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AUTHOR’S NOTE

PURSUING our exploration of the almost limitless caverns of Chinese scientific history,
so much of which has never yet come to the knowledge and recognition of the rest of
the world, we now approach the glittering veins of physics and physical technology;
a subject which forms a single whole, constituting Volume Four, though delivered to
the reader in three separate volumes. First come the physical sciences themselves
(Vol. 4, pt. 1), and then their diverse applications in all the many branches of
mechanical engineering (Vol. 4, pt. 2), civil and hydraulic engineering, and nautical
technology (Vol. 4, pt. 3).

With the opening chapter we find ourselves at a focal point in the present study,
for mechanics and dynamics were the first of all the conquests of modern science.
Mechanics was the starting-point because the direct physical experience of man in
his immediate environment is predominantly mechanical, and the application of
mathematics to mechanical magnitudes was relatively simple. But ancient and
medieval China belonged to a world in which the mathematisation of hypotheses had
not yet brought modern science to birth, and what the scientific minds of pre-
Renaissance China neglected might prove almost as revealing as that which aroused
their interest and investigation. Three branches of physics were well developed among
them, optics (Section 26g), acoustics (26k), and magnetism (26{); mechanics was
weakly studied and formulated, dynamics almost absent. We have attempted to offer
some explanation for this pattern but without any great conviction, and better under-
standing of the imbalance must await further research. The contrast with Europe,
at least, where there was a different sort of one-sidedness, is striking enough, for in
Byzantine and late medieval times mechanics and dynamics were relatively advanced
while magnetic phenomena were almost unknown.

In optics the Chinese of the Middle Ages kept empirically more or less abreast of
the Arabs, though greatly hampered in theory by the lack of that Greek deductive
geometry of which the latter were the inheritors. On the other hand they never
entertained that peculiar Hellenistic aberration according to which vision involved
rays radiating from, not into, the eye. In acoustics the Chinese proceeded along their
own lines because of the particular and characteristic features of their ancient music,
and here they produced a body of doctrine deeply interesting but not readily com-
parable with those of other civilisations. Inventors of the bell, and of a great variety
of percussion instruments not known in the West, they were especially concerned with
timbre both in theory and practice, developing their unique theories of melodic
composition within the framework of a twelve-note gamut rather than an eight-note
scale. At the end of the + 16th century Chinese mathematical acoustics succeeded in
solving the problem of equal temperament just a few decades before its solution was
reached in the West (Section 264, 10). Lastly, Chinese investigation of magnetic
phenomena and their practical application constituted a veritable epic. Men were
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arguing in China about the cause of the declination of the magnetic needle, and using
it at sea, before Westerners even knew of its directive property.

Readers pressed for time will doubtless welcome once more a few suggestions. In
the chapters which we now present it is possible to perceive certain outstanding
traditions of Chinese physical thought and practice. Just as Chinese mathematics
was indelibly algebraic rather than geometrical, so Chinese physics was wedded to
a prototypic wave-theory and perennially averse to atoms, always envisaging an
almost Stoic continuum; this may be seen in Section 264 and followed through in
relation to tension and fracture (¢, 3) and to sound vibrations (%, 9). Another constant
Chinese tendency was to think in pneumatic terms, faithfully developing the implica-
tions of the ancient concept of chhi (= pneuma, prana). Naturally this shows itself
most prominently in the field of acoustics (Section 264, 3, 7, etc.), but it was also
connected with some brilliantsuccesses in the field of technology suchas theinventions
of the double-acting piston-bellows and the rotary winnowing-fan (Section 274, 8),
together with the water-powered metallurgical blowing-machine (274, 3, 4, direct
ancestor of the steam-engine itself). It was also responsible for some extraordinary
insights and predictions in aeronautical pre-history (277 m, 4). Traditions equally strong
and diametrically opposite to those of Europe also make their appearance in the purely
technical field. Thus the Chinese had a deep predilection for mounting wheels and
machinery of all kinds horizontally instead of vertically whenever possible, as may
be followed in Section 27 (4, &, I, m).

Beyond this point, guidance to the reader is not very practicable since so many
different preoccupations are involved. If he is interested in the history of land trans-
port he will turn to the discussion of vehicles and harness (Section 27¢, f); if he delights,
like Leviathan, in the deep waters, a whole chapter (2g) will speak to him of Chinese
ships and their builders. The navigator will turn from the compass itself (207, 5)to
its fuller context in the haven-finding art (2gf); the civil engineer, attracted by a survey
of those grand water-works which outdid the ‘pyramides of Aegypt’, will find it in
Section 28f. The folk-lorist and the ethnographer will appreciate that ‘dark side’ of
history where we surmise that the compass-needle, most ancient of all those pointer-
readings that make up modern science, began as a ‘chess-man’ thrown on to a
diviner’s board (296, ¢, 8). The sociologist too will already find much of interest, for
besides discussing the place of artisans and engineers in feudal-bureaucratic society
(274, 1, 2, 3), we have ventured to raise certain problems of labour-saving invention,
manpower, slave status and the like, especially with regard to animal harness ( f, 2),
massive stone buildings (284, 1), oared propulsion (29g,2), and water-powered
milling and textile machinery (27 4).

Many are the ways in which these volumes link up with those which have gone before.
We shall leave the reader’s perspicacity to trace how the philosophia perennis of China
manifested itself in the discoveries and inventions here reported. We may point out,
however, that mathematics, metrology and astronomy find numerous echoes: in
the origins of the metric system (Section 26¢, 6), the development of lenses (g, 5),
and the estimation of pitch-pipe volumes (%, 8}—or the rise of astronomical clocks
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(Section 27j), the varying conceptions of perspective (284, 5) and the planning of
hydraulic works (f, 8). Similarly, much in the present volume points forward to
chapters still to come. All uses of metal in medieval Chinese engineering imply what
we have yet to say on metallurgical achievements; in the meantime reference may be
made to the separate monograph The Develop ment of Iron and Steel Technology in
China, published as a Newcomen Lecture2 in 1958. In all mentions of mining and the
salt industry it is understood that these subjects will be fully dealt with at a later stage.
All water-raising techniques remind us of their basic agricultural purpose, the raising
of crops.

As for the discoveries and inventions which have left permanent mark on human
affairs, it would be impossible even to summarise here the Chinese contributions.
Perhaps the newest and most surprising revelation (so unexpected even to ourselves
that we have to withdraw a relevant statement in Vol. 1)} is that of the six hidden
centuries of mechanical clockwork which preceded the clocks of + 14th-century
Europe. Section 275 is a fresh though condensed treatment of this subject, incorpor-
ating still further new and strange material not available when the separate mono-
graph fleavenly Clockwork was written in 19357 with our friend Professor Derek
J. de Solla Price, now of Yale University.® It still seems startling that the key inven-
tion of the escapement should have been made in a pre-industrial agrarian civilisation
among a people proverbially supposed by bustling nineteenth-century Westerners to
take no account of time. But there are many other equally important Chinese gifts
to the world, the development of the magnetic compass (Section 261, 4, 6), the inven-
tion of the first cybernetic machine (27e, 5), both forms of efficient equine harness
(27/, 1), the canal lock-gate (281, 8, iv) and the iron-chain suspension-bridge (28e, 4).
The first true crank (Section 275, 4), the stern-post rudder (Section 294), the man-
lifting kite (Section 277 m)—we cannot enumerate them all.

In these circumstances it seems hardly believable that writers on technology have
run up and down to find reasons why China contributed nothing to the sciences, pure
or applied. At the beginning of a recent popular florilegi
of technology one comes across a citation from the +8th-century Taoist book Kuan
Yin Tzu,' given as an example of ‘oriental rejection of this world and of worldly
activity’. It had been culled from an interesting essay on religion and the idea of
progress, well-known in the thirties and still stimulating, the author of which, led
astray by the old rendering of Fr Wieger, had written: ‘It is obvious that such beliefs
can afford no basis for social activity and no incentive to material progress.” He was,
of course, concerned to contrast the Christian acceptance of the material world with
‘oriental’ otherworldliness, in which the Taoists were supposed to participate. Yet
in almost every one of the inventions and discoveries we here describe the Taoists and
Mohists were intimately involved (cf. e.g. Sections 26¢,g, k, 1, 28e, etc.). As it
happened, we had ourselves studied the same Kuan Yin Tzu passage and given parts

# Needham (32), cf. (32). b Needham, Wang & Price (1), cf. Needham (38).
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of it in translation at an earlier stage;2 from this it can be seen that Wieger’s version®
was no more than a grievously distorted paraphrase, Far from being an obscurantist
document, denying the existence of laws of Nature (a concept totally unheard-of by
the original writer)¢ and confusing reality with dream, the text is a poem in praise of
the immanent Tae, the Order of Nature from which space and time proceed, the
eternal pattern according to which matter disperses and reassembles in forms ever
new; full of Taoist relativism, mystical but in no way anti-scientific or anti-techno-
logical, on the contrary prophesying of the quasi-magical quasi-rational command
over Nature which he who truly knows and understands the Tao will achieve. Thus
upon close examination, an argument purporting to demonstrate the philosophical
impotence of ‘oriental thought’, turns out to be nothing but a figment of occidental
imagination.

Another method is to admit that China did something but to find a satisfying reason
for saying nothing about it. Thus a recent compendious history of science published
in Paris maintains that the sciences of ancient and medieval China and India were so
closely bound to their peculiar cultures that they cannot be understood without them.
The sciences of the ancient Greek world, however, were truly sciences as such, free
of all subordination to their cultural matrix and fit subjects with which to begin a
story of human endeavour in all i% abstract purity. It would be much more honest
to say that while the social background of Hellenistic science and technology can be
taken for granted because it is quite familiar to us from our schooldays onwards, we
do not yet know much about the social background of Chinese and Indian science,
and that we ought to make efforts to get acquainted with it. In fact, of course, no
ancient or medieval science and technology can be separated from its ethnic stamp,4
and though that of the post-Renaissance period is truly universal, it is no better
understandable historically without a knowledge of the milieu in which it came to
birth.

Finally, many will be desirous of looking into questions of intercultural contacts,
transmissions and influences, Here we may only mention examples still puzzling of
inventions which occur almost simultaneously at both ends of the Old World, e.g.
rotary grinding (Section 274, 2) and the water-mill (h, 2). Parallels between China and
ancient Alexandria often arise (for instance in Section 275) and the powerful influence
of Chinesetechnology on pre-Renaissance Europe appears again and again (26¢, &, ¢;
27b,d, e, f, 8, j, m; 28e, f; 295). In the realm of scientific thought, as usual, influences
were less marked, but one may well wonder whether the implicit wave-conceptions
of China did not exert some effect on Renaissance Europe.

In a brilliant ponencia at the gth International Congress of the History of Science
at Barcelona in 1959 Professor Willy Hartner raised the difficult question of how far
anyone can ever anticipate anyone else. What does it mean to be a precursor or a
predecessor? For those who are interested in intercultural transmissions this is
a vital point. In European history the problem has assumed acute form since the

2 Vol. 2, pp. 449 and 444. b Originally (4), p. 548.
¢ Cf. Section 18 in Vol. 2 above. 4 Ct. Vol. 3, p. 448.
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school of Duhem acclaimed Nicolas d'Oresme and other medieval scholars as the
precursors of Copernicus, Bruno, Francis Bacon, Galileo, Fermat and Hegel. Here
the difficulty is that every mind is necessarily the denizen of the organic intellectual
medium of its own time, and propositions which may look very much alike cannot
have had quite the same meaning when considered by minds at very different periods.
Discoveries and inventions are no doubt organically connected with the milieu in which
they arose. Similarities may be purely fortuitous. Yet to affirm the true originality of
Galileo and his contemporaries is not necessarily to deny the existence of precursors,
so long as that term is not taken to mean absolute priority or anticipation; and in the
same way there were many Chinese precursors or predecessors who adumbrated
scientific principles later acknowledged—one thinks immediately of Huttoman
geology (Vol. 3, p. 604), the comet tail law (p. 432) or the declination of the magnetic
needle (Section 26¢). So much for science more or less pure; in applied science we
need hesitate less. For example, the gaining of power from the flow and descent of
water by a wheel can only have been first successfully executed once. Within a limited
lapse of time thereafter the invention may have occurred once or twice independently
elsewhere, but such a thing is not invented over and over again. All subsequent
successes must therefore derive from one or other of these events. In all these cases,
whether of science pure or science applied, it remains the task of the historian to
elucidate if possible how much genetic connection there was between the precursor
and the great figures which followed him. Did they know certain actual written texts?
Did they work by hearsay? Did they first conceive their ideas alone and find them
unexpectedly confirmed? As Hartner says, the variations range from the certain to the
impossible.2 Often hearsay seems to have been followed by a new and different
solution (cf. Section 277, 1). In our work here presented to the reader he will find
that we are very often quite unable to establish a genetic connection (for example,
between the suspension of Ting Huan and that of Jerome Cardan, in Section 274, 4;
or between the rotary ballista of Ma Chiin and that of Leonardo, in Sections 274, 2
and 30k, 4), but in general we tend to assume that when the spread of intervening
centuries is large and the solution closely similar, the burden of proof must lie on those
who desire to maintain independence of thought or invention. On the other hand the
genetic connection can sometimes be established with a high degree of probability
(for example, in the matters of equal temperament, Section 264, 10; sailing-carriages,
Section 27e, 3; and the kite, the parachute and the helicopter, Section 27m). Else-
where one is left with strong suspicions, as with regard to the water-wheel escape-
ment clock (Section 277, 6).

Although every attempt has been made to take into account the most recent research

in the fields here covered, we regret that it has generally not been possible to mention
work appearing after March 1960.

a2 Many a surprse is still in store for us. After the discovery by Al-Ta¥wi in 1924 that Ibn al-
Nafis (+ 1210 to + 1288) had clearly described the pulmonary circulation (cf. Meyerhof, 1, 2; Haddad
& Khairallah, 1), it was long considered extremely unlikely that any hint of this could have reached
the Renaissance discoverer of the same phenomenon, Miguel Servetus {cf. Temkin, 2). But now
O’Malley (1) has found a Latin translation of son:e of the writings of Ibn al-Nafis published in + 1547.
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We have not printed a contents-table of the entire project since the beginning
of Vol. 1, and it has now been felt desirable to revise it in prospectus form.2 So
much work has now been done in preparation for the later volumes that it is possible
to give their outhne subheadings with much greater precision than could be done
seven years ago. More important, perhaps, is the division into volumes. Here we
have sought to retain unaltered the original numbering of the successive Sections, as
for the needs of cross-referencing we must. Vol. 4, as originally planned, included
physics, all branches of engineering, military and textile technology and the arts of
paper and printing. As will be seen, we now entitle Vol. 4 Physics and Physical
Technology, Vol. 5 Chemistry and Chemical Technology and Vol. 6 Biology and Bio-
logical Technology. This is a logical division, and Vol. 4 concludes very reasonably
with Nautics (29), for in ancient and medieval times the techniques of shipping were
almost entirely physical. Similarly Vol. g starts with Martial Technology (30), for in
this field and in those times the opposite was the case; the chemical factor was essential.
We found not only that we must embody iron and steel metallurgy therein (hence the
slight but significant change of title), but also that without the epic of gunpowder,
the fundamental discovery of the first known explosive and its development through
five pre-occidental centuries, the history of Chinese military technique could not be
written. With Textiles (31) and the other arts (32) the same argument was found to
apply, for so many of the processes (retting, fulling, dyeing, ink-making) allied them
to chemistry rather than to physics. Of course we could not always consistently
adhere to this principle; for instance, no discussion of lenses was possible without
some knowledge of glass technology, and this had therefore to be introduced at an
early stage in the present volume (26g, 5, ii). For the rest, it is altogether natural that
Mining (36), Salt-winning (37) and Ceramic Technology (35) should find their place
in Vol. 5. The only asymmetry is that while in Vols. 4 and 6 the fundamental sciences
are dealt with at the beginning of the first part, in Vol. 5 the basic science, chemistry,
with its precursor, alchemy, is discussed in the second part. This probably matters
the less because in ready response to the critics who found Vol. 3 too heavy and bulky
for comfortable meditative evening reading, the University Press has decided to
produce the present volume in three physically separate parts, each being as usual
independent and complete in itself. One more point remains. In Vol. 1, pp. t8ff.
we gave details of the plan of the work (conventions, bibliographies, indexes, etc.) to
which we have since closely adhered, and we promised that in the last volume a list
would be given of the editions of the Chinese books used. It now seems undesirable
to wait so long, and thus for the convenience of readers with knowledge of the Chinese
language we propose to append to the last part of this Volume an interim list of these
editions down to the point then reached.

China to Europeans has been like the moon, always showing the same face—
a myriad peasant-farmers, a scattering of artists and recluses, an urban minority of
scholars, mandarins and shopkeepers. Thus do civilisations acquire ‘stereotypes’ of
one another. Now, raised upon the wings of the space-ship of linguistic resource and

2 Ap extract of this contents-table relevant to the present volume will be found on pp. 432—4 below.
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riding the rocket of technical understanding (to use an Arabic trope), we intend to see
what is on the other side of the disc, and to meet the physicists and engineers, the ship-
wrights and the metallurgists of China’s three-thousand year old culture.

In our note at the beginning of Vol. 3 we took occasion to say something of the
principles of translation of old scientific texts and of the technical terms contained
in them.2 Since this is the first volume largely devoted to the applied sciences we are
moved to insert a few reflections here on the present position of the history of
technology, a discipline which has suffered even more perhaps than the history of
science itself from that dreadful dichotomy between those who know and those who
write, the doers and the recorders. If men of scientific training, with all their handi-
caps, have contributed far more than professional historians to the history of science
and medicine (as is demonstrably true), technologists as a whole have been even less
well equipped with the tools and skills of historical scholarship, the languages, the
criticism of sources, and the use of documentary evidence. Yet nothing can be more
futile than the work of a historian who does not really understand the crafts and
techniques with which he is dealing, and for any literary scholar it is hard to acquire
that familiarity with things and materials, that sense of possibilities and probabilities,
that understanding of Nature’s ways, in fact, which comes (in greater or lesser measure)
to everyone who has worked with his hands whether at the laboratory bench or in
the factory workshop. I always remember once studying some medieval Chinese texts
on ‘light-penetration mirrors’ (thou kuang chien '), that is to say, bronze mirrors which
have the property of reflecting from their polished surfaces the designs executed in
relief on their backs. A non-scientific friend was really persuaded that the Sung
artisans had found out some way of rendering metal transparent to light-rays, but
I knew that there must be some other explanation and it was duly found (cf. Section
26¢, 3). The great humanists of the past were very well aware of their limitations in
these matters, and sought always, so far as possible, to gain acquaintance with what
my friend and teacher, Gustav Haloun, used half-wistfully half-ironically to call the
reafa. In a passage we have already quoted (Vol. 1, p. 7), another outstanding
sinologist, I'riedrich Hirth, urged that the Western translator of Chinese texts must
not only translate, he must identify, he must not only know the language but he must
also be a collector of the objects talked about in that language. The conviction was
sound, but if porcelain or cloisonné could (at any rate in those days) be collected and
contemplated with relative ease, how much more difhcult is it to acquire an under-
standing of machinery, of tanning or of pyrotechnics, if one has never handled a lathe,
fitted a gear-wheel or set up a distillation.

