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Fig.1 The earliest compass in the form of a spoon
made of magnetic iron ore.
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Reconstruction of Chang Heng's seismograph of 130 C.E.
Earth tremor is recorded by one of eight dragons dropping
its ball into mouth of a frog. (Needham).

Fig. 2 Reconstruction of the earliest seismograph.
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Fig.3 Gimbals supporting a ship’s compass.
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5. BRI 5HABIAKRTT. BRLES
NHTETED, ZOHSHHITL LD EHEIL
dDEELZIBRTELE. AR VALK, #
FEORLEPIFHLRETFILOTETNDEND
ErHekkvELL. ZORKFIZ=2—FVRX
BRELMBEDHEDFEEVD & L THRARE
LELE. X E, £2TOH01, KEWY
o P R o TBICRTF I hicoTw
50TT.
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AOERY RECERTEET. LMrLARELE

1987  No. 1
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Td, LR CEBROBEATETHRHIL>T
WHEEWHEETHELI > ELELRS, BHE
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4577k~ 27 A7 2/ (James Clerk Maxwell,
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SWTWE L. £—711, FHERAETS
XROZODRA—NEWNLRFLERAWN R
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LEFPEFEA L350 TLR. BIZTA71
(Ernest Johann Eitel, ?-1909) & Bk | =B



12 w

Fig.4 Niels Bohr’s coat of arms when awarded the
Danish Order of the Elephant.
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Scientific Instruments, Meiji Scholars and the

Relevance of the Orient for Modern Science

Otto Theodor BENFEY
(Guilford College, Greensboro NC 27410 U.S.A.)

This paper seeks to explore the debts
modern science owes to scientific and techno-
logical developments that took place in the
Chinese cultural sphere and the importance of
some characteristic viewpoints of traditional
Oriental thought for modern science’s further
evolution. These viewpoints also are relevant
to many aspects of today’s environmental
problems.

Early Chinese discoveries are first explored
beginning with astronomical sightings such
as the supernova explosion of 1054 AD and
observations of eclipses, sunspots and the
aurora borealis. The careful recording of
these events is ascribed to the Chinese convic-
tion of the parallelism and interconnection of
celestial and terrestrial events.

China developed the magnetic compass,
seismograph, clock with escapement mechanism
and other indicator devices centuries before
the West. The Chinese traditionally held a
view of nature as a dynamic continuum of
which they were a part and it was considered
to be of the utmost importance to be aware
of the forces and currents of energy that
might influence them no matter how mild and
subtle. This paper suggests a close relation-
ship between the Chinese world view and the
advanced development of indicator
such as those mentioned.

The magnetic compass, earthquake indicator,
gimbals suspension, zoetrope and clock escape-
ment mechanism are discussed in some detail.
All these devices required superbly balanced

devices
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mechanical arrangements so that they were
shielded from all other influences while bel.ng
sensitive to the forces or fields for which
they were designed. :

The compass in its early centuries was not
used for navigation but in the geomantic
practice of siting buildings. The buildings
needed to be placed in the proper relation to
surrounding features of the landscape in order
to be in harmony with the currents of energy
and not to disturb the spirits of the ancestors.
Elaborate geomantic compasses with numerous
rings of symbols were developed including two
that showed the maximum known Eastern and
Western deviations of magnetic from true
North. This reflects careful quantitative meas-
urement and recording over many decades,
contradicting the widespread view that Chinese
science was qualitative rather than quantita-
tive.

Recent developments in the understanding
of technology are explored. The commonly
held belief that technology arose from scientific
developments rather than initiating them has
been true only in recent centuries. Also the
meaning of “necessity” in the phrase “necessity
is the mother of invention” needs to be
greatly modified and broadened if it is to have
relevance in the history of technology. Cyril
Smith’s studies of early metallurgical and
other crafts traces them back to aesthetic
rather than utilitarian stimuli while Needham
looking for the beginnings of elixir alchemy
finds its source in Taoist liturgical practices.

Focussing particularly on indicator devices,
they have been raised to major significance
by D. de S. Price who suggests that rather
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than being developed to serve an al;eady
existing field of technology they more often
were developed as models of aspects of t?xe
universe and became the initiators of major
fields of science and technology. This further
increases the significance of early Chinese
technological explorations for the later
development of science.

Turning to early modern Japan, modern
science, as developed during the last four
centuries in the Western cultural sphere,
seemed so foreign to Japanese scholars when
first encountered that Nagaoka Hantaro and
others, coming from the Oriental cultural
sphere, at first questioned whether they were
capable of making significant scientific contri-
butions. The possibility that Oriental influ-
ences in fact provided insights for the work of
major Japanese scientists is explored also.

