legitimacy, even more than Nagaoka, Nishina represented the
connection between physics and engineering. Coming from a locally prominent
but declining farmer’s family, in a region where land reclamation continued
for centuries, a career in engineering was a natural path to restore the family
fortune. Two of his elder brothers entered engineering-related careers and
his eldest brother inherited the family’s salt-making business. Therefore, it
was natural for Nishina to pursue engineering. Completing undergraduate
studies, his interests shifted to atomic physics and Nishina entered gradu-
ate school (and a paid position at RIKEN). Nishina’s choice of atomic theory
was justified because atomic physics included studies of electrons, which also
provided a foundation for electrical engineering.48

To legitimate constructing larger or better scientific instruments necessitated
developing social justifications. As Nishina’s team required greater resources,
he had to spend increasingly more time on fundraising. His students subse-
quently complained that he spent too much time writing popular accounts,
while neglecting their collaborative drafts for academic joumalls.49 Japan’s
nation building provided room for fundraising. Famously, the Japan Society for
Promotion of Science funded Nishina’s nuclear physics research, because,
according to Hirosige Tetu, meteorologists believed cosmic ray research might
contribute to aerology, deemed important for aviation.>® Similarly, the atomic
bomb project provided Nishina’s group with funding to build a larger cyclotron.
A cyclotron could be used purely for scientific research; it could also be used
to obtain essential data for atomic weapons. By connecting research with
military utility, scientists were able to use empire building to legitimize their
expensive research.
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Nishina’s attitude toward empire building was ambivalent. Elsewhere I
discussed the dilemma he faced. Nishina was a socially responsible scientist in
his own way, who took seriously his obligations to family, country, teachers,
students, and science. He was a firm believer in scientific cosmopolitanism,
which his mentor Niels Bohr strongly advocated and from which Nishina
greatly benefited. At the same time, Nishina had obligations to his country.
He did his best to pursue nuclear research within the material and financial
constraints of wartime Japan and had to reconcile multiple and contradictory
obligations. He probably tried to achieve this reconciliation by attempting to
keep research activities alive during the war as much as he could. Nishina
understood that he needed to be ready to resume international competition
and collaboration in science at the end of the war. He believed that, if unable
to show high standards for his research activities in Japan, he would disgrace

the country.”'

Yukawa Hideki and Tomonaga Sin-itiro

The generation of physicists after Nishina successfully produced first-rate
research. Yukawa Hideki (1907-81) and Tomonaga Sin-itiro (1906-79) are two
representative examples. Various historians have discussed and contrasted Yukawa
and Tomonaga. Olivier Darrigol, in particular, provides a succinct account of
their styles. Yukawa was bold and ambitious, whereas Tomonaga was careful and
patient. Yukawa attempted to solve problems by radically departing from the
basic premises, even by mobilizing Eastern thought (or so he claimed). Tomo-
naga attempted to solve problems through innovation within existing theore-
tical frameworks.’2 While I agree with Darrigol’s skepticism toward Yukawa’s
self-fashioning as an East Asian scientist, I interpret Yukawa’s references to
Chinese and Japanese philosophical traditions as his own perception of how he
solved the question of originality and his way of showing this perception to
others, especially Westerners (what I call “self-Orientalism™). Tomonaga’s style
as a “non-reactionary conservative” was another answer to the same question.’
Their differences appear in their means of connecting with the network of con-
temporary physicists. Whereas Tomonaga was in the tradition of theoretical
physics stemming from Niels Bohr, Yukawa had little direct connection with
European research centers. He relied on foreign-trained Japanese physicists such
as Hori Takeo, a spectroscopist who spent time in Copenhagen and taught
physics to Yukawa and Tomonaga at the Third Higher School.>* Nishina also
encouraged Yukawa and supported his meson theory before Yukawa published
in English.” ’
Rather than re-examining differences between Yukawa and Tomonaga, I
examined their commonalities in earlier work. In addition to their family
origins (both had university professors as parents), they grew up in the same
socio-cultural environment. In short, they lived in the modernist culture of the
Taisho and early Showa eras. Engineering that legitimized physics through
practical value produced a new material environment in the urban space of

Research in pre-war Japanese physics 205

modernist culture. Featuring writers such as Edogawa Rampo, Yumeno Kyusaku,
Inagaki Taruho, and Unno Jaza, the movement was represented by the maga-
zine Shinseinen (New Youth), first published in 1920. Inspiring writers of
detective stories and science fiction alike, science and technology were impor-
tant elements in this cultural movement personified by “modern girls” and
“modern boys.”*® Those who received a higher education were simultaneously
much less integrated into the social elite and Japanese empire building. From
1919 to 1929, the number of college students sextupled. Coupled with a crippled
economy, however, this resulted in high unemployment for college graduates,
as symbolized by Ozu Yasujird’s 1929 film Daigaku wa deta keredo. Unlike
students at imperial universities during the Meiji era, Japanese college students
were no longer expected to be pillars of the state. This situation radicalized some
of them politically, leading to left-wing activism.>’ Although science students
were less prone to politics, this cultural and occupational situation must have
affected their way of evaluating the question of scientific legitimacy.