What is true of living humanists in the West is also true of some of the Chinese
scholars of long ago whose writings are often our only means of access to the techniques
of past ages. The artisans and technicians knew very well what they were doing, but
they were liable to be illiterate, or at least inarticulate (cf. the long and illuminating
text which we have translated in Section 274, 2). The bureaucratic scholars, on the
other hand, were highly articulate but too often despised the rude mechanicals whose

2 Cf. Needham (34). TRk
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activities, for one reason or another, they wrote about from time to time. Thus even
the authors whose words are now so precious were often more concerned with their
literary style than with the details of the machines and processes which they men-
tioned. This superior attitude was also not unknown among the artists, back-room
experts (like the mathematicians) of the officials’ yamens, so that often they were more
interested in making a charming picture than in showing the precise details of
machinery when they were asked to limn it, and now sometimes it is only by com-
paring one drawing with another that we can reach certainty about the technical
content. At the same time there were many great scholar-officials throughout Chinese
history from Chang Héng in the Han to Shen Kua in the Sung and Tai Chen in the
Chhing who combined a perfect expertise in classical literature with complete mastery
of the sciences of their day and the applications of these in artisanal practice.

For all these reasons our knowledge of the development of technology is still in a
lamentably backward state, vital though it is for economic history, that broad meadow
of flourishing speculation. In a recent letter, Professor Lynn White, who has done
as much as anyone else in the field, wrote memorable words with which we fully
agree: ‘The whole history of technology is so rudimentary that all one can do is to
work very hard, and be happy when one’s errors are corrected.” On every hand
pitfalls abound. On a single page of a recent most authoritative and admirablc
collective treatise, one of our best historians of technology can first suppose Heron’s
toy windmill to be an Arabic interpolation, though the Pneumatica never passed to
us through that language, and a moment later assert that Chinese travellers in +400
saw wind-driven prayer-wheels in Central Asia, a story based on a mistranslation now
just 125 years old. The same authoritative treatise says that Celtic wagons of the
—1st century had hubs equipped with roller-bearings, and we ourselves at first
accepted this opinion. We learnt in time, however, that examination of the actual
remains preserved at Copenhagen makes this highly improbable, and that reference to
the original paper in Danish clinches the matter—the pieces of wood which came out
from the hub-spaces when disinterred were flat strips and not rollers at all. We have
often been saved from other such mistakes only by the skin of our teeth, so to say,
and it is not in a spirit of criticism, but rather to demonstrate the difficulties of the
work, that we draw attention to thcm.

Certain safeguards one can always try to obtain. ‘T'here is no substitute for actually
seeing for oneself in the great museums of the world, and the great archaeological
sites; there is no substitute for personal intercourse with the practising technicians
themselves. To be sure the scholarly standard of any particular work must necessarily
depend upon the ground which is covered. Only the specialist using intensive
methods—a Rosen elucidating the tangled roots of ophthalmic lenses or a Brachmann
exploring Roman oil-presses—can afford the time to go into a matter au fond and
bring truth wholly out of the well. We have tried to do this only in very few fields,
such as that of medieval Chinese clockwork, because our aim is essentially extensive
and pioneering. There is no escape, much must be taken on trust. If we are deficient
in our knowledge of the objects of occidental archaeology, it is because we havelaboured




*ven
heir
1en-
yom
nore
s of
-om-
aical
nese
1 the
stery

in a
ydow
done
fully
1s to
hand
rable
ron’s
ed to
+ 400
1 NOW
f the
t first
actual
nce to
1€ out
- have
o0 say,
of the

tually
logical
1icians
ssarily
ensive
nmann
rd and
fields,
tensive
-ficient
boured

AUTHOR’S NOTE XXX1

to study i sttu those of the Chinese culture-area, our primary responsibility. If we
had been able to visit the museum in Copenhagen where the Dejbjerg wagons are
kept we might have been more wary of accepting current statement about them, but—
o Bios Bpaxys, 1) 8¢ Téxm pexpr, the craft is long but life is short. On the other side
of the scale a deep debt of gratitude is owing to the President and Council of Academia
Sinica for generous facilities which enabled me in 1958, together with Dr Lu Gwei-
Djen, to visit or revisit many of the great museums and archaeological sites in China.

But not with archaeologists only mustone converse. One must follow the example
of little Dr Harvey (of Caius College). In the seventeenth century John Aubrey tells
us of a conversation he had with a sow-gelder, a countryman of little learning but
much practical experience and wisdom. He told him that he had met Dr William
Harvey, who had conversed with him above two or three hours, and ‘if he had been’,
the man remarked, ‘as stiff as some of our starched and formall doctors, he had known
no more than they’. A Kansu carter threw light upon the harness not only of our own
time but indirectly of the Han and Thang, Szechuanese iron-workers were well able
to help our understanding of how Chhiwu Huai-Wén in + 545 made co-fusion steel,
and a Peking kite-maker could reveal with his simple materials those secrets of the
cambered wing and the airscrew which lie at the heart of modern aeronautical science.
Nor may the technicians of one’s own civilisation be neglected, for a traditional Surrey
wheelwright can explain how wheels were ‘dished’ by the artisans of the State of
Chhi two thousand years and more ago. A friend in the zinc industry disclosed to us
that the familiar hotel cutlery found today all over the world is made essentially of the
medieval Chinese alloy paktong,! a nautical scholar from Greenwich demonstrated
the significance of the Chinese lead in fore-and-aft sailing, and it took a professional
hydraulic engineer to appreciate at their true value the Han measurements of the silt-
content of river-waters. As Confucius put it, San jer hsing, pi yu wo shth;2 “Where
there are three men walking together, one or other of them will certainly be able to
teach me something’.2

The demonstrable continuity and universality of science and technology prompts
a final observation. Some time ago a not wholly unfriendly critic of our previous
volumes wrote, in effect: this book is fundamentally unsound for the following
reasons. The authors believe (1) that human social evolution has brought about a
gradual increase in man’s knowledge of Nature and control of the external world,
(2) that this science is an ultimate value and with its applications forms today a unity
into which the comparable contributions of different civilisations (not isolated from
each other as incompatible and mutually incomprehensible organisms) all have
flowed and flow as rivers to the sea, (3) that along with this progressive process human
society is moving towards forms of ever greater unity, complexity and organisation.
We recognised these invalidating theses as indeed our own, and if we had a door like
that of Wittenberg long ago we would not hesitate to nail them to it. No critic has
subjected our beliefs to a more acute analysis, yet it reminded us of nothing so much

8 Lun Y, vii, xxi.
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as that letter which Matteo Ricci wrote home in + 1595 to describe the various absurd
ideas which the Chinese entertained about cosmological questions:2 (One), he said,
they do not believe in solid crystalline celestial spheres, (Item) they say that the
heavens are empty, (Item) they have five elements instead of the four so universally
recognised as consonant with truth and reason, etc. But we have made our point.

A decade of fruitful collaboration came to an end when early in 1957 Dr Wang Ling!
(Wang Ching-Ning?) departed from Cambridge to the Australian National University,
where he is now Associate Professor in Chinese Language and Literature. Neither
of us will ever forget the early years of the project, when our organisation was
finding its feet, and a thousand problems had to be solved (with equipment much less
adequate than now) as we went along. In the present volume, Dr Wang’s activity
was mainly exercised in subsections ¢, g, and i. The essential continuity of day-to-day
collaboration with Chinese scholars was, however, happily preserved at his departure
by the arrival of a still older friend, Dr Lu Gwei-Djen,3 late in 1956. Among other
posts, Dr Lu had been Research Associate at the Henry Lester Medical Institute,
Shanghai, Professor of Nutritional Science at Ginling College, Nanking, and later in
charge of the Field Cooperation Offices Service in the Department of Natural Sciences
at UNESCO headquarters in Paris. With a basis of wide experience in nutritional
biochemistry and clinical research, she is now"engaged in pioneer work for the bio-
logical and medical part of our plan (Vol. 6). Probably no single subject in our
programme presents more difficulties than that of the history of the Chinese medical
sciences. The volume of the literature, the systematisation of the concepts (so different
from those of the West), the use of ordinary and philosophical words in special senses
so as to constitute a subtle and precise technical terminology, and the strangeness of
certain important branches of therapy—all demand great efforts if the result is to give,
as has not yet been given, a true picture of Chinese medicine. It is very fortunate that
time permits our excavations to commence from the bedrock upwards. At the same
time Dr Lu has participated in the revision of the present volume for press.

A year later (early in 1958) we were joined by Dr Ho Ping-Y,* Reader in Physics
at the University of Malaya, Singapore. Primarily an astro-physicist by training, and
the translator of the astronomical chapters of the Chin Shu, he was happily willing to
broaden his experience in the history of science by devoting himself to the study of
alchemy and early chemistry, helping thus to lay the foundations for the relevant
volume (Vol. 5). Such work had been initiated some years earlier by yet another
friend, Dr T'shao Thien-Chhin,s when a Research Fellow of Caius College, before his
return to the Biochemical Institute of Academia Sinica at Shanghai. Dr Tshao had
been one of my wartime companions, and while in Cambridge made a most valuable
study of the alchemical books in the T'ao Tsang.b Dr Ho Ping-Yi was able to extend
this work with great success in many directions. Although Dr Ho is now back at his
substantive post in Singapore, it is my earnest hope that he will be able to rejoin us

2 Cf. Vol. 3, p. 438. b Cf. Vol. 1, p. 12.
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in Cambridge for the final preparation of the volume on chemistry and chemical
technology.

It is good to record that already a number of important subsections of both these
volumes (5 and 6) have been written. The publication of some of these in draft form
facilitates criticism and aid by specialists in the different fields.

Lastly, an occidental collaborator appears with us on the title-page of the first part
of this volume, Mr Kenneth Robinson, one who combines most unusually sinological
and musical knowledge. Professionally he is an educationalist, with a Malayan
background in teachers training, as Education Officer in Sarawak frequented the
villages and long-houses of the Dayaks and other peoples, whose remarkable orchestras
seem to him to evoke the music of the Chou and Han. We were fortunate indeed that
he was willing to undertake the writing of the Section on the recondite but fascinating
subject of physical acoustics, indispensable because it was one of the major interests
of the scientific minds of the Chinese middle ages. He is thus the only participator so
far who has contributed direct authorship as well as research activity.

Once again it is a pleasure to offer public gratitude to those who have helped us in
many different ways. First, our advisers in linguistic and cultural fields unfamiliar
to us, notably Mr D. M. Dunlop for Arabic, Dr Shackleton Bailey for Sanskrit,
Dr Charles Sheldon for Japanese, and Mr G. Ledyard for Korean. Secondly, those
who have given us special assistance and counsel, Dr H. J. J. Winter in medieval
optics, Dr Laurence Picken in acoustics, Mr E. G. Sterland in mechanical engineering,
Dr Herbert Chatley in hydraulic engineering and Mr George Naish in nautics.
Thirdly, all those whose names will be found in the adjoining list of readers and kind
critics of Sections in draft or proof form. But only Dr Dorothy Needham, F.R.S.,
has weighed every word in these volumes and our debt to her is incalculable.

Once again we renew our warmest thanks to Mr Derek Bryan, O.B.E. and
Mrs Margaret Anderson for their indispensable and meticulous help with press work,
and to Mr Charles Curwen for acting as our agent-general with regard to the ever-
increasing flood of current Chinese literature on the history and archaeology of science
and technics. Miss Muriel Moyle has continued to provide her very detailed indexes, the
excellence of which has been saluted by many reviewers. As the enterprise continues,
the volume of typing and secretarial work seems to grow beyond expectation, and
we have had many occasions to recognise that a good copyist is like the spouse in Holy
Writ, precious beyond rubies. Thus we most gratefully acknowledge the help of
Mrs Betty May, Miss Margaret Webb, Miss Jennie Plant, Miss June Lewis, Mr Frank
Brand, Mrs W. M. Mitchell, Miss Frances Boughton, Mrs Gillian Rickaysen and
Mrs Anne Scott McKenzie.

The part played by publisher and printer in a work such as this, considered in terins
either of finance or technical skill, is no less vital than the research, the organisation
and the writing itself. Few authors could have more appreciation of their colleagues
executive and executant than we for the Syndics and the Staff of the Cambridge
University Press. Among the latter formerly was our friend Frank Kendon, for many
years Assistant Secretary, whose death has occurred since the appearance of our
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previous volume. Known in many circles as a poet and literary scholar of high
achievemnent, he was capable of divining the poetry implicit in some of the books which
passed through the Press, and the form which his understanding took was the bestowal
of infinite pains to achieve the external dress best adapted to the content. I shall
always remember how when Science and Civilisation tn China was crystallising in this
way, he ‘lived with’ trial volumes made up in different styles and colours for some weeks
before arriving at a decision most agreeable to the author and his collaborators-—and
what was perhaps more important, equally so to thousands of readers all over the world.

To the Master and Fellows of the Hall of the Annunciation, commonly called
Gonville and Caius College, a family of immediate colleagues, I can offer only in-
adequate words. I do not know where else conditions so perfect for carrying out an
enterprise such as this could be found, a peaceful workshop in the topographical
centre of the University and all its libraries, between the President’s apple-tree and
the Porta Honoris. The daily appreciation and encouragement of everyone in the
Society helps us to surmount all the difficulties of the task. Nor can I omit meed of
thanks to the Head of the Department of Biochemistry and its Staff for the indulgent
understanding which they show to a colleague seconded, as it were, to another universe.

The financing of the research work for our project has always been difficult and
still presents serious problems. We are nevertheless deeply indebted to the Wellcome
Trust, whose exceptionally generous support has relieved us of all anxiety concerning
the biological and medical volume. We cannot forbear from offering our deepest
gratitude for this to the Chairman, Sir Henry Dale, O.M., F.R.S. An ample benefac-
tion by the Bollingen Foundation, elsewhere acknowledged, has assured the adequate
illustration of the successive volumes. To Dato Lee Kong-Chian of Singapore we
are beholden for a splendid contribution towards the expenses of research for the
chemical volume, and Dr Ho's work towards this was made possible by sabbatical
leave from the University of Malaya. Here we wish to pay a tribute to the memory
of a great physician and servant of his country, Wu Lien-T¢€, of Emmanuel College,
already Major in the Chinese Army Medical Corps before the fall of the Chhing
dynasty, founder long ago of the Manchurian Plague Prevention Service and pioneer
organiser of public health work in China. During the last year of his life Dr Wu
exerted himself to help in securing funds for our work, and his kindness in this will
always be warmly remembered. Some kind well-wishers of our enterprise have now
grouped themselves together in a committee of ‘Friends of the Project’ with a view
to securing further necessary financial support, and to our old friend Dr Victor
Purcell, C.M.G., who has most kindly accepted the honorary secretaryship of this
committee, our best appreciation is offered. At various periods during the studies
which see the light in these volumes we have also received financial help from the
Universities’ China Committee and from the Managers of the Ocean Steamship
Company acting as Trustees of funds bequeathed by members of the Holt family;
for this we record most grateful thanks,
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26. PHYSICS

(@) INTRODUCTION

THOUGH physics has often been regarded as the fundamental science, it was a branch
of natural knowledge in which Chinese traditional culture was never strong. This is
in itself a striking fact. Wemayfind it of special significance when placed in the context
of a general discussion of the factors in East Asian society which inhibited the auto-
chthonous rise of modern science.2 Nevertheless, there is no lack of material for the
present Section. Already we have seen certain aspects of classical Chinese physical
thought in the Section on fundamental ideas,® and this volume will in the first
place continue the exposition of the work of the Mohist school in the —4th and —3rd
centuries. It will then appear that at no time did the concept of atoms become
important in Chinese thinking. Just as Chinese mathematics was algebraic rather
than geometrical, and Chinese philosophy organic rather than mechanical, so we shall
find that Chinese physical thought (one can hardly speak of a developed science of
physics) was dominated by the notion of waves rather than particles.

Most important in this Section will be, of course, the development of knowledge
about magnetism, in particular the discovery and exploitation of the directive property
of the lodestone. The Chinese were so much in advance of the Western world in this
matter that we might almost venture the speculation that if the social conditions had
been favourable for the development of modern science, the Chinese might have
pushed ahead first in the study of magnetism and electricity, passing to field physics
without going through the stage of ‘billiard-ball” physics. Had the Renaissance been
Chinese and not European, the whole sequence of discoveries would probably have
been entirely different. Next to magnetism, there was not a little interest in China in
optics,© again beginning with the Mohists; there was some statics and hydrostatics,
though, as in Europe, very little study of heat. Another striking difference between
the two civilisations seems to be that China had no parallels to the medieval Western
students of motion. Chinese literature seems to contain no discussion of the trajectory
of missiles or the free fall of bodies;d at least we have not come upon any traces of
it. There is no one to correspond to the so-called ‘precursors of Galileo’, men such as
Philoponus and Buridan, Bradwardine and Nicolas d’Oresme; and hence no dynamics
or cinematics. We may find it possible to hazard a suggestion as to why this was so.
It is, however, important to note that this theoretical vacuum did not in the least

2 A preliminary discussion of the significance of the rise of modern physics, with its mathematised
hypotheses, in Renaissance Europe, especially in the early 17th century, has already been given at the
end of the Section on mathematics above, Vol. 3, pp. 154 ff.

b Vol 2, pp. 171, 185ff., 232ff., 273ff., 371ff.

€ It has been said that one reason perhaps for the Arabic pre-eminence in optics was the prevalence
of eye diseases in subtropical climates, and this may hold goed for China also. Cf. below, Section 44,
on ophthalmology.

d Strangely, in View of the interest of the Mohist school in military technology.
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inhibit the developmentofengineeringin China,® which before + 1500 was frequently
much superior to anything which Europe could show.

The literature gives us very little help. The sinologists have done nothing.? No
Chinese scholar has written at any length on the subject.c Occidental historians of
physics have been mainly occupied with post-Renaissance physics,d less so with that
of the Middle Ages,® and perhaps still less so with antiquity.f None of them has
taken into account any Chinese contribution.g

Some general propositions of a physical nature are contained in the Mohist Canon
(the Mo Ching),® and others will be given in connection with atomic ideas, mass, and
mechanics. In the text, composed not much before — 300, we find:!

Cs 39/252(81.37. Duration

C Duration (ckiu') includes all the different times.
CS Former times, the present time, the morning and the evening, are combined together
to form duration. {auct.)

Cs 65{~—/32.58. Volume

C The enclosure (ying?) of a certain thing means that every part of that thing is enclosed.
CS If nothing can be enclosed, there can be no volume. (auct.)
Cf. Proposition Cs gs, in the Section on geometry, Vol. 3, p. 94 above.

Cs 67/—{36.60. Contact and coincidence

C Contact (ying?) means two bodies mutually touching,

CS Lines placed in contact with one another will not (necessarily) coincide {since one may
be longer or shorter than the other). Points placed in contact with one another will
coincide {because they have no dimensions). If a line is placed in contact with a point,
they may or may not coincide (chin4); (they will do so if the point is placed at the
end of the line, for both have no thickness; they will not do so if the point is placed
at the middle of the line, for the line has length while the point has no length). If a
hard white thing is placed in contact with another hard white thing, the hardness and
whiteness will coincide mutually (hsiang chins); (since the hardness and the whiteness
are qualities diffused throughout the two objects, they may be considered to permeate

2 As Hennann (1) has ponted out.

b Such articles as there are, e.g. Edkins (11), are concerned purely with commonplaces about the
Five Elements and the Yin and Yang.

c With the exception of Wu Nan-Hsiin (1}, whose interesting little book, privately circulated in
Wuhan University, did not become available to us until after the present Section was completed. [ am
grsteful to my old friend Dr Kao Shang-Yin for presenting us with a copy.