In the final section the concepts of modern
science are analyzed and the implications of
the dominant analytical and atomistic emphases
are epxlored.  The atomistic paradigm was
taken as a norm in numerous fields until
stubborn deviations from expected behavior
led to the incorporation of continuum or wave
concepts whose ancestry is almost certainly
Chinese. Niels Bohr sought in his principle
of complementarity for a way to bring the
two poles of continuity and discontinuity, or
wave and particle together in a philosophically
acceptable viewpoint, The paper ends with
some suggestions as to the directions in which
science needs now to move both in the area
of pure research and in its handling of current
ecological problems. Both would gain much
by being open to Oriental insights.
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The Harries-Pickles Controversy on the
Theory of Molecular Structure of Rubber (I)

Takeshi Wapa

(Osaka Univ. of Economics and Law)

The author historically examines the con-
troversy surrounding the two different theories
on the structure of rubber molecules. One
was developed by a German chemist, Carl
Dietrich Harries, and the other by an English
chemist, Samuel Shrowder Pickles, in the
early part of this century. In this paper these
" two chemist’s theories are discussed. It includes
some facts about Pickles’ career revealed in

the course of the investigation.

The first theory on the molecular structure
of rubber, the so-called aggregate theory, was
proposed in 1905 by Harries. On the basis of
the results of ozonolysis of rubber, he regard-
ed rubber as physical molecules built from a
number of separate 1,5-dimethylcyclooctadiene
(1,5) molecules linked by means of Thiele’s
partial valencies.
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In 1910 the aggregate theory was considered
impossible by Pickles, who thought that rubber
is produced by the chemical bonding of CsHs
units to form long cyclic chains corresponding
with the molecular weight. He showed some
experimental evidence for his long chain mol-
ecule theory. However, the aggregate theory
was more widely accepted than the long chain
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molecule theory by most chemists who agreed
with the colloid doctrine and the concept of
secondary valencies in those days.

The question as to whether rubber is built
from physical molecules or chemical ones, was
essentially the same as in the controversy on
the existence of macromolecules between Stau-
dinger and other chemists in 1920s.
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A Histqrical Study of the Use of the Term
Kagaku for Chemistry in Japan

Kunika SucaAwARA
(Toyo University.)

It is known that the new term ‘“/k2£’ (Chi-
nese: hua zue) was coined in the years 1856-7
in China and introduced into Japan in the years
1858-9. The process of the use of the term
‘b2’ (kagaku) in Japan is studied in this
thesis.

Now, Ybéan Udagawa, a Rangaku (Dutch
learning) scholar gave a name ‘&%’ (seimi—a
transliteration from the Dutch word Chemsie)
for Chemistry in his Seimi Kaiso in 1837.
Since then most Rangaku scholars had made
use of the term seimi for chemistry.

In addition to the term seimi, however,
Kémin Kawamoto, in his Heika Shudoku
Seimi Shingen (manuscript, 1856), attempted
to use the terms, bungdgaku (&%) and
seimigaku (&%) for chemistry each with a
Chinese character gaku (% =learning).

Kawamoto found that a new word ‘b2’
had been used in the Liu He Ts‘ung Tan (“~
&3#3k” published in 1857-8 in Shanghai) and
/or the Zhou Xue Qian Shuo (“EZEI”
published in 1858 in Shanghai), both of which
were introduced into Japan during 1858-9, and
later reprinted in Japan. He considered it
better than the terms used so far, and decided
to make use of the term k2%,

Instead of the terms above mentioned, he
finally introduced the new term kagaku for
chemistry in the Kagaku Shinsho (manuscript,
1860), which he translated from a Dutch trans-
lation of J.A. Stéckhardt’s Die Schule der
Chemie.

Then, in 1864 the word kagaku was used as
an official term at the chemical section of the
Kaiseisho (Center for the introduction of
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Western Learning). From then onwards, the
term kagaku was mainly used by the leaders
in the chemical field in the Kaiseisho. Gener-
ally mixed use of the term seim:i and kagaku
was seen till the early 1870s. The use of the
term seimi became gradually less prevalent.
In 1881 the Tokyo Kagakukai (Chemical

%
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Society of Tokyo) organized a committee, and
the chemical vocabulary including- the term
kagaku was published in the Tokyo Kagaku
Kai-shi (Journal of the Chemical Society of
Tokyo) and the Toyo Gakugei-Zasshi in 1883.
The term kagaku ({t#) for chemistry came
to be widely used in the public in the 1880s.
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