To science students, a revolution of a different kind was more directly rele-
vant. The historian of science Kaneko Tsutomu called Einstein’s 1922 visit to
Japan an “Einstein Shock.” A national relativity theory fervor and popular
writings on relativity theory by the likes of Ishiwara Jun inspired some young
future physicists. Einstein represented a revolution, and that revolution was

“directly connected to science and technology, which both impressed and

thrilled young intelligent minds.*®

Reality did not match anticipated opportunity, however. Tomonaga was
excited by the expectation that he would be able to learn physics when he
entered the Imperial University of Kyoto. When he arrived, he found that “In
laboratories, people were doing second-hand experiments with dirty and dusty
old-fashioned machines. Lectures on theories were flooded with dry equations.
How boring it was to copy those equations one by one!”?

In response to this uninspiring university environment, Yukawa, Tomonaga,
and other young physicists at the Imperial University of Kyoto formed a
study group to read literature on quantum mechanics (c. 1927). Tomonaga
later described themselves as “ambitious modern boys.”*® Similar groups
formed in Tokyo as well.®!

In 1929, Werner Heisenberg and Paul Dirac came to Japan. Although their
visit lacked the popular fervor of Einstein’s, it had tremendous impact on young
physicists like Tomonaga. Heisenberg and Dirac were only in their late twenties
at the time, but they were already immortals in the history of physics; their
youthfulness made a tremendous impression on Japanese students. The students
were further impressed when Nagaoka, the patriarch of Japanese physics who
was more than 60 years old, addressed them as “sensei.”®> More importantly,
Tomonaga was able to understand exactly what they were talking about.®®

By the end of the 1920s, young physicists in Japan at least had answers to
the questions of legitimacy and possibility. Modernism provided them with
the cultural legitimacy that motivated and encouraged them to produce new
knowledge in a subject to which few of their teachers paid attention. Empire
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building was much less important to this generation of cultural elite, who
were disenfranchised, politically indifferent, and endowed with cultural capital
from their families. Institutionally, they were protected by established organi-
zations like RIKEN or imperial universities, and by leading figures like Nagaoka
and Nishina. Hence, internally and externally, they no longer needed to tie justifi-
cation for research related to empire building. Simultaneously, seeing Heisenberg
and Dirac, they realized that first-rate research in physics was not entirely out of
their reach.

Conclusion

The question of possibility, whether the Japanese were capable of doing
research in physics, found a tentative answer in Nagaoka’s personal inquiry
into the Chinese classics. Nagaoka proved the point by his own achievement
in physics. Other physicists, such as Terada and Ishiwara followed, eventually
leading to Yukawa’s work on meson theory in 1935.

How to answer the question of legitimacy depended on individual scientists
and their socio-cultural circumstances. Earlier generations socially legitimized
research in physics by connecting it to engineering. There were also indivi-
duals, such as Terada and Ishiwara, whose literary interests constituted at
least part of the values they personally saw in physics research. Much less
integrated into the elite class of the Japanese establishment, later generations
of physicists could more easily legitimize research activities in the personal
and cultural sphere, such as the context of the modernist cultural movement
of the Taisho and early Showa eras.

Depending on the subject and the stage of its development, the answer to
the question of strategy varied. A common problem was Japan’s geographic
marginality. Experimentalists had the added challenge of requiring experimental
facilities and equipment. For theorists, a lack of communication with foreign
scholars represented another dilemma. It was generally difficult to gain visibility
among scientists overseas, and Japanese researchers’ results often failed to
exert significant influence even when their work was noteworthy.

There were two contrasting approaches to the question of originality in
Japan. Terada and Yukawa attempted to emphasize a unique Japanese or
Asian approach. Nishina and Tomonaga tried to be original within the same
framework as Western scientists. The latter was not simple mimicry. In the
case of Kitao, we cannot say he was imitating Western scientists when this
classification did not apply to his classmates at the University of Berlin with
whom he studied. Similarly, when Tomonaga studied -quantum electro-
dynamics, he probably had more in common with Heisenberg and Dirac, at
least scientifically and most likely culturally, than with earlier Japanese physi-
cists, or than Heisenberg and Dirac had with European scientists before
quantum physics. As the natural world was described by the newly developing
quantum physics, the social world of modernist culture engendered by tech-
nological developments was new to both Europeans and Japanese. In this
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environment, the question for Japanese physicists was not how to introduce
Western science to Japan, but how to adapt to the emerging physics, which
was new to both the Europeans and Japanese.

The question of how Japanese physicists established their tradition of
research in physics and integrated it within the international network of
researchers involves various sub-questions. While I do not claim that these four
questions exhaust the relevant possibilities, they represent at least some of the
important issues that need to be addressed. In addition, they are useful in high-
lighting the various options of historical actors with different specialties at
different times.

Empire building and physics research were separate yet intertwined activities.
As we saw with Nakamura and the establishment of RIKEN, physicists could
use empire building to justify the research activities that they envisioned.
There were also overlaps, where the same activities had both meanings. For
example, Nishina’s wartime nuclear weapons project can be seen as pure scien-
tific research and as a part of military effort. But it is a mistake to simply
subsume physics under imperial agendas.
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