4 Hoppe (1); Buckley (1); Gerland (1); Gerland & Traumilller; Cajori (5).

¢ Maier (1—7); Dugas (1). t A, Heller (1); Seeger (1).

2 As a companion for the student of physics in Ch'ina, the book of .. W. Taylor (1) may be mentioned.

h See Vol. 2, pp. 171ff. above. Modermn Chinese scholars continue to take a great interest in the
Mohist school. Since Wu Yii-Chiang (1) edited the collected commentaries during the last war, many
books have appeared, some concentrating chiefly on the philosophy and !ogic, such as that of Chan
Chien-Féng (1)}, but others dealing also with the scientific propositions, such as that of Luan Tiao-
Fu {1). Wu Nan-Hsiin (1} discusses most of those which have to do with physics. In the present
connection, see esp, pp. 16fF.

i For explanation of the conventions identifying the passages of text and smcient commentary, see
Vol. 2, p. 172 above.
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26. PHYSICS 3

the new larger object formed by the contact of the two smaller ones). But two
(material) bodies (¢A1'), placed in contact (yzng?), cannot mutually coincide (because
of the mutual impenetrability of material solids). (auct.)
Cs 64/—{30.57. Cohesion
C A discontinuous line ({43) includes empty spaces.
CS The meaning of ‘empty’ is like the spaces between two apposed pieces of wood. In

those spaces there is no wood. (L.e. surfaces cannot be absolutely smooth and cannot
therefore fully cohere.) (auct.)

Some of these statements verge on the borderline of physics and geometry; they
illustrate well the tendencies of Mohist thought.

(b)) WAVES AND PARTICLES

It must now be made clear, as a further preliminary, how Chinese physical thinking
was dominated throughout by the concept of waves rather than of atoms. This is only
one aspect of that great debate which has been going on at all stages in the history of
human thought between the proponents of continuity and those of discontinuity.
Atomism is one of the most familiar features of European and Indian theorising, yet
although at various times some Chinese thinkers watered its seeds, the idea never took
root among them, presumably because it was out of harmony with those organic
presuppositions on which Chinese thought was based. First let us look at some of the
passing appearances of atoms on the Chinese stage, As has already been suggested,?
the fundamental idea of atoms could be expected to arise in all civilisations inde-
pendently, since everywhere men were engaged in cutting up lengths of wood, and the
question would inevitably arise as to what would happen if successive cuttings were to
go on until the uncuttable was reached.

Logically strictest in this sense were the Mobhists, with their atomic definition
of the geometrical point.® The word used for this in the Mo Ching is tuant

But they also seem to have considered instants of time in an atomic sense. For
example:

Cs 43/—(88.41. Instants of ttme
C The 'beginning’ (shihS) means (an instant of) time.
CS Time sometimes has duration {cAiu%) and sometimes not, for the ‘beginning’ point of
time has no duration. (auct).

This makes it clear that the notion of atomic instants of time can hardly have come
into China with Buddhism; and to believe that the Mohists were influenced by Indian
thought is much more difficult. There is a cosmogonic background to this passage,
as in the many passages where shihs is discussed in Chuang Tzu. Here the moment
of beginning is thought of like the point at the end of a line.

2 Vol. 1, p. 155; Vol. 3, p. 92. b Already given, Vol. 3, p. 91 ebove.
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When Indian atomsof time did become current in China they were termed chha-na*
(Skr. ksana), a usage which we may find in the Shu Shu Chi I? (Memoir on some
Traditions of Mathematical Art) by Hsii Yo, probably written in the Later Han. The
idea seems much more Indian than Greek, but it passed westwards, and curiously
the only occurrence of the word ‘atom’ in the New Testament is with the meaning of
a moment of time.2 According to Gandz (5), Mar Samuel, the great Hebrew polymath
of Nehardea in Babylonia (+165 to +257), Hsii Yo's contemporary, reckoned
56,848 atoms to the hour, one atom (rega’) being equivalent to two twinklings of an eye
(heref ’ayyin). The late Roman agrimensores also spoke of athomi as very small
durations of time,” and hence the conception found its way down to Honorius of
Autun (+ 11th century) and Bartholomaeus Anglicus (+ 13th).

The word shih+ used by the Mohists derives from a graph (Ke76e’,f") which
represents the birth of a child,* while tuan,s used for ‘point’, was originally (K 1684, d)

B oA K %
Ko76 f* K168b Ks84b K470

a graph showing the first visible sprouts of a plant.4 Three further words, however,
call also for consideration, first wei® (something very minute), then khuai? (a very
small lump of something), and then cki® (a germ of something). The first of these
derives from a graph showing two hands holding something small (K 5844), the second
is of purely phonetic origin, and the third (K 5474) once represented two little
embryos or other small living things held in the hands.

The word wez has invited the translation of ‘atom’ by sinologists, but if acceptable
in literary versions, this can hardly be admitted as correct for scientific purposes.
Thus Waley,¢ translating one of the odes of Sung Yii% gives ‘an atom secretly nurtured
in the heart of the indivisible’ for this word—the poets were competing for a fief
which the king had promised to give to whoever could describe the smallest thing in
the world. So also le Gall,# translating a passage from the Chu Tzu Chhiian Shu,h
uses the expression ‘tout passe de la puissance 4 Y'acte, de I'état atomique (imper-
ceptible) 4 I'apparence distincte’, when the text says:

But there is only one Great Source, and from its undifferentiated energy all specific actions
come forth, following through from their minute {(beginnings) and so reaching manifestation
(tshung wei erh chih chu'°).i

* I Cor. xv, §2.

b There were 47 athomi to 1 untia, 12 untiae to 1 momentum, 10 momenta to 1 punctum, and s puncta
to the hour. Hence the azthomus was of the order of o1 second in our reckoning.

¢ One can see a woman, an aiding hand, the €oetus, and the new mouth. The character is close to
thai,'' which still means uterus or (loosely) foetus.

d The ground is represented in cross-section so that one can see the roots. ¢ (1), p. 27.
f Said to have been Chhii Yuan’s nephew; lived ¢. —320 to —260; G1841.

€ (1), p. 102. h Ch. 49, p. 10b. § Tr. auct,
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26. PHYSICS 5

Chu Hsi must of course have been familiar with the Buddhist use of the term, which
will shortly be mentioned, but this never had scientific definition or application.

Another word in which some have seen an atomic conception is khuai;' we have
met with it already in the passage of the Lies Tzu book in which Chhang Lu Tzu
laughs at the man who is afraid that the heavens may fall down upon him.2 It will
be remembered that there the heavens were said to be nothing but ‘piled-up chhi’
(chi chhi*) and the earth ‘piled-up khuai’ (chi khuai3).b Just how much emphasis
can be laid upon this hint of a particulate conception of vaporous and solid matter
is not too obvious. In after times the word occurs infrequently, if ever, in this
sense.

A related expression has already been noted, however, in the Neo-Confucian account
of the formation of the world by the centrifugal grinding of matter to a sedimentary
state;¢ the theory which we have called the ‘Centrifugal Cosmogony’. The nearest
that the text comes to speaking of particles is simply sediment (cka tzu+). Here
again one feels disinclined to suppose that Chu Hsi and his followers had anything
sexously like atoms in mind.

More biological is the term chi.5 As already mentioned,? it occurs in the Great
Appendix of the I Ching (Book of Changes) with the sense of the minute imperceptible
beginnings of things out of which come good and evil. But earlier than the probable
date of this text (perhaps —2nd century), the word had been used by Chuang Chou
about —2q9o in his famous passage concerning biological change, even evolution.®
*All species contain ‘“‘germs”.” ‘All things come from the ““germs’ and return to the
“‘germs”.” But it would be stretching the meaning much too far to insist on a strictly
atomic significance for this passage.

Chinese translators of Buddhist texts in the Thang used the words wei$ or wei chii?
for Skr. siksma or anu, a ‘molecule’ seven times larger than an atom, chi we:,8
paramanu.t Earlier translators had used for this the phrase lin hs#,° ‘nearest to
nothingness’, equivalent to Skr. upakasa.& The Shu Shu Chi I has chi wei'® for
particles. But there seems no reason to suppose that these primarily philosophical
speculations had much influence on Chinese scientific thinking. Modern Chinese has
adopted entirely new words, such as fén tzu!* for molecule, yuan tzu'2for atom, and
tien tzu 1 for electron.

Sometimes the minutest of weights, such as hao1¢ and X, s are referred to in senses
almost atomic, particularly in the Han medical literature, Thus in the Huang Ti

& Wieger (7), p. 79; L. Giles {4), p. 29; see Vol. 2, p. 41.

b Lieh Tzu, ch. 1, p. 16b.

€ Vol. 2, pp. 372fF. d Vol. 2, p. 8o.

¢ Chuang Tay, ch. 18. Cf. Lieh Tau, ch. 4, p. 125 (L. Giles (4), p. 79). See Vol. 2, p. 78.

! These terms are those of the Vaigesika school, which goes back at least to the + 1st centuty and
may be somewhat older (cf. Renou & Filliozat (1), vol. 2, p. 73, and Vol. 1, p. 154 above). An attu was
equal to the sixth part of a mote of dust visible in a sunbeam.

8 [ owe thanks to Dr A. Waley for checking these terms. Cf. Féng Yu-Lan (1), vol. 2, p. 386.

i ) i & TR ‘R 5 i
TRE PR ° B & na¥F v RF
13?; u% xs&



- '

5

6 26. PHYSICS

Nei Ching Su Wén' (The Yellow Emperor’s Manual of Internal Medicine; the Plain
Questions) there is the following:2

To know the supreme Tao is embarrassingly (difficult). Te communicate it is frighteningly
(difficult). Who can know its chief characteristics> Worrying about the exactness of the
descriptions, who can decide what may best be said? Numbering (the things) which are too
small to be distinctly seen, starts from (the smallest units) hao and /i—these are (concep-
tions which) arise from measurement. But agglomerating together by thousands and ten
thousands, they become larger and larger, until shapes® emerge,

Veith’s use of the word ‘ atoms’ in translating this passage® would almost seem justified,
if it did not introduce something more definite than the original language will bear.

In contrast to these rare examples of atomistic thinking, we find that the texts speak
as one voice with regard to the wave-like progression of the Yin and Yang forces,d
reciprocally rising and falling, Throughout Nature there is a tidal flow of the two
elementary influences. To insist on the wave-like character of Yin and Yang is
unnecessary for anyone at all acquainted with Chinese writings,® yet a few examples
must be given. Our oldest may be taken from the Kuei Ku T zu book,f some of which

may go back to the —4th century, though this passage will presumably not much
antedate Tsou Yen.

The Yang returns cyclically to its beginning; the Yin attains its maximum and gives place
to the Yang. (Yang huan chung shik, Yin chi fan Yang )&

In the — 2nd century, the Huai Nan Tzu saysh that

Yang is born at the cyclical sign Tzu (i.e. due north, where Yin, dark and cold, is at its
maximum). Yin is born at the cyclical sign Wu (i.e. due south, where Yang, bright and hot,
is at its maximum).t

Liu An’s contemporary, Tung Chung-Shu, has much to say on the subject in his
Chhun Chhiu Fan Lu. Thus ch. 51 (“The Unitary Nature of the Tao of Heaven’):

The unchanging Tao of Heaven is that things of opposing nature are not permitted to start
at the same time. The result is that this Tao is unitary, that is, it is one and not two, this
being the process of Heaven inaction. Yin and Yang are of opposing nature ; hence when one
comes out the other goes in, if one is on the right the other is on the left....If the Yin
flourishes the Yang declines; if the Yang flourishes the Yin declines.

a2 Chi Chi ed. (ch. 2) ch. 8 p. 336, tr. auct.

b The context shows that, since diseases are being discussed, this word carries also the sense of
‘syndrome’.

c (1), p. 134, where, however, the general sense of the passage seems ro be missed.

d Cf. above, in Sect. 13 on fundamental ideas, Vol. 2, pp. 273ff.

€ Martin (5) drew attention to this nearly a century ago (in 1867). Of the Yang he wrote: ‘It is
curious to see light connected with motion. Did the Chinese anticipate the undulatory theory, and the
modern doctrine of thertnodynamics?’

{ Ch. 1 {Pai Ho), p. 65, & Tr. Forke (13), p. 486.

h Ch. 3, p. 8a.

i Tr. auct. Note the dialectical quality of the thought here; everything carries within it the seeds
of its own decay,

J Tr. Féng Yu-Lan (2), p. 120, et auct.
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26. PHYSICS 7

In other words when the Yang wave is at the height of its crest, the Yin wave is at
the depth of its trough, and vice versa. They ‘advance and retreat in classifiable
(predictable) fashion’.2 Wang Chhung (about -+ 80) says:P

The Yang having reached its climax retreas in favour of Yin; the Yin having reached its
climax retreats in favour of Yang. (Yang chi fan Yin, Yin chifan Yang ')c

A very explicit statement is found in the Liu Tzu? of Liu Chou3 about + 550, who
says:d

When the Yang has reached its highest potnt the Yin begins to rise, and when the Yin
has reached its highest point the Yang begins to rise. Just as when the sun has reached iw
greatest altitude it begins to decline, and when the moon has waxed to its full it begins to
wane. This is the changeless Tao of Heaven. When forces have reached their climax, they
begin to weaken (shih chi tsé sun*), and when natural things have become fully agglomerated
they begin to disperse (tshai chii pt sans).c After the year's fullness follows decay, and the
keenest joy is followed by sadness. This (too) is the changeless condition of Man.

So dominant in Chinese thought was the conception of wave-motion that it seems
sometimes to have acted in an inhibitory way upon the advance of scientific knowledge.
“I'raditional natural philosophy in China conceived of the whole universe as under-
going slow pulsations of its fundamentally opposed but mutually necessary basic
forces. As the radiating mutual influences of individual things were pulsatile also, it
was entirely in accord with the grain of Chinese philosophical thinking to envisage
intrinsic rhythms in natural objects. For, as has already been said, ‘the harmonious
cooperation of all beings arose, not from the orders of a superior authority external
to themselves, but from the fact that they were all parts in a hierarchy of wholes
forming a cosmic pattern, and what they obeyed were the internal dictates of their
own natures’.f But this very organic world-view was not altogether propitious for
scientific investigation, at any rate in physics, since chains of causes always led back
to individual objects the intrinsic rhythms of which were liable to remain inscrutable,

Thus one is not at all surprised to find as late as the Sung, about + 1140, a writer
(Chhen Chhang-Fang®) denying the reflection of the sun’s light by the moon, on the
ground that the periodical rise and fall of the Yin force was a much better explanation
for the moon’s phases.8 In this he was only following a tradition which had been well
established in the Han. Wang Chhung in the + 1st century, as we have seen,? argued
vigorously against the correct theory of eclipses, preferring the view that the sun and
moon had intrinsic rhythms of brightness of their own. About + 274 the astronomer

a Ch. s7; cf., Vol. 2, p. 282 above. b Lun Héng, ch. 46.

¢ Tr. Forke (4), vol. 2, p. 344.

d Ch. 2, p. 104, tr. Forke (12), p. 258; eng. mod. auct.

¢ The words uscd can of course also be translated ‘human influence’ and ‘ wealth’ ot ‘riches’. There
18 thus at least a moralising undertone.

f Vol 2, p. 582: cf. p. 287.

8 Pu Li Kho Than’ (Discussions with Guests at Pu-li), ch. 2, p. 5a.

h The passage has been given in fuil in Vol. 3, pp. 411ff.
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1 Liu Chih! was dissatisfied with it too. In his Lun Thien? (Discourse on the Heavens)
he maintained that eclipses of the sun could not be due to the obstruction of the sun’s
rays by the moon, for the moon must necessarily follow the Tao of ministers and could
not dare to cover the face of the princely sun. So also eclipses of the moon could not
be due to the obstruction of the sun’s rays by the earth for the shadow of the earth
would be insufficiently large. But these reactionary arguments do not forfeit Liu Chih
our sympathy for he goes on to expound his own world-conception in words which
demonstrate a whole series of other valid scientific ideas in their *prehistoric’ form—
e wave-motion, action at a distance, intrinsic rhythm and the like.

Someone then said: ‘According to your own arguments there must be a great shadow,
but since the moon is on the opposite side from the sun, how could it have any light?’
) I answered that the Yin contains (always) some Yang, and thus can be bright.2 It does not
have to wait for the Yang to shine upon it. The Yin and the Yang respond (yng3)P toone
another; what is pure receives light, what is cold receives warmth—such communication
needs no intermediary (wu mén erh thimg*). They can respond to each other in spite of the
vast space which separates them (sui yuan hsiang yings). When a stone is thrown into the
water, the (ripples) spread forth one after another—this is the propagation of the ckhi of the
water¢ Mutual echoing means mutual receptivity. There is no bound which (the mutual
influences of things) cannot attain; there is no barrier which can stand in their way.

(It is in this manner that) the purest substance (i.e. the moon) receives the light of the
Yang (i.e. the sun), occupying different positions because of the roundness of the heavens,
sometimes facing, sometimes turning the back, sometimes slanting. Such is the pattern-
principle {45) of the light of the moon. (When) Yin and Yang receive from each other, if the
one flourishes the other must decay.c Therefore the sun and moon contend together for
brightness. When the sun is weak the moon appears by day. If there were only a reflection
of light (between the sun and moon), and no question of the mutual radiation and reception
of chhi, then the brightness of the Yin ought to flourish most when the Yang is flourishing,
and it ought to decay when the Yang decays. Then there would be no explanation of the
differences (which we observe) between (the light of) the sun and the moon.f

Summarising therefore, the Chinese physical universe in ancient and medieval times
was a perfectly continuous whole. Chhi condensed in palpable matter was not par-
ticulate in any important sense, but individual objects acted and reacted with all other
objects in the world. Such mutual influences could be effective over very great
distances, and operated in a wave-like or vibratory manner dependent in the last
resort on the rhythmic alternation at all levels of the two fundamental forces, the

a Cf. Vol. 2, p. 276. b Cf, Vol. 2, p. 304.
¢ Itis good to have the exact words: chhu shih erh tzhu chhu ché, shus chhi chih thung yeh.? Cf. Vitruvius,
4 De Archit. v, 3, viff. See also p. 203 below.
:1 d Again: hsiang hsiang erh hsiang chi, wu yuan pu chih, wu ko néng sai ché.®
E R e This is a most remarkable statement, approaching as it does so nearly a formulation of the law

of the conservation of energy—of course in terins appropriate to its time.
t CSHK (Chin sect.), ch. 39, pp. saff.; tr. auct. Already quoted in part, Vol. 3, p. 415.
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26. PHYSICS 9

Vens) Yin and the Yang. Individual objects thus had their intrinsic rhythms. And these
were integrated like the sounds of individual instruments in an orchestra, but spon-
taneously, into the general pattern of the harmony of the world.

ld not We can express this prototypic wave-theory in our own terms by drawing two sine

curves of opposite rhythm, as in the right-hand part of Fig. 277. As the Yang passes
' Chih through its maximum the Yin begins to take over, then there comes a moment of
which equal balance after which the Yin rises to its maximum only to cede in its turn to the
SOIT— nising Yang. We can thus understand the intimate connection between the old Chinese
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lection haracteristic of Chinese natural philosophy. In the apocryphal books of the Han,
gpton which were so much occupied with speculations about the two forces and the five

1 h 5 .
lZf“t]}i; tlements, one can find passages like the following:2

Fig. 277. Diagram to illustrate the relationship of cyclical and wave conceptions.

For inferring from the numbers of things (the system is that they all) start from the cyclical

hait (N. 30° W.). This is the point which fixes the position of heaven and earth. The

(in and the Yang revolve in a cycle, ever returning to their points of departure; the myriad

hings die and pass away, yet ever again revive (in new forms) and once more come into being.
1 is is how the Great Cycle (ta thung?)b begins (and ends).

- great _ ) ) )
te last jow the forms of wave and circle are related together in a very simple mathematical

es, the @ay. As may be seen in any elementary introduction to trigonometry, and as every
leaching museum of the history of science shows somewhere among its exhibits, the
ine curve is derived from the perambulation of a point round the circumference of

circle when its excursion is plotted against the angle made by its radius with the
giameter. Hence the curve in the left-hand part of Fig. 2777 represents the function
f = sin x, for the ordinate measures the excursion (PN or y) of the point P, and the

| times
>t par-

itruvius,

the law

P8 Shih Wei Fan Li Shu? (Apocryphal Treatise on the Book of @des; the Pivot of the Infinite
lendar), in YHSF, ch. s4, p. 3a, tr. auct.
® The thung wasone of the resonance periods; its value was 1539 yeats. See Vol. 3, pp. 406 fT.
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10 26. PHYSICS

abscissa the magnitude of the angle x in degrees. But when we pass from the world of
mathematics to that of physical phenomena, the continuous parameter becomes time
or distance, and when these are expressed on the abscissa the wave-motion implicit in
cyclical formulations can be seen. The schematic static circle changes into real
temporal periodicity and recurrence. Excursion becomes empirical amplitude, and
the degrees of the circle are transformed into empirical phase. As the point /V passes
back and forth along the diameter in simple linear harmonic motion, the curve of
harmonic variation is generated. In Nature curves of this type are found whenever
the forces tending to restore the changing matter to its intermediate position are
exactly proportional to its displacement from that position, and smaller beats or pulses
may of course be superimposed upon the main curve of vibration. Though the old
Chinese naturalists never formulated the question in such terms, they were visualising
clearly in their way those periodic phenomena in Nature due to resistances which act
on matter in a state of change so as to retard the change and finally reverse it, in other
words those multitudinous effects which we now attribute to wave-motion. ®n this
is built one half of modern physics. One cannot but recognise the presence of similar
conceptions in words such as those used by the writer of the Pai Hu Thung Té Lun'
about + 8o, when he said:?

When the Tao of the Yang has reached its suramit (cA:?) then the Tao of the Yin takes over
the task; when the Tao of the Yin has reached its summit, that of the Yang in turn takes over.
Thus it is clear that two Yin in succession, or two Yang, would be absolutely impossible as
a continuous process.P

No justification is necessary for the statement that Chinese natural philosophers
tended to think in terms of cyclical recurrences. The fact has been noted by many
observers.c In its simplest and oldest form it had to do with little more than the
rhythm of the seasons and therise and fall of the individual lives of men, yet Chuang
Chou in the — 4th century welded it with poetic fire into his Taoist phtlosophy of the
ataraxicacceptance of the Tao of Nature. This ‘doctrine of cyclically recurring change’
(hsiin huan i pien lun3) has been duly discussed in its place.¢ In the words of the Tao
Té Ching, ‘returning is the characteristic movement of the Tao’ (fan ché Tao chh
tung*).c

Later generations developed more precise, if more symbolical, cyclical representa-
tions of natural phenomena. Already in the / Ching (Book of Changes),f as Wu Shih-
Chhang (1) shows, one can find a four-membered series. Stability (chius) leads after
a time to impasse (chhiung®), or antithesis, then there follows decisive change (pien?)
with all its effects, ending in penetration (thung?), after which a new period of stability,

8 ‘Comp re hensive Discmsions at the White Tlger Lodge’, ch. 27, p. 85, tr. auct. adjuv. Tséng

Chu-Sén (1), vol. 2, p. b AMing erh Yin erh Yang pu néng hstang chi yeh.®
¢ E.g. Chatley (26); Wu Shih- Chhang (1); Huard & Huang Kuamg-Ming (1).
4 Vol. 2, pp. 75ff. e Ch.40.
f See Vol. 2, pp. 304ff.
THERAEMN : k& BRRER ‘KREBZH 5 %
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26. PHYSICS 11

a synthesis, supervenes. These stages may be represented by the successive points
A, B, C, D in Fig. 277. It may very well be that this cycle arose from the contempla-
tion of human historical, even dynastic, changes, but the naturalists of the Han would
certainly not have hesitated to apply it to events in the non-human world also.

After the arrival of Buddhism, the Indian lore of kalpas, very long time-periods
with alternating phases of creation, destruction and re-creation, marked by recurrent
world conflagrations or dissolutions, became in the Thang a commonplace.2 The four
phases were termed stagnation (chu?), destruction (huai?), chaos or emptiness (khung?)
and finally redifferentiation (ckkhéng4). One can insert them on the sine curve in just
the same way. The Neo-Confucians of the Sung adopted the theory in their turn,
laying particular emphasis on the course of events in its successiveevolutionaryphases,®
and using a parallel set of technical terms, yuans (beginning of spring), héng®
(beginning of summer), /i’ (beginning of autumn) and chén or chéng® (beginning
of winter). Chatley proposed for these terms the series, ‘inception, climax, balance
and anti-climax’. The four intervening periods he called positive increase, positive
decrease, negative increase and negative decrease successively, no doubt with the
sine curve in mind. And indeed it must have been in an attempt to visualise these
four phases qualitatively in days long before the widening of man’s imagination by
coordinate geometry that throughout the centuries the Yin and Yang were divided
into four—the Lesser and the Greater Yin (shao Yin?® thai Yin'®), the Lesser and
the Greater Yang (shao Yang!! thai Yang'?). A text such as the Pa: Hu Thung Té
Lun, which discusses® the ‘ascendancy and decline of Yin and Yang’ (Yin Yang
shéng shuai'®), may give only an arid account of the properties of each form,
according to the system of symbolic correlations,q but the existence of four
members in the set is in perfect agreement with the four parts of the sine curve.

Of course, the cyclical formulation was imposed from the start by the very subject-
matter of certain sciences, such as calendar-making in astronomy, with its sixty-day
and year counts,® or the recognition of the water-cycle in meteorology.! But ideas
of circulation were also prominent in physiology and medicine, where a movement of
ckhi and pulsing blood was supposed to take place around the body daily.8

At an earlier stage we had occasion to remark upon the strange similarities between
classical Chinese organic philosophy and the philosophy of the Stoics in mediter-
ranean antiquity.® ‘Ovum ovo non erit similius, quam Stoica sunt Sinensibus.” Itis
therefore particularly interesting to find that if anywhere in the ancient West it is
See Vol.2, p. 420; Vol. 3, p. 602.
See Vol. 2, p. 486.

Ch. 9, p. 11b; tr. Tséng Chu-Sén (1), vol. 2, p. 433.
See Vol. z, pp. 253ff. ¢ SeeVol. 1, p. 79; Vol. 3, p. 396.
Cf. Vol. 3, p. 467.

B The classical staternent of this is in the Huang Tt Nei Ching, Ling Shu, ch. 15, which must be
considered a Han text. The nature of these circulations, and theextent to which they prefigured modern
knowledge of the circulation of the blood, will be fully discussed in Sect. 43 on physiology-

b Cf. Vol. 2, p. 476.
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12 26. PHYSICS

among the Stoics that adumbrations of wave-theory can be found.? In times cor-
responding to the Chhin and Han it was they who laid stress on propagation in a
continuum of two or three dimensions using the analogy of water waves and ripples.p
They also found it necessary that this continuum should be under tension—Wang
Chhung’s contemporary the astronomer Cleomedes said: ‘Without one binding tension
and without the all-permeating pnexma we would not be able to see and hear, for the
sense-perceptions would be impeded by the intervening empty spaces’® This
amounted, as Sambursky so well points out, to the hypothesis of an elastic medium
subjected to stresses. For tensional motion or vibration, probably actually observed in
the form of ‘standing waves’ on a bounded water surface, the Stoics used a special term,
toniké kinésis (rovusy kivnos). These conceptions, which found application in fields as
far apart as the physiology of Galen and the theology of Philo, clearly parallel the forms
of thought which came to birth in China. What is particularly interesting and significant
about them is their context of Stoic organicism, universal preuma (with no void),
influences (‘sympathies’) of things on other things even at great distances,d physical
‘fields of force’e within the hierarchy of organisms. Indeed it was no coincidence that
both the Stoics and the Chinese discovered the true cause of the tides.f How the con-
tinuum was visualised in ancient Chinese thought will shortly appear.&

Of course the wave-conceptions of medieval Chinese thought were never applied
specifically and systematically to the interpretation of physical phenomena? But the
Greeks and Latins made no such attempt either. The full understanding of what the
experimental method implied was necessary first, and this did not come until the time
of Hooke and Huygens in + r7th-century Europe. Hooke discoursed much on
‘vehement vibratory motions’ of small amplitude, applying wave-theories to light,
heat and sound;! Huygens later built a whole structure of optics upon them.! The
contest between the wave and the corpuscle theories of light in the + 18th century is
a well-known story. At first sight it would seem most improbable that the contact with
China which Europe had then had for nearly two centuries provided any stimulus;
no doubt the development of wave ideas was essentially a consequence of the study of
vibration itself, as in springs. Yet we should not overlook the personal acquaintance
which Robert Hooke himself had with Chinese visitors in London,* one of whom
might well have dropped a hint about the great importance accorded in China to the
long-term vibrations of the Yin and Yang.

2 See especially Sambursky (1), pp. 138fF.; and more fully in Sambursky (2}.

b As reported by Aetius (+ 2nd century), 1v, 19 (in von Arnim).

€ De Motu Circ. Doctrina, 1, 1, 4 (— ist centuty).

d We shall retum to this subject in Sect. 33. NMeanwhile cf. Zeller (1); von Lippmann (1), p. 146.

¢ Cf. Vol. 2, p. 293. f See Vol. 3, pp- 493ff. g Pp. 28ff. below.

h With the exception, perhaps, of certain ideas which will be found in the Section on acoustics
pp. 202ff. below. i Cf. Andrade (1).

J Pledge (1), pp. 68ff.; Ronchi (1), pp. 1964.

k See Gunther (1), vols. 6, 7, pp. 681, 694; vol. 10, pp. 258, 263. The dates in the diary are for July
1693. Hooke himself wrote on the Chinese language in the P/il. Trans. for 1686. Perhaps his chief
informant was Shen Fu-Tsung! who came to Europe in 1683 and later worked with Thomas Hyde at
Oxford (see Duyvendak, 13).
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26. PHYSICS i3

This is not the place to embark upon a history o f atomic theories—-excellent accounts
are available, such as the monograph of Partington (2) or the book of J. C. Gregory (1).2
The atomic theory was one of the greatest currents of Greek thought; founded by
Leucippus and Democritus? in the — sth century, attacked by the Peripatetics and
all other schools, reaffirmed by the Epicureans and immortalised in Lucretius’
— 1st-century poem, it was finally exiled throughout the early Christian centuries.
The story of its resurrection in the + 17th century, with Gassendi, Descartes and
Boyle, is part of common knowledge and one of the cardinal features of the growth of
modern science. But the atomism of the Indians and the Arabs has also to be con-
sidered, though its relation with European atomism remains rather obscure. Of the
former something hasalready been said;© it figured in Brahminical systems such as the
Vaidesika and Nyaya philosophies, as also in heterodox Jain and Ajivika schools.d
Some roots of these may well be as old as the Greek beginnings of the theory. Arabic
atomism flourished much later, mostly in the +gth and + 1oth centuries, when it was
propounded by al-Ash‘ari and al-Razi¢ As Lasswitz (1) and Pines (1) have shown, it
derived almost wholly from Indian and not from Greek versions; indeed it is an out-
standing example of Indian influcnce on Arabic scientific thought, and furnishes
another instance of the failure of Asian scientific achievements to diffuse to Europe,
owing to the selectivity of the translators from Arabic into Latin.f

Now it is a striking, and perhaps significant, fact that the languages of all those
civilisations which developed atomic theories were alphabetic.é Just as an almost
infinite variety of words may be formed by different combinations of the relatively
small number of letters in an alphabet, so the idea was natural enough that a large
number of bodies with different properties might be composed by the association in
different ways of a very small number of constituent elementary particles.? The trick
of the anagram, as Gregory has put it, was part of the expository power of atomism.
Lucretius, following Democritus, says so in so many words:1

quin etiam passim nostris in versibus ipsis
multa elementa vides multis communia verbis,
cum tamen inter se versus ac verba necesse est
confiteare alia ex aliis constare elementis.

2 Lucidly written but undocumentcd. b Almost an ¢xact contemporary of Mo Ti.
¢ Vol 1, p. 154; Vol. 2, p. 408.
d Brief account with good bibliography in Partington (2), to which add the recent book of Glase-
napp (1).
¢ Micli (1), pp- $4, 97, 139- f Cf. Vol. 1, pp. 220ff.
B In view of the great antiquity of the Phoenician alphabet, itis a little suspicious that Greek tradition
referred to a Phoenician, Moschus, the first origin of atomism befere I.cucippus.
h This idea must have occurred to many; Dr Ehrensvaard (Stockholm) suggested it to me without
knowing that it had already occurrcd to us.
i De Rer. Nat. 11, 688. “...Nay, here in these our lines,
Elements many, common to many words,
Thou seest, though vet ’tis ncedful to confess
The words and verses ditfer, each from each,
Compounded out of diffcrent elements—"', etc. {(tr. Leonard).
The same argument is reproduced by Aristetle, Metaphysics, 1, 3 (985b), as Dr S. Sambursky
{Jerusalem) reminded me.
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On the other hand, the Chinese written character is an organic whole, a Gestalt, and
& minds accustomed to an ideographic language would perhaps hardly have been so
b open to the idea of an atomic constitution of matter. Nevertheless, the argument is
. weakened by the fact that the 214 radicals into which the Chinese lexicographers
£ eventually reduced what they considered the fundamental elements of the written
- characters were essentially atomic,® and an immense variety of words (‘molecules’)
= were formed by their combinations. Moreover, the combinations of the components
E of the Symbolic Correlation groups of five® were understood from very early times
||_ to produce all natural phenomena. Thus we read in the Sun Tzu Ping Fa* (Master
H"_ Sun’s Art of War), ch. 5, written perhaps about —345:

] There are not more than five musical notes, yet the combinations of these five give rise to

more melodies than can ever be heard. There are not more than five primary colouss, yet in
Y combination they produce moze hues than can ever be seen. There are not more than five
} cardinal tastes, yet combinatons of them yield more flavours than can ever be tasted. In
{ battle there are not more than two methods of attack, the direct {chéng?) and the indirect
(chhi3), yet these two in combination give rise to an endless series of mancuvres.©

Again, it was the permutations and combinations of the broken and unbroken lines of
the kua in the Book of Changes which were supposed to produce all the symbols which
. in their totality exhausted the possible states or situations in Nature. We may say,
: therefore, that while there is a certain plausibility in the correlation between alpha-
betism and atomism, the argument cannot be pressed too strongly.

As for the great debate between continuity and discontinuity as such, Chinese
organic philosophy was bound to be on the side of continuity.® This might even be
seen in the realm of mathematics.¢ The Greeks were so far from the idea of continuity
that they could not imagine ‘irrational’ numbers like ,/2 to be true numbers at all.
But, as we have seen,f the Chinese, even if they realised the special nature of these,
were neither puzzled nor interested by them.Their universe was a continuous medium
or matrix within which interactions of things took place, not by the clash of atoms,
but by radiating infiuences. It was a wave world, not a particle world. And thus to
the Chinese, as also to the Stoics, one of the great halves of modern ‘classical® physics
is owing.

a2 Cf. Vol. 1, pp. 31fF. b Cf. Vol. 2, pp. 26:11.
c Tr. L. Giles (11), p. 36.

4 Cf. Vol. 2, p. 281, and the accompanying discussions.

e As was pointed out to me by Dr W. W. Ficxncr.

T Vol. 3, p. 90-
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26. PHYSICS 15

(¢) MASS, MENSURATION, STATICS AND HYDROSTATICS

Literary sinologists have often been inclined to suppose that nothing of any con-
sequence could be found about these subjects in ancient and medieval Chinese
writings. But such an impression was much too pessimistic. This subsection will deal
first with basic knowledge about the properties of levers and with the history of the
balance in Chinese culture, then with strength of materials and the philosophical ideas
which such problems raised. After this will follow an account of the old Chinese
theory and practice concerning the physical properties of liquids—hydrostatics,
specific gravity, buoyancy, density, etc. We shall begin and end by discussions of
mensuration itself, first introducing some further citations from the Mohist Canon by

giving three propositions of metrological interest, and lastly by studying briefly two
remarkable incidents in the pre-history of the metric system.

As a pretude to this, however, it may be of interest to read a remarkable passage in
the Huai Nan Tzu book on quantitative measurement.2 It is a lyrical exposition of
measure and rule as seen in the operations of Nature no less than in those of man, and
all the more striking in that it belongs to a civilisation which produced neither Greek
deductive geometry nor the achtevements of the world of Galileo. It runs thus:

As the great rules (chi2t) for regulating and measuring the Yin and the Yang there are
six measures (1 2). Heaven corresponds to the plumb-line {skérg3), earth to the water-level
(chun*), spring to the compasses (kueis), summer to the steelyard (2éng®), autumn to the
carpenter’s square (chii7), and winter to the balance (chhiian®).b ‘The plumb-line serves to
align the ten thousand things, the water-fevel to level them, the compasses to round them,
the steelyard to equalise them, the square to square them and the balance to weigh them.c

The plumb-line as a measure is ercct and unswerving. Draw it out as you will, it has no
end. Useit aslongas you wish, it will never wear out. Set itas far away as you can, it does
not disappear. In its virtue it accords with Heaven, and in its brilliance with the spirits.d
What is desired it obtains, what is disliked it destroys. From antiquity until today its
straightness has remained unchangeable. Vast and profound is its virtue, broad and great

so that it can encompass (all things). T'his is why the Rulers of Old {(shang 1i9) used it as the
prime standard of things.c

a2 Written therefore somewhat before — 120. The passage occurs in ch. 5, pp. 186 ff. Entitled
Shih Tsé Hsiin' (Teachings on the Rules for the Seasons), this chapter is for the most part textually
identical with the Yiieh Ling (Monthly Ordinances), 2 much older work on which see Vol. 3, p. 195.
But it appends some other material, including the present passage. T'r. auct. adjuv, Bodde (18).

b Although there are six of these mcasures, not five, we should probably take the meaning in the
spirit of the symbolic correlations discussed alrcady in Vol. 2, pp. 261 ff. Indeed the grammatical
construction is typical of this. )
€ From this point onwards the text is rhymed.

3 An echo from the I Chirig; see Withelm (2), Baynes tr., vol. 2, p. 15. The paragraph seems to us
to refer, almost in riddle form, to the calendrically indispensable gnomon (cf. Sect. 20g).

¢ These were the sentences which attracted Bodde’s special interest to this passage, for he translated
the phrase Shang Ti in its ancicnt sense as the‘ Ruler Above’, and was thus led to interpret the whole as
a depiction of the activities of a personal divine engineer, if not cxactly a divine creator. The passage
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The water-level as a measure is even and without slope, flat and without declivity. Broad
and great it is, so that it can encompass (all things), wide and all-embracing so that it can
harmonise (them). It is soft and not hard, blunt and not sharp,® flowing and not stagnant,
shifting and not choked. It issues forth and penetrates (everywhere) according to a (par-
ticular) principle (ch'). It is widespread and profound without being dissipated, and levels
and equalises without any error. Thus the ten thousand things arc all kept in equilibrium,
the people form no dangerous plots, and hatreds or resentments never arise.> This is why
the Rulers of Old used it as the equaliser of things.c

T'he compasses as a measure revolve without check, make circular lines without ends, and
accommodate without permitting undue latitude. Broad and great they are, so that they can
take (all things into their) embrace. In their action and reaction they follow a pattern (/i2);
in their issuing forth and (universal) penetration they have a (particular) principle (chi!).
So accommodating, so indulgent, are they, that the hundred grudges make no appearance.
They measure their curves without any error, and bring the ckAi into its manifold patterns
(f72) (of life).d

The steelyard as a measure moves with deliberation but not too slowly. It equalises
without inducing resentment, extends benefits (for right-doing) without (ostentatious)
virtue, and expresses sorrow (for wrong-doing) without (ostentatious) reproof. It takes care
to equalise the people’s means, prolonging thereby (the lives of those who would otherwise
suffer) want. Glorious and majestic it is, in its operations never unvirtuous. It nourishes,
gives growth, transforms and develops, so that the ten thousand things flourish exceedingly,
the five grains come to fruition, and the fields and ficfs bring forth their produce. Its
administration is without error, so that sky and earth are brightened thereby.¢

T'he carpenter’s square as a measure is severe but not perverse, hard but not obdurate.
It collects without evoking resentment, and gathers in without harm. Though awe-inspiring,

thus has some relevance to the question discussed in Sect. 18 (Vol. 2), whether or not the conception
of laws of Nature ever arose spontaneously in Chinesc culture, YWe believe, however, that by the Han
the original conception of a unitary sky-god (if it ever really existed) had long been lost, and that the
meaning we hire adopt was the most common one (strikmg examples may be found in the Huang Tt Net
Ching Su Wén, ch. g, p. 6b; ch. 13, p. 4a, b). The same chapter of Huai Nan Tz, it is true, like the
Yiwh Ling, refers twice previously (pp. 8a, 156) to sacriices to a Huang Thien Shang Ti? (whether
singular or plural is never clear); but if, as seems highly probable {cf. Vol. 2, pp. s8off.) the ‘Ruler
Above’ was a transcendentalised version of the * Rulers of @1d’, i.e. the founding fathers and ancestors,
the line betwecn the two becomes very tenuous. Once again we see how misleading it can be to view
Chinese thought through the spectacles of occidental monotheism ; indeed Christian missionarics only
adopted Shang T'i in despair for want of anything better. The whole passage is a poetical exposition of
the measuring activities both of Nature and of man, and the earthly social significances are only just
under the surface. Yet there is something to be said on both sides, and the debate may be foltowed fully
in Bodde (18). A comparison of our versions illustrates instructively how differcnt the nuance can be in
a passage such as this according to the basic assumptions of the translators (cf. Forster, t).

2 The obviousechofromthe 7'ao Té Ching, chs. 4and 56, authoriscs an inversionmade by Bodde here.

b A sociological undertone now evidences itself, and grows clearcer and clearer as the passage proceeds.
The genuinely sublime aspects of metrology are being seen from the viewpoint of the feudal lord or the
feudal-bureaucratic official. His function was t0 exact the maximum vyicld from the people in material
rent or tax without giving risc to resentments and rebcllions. Very relevant here is our discussion of
weights and measures, devices and inventions, in the ancicnt Chinese feudal economy in Sect. 10
(Vol. 2, pp. 124ff.). This paragraph seems to us to involve a reference to the importance of irrigatien
works (cf. Sect. 28 f below), for which the water-level was the indispensable survey instrument,

¢ See note ¢, p. 15.

d The thought here is of the burgeoning and rounding out of growing things in spring.

€ The thought is of summer’s brilliance and yet of the bounds sct by INature to the growth and
development of animals and plants.
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26. PHYSICS 17

it does not terrify, nor can there be any denial of what it says. Deadly and effective are its
attacks, bringing into subjection any opposing forces. [t measures its squares correctly and
without error, so that all those doomed to perish meekly submit.2

The batance as a measure acts guickly but not excessively, killing but not afflicting. It
(presides over) the full, the real, the solid, wide and profound yet not dispersed. It destroys
things without diminishing (the totality of the world) and executes the guilty without (possi-
bility ef) pardon. Its sincerity and trustworthiness give certainty, its firmness and genuine-
ness give reliability. In its sweeping away of hidden evils it cannot but be straightforward.
Thus when the administration of winter is about to take charge, it must weaken in order to
make strong, and soften that which is to be made hard.b It weighs correctly and without
error, so that the ten thousand things return into the treasuries of the earth.©

The regulations of the Ming Thang are to take the water-level as the standard of quies-
cence, and the plumb-line as the standard of activity. In spring government follows the
compasses, in autumn the square, in winter the balance, in summer the steelyard. Then

drought and wet, cold and heat, arrive at the proper juncture, while sweet rains and enriching
dews descend at their proper seasons.¢

Thus was faith affirmed in a world of order, precise, clear, numerical, unvarying
and repeatable, not vague and chaotic, not wholly composed of excess and defect.
If there were no laws in Nature like the laws of men, there was no disorder either,
but pattern above pattern, recognisable and measurable, level beyond level, from wisps
of chhi to stars. And the measures of the world and the principles of its measurement
did not change, before even the Rulers of Old, they were. Another writer of Liu An’s
invisible college had said so, in a passage which we cannot forbear from quoting again:f

At the present time the balance and the steelyard, the square and the compasses, are fixed
in a uniform and unvarying manner. Neither (the people of) Chhin nor Chhu (can) change
their specific properties—neither the northern Hu barbarians nor the men of Yieh in the
south (can) modify their appearance. These things are for ever the same and swerve not, they
follow a straight path and do not meander. A single day formed them, ten thousand genera-
tions propagate them. And the action of their forming was non-action.

(1) Tue MoHISTS AND METROLOGY

By way of background let us recall previous references to this subject. The mathe-
matics Section showed how far back in Chinese history it is possible to trace the use
of powers of ten for units of measurement,® the astronomical Section revealed an
early attempt to develop something analogous to the standard platinum metre of

2 The thought here is of autumn when vegetation and all life dies down, but the problem of the
repartition of the harvest between lord and lad comes through clearly enough.

® Echo of the Tao T¢ Ching, ch. 36, but a typical Taoist idea.

¢ In hibemation, in seeds, in ores, and so on.

d The imperial cosmological tempie; cf. Vol. 2, p. 287; Vol. 3, p. 189.

¢ In our interpretation this is a statement of phenomenalism {(cf. Vol. 2, pp. 378ff.), i.e. the doctrine
universzlly held in the Han, that Nature was en rapport with human ethical behaviour, and reacted in
accordance with its rightness or wrongncss. Bodde, however, takes chth as a verb rather than a noun,
and makes the instruments or their principles the actual methods of z divine govermment of the world
at the successive seasons. But, as the Arabs say, Allah knoweth best.

f Ch. 9, p. 5a; tr. Escarra & Germain (1), p. 23; eng. auct. mod. g Cf. Vol. 3, pp- 82ff.
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modern times.2 Presently the acoustics subsection will show us a ‘statistical’ method
of fixing volumes.b Here now are the Mohist propositions, dating from the late
—4th century, which have to do with standardisation in metrology.c

Ch 80/—(78.72. Standardisation of lenpth measurement

C Athingcanbe ‘very’ or‘not very’ (shen pu shen'). The reason is given under ‘following
a standard’ (thi?).

CS (People in different places} use very long or very short standards, but the ‘very long’
and the ‘very short’ should not be longer or shorter than the long and the short
standard respectively. A ‘standard’s’ standardisation may be true or faise. All
{individual) standards should conform to the (accepted) standard. (auct.)

With regard to ‘very long’ and ‘very short’ we may remember the system of
technical terms adopted by the Chou and Han astronomers for stating different
fractions of a degree of arc (Vol. 3, p. 268). The Mohist writer was doubtless
thinking of the confusion of standards in different parts of the country, each
feudal State having at least one set of measures of its own.

Ch 81/-—[80.73. Choice of units appropriately small

C Starting out with the lower, search out the upper. The reason is given under ‘valley’
(2s€3).

CS If one has to choose between higher and lower for a standard, it is not a question of
‘mountain and valley’. It is better to live in lower rather than in higherplaces. The
lower may really turn out to be the higher. (auct.)

Here there is an obvious echo of the T'ao Té Ching, ch. 6 (Vol. 2, p. §8 above),
66, etc. What the writer seems to be saying is that in choosing units of mensura-
tion, the technician should not be misled by Confucian delusions of grandeur
into making them too spacious and large, nor by Taoist humility into making
them too small. Nevertheless, he inclines to the Taoist side, for smaller units
are likely to be more convenient.

Ch 82[—(8.174. Arbitrariness of standards
C The ‘non-standard’ can become the same as the ‘standard’. The reason is given under
‘no difference’ (pu chou#).
CS If a standard has been standardised, then it must be a true standard. But nowadays
standards which are supposed to be true are actually not so; therefore people call the
non-standard the standard. Their standards are (false) standards, and do not agree

with the true one, though people use them. So the standard of today is the same as
what used to be a non-standard. (auct.)

a Cf, Vol. 3, pp. 286fF.

b See pp. 199ff. below.

¢ Interpretations, as given here, of this notoriously corrupted and difficult text, must be taken with
all reserve. The key to the identification symbols used will be found in Sect. 11 (Vol. 2, p. 172).
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26. PHYSICS 19

(2) THE MOHISTS, THE LEVER AND THE BALANCE

The next group of excerpts from the Mo Ching give us an idea of the notions which
were held by the Mohists about Aristotle’s time (the end of the —4th century) on
force and weight. It should again be emphasised that we have only surviving frag-

ments and rather garbled texts to work on, so that one can hardly judge the extent of
the physics of the Warring States period without much guesswork.

Cs 21/—/[41.21. Force and weight
C Force (1) is that which causes shaped things (ksing?) (i.e. solid bodies) to move

(fén3).e
CS Weight (heaviness) (chung) is a force. The fall of a thing, or the lifting of some-
thing else, is motion due to heaviness. (auct.)

Ch 26/—[48.20. Balance of forces; consideration of pulley and balance

C A suspending force acts in the opposite direction to the force which pulls (downwards).
The reason is given under ‘beating against’ (pos).

CS For suspension (chhiehS) force is necessary, but free fall (y:n?) occurs without the
application of force (by us). A suspending force is not necessarily confined to the
actual point at which it is applied (as in the case of a beam or a bridge). (Note how)
a cord is used for drilling.®> (Consider a beam suspended on a rope. The side where)
the distance from the point of suspension (the fulcrum) is greater, and/or the weight
heavier, will go down; (the side where) the distance from the point of suspension is
shorter, and/or the weight lighter, will go up; so that the more the upper side gains
the more the lower side will lose. When the rope is at a right angle to the beam, the
weights are the same (on both sides) and a mutual balance is struck.

(Consider two. weights suspended by a rope over a pulley.) The more loss (sang?®)
from the ‘upper’ side (by reduction of the amount of weight hanging), the more gain
there will be on the ‘lower’ side. If the ‘upper’ weight is entirely taken away, the
‘lower’ (stde) will fall altogether. (auct.)

In the last example it is assumed that at the beginning of the experiment the
weight which is going to be changed is hanging at a point higher than the constant
weight on the other side.

Here is an ancestor of Atwood’s machine (+1780) for studying the relations
between force, acceleration and mass. Cf. Wu Nan-Hsiin (1), pp. 92ff.

Ch 11/—/20.11. Combination of forces

C A force made up of (s09) several forces, can act against one force. Sometimes there is
a reaction (fu1°) and sometimes not. The reason is given under ‘parallelism’ (ch#@'").
(auct.)

2 The word fén is of particular interest here, since it connotes rshing or accelerated movement, and
originally meant the taking-off of a bird from the field in flight. If the Mohist writer had not had a
vague ideaof acceleration at the back of his mind, he would have used obvious words such asAsing,i*¢,!s
or tung’* Inmodern Chinese physical terininotogy, fén &'s means impulse. Cf.Wu Nan-Hsiin (1), p- 84.

b This is a reference to the rotary bow- or pump-drill. See Sect. 27 below.
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CS (missing).

FE

The brevity of this proposition and the loss of the commentary makes certainty
difficult as to what it concerned. If chii? is the right character, then the Mohists
were making some attempt at the resolution of vector forces, the parallelogram of
forces, etc. Whether or not there would be a ‘reaction’ would depend upon
whether the structure under consideration was in equilibrium or not. There is
no way of telling, however, whether the Mohists had any methods of calculating
the force distributions beforehand, and if so, what they were. Cf. Mikami (13)
on the parallelogram of forces in post-Renaissance East Asian science.

Than Chieh-Fu, taking chii? (‘pushing’) to be the character intended, believed
that this proposition concerned the transmission of energy by impact from one
suspended ball to another through a series of intermediate suspended balls which
remain unmoved; but this seems less likely than the former interpretation.

TEN N |

1]

A

Fig. 278. Distribution of load: the diagram in the San Tshai Thu Hui encyclopaedia (+ 1609).

In practical engineering in ancient and medieval China there must have been
many occasions for empirical knowledge of the combination of forces, though
their theoretical resolution could not be undertaken. Not until the + r7th century
in Europe, indeed, was this fully understood. As Chhen Wén-Thao (z) has
pointed out, the early aerodynamic invention of the kite in China was an applica-
tion of the principle (c£f. Sect. 27m below). An outstanding instance of the division
of force was the ancient method used in China for carrying heavy loads—the
chhé ni3 or charrot-yoke principle, in which the four handles of the sledge on
which the heavy weight rests are attached to a fanning-out series of carrying-poles,
so that the weight resting on the shoulders of each individual carrier is not
intolerable. This has often been described (cf. Fig. 279); e.g. by Esterer (1),
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I'ig. 279. Distribution of load among many porters, an ancient Chinese method
still commonly used (photo. Gordon Sanders, near Chungking, 1943).
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p-143;G. L. Staunton (1), vol. 2,p. 113; and in San T'shai Thu Hui (1 chih sect.),
ch. 7, p. 9a, & (Fig. 279). 1 myself have often seen heavy loads, such as dynamos
or transformers, still carried in this way. Similar branched linkage systems may
be seen today in aircraft testing establishments, where a single measurement
based on numerous points of attachment records the properties of a wing subjected
to various strains. As for the carrying-pole (pien tan?) itself, so universally
employed by Chinese workers and pcasants, it must go back to very ancient times
(as, e.g. in Egypt, Wilkinson (1), vol. 2, p. 108). An Etruscan cinerary casket of
the —3rd century preserved at Orvieto shows a naked hierophant carrying two
baskets by a pole over one shouider exactly like a Chinese porter.

Ch 27/—/?.19. Mechanics of mobile scaling-ladders
C Suspension. . .(the rest missing).

CS The chuan chhé? (mobile scaling-ladder) is built (on a frame) with two of its wheels
higher (i.e. of larger diameter) than the other two (presumably for facility of steering).

Fig. 280. Diagram of counternweighted scaling-ladder, to illustrate Mo Ching, Ch. 27.

A (counter-)weight is borne at the front end, which also has cords (lit. bowstrings,
flisien 3) attached to it. (When it is ready) the cord is carried to the front and over the
pullcy-wheel (ku+) (at the top), and the (counter-)weight hangs down from it in front.
As for the ladder, it moves when (the counterweight) is pulled or pushed. When
the weight is not pulled from above or pushed from below (the ladder will not move).
If the counterweight is not interfered with (by being allowed to get out of alignment)
sideways, it should hang straight down. When it slants (in relation to the whole
machine) some (irregularity in the ground) is spoiling it. Those who are unskilful
with scaling-ladders do not understand how to arrange that the weight hangs
perpendicularly. Ifit will not come down, (it is because it has) lost its side support.
The rope (shéngs) (for hauling the whole machine forward) is attached to the
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pulley-frame (at the front), just as a tow-rope is attached to the cross-piece at the bow
of a boat. (auct.)
Here is a practical application of the pulley and counterweight mentioned
already. The construction of the machine can readily be understood by the
diagram, Fig. 280c. Cf. Werner (3). ‘The usual name for this machine is, of course,
yim thi.' The discussion clearly exemplifies the Mohist interest in military
technology. European parallels are in Uccclli (1), p- 218. It is remarkable that
engineers such as Ramelli in + 1588 were still interesting themselves in essentzally
the same devices.
Luan Tiao-Fu (1), p. 89, reconstructs the canon.

Ch 25/—/232.—. Lever and balance

C A nbalance (kéng?) can lose its equilibrium (ckéng?). The reason is given under ‘gaining’
té%).
Cs gf a weight is added to one side of a balance, that side will fall.

As for the steelyard (c/hiian®) (balance with beam of unequal arms), let a quantity
of material and a weight be balanced (chung hsiang jo yeh®), the distance between the
fulcrum and the point where the material is suspended (pérn?) being shorter (tuan®)
than the distance between the fulcrum and the point where the weight is suspended
(#7a0°). This will then be the longer (chhang ). If now to both sides the same weight
is added, the weight must go down (piae pi Asia'') (because the distance between the
fulcrum and the point where the weight hangs is greater than that between the
fulcrum and the material). (auct.)

Firstanoteconcerningthe technical terms. Héng (K7484,1) essentially meansthe
beam of any balance (whether of equal or unequal arms) and

acquired in time the broad significance of balances in general. 8\
The character derives from a graph which depicts a carrying- ’5 t
pole or vehicle pole passing a cross-roads (a natural place for a

primitive market). Chhiian (K 1580), which combines the wood
radical with a phoneti ¢ deriving from a picture of a heron, means
essentially the weight of a steelyard, but occasionally by implication the steel-
yard itself, and later more commonly came to be used as a verb, to weigh.

Now in this passage there is an exact parallel between the Mohist writer, who
has plunged into the statics of the balance, and the propositions of Archimedes
half a century later (De Aequiponderantibus, tr. Peyrard (1) and van Eecke (1);
cf. Dugas (1), p. 24). The first statement of the commentary is identical with
Archimedes’ postulate no. 3, and presupposes 1 and 4. The second statement
is the same as Archimedes’ proposition 111. The special case then follows of
doubling the weight on the long arm, but only increasing that on the short
arm by a small amount; if no change is to take place in the distances from the
fulcrum, the result must be as stated. The whole entry gives useful technical
terms for the —4th century.2

It should be remembered that this work of Archimedes was not available to
the European Middie Ages (Dugas (1), p. 38).

K 7484

2 Cf. Wu Nan-Hsiin (1), pp. 91ff.
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26. PHYSICS 23

The most important thing about this excerpt on the lever and balance is that it
shows that the Mohists must have been essentially in possession of the whole theory
of equilibria as stated by Archimedes. That it was widely understood in the Han
emerges from a passage in the Hua: Nan Tzu:?

Therefore if one has the benefit of ‘position’ (shih %'),P a very small grasp can support a
very large thing. That which is small but essential can control that which is wide and broad.
So a beam only 1o wei long can support a house 1000 chiin in weight; a hinge only 5 inches
in length can control the opening and closing of a large gate. It does not matter whether the
material is large or small. What matters is its exact position (so chii yao yeh?).

And obviously there were numerous other examples of the lever principle in practical
life-—one thinks of the swape (shad:if),d referred to usually as the chieh kao® (in Li Chit
as the ‘bridge-balance’, chhiao héng+), and of the steering-oar.t

Naturally the balance was often referred to illustratively in texts. Two may be
quoted. Mencius says ( — 4th century):2&

By weighing we know what things are light and what heavy. By measuring we know what
things are long and what short. The relations of all things may thus be determined. But it

1s of great importance to measure the (motions of the) mind. I beg your Majesty to measure
them.

And in the Shen Tzu book (between the +2nd and +8th centuries) some Taoist
writer lauds the quantitative as follows:®

Those who navigate on the sea can come to Yiieh by boat; those who go overland come to
Chhin in carriages; Chhin and Yiieh, though far apart, may be reached just by sitting
peacefully. This is all due to machines and appliances (chiai$) made of wood. As to the
measurement (by such a machtne) of weights such as the chiin® and the tan?; even a person
as clever as Yii the Great could not distinguish (merely by inspection) weights as small as
the ¢2u® and the ciu.? But whentheyare placed on the balance (ckhiian héng'©), the difference
of even a /i or a ‘hair’ (fa'?) (the smallest weights) cannot be overlooked. For this one

does not need the wisdom of Yi the Great. The knowledge of ordinary people is sufficient
to attain this.

Shen Tzu would have agreed with Socrates, as Plato records him.!

a2 Ch. g, p. 17¢; tr. auct.

b Note the use of the Legalist technical term for ‘ princely influence’.

¢ Cf. ‘With a long enough lever, one could move the world.” Cf, Duhem (2). The Huai Nan Tzu
passage is echoed in Chin Lou Tzu (+ 6th century), ch. 4, p. 19a.

d Cf. below, Scct. 278. And of its military derivative, the trebuchet.

¢ Ch. 1, p, 146 (Legge (7), vol. 1, p. 73). Mazaheri (3) suggests that the steelyard may have been
derived from it. f Cf. below, Sect. 29 in Vol. 4, pt. 2.

€ 1 (1), vii, 13; tr. Legge (3), P. 20. b P, 74, tr. auct,

1 Republic, x. ‘Immersion in water makes the straight seem bent, but reason, thus confused by false
appearances, is beautifully restored by measuring, numbering and weighing; these drive vague notions
of greater or iess or more or heavier right out of the minds of the surveyor, the computer, and thc clerk
of the scales. Surely it is the better part of thought that relics on measurement and calculation.’
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Unfortunately the comparative history of the balance has not yet been put together.2
From authorities such as Ducros (1) and Glanville (1) we know that the balance was
in use in ancient Egypt from at least the beginning of the — 3rd millennium, and
probably from pre-dynastic times. Nearly all the representations of such balances
which have come down to us show beams of cqual arms supported centrally by a
pillar to which a plumb-line is attached.® The Greek world presumably knew the
balance from its earliest origins, but pictures of it are very scarce. Some of them show
a balance suspended from the central point, not supported on a column; as for example
the celebrated black-figured dish treasured in Paris, dating from the middle of the
—6th century, which depicts the weighing of silphium before Arcesilaus of Cyrene.c

It is generally agreedd that the suspended balance with unequal arms (the steel-
yard)e is of much later date in the ancient occident, and its invention or adoption has
sometimes been placed (though unconvincingly) in Campania about —2o0. It
certainly needed a more sophisticated knowledge of the properties of the lever than
that which had sufficed for the equal-armed balance. Namcd in Latin statera, it has
often been called the ‘Roman’ balance, and was closely described by Vitruvius.t
Parts of instruments from that time, and even whole examples, still exist,e as also
contemporary representations of their use, e.g. the Gallo-Roman carving from
Neumagen (Fig. 28:1) now at Trier. But this device never became the dominant type
in Europe. It is curious that in China the opposite development occurred,” and the
steelyard (chhéng'2),! though of unknown origin,i seems to have been much more
prevalent, at least from the Han onwards, than the simple balance with equal arms.
This is called thien phing,’ but the term is a late one, and since #ng has the semantic
significance of equality we can probably recognise the equal-armed balance in ancient
and medieval texts under the name #ng tzu.* But this can also mean the steelyard,
if of small size, as in jewellers’ and apothecaries’ shops.

2 There is only the fifty-year-old, though still meritorious, dissertation of 1bel (1). See also Mach-
abey (1); Skinner (1); and Sanders (1) on the cvolution of the pivut in weighing instruments. The
knife-edge was not, so far as I know, developed in China. Moody & Clagectt (1) and Clagett (2) have
now published texts and transiations of a number of ancient and medieval European works on the
balance or lever, and on the forces produced by masses moving on inclined planes (Scien tia de Ponderibus).
These rangc from Hellenistic treatises bearing the names of ituclid and Archimedes, to the book of
Jordanus Nemorarius (¢. +1225) and that of 3lasius of I’arma, written about + 1400.

b See, e.g. Klebs (3), fig. 76, p- 107 and fig. 116, p. 182z.

¢ Cf. Neuburger (1), p. 206; Testut (1), p. 22. d See, e.g. Feldhaus (1, 2); Testut (1).

€ The steelyard has nothing to do with steel; its name derives from the word sfalhof, the court in
London where samples were shown by Hanseatic merchants to prospective customers. The first use in
English seems to bc as late as + 15371.

f x, iii, 4. Itis mentioned also by Varro, Cicero, I’liny and others.

g Cf, A. H Smith (1), p. 162; Darembcrg & Saglio (1), vol. 3, pp. 1226ff.

b One cannot help wondering whether this could have had anything to do with the practice, seemingly
so widespread in all ages in China, of transporting loads on carrying-poles (pien tan®)
borne on the shoulder. But this technique was common also in ancient [.gypt, cf.
Wilkinson (1), vol. 2, p. 185.

i The character (K894g) combines the grain radical ‘vith what was originally a
pictogram of a hand lifting something up (1<8945).

i The first form of the word occurs already in the Sun Tzu Ping Fa of ¢. =345

(Giles (11), p. 31), the second in the writings of Chuko Liang (c. +210). ok
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Fig. 281. Steelvard depicted in a Galio-Romar: carving from Neumagen
(photo. Landcsmuse¢un, Trier).




PLATE XCVIII

Fig. 282. Painted grass basket with a pair of scales and weights for them, togcther with a wooden comb, writis
tablets of wood, and other things. From a tomb of the State of Chhu at Tso-chia-kung Shan, near Chhang-s
dating from the —4th or —3rd century. ‘The balance, one pan of \which (on the left) still bears its suspension-cor
is the eldest Chinese example of weighing apparatus so far known, ‘I’he sct of weights takes the form of a series
thick rings of different sizes (photo. CPCRA and BCI.A).
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In the best-known form of the steelyard the determination of the unknown quantity
is accomplished by moving the standard weight along the long arm and reading off the
result on the scale provided. A diagram of the steelyard (chu chhéng') was given about
+ 1050 in the Huang-Yu Hsin Yo Thu Chi* (New Illustrated Record of Musical
Matters of the Huang-Yu reign-period) by Juan I,3 as quoted in Wang Chhi’s*
Ming-dynasty Pai Shith Hui Piens (Informal History).2 Fig. 283 reproduces the
illustration in the Thu Shu Chi Chhéng encyclopaedia.® The beam (kan¢) was divided
into twenty-four divisions (chu?) each corresponding to 1 oz. (/zang?®), with every tenth

Fig. 283. Steelyard illustrated in the Thu Shu Chi Chhéng encyclopaedia.

division more prominently marked by a stud (hsing®). The standard weight (chuzte)
was moved along until equilibrium was reached. As in the West, the number of

weights which have survived is far larger than that of the balances on which they were
used. Chhin weights already have rings cast on them for attachment to the hook of
the balance.© Obviously the Chhin and Han people must have known how to calibrate
their steelyards, taking the weight of the beam itself into consideration. In Europe
the steelyard of medieval and later times was also called ‘ bismar’, a word of Scandi-
navian origin. But the Roman and Scandinavian-Slavonic steelyards differed, how-
ever, because in the former the divisions were equal, while in the latter they formed

2 Juan I’s account would correspond with the Liber Charastom’s, a Latin version of an Arabic text
of Thabit ibn Qurra {+ 836 to + go1). Itis net known whether the word meant the steelyard in Arabic,
or referred to a legendary inventor Charistion. See Dugas (1), p. 37; Wiedemann (12); Mazaheri (3).

b Khao kung tren, ch. 13, hui khao 2, p. 175.

¢ See, e.g- Wu Chhéng-Lo {2), pp. 148-53, new ed. pp. 70ff.
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a harmonic series. According to Benton (1), China is the only country in Asia to have
the ‘Roman’ type.® We find steelyards also in Gandhira sculptures® and on Maurya
coins. An adequate history of these important instruments in all civilisations would
be very illuminating.¢

The use of more than one fulcrum would obviously permit of weighing in a series
of different ranges, and Chinese steelyards were indeed (and often are) equipped with
arrangements for more than one point of suspension. Going further in this direction
the steelyard could be provided with a fixed weight and a shifting fulcrum, and this
was in fact done in various parts of the world, forming a second type of unequal-armed
balance which Stkeland (1) considered should be termed the ‘desemer’. The weight
was often a club-like expansion of the beam, but in Mediterranean antiquity could be
formed into a lion head or other ornament. This balance was much used in Germany
and western Russia, as also in Assam and Bhutan, but the best examples, oscillating
well without upsetting, come from Tibet.e If known and used in China, it was
certainly never common there. Some early Roman desemers have bridges along which
the suspension slides, thus placing the centre of gravity well below the point of sup-
port; this helps oscillation without continual overturning but reduces sensitivity.f

For accurate weighing in China the equal-armed balance heid its own, at least in the
smaller kinds. Probably the oldest Chinese example of any weighing machine is that
recently excavated from a tomb of the Chhu State ( —4th century) and preserved in
the Peking National Museum. The weights included rings of different sizes. Itisa
striking thought that we now have some pieces of simple physical apparatus con-
temporary with the Mohists (Fig. 282). Examples from the Han have long been known,
some of the oldest being from the time of Wang Mang (¢. +10).8 The equal-armed
balance is frequently depicted in the frescoes of the cave-temples at Tunhuang.? In

® ftis found, however, in the Shan States (Annandale, Meerwarth & Graves, 1).

b Bruhl & Lévi (1), fig. 26.

€ Belarev (5).

¢ Very recently Mazaheri (3) has made a detertnined effort to prove that the steelyard of Roman
Europe was derived from that of China. Unfortunately, his argument is based on two unacceptables:
(a) the belief that the text of the Chou Liis of the — 10th century instead of about the —3rd, and (4) that
the words chhiiar and héng which occur in it necessarily refer to the weights and beams of steelyards
and not to scales and weights in general. Although, as we have seen, there 1s Chinese textual evidence
for the balance of unequal arms in the —4th century, one of the Roman specimens has been dated as
early as the —3rd. A coincidental converse of Mazaheri's unduly courteous bow from West to East
appears in the learned memoir of Yamazaki (1), who makes the Chinese abacus derive from the Roman
chiefly because he believes that it goes back to the —.tth millennium in Egypt, a view for which we know
no justification whatever (cf. Vol. 3, p. 79). Both these kind estimates of antiquity are greatly exagger-
ated, and as yet we simply do not know where the steelyard and the abacus origmated. This is a pity,
in view of their great importance in the history of commercial activity and intercourse.

¢ Cf. too the study of Annandale, Meerwarth & Graves (1) on the desecmcrs of the markets of the
Shan States. In some of these a scale-pan moves back and forth instead of the fulcrum.

f One of these steelyards is illustrated in Neuburger (1), p. 205, as well as in Sékeland’s paper. See
also Daremberg & Saglio (1), vol. 3, figs. 4474, 4475.

8 See Wu Chhéng-Lo (2), p. 165, new ed. p. 78.

h Generally it hangs from a bar supported on two posts forming a stand like those used for bellsand
chime-stones. A bird is often perching on the bar; this is the dove waiting for the fiesh donated by
Sivi, one of the previous incarnations of the Buddha, and the flesh is being weighed. I have noted this
in caves nos. 138 (late Thang), 98 (Wu Tai, ¢. +950), and 61 and 146 (eariy Sung, before + 1000).
Cf. too the + 11th.century stele described by Shan Chhing.Lin (2).
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26. PHYSICS 27

his Shih Yu Than Chi' (Records of Discussions with my Teachers and Friends),
Li Chihz wrote, towards the end of the + 11th century, that it was agreed? that the
steelyard would not do for goldsmith’s work, and that it was necessary to pile up very
small weights (téng3) on the téng tzut It is not quite clear whether there was any
difference between this balance and the thien phing;s the latter seems first to be
referred to in + 1451 when an imperial edict ordered the construction of all three
kinds of balances.b Weights used for it were known as thung fa tzu® (edict of +1506)
or fa ma7? (edict of + 1529).

An ancient ordinance, preserved in the Lii Shk Chhun Chhiu, and therefore dating
from the Chou period, prescribed the checking of all weights and measures at the
autumn equinox.¢ No reason is given, but the temperaturc would then be neither too
hot nor too cold. And indeed in the early +2nd century, Chang Héng,? in his poetic
essay on the Eastern Capital (Tung Ching Fu®) mentions the equalisation of measures
in relation to contraction and expansion in cold and heat (liang chhi chi shu yi han
nuan 10) 1

It is needless to emphasise the enormous importance of the balance in all branches
of science. What we have here seen of an appreciation of the quantitative in — 4th-
century China may be paralleled, as Tasch (1) has shown, by the writers of the slightly
earlier Hippocratic Corpus in Greece. Although it was not until the 17th and 18th
centuries that modern chemistry arose out of the weighings of Rey and Lavoisier, the
use of the balance in earlier ages (both East and West) must not be underestimated,
and later on evidence will be brought forward to show the care with which some of the
Sung alchemists and metallurgists made use of the balance.¢ We'shall also trace it in
pharmacy from the Han onwards.f

(3) TensioN, FRACTURE AND CONTINUITY

Let us begin with two more Mohist propositions.
Ch 24/—/—.—. Strength of matertals

C  (Suppose a weight) to be supported (by a beam) which does not break. The reason is
given under ‘bearing’ (shéng 1.

2 He mentioned experts of the time such as Chhin Shao-Yu'z and Hsing Ho-Shu3.

b The termn thien phing is used in China today for weighing-machines or counter trip-scales, i.e. for
snstruments in which the scale-pans are placed above the beam and maintained constantly in horizontal
Position, giving accurate readings irrespective of the position of the load and the weights. All these
depend upon combinations of linked load-carrying levers, and derive from the famous ‘é¢nigme statique’
of de Roberval (+ 16%0), the theory of which was not worked out until Desaguliers (+1740). Itis very

snprobable that any device of this kind was known as eacly as the + t5th century in Chinaor elsewhere;
ef. Testut (1), p. 72.

¢ Ch. 36, tr. R Wilhelm (3), p. 93.
9 T have to thank the late Dr E. R. Hughes f or sending me this reference (W én Hsiian, ch. 3, p. 17a).

¢ See Sects. 30d and 33. f Sect. 45.
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28 26. PHYSICS

CS From a horizontal piece of wood a weight may be suspended, but the wood will not
be broken because the centre (ch7") of the wood can bear (shérg?) the weight. But (in
the like circumstances) a hand-twisted rope may break, if its centre is notable to bear
the weight. (auct.)

Ch 52/—{23.44. Tension, breakage, and continuity
C (Itis upon) evenness, or continuity, thatbreaking or not-breaking depend. The reason
ts given under ‘evenness, or continuity’ (chiin3).
CS Let a small weight hang on a hair. Even if it is very light, the hair will break. This is

because the hair is not (truly) even, or continuous (chin3). If it were, it would not
break. (auct.)

The first of these is an early example of attention to those problems of strain and load,
bending and fracture, which must have occupied the minds of all ancient empirical
engineers, architects and practical physicists,? but which were not tackled theoretically
until the Renaissance with F.eonardo, Galileo, Mariotte and Hooke.¢

The second is of even wider interest. A parallel passage exists in the Lieh Tzu book,
where although the Mo Ching is textually quoted, the purpose of the argument is
exactly the opposite. In the Canon, the Mohist writer seems to be maintaining that
the reason why a fibre breaks under tension is that it is formed of elements unequally
strong, or unequally cohesive, so that a breaking-plane must occur somewhere.d This
is an essentially atomic or particulate point of view, and fits in with the Mohist
definitions of geometrical points¢ and indivisible instants of time. But the writer of
the Lieh Tzu passage, on the contrary, is supporting continuity——as one would expect
him to do, in view of what we have seen in the discussion of waves and particles.f
Continuity (chiin3) is, he says:&

the greatest principle {%44) in the world. The connected-togetherness (l7en*) of all shapes and
things (in the world) is due to continuity. Now a hair (might be thought to have) continuity.
But ‘let a small weight hang on a hair. Even if it is very light, the hair will break. This is
because the hair is not (truly) even, or continuous.” But with real continuity there cannot be
any fracture, or any separation. Many people do not believe this, but T will prove it by
examples.

2 [uan Tiao-Fu (1), p. 88, has a different reconstruction. Cf. Wu Nan-Hsun (1), pp. 83ff.

b Later onwe shall co:z.e across a remarkable example of strength-of-materials testing in relation to
medieval stone beam bridges (Sect. 28¢).

¢ Forsomepointsin thelater history of this important subjectsee Meyer (1); Frémont (1); Straub (1),
pp- 62, 74, 79, 119; and the book of Timoshenko (1).

9 This may have been also the pont in the first proposition above, where the wooden beam is com-
pared with the hand-twisted rope, the latter being more ‘uneven’. Similar arguments made their
appearance in European scholastic philosophy, e.g. the thesis retailed by Cyrano de Bergerac that a
thread can carry an unlimited load if it is perfectly even, since there is then no reason why it should
break at one place more than at any other. It is also possible, of course, that the seeond proposition
above refers to the difference of tensile strength between the long axis and the transverse axis of a
fibre, but this is improbable.

¢ Cf. Vol. 3, p- 91.

f Texts in Lieh Tzu cannot be exactly dated, but for this one the —2nd century would be very
plausible.

g Ch. s, p. 15a, tr. auct. adjuv. Wieger (7), p- 139.

T & : RS | A 4 P




y £ N Y W

26. PHYSICS 29

Our Taoist is therefore in the great tradition. It is not in his power to prove his
point by arguments which might have influenced Aristotle, but he embarks upon a
series of parables and legends in the Taoist manner which show us clearly what his
conception of the physical world was, Remember Chan Ho,* he says, who could bring
up enormous fishes out of the abyss with a fishing-line made of a single silk fibre,
such was his mental concentration and projection.2 His teacher had been Phu Chii
Tzu? the archer,b who brought down cranes from the clouds with a similar thread
attached to his arrow.< There follows the story* of the exchange of hearts between two
men¢ effected by the physician Pien Chhio,? tending to prove that the heart is the
organ of continuity between the individual and the family. Other stories teach that
music assures continuity between human beings, and between man and the rest of
Nature. This is highly significant, for in the present context music means acoustics, and
acoustics means wave transmission in a continuous medium. The legends are ‘ Orphic’
in character—when Phao Pa* played his lute,f birds danced and fishleapt up,and when
Shih Wéns sounded the pipe-notes appropriate to a particular season according to the
symboliccorrelations,g weather, grains, plants and animals responded like magic what-
ever the time of year. His teacher, Shih Hsiang,® far surpassed, swore that he equalled
the masters of old, Shih Khuang? and Tsou Yen.® This is particularly interesting, for,
as we saw at an earlier stage,’ Tsou Yen was the greatest of the School of Naturalists
(Yin Yang chia®), indeed its founder about the beginning of the —3rd century.
“I'sou Yen blowing on his pipes’ in this text is glossed as follows by Chang Chan:1°

In the north there was a valley of good earth but so cold always that the five grains would
not grow there. Tsou Yen blew on his pipe however and (permanently) warmed i% climate,
0 that grain and millet could be raised abundantly.i

As Chang was making his commentary in the + 4th century this legend is not neces-
sarily very old, but the interest of it is that it should have become attached to the
greatest systematiser of Yin-Yang theory, with all that that implied for wave rather

& Often cited later, e.g. Po Wu Chik, ch. 3, p. 85.

b Further stories of archers follow later in the same chapter (Kan Ying'® and Fei Wei!?) as also of
chariot-drivers (the famous Tsao Fut? and his teacher Thai Tou'+), but these go over into the field of
“knack’-expertise (see Vol. 2, pp. 121ff.) and therefore out of our present range of interest.

¢ We shall meet again with this technique in Sect. 28¢. Phu Chii Tzu was a semi-legendary military
technician, the nominal author of a book in the Clkien Han Shu bibliography on the use of fowling
arrows with strings for recovery attached to them.

d Cf. Vol. 2, p. 54 above, and, on the man himself, Sect. 44 below.

¢ Kung Hu's of Lu, and Chhi Ying’¢ of Chao.

f As the word phao means a bottle-gourd, this personage was probably originally a tutelary deity of
sound-box instruments.

8 This system has been explained in Vol. 2, pp. 2061 ff.

b Shih Khuang is ascribed to the —6th century; he alarmmed Duke Phing of Chin with his pipe-
playing, which raised clouds, rain and violent winds.

t In Sect. 13¢, Vol. 2, pp. 232fF.

J Lieh Txu ch.s,p. 188, tr. auct. Cf.Hou Wai-Lu, Chao Chi-Pin et al. (1), vol. 1, p. 646; Forke (13},
P 504.
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30 26. PHYSICS

than particle conceptions. The Lieh Tzu writer pursues his theme® into regions of
folk-lore where we need not follow—Han E* singing at an inn and the beams giving
forth his song for three days afterwards, the thought behind Po Ya’s? music being
invariably understood by his friend Chung Tzu-Chhi,? etc. The essential teaching of
the chapter is that of the universe as a continuum, in which all such phenomena as
ripples on water, acoustic resonance, invisible links between human organisms
endowed with memories and emotions, or the action of the moon on the tides, all find
a perfectly natural place,.

The theme recurs in powerful form in many other books of the Warring States and
Chhin and Han periods. I came across it quite early in my studies of Chinese thought,
when reading the Kuan Tzu book with the late Gustav Haloun more than twenty
years ago, that extraordinary work in which inspired and prophetic passages of nature
philosophy alternate with diet and hygienics, magic and meditation-techniques. We
had before us the following passage:©

Are you able to unite? Are you able to unify?d Then without the tortoise and the milfoil
you will foreknow good and evil fortune. Are you able to stop?® Are you able to cease?
Are you able to refrain from asking others, and yourself get it from yourself? Thus was it
said of old, meditate upon it, meditate upon it; if still you do not get it, the gods and spirits
will teach it. But that will not be because of their show of force (in omens), but by (your)
sending forth your essence (ching+) and your preuma (chhis) to the utmost degree (of human
possibility, to enter into communication with them). What unifies the ckhi so that it can
change (external things) is called the essence; what unifies (human) affairs so that they can
undergo change is called wisdom. Collecting and selecting is the way to grade matters.
Changing to the utmost is the means by which to respond to things.8 If one collects and
selects there will be no disorder, if one changes to the utmost there will be no disappointment.
The chiin-tzun holding fast to (the conception of) the unityi (of the universe) can alone
perform this. Holding fast to the unity and not losing (sight of) it, he can command the
myriad things. (Then) he shines in an equality with the sun and moon, and partakes of the
same pattern-principle (4%) as heaven and earth. The sage commands things, and is not
commanded by things.i

8 His series includes thestory of thc automata made by Yen Shih7 which so amazed King Mu of
Chou (see Vol. 2, p. 53). According to Wieger (7), p. 145, it was incorporated here to hint that their
constructor operated them by projected ‘will-power’ or mental concentration, though the text does not
actually say this. Such a conception of remote control would have been curiously modern. It is strange
to think that effects of this kind have been brought about in our own time precisely by following out to
the end the same ideas of rad’iant energy travelling in a continuous medium.

b On this see further below, pp. 130, 185. ¢ Kuan Tzu, ch. 37, p. 7b, tr. Haloun (2).

d In Vol. 2, p. 46, the ‘idea of the One’ was granted mystical religious significance as well as proto-
scientific meaning. I doubt now if its scientific aspect was there sufhciently stressed. ‘Holding fast to
the One’ was also holding fast to the one Continuum.

¢ At the right interpresetion, true hypothesis, or cosrect action, not going on beyond it by sophistical
arguments. Cf. Vol. 2, p. 566.

t Cf. Vol. 2, p. 283.

& We have already quoted this in other contexts, Vol. 2, p. 6o.

b See Vol. 2, p. 6. i And hence the continuity, so important here.
J Many parallel passages can be found, e.g. in Shik Tzu, Han Fei Tzu, Shen Tzu.
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26. PHYSICS 31

He commands things because he is aware of, and can use to the full, the fundamental
interconnectedness (lien?) and non-isolation (ch#?) of all things in the universe. With
this remarkable passage, adumbrating many of the basic attitudes of mind charac-
teristic of natural science, Haloun compared a particular chapter of the Li Shih Chhun
Chhiu, significantly entitled Ching Thung,? the *Universal Permeation of Essences’.
This text? is indeed concerned with demonstrating the action of things on each other
even at considerable distances by means of ‘sympathetic’ influences radiating through
the continuum. It is distinctly more scientific in the strict sense than either the Lieh
Tzu or the Kuan Tzu, but it does not disdain to have recourse to folk-lore and legend
in the usual Taoist style. Since it must date from the close neighbourhood of — 240 it

will be a century or so later than the Kuan Tzu passage. It is worth while to list its
eleven arguments.

(1) The dodder,? (thu-ssus) scems to have no root, but in fact it has one, i.e. the fungus
called tuckahoe or Indian bread ¢ (fu-ling*). These two plants are quite separated, with no
connection between them, yet their relations are those of plant and root.

This was a misunderstanding, for in fact the two parasitic plants have nothing to do with
one another.

(2) The lodestone draws to itself iron particles.d

(3) “When the sage sits on his throne facing the south, thinking of nothing but loving and
benefiting the people, the orders have hardly gone out of his mouth ere the people are
stretching out their necks and standing on tiptoe to obey. His essential spirit has permeated
to them.’

(4) The converse. Victims of a planned attack become uncomfortable, as if a spirit had
told them.

{(s) If a person is in Chhin (State) and his beloved (far away) in Chhi; then if one should
die, will not the essential spirit of the other be restless?

(6) “The virtue of a ruler is what all the people obey, just as the moon is the root and
fount of 2ll Yin things. So at full moon, shellfish (pang ko)¢ are fleshy, and all that is Yin
abounds. When the moon has waned, the shellfish are empty and Yin things weak. When the
moon appears in the heavens all Yin things are influenced right down to the depths of the
sea. So the sage lets virtue flow forth from himself, and the four outer wildernesses rejoice
in his benevolent love.’

This is the famous passage which we have met with before.f Though the case is not so clear
for molluscs, one of the oldest of biotogical observations is that of the lunar periodicity of
the reproductive system of echinoderms, especially sea-urchins. This was clearly stated by

2 Ch. 45; tr. R. Wilhelm (3), pp. 1148.

b Cusciaa sinensis (R 156), a parasitic Phanerogam belonging to the Convolvulaceae which sucks the
sap of its host (e.g. the willow) by means of special organs (haustoria). PTKM, ch. 184, pp. 3a ff.

€ Pachyma, the sclerotial condition of Polyporus cocos (R838), long used in phannacy, cf. Burkill (1),
vol. 2, p. 1618, PTKM, ch. 37, pp. 3aft.

¢ No misundesstanding here. Cf. Sect. 26: below.

¢ In modem times this tertn has come to be applied to the Unionidae lamellibranchs in generai,
mussels, but in the —3rd century it may easily have meant, or included, echinodenns.

f vol. 1, p. :150. In the appropriate place below, Sect. 39, we shall deai in ali fuliness with this and
similar texts,
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32 26. PHYSICS

Aristotle, * whose fishermen informants showed him how some kinds of sea-urchins were
fat and good to eat at the fuill moon, and it has been amply confirmed by modern biological
research.> The reference to the sea may partially conceal a reference to the action of the
moon on the tides.

(7) Yang Yu-Chi! shot at night what he thought was a wild ox, but his arrow pierced a
rock right to the feathering; thi's was because of the intensity of his belief that it was an
animal.

(8) Po Lo? concentrated so much on the physiognomy of horses that he ended by being
incapable of seeing anything else.

(9} Ting phao jen3 the butcher concentrated so much on the carcases of oxen that his
cutting and carving was almost miraculous. The locus classicus for this story in Chuang Tsu
has already been given.c

(10) Chung Tzu-Chhi+knew allthestory of a sad chime-stone player without need of any
words. Here the parallel is in Lieh Tzu, as we have just seen.

(11) Shen Hsis knew his mother when she came and sang sadly as an old beggar before
the house, unaware that it was inhabited by the family which she had lost.

The chapter continues with general remarks on the invisible ties and responses of human
relationships.

Thus the scholars of Lii Pu-Wei in this chapter assembled, to demonstrate the uni-
versal continuum, three observations in the natural sciences (two of which were
perfectly correct), three examples of human relationships, three instances of mental
concentration, and two incidents depending on the interpretation of acoustic (musical)
phenomena d

Some may feel that we have strayed far from physics. But itis not really so. Inthe
ancient Chinese conceptions of the physical world, where sometimes ching® can
almost be translated ‘radiant energy’, continuity, waves and cycles were supreme.
There was no room for discontinuity and atomic particles. And so it was throughout
the centuries of indigenous Chinese scientific thought.¢ By the time that modern
physics found a home in China, the monopoly of the atom as a world explainer had
long ceased.

A good deal of useful study could be devoted to defining how the world continuum
was visualised by the ancient and medieval Chinese naturalists, So far as I know,
the antithesis between wave-motion in a continuous medium of chkki and action at a
distance in the strict sense across vacuous spaces was never decisively faced in old
Chinese thought.f But so coherent and interrelated was the whole universe for the

a2 De Part. Anim. 1v, 5 (680a 31); Hist. Anim. 544a16.

b Cf. H. M. Fox (1). ¢ See Vol. z, p. 45. Text in ch. 3.

4 Among other texts of a similar kind cf. Huai Nan T=u, ch. 6, pp. 25f.

¢ It would be of great interest to collect examples of this physical world-outlook from the medieval
centuries, and to see how the philosophers and the artisans were affected by it, but this would require
extended research which is not at present available to us.

 Besides the many references in previous volumes to the concept of chhi, two Japanese studies must
be mentioned, those of Hiraoka Teikichi (1) and Kuroda Genji (2). On action at a distance see numerous
references in this and previous volumes. Cf. also those in Dampier-Whetham (1), and the special studies
of Hesse (1, 3).
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26. PHYSICS 33

Chinese that they would probably never have wanted to insist on the universality of
a material medium if there had been any good reason for doubting its existence in
particular places. Normally it was assumed.2 In another of Martin’s prophetic
papers (6), written more than sixty years ago, he compared Neo-Confucian insistence
on the universal presence of matter in some form or other, even if only as the most
tenuous ethereal chhi, with the theonies of the luminiferous aether in modern
‘classical’ physics.> Martin was able to cite some telling passages from Chang Tsai’s’
worke of + 1076, the Chéng Méng.> For example:4

In the great void ch#i is alternately condensed and dissipated, just as ice is formed or
dissolves in water. When one knows that the great void is full of ch#i, one realises that there
is no such thing as nothingness.. . . How shallow were the disputes of the philosophers of
old about the difference between existence and non-existence; they were far from compre-
hending the great science of pattern-principles (/73).

But in the upsurge of modern natural science in Europe the old scholastic axiom that
‘matter cannot act where it is not’ began to be questioned, and three physical models
arose, not only the two ancient ones of Epicureans and Stoics.¢ The experimental and
mathematical investigation of action by impact led to the Newtonian laws embodied
in the Princt pia. The similar study of wave-motion gave rise to the hydrodynamics of
Newton and the Bernoullis. But thirdly, true action at a distance presented itself in
the phenomena of falling bodies, the solar system, and electric and magnetic attrac-
tions, attaining mathematical formulation in Newton's theory of central forces,
including gravitation. Eventually all these models, irreconcilable among themselves,
were subsumed into modern relativity theory and mathematical physics, an air which
no ‘everyday-life’ analogi'es can breathe. By that time there had long ceased to be
any distinction in science between men and minds—‘neither Jew nor Greek’, neither
Chinese nor European, only human and universal.f

But perhaps we can find a few late echoes of Lii Pu-Wei and Lieh Yii-Khou. In
the middle of the nineteenth century certain Japanese scholars engaged in a losing
battle against the rise of modern science in their country. Thus in his Hekija Shogen*
(False Science Exposed), Ohashi Totsuans upheld about 1854 a transcendental
interpretation of Neo-Confucian philosophy and emphasised the cultivation of self
rather than the study of Nature. Among the things which, he said, the Western
scientists and their friends do not understand, is kakk:i® (huo chi®), a certain vital force
or energy in man continuous with that in the non-human world and capable of

Cf. the heavens as piled-up chhi in the story of Chhang Lu-Tzu (Vol. 2, p. 41).

On the history of these see Whittaker (1).

Cf. Vol. 2, pp. 458, 562.

Ch, 1, in Chang Tzu Chhiian Shu, ch. 2, p. 3a, or Sung Ssu Tzu Chhao Shih, ch. 1, p. 44; tr. auct.
See the interesting discussion in Hesse (2).

f Cf. the celebrated work of Li Tsung-Tao and Yang Chen-Ning in 1956 on the parity theory in
nuclear physics.
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34 26. PHYSICS

development and utilisation with astonishing results.2 Perhaps ®hashi was partly
reacting against atomic and mechanical materialism. At any rate his words recall the
psycho-physical continuum of the archers and musicians of the Kuan Tzu book and
the ‘Spring and Autumn Annals of Master Lii’,b

(4) CENTRES OF GRAVITY AND THE ‘ADVISORY VESSELS’

There seems to have been no theoretical treatment of the centre of gravity in China
corresponding to the work of Heron of Alexandria on suspended objects of irregular
shapes, in which the idea of moment was contained.© However, some empirical
principles must have been followed, notably in the suspension of the chime-stones
(chhing ), of which we have a description in the Chou Li 9 These were L-shaped pieces
of flat stone, the angle between the shorter limb (ku?} and the longer one (ku3) being
obtuse.e The Chhing mathematicians, Chhéng Yao-Thien and Tsou Po-Chhi,
occupied themselves with working out a reconstruction of the methods probably used
by the Han technicians.f

A remarkable example of the application of knowledge about
centres of gravity consisted in the famous hydrostatic ‘trick’
vessels which altered their position in accordance with the
amount of water which they contained. For us, it is very easy
to imagine the building in to a bronze vessel of a number of
compartments with overflow channels into one another, so
arranged as to give a variety of effects (Fig. 284). In ancient Fig. 284. Tentative
China, however, it was regarded as a great marvel, and evidently = reconstruction ofan

.. .. advisory vessel’.

went back toa respectable antiquity. The oldest description of
such avessel is in the Hsun Tzu book, ch. 28 of which is entitled Yu T'so,* i.e. ‘The
Advisory (Overturning Jars) Placed on the Right (of the Throne)’. If, therefore,
the invention did not come from Confucius’ time, it was certainly known in the —3rd
century. The passage runs:#

Confucius inspected the temple of Duke Huan of Lu State, and saw an inclining vessel
(i chhis). He asked the guardian of the temple what it was, and the guardian replied “This
is the Advisory Vessel which stands at the right hand side of the throne’. Confucius said:
‘Ah, I have heard of these Advisory Vessels. If they are empty they lean over to one side,
if they are half full they stand up straight, while if they are full they fall over altogether.’
Confuciusasked hisdisciples to pour water intoone of the vessels; they did so, and its behaviour
was just as he said.

&8 Meiji Bunka Zenshi ed., vol. 15, p. 111 {the second half of ch, 3).

b We are much indebted to Dr Carmen Blacker, who is8 engaged on a study of this thinker, for
bringing him to our knowledge. Japanese scholars were liable to be intensely conservative, as we shall
see in the case of the monk Entsu (Sect. 277 below), who adapted orreryclockwork to the most archaic
of cosmologies.

¢ Dugas (1), p. 32. d Ch. 12, p. 5a (ch. 42), tr. Biot (1), vol. 2, p. 531.

e Cf. the Section on acoustics, pp. 144ff. below.

f Chhen Wén-Thao (2), pp. 67fF.

8 Ch. 28, p. ra. Copied verbatim in Khung T zu Chia Yi, ch. 2, p. 15a. T'r. auct.
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And they go off into a discussion of the morality of moderation in all things, of which
principle the vessels were supposed to be a permanent reminder to princes.

These vessels persisted as a court wonder for more than a thousand years, with the
alternative name of chhi chhi.t Chou examples seem to have lasted down to the end
of the Han, but disappeared during the disturbances of the Three Kingdoms. About
+ 260 Tu Yiiz made a new set,® and at the same time the mathematician Liu Hui3
wrote a Lu Shih Chhi Chhi Thut (Diagrams of the Inclining Vessels of the Lu
Officiants) which, though it did not survive, suggests that he and his contemporaries
were in possession of some theoretical principles about centres of gravity. Some two
centuries later Tsu Chhung-Chihs made more overturning jars,® and thereafter
astronomers and mathematicians were always presenting them to emperors. In the
middle of the + 6th century (4 538) elaborate ones were made by Hsiieh Chhéng$,©
and another illustrated book produced by Hsintu Fang.? At the beginning of the next
Kéng Hsiin® again had them made (+ 605)d and Lin Hsiao-Kung? wrote about them.
A Thang prince, Li Kao:° (Tshao Wang Kao!!), whom we shall meet again in a
moment,® interested himself in them; his were made of lacquered wood about +790
and probably turned out in quantity. One of the last references we have is to a
presentation of them by the lexicographer Ting Tu*? in +1052.f

Meanwhile these devices had aroused the keen interest of the Arabs, who greatly
developed their possibilities, as may be seen by the Kitab fi’l-Hiyal of the Bani Mus3,s
the three sons of Miisa ibn Shakir (+ 803 to +873), available to us in the translation
of Hauser (1).

Another kind of trick vessel may be mentioned here, though not concerned with
centres of gravity. Many of those whose lot it was to live in Chungking during the
Second World War visited the park of Pei-wén-chhiian? in the Chialing gorge, and
there saw a bronze vessel, preserved in a former temple, which had the curious property
of sending jets of spray into the air from four directions when subjected to rubbing.h
The date of this pan or bowl (now in the Chungking Museum) is unknown, but it may
perhaps be of Thang or Sung origin,t and other bowls of somewhat similar shape and
decoration are authentically Chou and Han (Fig. 285). The name for these vessels, of

& Chin Shu, ch. 34, p. 9b.

b Between +483 and +493; Nan Shih, ch. 72, p. 13b.

¢ Chou Sku, ch. 38, p. 10a.

d Sui Shu, ch. 19, p. 275; ch. 78, p. 761 cf. Vol. 3, pp. 327, 329.

¢ And in Sect. 27g.

f Of course there are many late references to them see, for instance, Hang Shih-Chiln's Yung Chhéng
Shih Kua (+1732), ch. &, p. 116. 8 Mieli (1), p.71.

h Having often been reminded of this in intervening years by my friend D r Huxley Thomas, I was
fortunate enough to be able to study it closely in the Chungking Municipal Museum in 1958, fifteen
years later. Particular thanks are due to the director, Dr T'éng Shao-Chhin, and to his assistant Miss Phan
Pi-Ching, for their kindness.

i The bronze is so yellow that a hrassy alloy is suspected, in which case the vessel will not be very
early.
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36 26. PHYSICS

which other examples are known,? is phén shui ihung phén' (bronze water-spouting
bowls). The Szechuanese vessel is cylindrical with a slight taper, about 1 ft. 6in. in
diameter at the mouth, flat-bottomed and fairly shallow. Upon the bottom there
appear four fishes in relief surrounding a central design, their open mouths termi-
nating in radiating ridges which run up the sides of the bowl as far as the flanged rim.P
When the two handles thereon are rubbed rather slowly and rhythmically with the
wet palm of the hand, the bronze vibrates like a
bell, and fountains of spray as high as the handles
(about 3in.) spring up from the sides of the
vessel at the four places where the fish ridges
end.© It is said that if the knack is learnt the spray
may be raised as high as 3 ft. into the air.@ At
full blast the water-surface is covered with a very
complex pattern of standing waves. The maxi-
mum disturbance is evidently produced at places
corresponding to the nodes and antinodes of a
struck bell, and the stationary waves formed when
a wine-glass is rubbed may provide a much less
impressive parallel,¢ but there must be some re-
markable peculiarity in the shape of the vessel
and its walls to give such an impulsion to the
water. Perhaps the walls are under strain in some
way, as in the case of the ‘magic mirrors’ pre-
sently to be discussed;f in any case the pheno-
menon clearly merits the attention of Chinese
physicists historically minded.

%G, 255, Approdfmate crosspection and This unexpectedly ancient type of standing
plan of the bronze water-spouting bowl fountain, seemingly unknown to any of the
mﬁﬁﬁd in the Chungking Municipal A)eyandrian writers on pneumatics and hydro-

statics, but very pertinent to the Sino-Stoic
interest in wave-motion, finds a strange analogy in the effects of non-uniform
electric fields (cf. Pohl, 1). If a point electrode surrounded by a looped electrode is
immersed in a dish containing an organic liquid, and some 10,000 volts applied, the
liquid is violently agitated and leaps up from the dish, individual drops remaining
suspended in the air or describing spiral orbits around the lead-in wire. With higher

3 —— e — R, -
LIS T IS TIIII I 4777097 207

2 One for instance is recorded as having been seen in April 1956 by a party of English jurists at a
temple or house beside the lake at Hangchow {Gower (1), p. 114).

b A photograph was obtained by one of us (W.L.) in 1944.

¢ Thereis an optimum water level—the bow! should not have too much or too little. This fact recalls
the admonitory purpose of the trick vessels we have just been discussing.

d At the time of my visit in 1958 only the museum attendant could do it successfully, but I found it
easy enough to get the beg'innings of the vibration build-up.

¢ Cf. what was said above, p. 12, on the observations of the Stoics on stationary waves.

I Cf. pp. 94f. below.
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26. PHYSICS 37

voltages (though still very low amperages) a spray of liquid or powder may be thrown
four to six feet high at the rate of a gallon a minute, forming thus a simple pump with
no moving parts. That the standing fountain of medieval China was never thought
of in this way illumines once again the difference between industrial and pre-industrial
civilisations. So also, as we shall later see (p. 235), the ancient legend of ‘ Mahomet’s
coffin’ has come true in the modern world, for samples of metal (e.g. Ti, Zn, V,
Ta, Mo) weighing more than a pound may not only be suspended in mid-air by a
powerful magnetic field, but actually melted in that position by induced high-
frequency currents of high amperage.

Related to these questions are some early experiments concerning the pressure of
the air. Siphons have already been discussed in connection with clepsydras,? and will
receive further mention in Section 274 on engineering. As was noted above,P the
earliest meaning of the word clepsydra was a pipette used for wine or oil. Since
ancient Egyptian representations of pipes for sucking up liquids have come down to
us,© they must have been a familiar device throughout Chinese history, and indeed
the custom so common among the south-western tribal peoples of drinking wine
ceremonially through long bamboo tubes is one which links them directly with the
ancient peoples of the Fertile Crescentd But the sucking-pipe does not become a
pipette until it is realised that occlusion of the top will conserve the liquid in it so that
it can be carried about from place to place.¢ The I Chao Liao Tsa Chi of + 1200 has
a discussionf on the meaning of the old terms chhih i* and ku chi,? both used in the
Han dynasty. The former seems to have meant a leather wine vessel, and the latter,
which had a ‘belly as big as a pot’, was the pipette for withdrawing the wine; but
one cannot be sure that both terms did not designate the pipette, or indeed also the
siphon.g2 A number of Thang references, however, are certain. The principle of the
pipette is discussed in the + 8th-century Taoist book, Kuan Yin Tzu:h

Take a bottle with two holes (one above and one below), and fill it with water. If you turn
it upside down, the water will flow out, but if you close the upper orifice, the water will now
not leave the lower one. This is because if something is not raised up, something else will
not come down. A well may be eight thousand feet deep, but if you pull, water will come up.
This is again because if somethsng does not go down, nothing will come up. Similarly, the
sage does not consider himself superior to creatures, but humbles himself before them.

On thisthe + 13th-century commentator Chhen Hsien-Wei says that the chhi has to
go up before the water will come down, and that without pressure {(pho3) things will
not move. This point of view must have been at least as advanced as anything which
could be adduced from his contemporaries in Europe. Meanwhile, in the Thang, the

2 Vol. 3, pp. 320fF. b Vol. 3, p. 314. ¢ See e.g. Neuburger (1), p. 226.

¢ Earlier we saw (Vol. 3, p. 314) theirelaboration of having a float valve between two of the bamboo
nodes so as to prevent sucking too quickly or too slowly.

¢ Empedocles studied this (Diels-Freeman (1), p. 62), but does not seem to have understood the

frue reason. f Ch. 2, p. 47a. g See Sect. 275 below.
b Weén Shih Chen Ching, ch. 3, p. 115; tr. auct.
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38 26. PHYSICS

wine pipette, with a bulbous body and various kinds of handle, was generally known
as chu tzu,! later also as the ‘sideways lifter’ (phien thiz).2 It seems to have been
particularly popular from the beginning of the +gth century.P

A contemporary of the writer of the Kuan Yin Tazu book, Li Kao,? prince of the
Thang, made experiments with bowls and plates fitting so well that no air could enter
and displace liquids contained in them.¢ The Thang Yu Lin says:2

Kao, prince of Tshao, was very ingenious, and good at making vessels and other useful
devices. When he was governor of Chingchow, two soldiers visited him with two barbarian
drum bowls. Upon seeing them, (Li) Kao said “What valuable objects!’ and pointed out
the extreme smoothness of their edges, but his guests could not understand his enthusiasm.
So he said that he would demonstrate what he meant, and after selecting a plate as smooth
as possible, and trying the fit of the plate and bowl together, he caused oil to be poured into
one of the bowls. Then (covering the bowl with the plate, he turned it upside down) but
nothing whatever came out. This showed the perfect cohesion (wén ko wu chi*) between
bowl and lid.

A similar story is told of a palace official Li Yuan,5 who used iron bowls ground very
smooth at the edges, and of Jen Shih-Chiin,® about +780.¢ These bowls were, as we
shall see,f connected with tuning practices in acoustics and closed-vessel reactions in
alchemy. The technological importance of an ability to produce smooth lapped edges
of iron bowls should not be overlonked—the bowls were probably ground down to
give the note desired.g The sub ject has also an obvious relation to the medical practice
of ‘cupping’; though this was not characteristic of Chinese medicine, we read
occasionally of experiments with cups made to adhere by a partial vacuum within.h
On tight seals in general, Horwitz (7) has some interesting things to say, e.g. the
lacquering of coffin joints in China, and the preservation of sait in Japan by filling
earthenware jars before firing.

2 Shih Wu Chi Yuan (c.+1085), ch. 41, p. 144, quoting Hsii Shih Shih (c.4960); as also Shuo Fu,
ch. 10, p. 524.

b The use of small bamboo pipettes in contemporary traditional Chinese technology is described by
Hommel (1), p. 0.

¢ Cf. Fig. 286.

d Ch. 6, p. 5b, tr. auct.

¢ Thang Yii Lin, ch. 5, p. 26a.

f In Sect. 26k, pp. 192fT. below, and in Sect. 33. Arising probably out of the latter use, they became
the first gunpowder bombs; see Sect. 30.

& Cf. the use of abrasive sands in mineral grinding, Vol. 3, p. 667.

h Tu Hsing Tsa Chih (+ 1176), ch. s, p. 2b. In the West, cupping goes back at least to the Hippocratic
corpus, and was widely known and used in the Middle Ages.

Vi e F 8 ‘B A PR SEG
° 4R fE A




26. PHYSICS 39

(s) Sepeciric GRraviTY, BUuOYANCY AND DENSITY

The general idea of specific gravity must have existed from time immemorial.
Mencius (—4th century) remarked2 that gold was heavier than feathers, otherwise
how could it be said that a hook of gold was heavier than a cartload of feathers? But
there was nothing equivalent (so far as we know) to the treatise of Archimedes on
floating bodies.b Empirical use, of course, was made of his principle, as in the floating
of arrows® and vehicle wheelsd in water by the Chou and Han technicians, in order to
determine their equilibrium and add or remove material accordingly. By the Ming
period tables of specific gravity were in common use.®

The classical appearance of the so-called principle of Archimedes in China is no
doubt the well-known incident of the weighing of the elephant in the San Kuo
period.f But it simply involved observation of displacement and buoyancy, analogous

to Archimedes’ Prop. v, and did not concern specific gravity as such. The textg is as
follows:

The son of Tshao Tshao, Chhung,! was in his youth clever and observant. When only
five or six years old his understanding was that of a grown man. Once Sun Chhiianh had an
elephant, and Tshao Tshao wanted to know its weight. He asked all his courtiers and
officials, but no one could work the thing out. Chhung, however, said, ‘ Put the elephant on
a large boat and mark the water level; then weigh a number of heavy things and put them
on the boat in their turn (till it sinks to the same level}—compare the two and you will have
it’. Tshao T'shao was very pleased and ordered this to be done forthwith.

This would be just after + 200.

It has, however, been suggested that the technicians of the Han were already
familiar with the principle embodied in the famous story of the determination of the
proportions of gold and silver in Hieron’s crown. This depends on the interpretation

of an important passage in the Chou Li* (Khao Kung Chi section). It concerns the
makers of weights and measures. It says:

The workers calied Li2} make measures of capacity (ang3). They purify (separately) by
successive heatings samples of metal (presumably copper) and tin, until there is no further
loss of weight. Then they weigh them.

Méng Tzu, vi (2), i, 6.
Dugas (1), p. 24ff.; Thurot (1); v. Lippmann (34). Arabic developments in Wiedemann (11).
Chou Li, ch. 12, p. 6a (ch. 42); Biot (1), vol. 2z, p. 534.
Chou Lz, ch. 11, p. 125 (ch. 4a); Biot (z), vol. 2, p. 474. See especially Lu, Salaman & Needham (1).
The words are: shui chth § chen chhi phing shen chih chiin yeh.*
¢ See e.g. Suan Fa Thung Tsung, ch. 1, p. 4a (+1592). The A'tn-i Akbarl of + 1590 gives a con-
tempaorary Indian parallel (Blochmann (1), pp- 41ff.). See also Vol. 3, p. 33, on the Sun T'su Suan Ching.
f Attention was drawn to this by Ardsheal and others.
g€ San Kuo Chih, ch. 20, p. 24q; tr. auct.
h Subsequently emperor of Wu; already met with in the geographical Sects'on (Vot. 3, p. 538 above).
f Ch. 11, p. 255 (ch. 41). i An old form of /i.#

a
b
c
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Thus Biot.2 The text goes on to say chhiian chih, jan hou chun chih; chun chih jan hou
liang chth,* which Biot rendered ‘ After they have weighed them, they proportionalise
(or equalise) them, and after that they measure them’. The sense of this is far from
obvious. Chiang Yung, however, had already suggested®at the end of the 18th century
that chun had meant in the Han ‘weighing in water’, while the ordinary word chhiian
here meant weighing in air. The water radical in chun would thus be very significant,
and though the word generally means equalising or levelling, one of its subsidiary
meanings is certainly weighing. What the Han technicians were doing, therefore, was
essentially what Archimedes did, namely to ascertain the proportions of an alloy by
weighing in water as well as in air. Such an interpretation makes much more sense
than Biot’s.

General notions of buoyancy must have been widespread among sailors in China,
as elsewhere, from early times. The Shen Tzu says:c

Though a thing may be as heavy as the cauldron of Yen, oras much as 1000chsin in weight;
if it is placed upon a boat of Wu it will be transportable; this is the principle of floating
(fou tao?).

This would have been no news to the founders of China’s canal transport system. But,
as will later appear, Chinese nautical technology made use of the water-tight com-
partment much earlier than Europe.d And there was the monk Hui-Yuan,} in the
Thang, with his floating and sinking water-clock bowls.e

Another monk, Huai-Ping,* was responsible for a method of raising heavy objects
from the bottom of a river by the use of buoyancy, analogous to the pontoons filled
alternately with water and air used in modern salvage operations.f The Liang Chhi
Man Chih of + 1192, after relating the story of T'shao Chhung and the elephant, goes
on:8

Another instance of remarkable ingenuity was the following. In Ho-chung Fu there was
a floating bridge, fastened to the bank by means of eight iron oxen each one of which weighed
several thousand catties. In the Chih-Phing reign period ( + 1064 to + 1067) the bridge was
broken during a sudden flood, and the iron oxen were swept away and buried under the
water. Public proclamation was made to find someone capable of recovering them. It was
then that the monk Huai-Ping from Chen-ting Fu suggested a method. He used two huge
boats filled with earth, cables from them being made fast to the oxen in the river-bed (by
divers). Hooks and a huge counterweighted lever were also used. Then the earth in the boats
was gradually taken away so that the boats floated much higher and the oxen were lifted oft
the river bottom (and dragged up the river-bank in shallower water).

Huai-Ping’s success was reported to the emperor, who bestowed on him a purple robe of
honour as recompense. He certainly followed the same principle as Tshao Chhung.

2 (1), vol. 2, p. S03.

Y Chou Li I I Chii Yao, ch. 6, p. 17b.
d Below, Sect. 29¢.

f Cf. Masters (1).

¢ P. 85; tr. auct.
¢ See Vol. 3, p. 315 above.
8 Ch. 8, p. 115; tr. auct.
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26. PHYSICS 41

Presumably the role of the counterweighted lever was to help the divers fix the cables.2

It so happens that we are well informed about the origin of these iron oxen which
secured the cables for one of the most important floating bridges across the Yellow
River. The name of the place was Phu-chin ! near Phuchow, a short distance north of
the great bend at Thungkuan. An essay on the construction of the bridge in + 724 was
written by the imperial librarian Chang Yiieh? (+667 to +730). His Chang Yen

Kung Chis containsb it under the title Phu-chin Chhiao Tsan4 After various pre-
liminaries we read that in this year:

There were thus collected together the most famous artisans, all eager to demonstrate their
art. A tax of ‘blown-with-bellows’ iron© was imposed, as in the Chin State of old ;9 and they
followed the classical metallurgical procedures (lit. the six alloy proportions) of the service
of the Chou Empire.c The fans of the bellowsf flew back and forth, and the furnaces
furiously blazed. Some smelted (!ien%), and others refined (phéng®) (the iron to wroughtiron);
some were filing (¢£sho7) while others were forging (tuan8) and beating with hammers. Thus
they connected links together to form a great chain, and they cast ( ]ung°) (iron)& into the
shape of recumbent oxen, images which stood on both banks of the river connecting east
(and west) amidst sandy beaches. The chain secured the lashed boats, and the oxen made
fast the thick cables so that the bridge was safe against injury from objects floating down-

stream. Thus the boats with the pretty birds painted on their bows, all fixed firmly together
(supported the road deck above).

Such were the iron anchors in the shape of oxen which Huai-Ping recovered from the
river bottom nearly 350 years later.

As for the specific gravity or density of liquids, the question arose particularly in
connection with the assessment of strengths of brine, and as salt was, at least from the
Han onwards, a government monopoly or source of revenue, the procedures got a
mention in literary works. From time immemorial salt-workers have used the

2 Huai-Ping’s method was proposed, or used, later in the West by Hieronymus Cardanus (of the
‘Cardan’ suspension, +1501 to +1576). His De Subirlitate contains an illustration showing the
raising of a sunken vessel by means of barges progressively denuded of stones; this is reproduced in
Ore (1), p. 16. In our own time Huai-Ping’s method has become standard practice, as may be seen from
the procedure for raising the [talian liner Andrez Boria sunk in 225 ft. of water 50 miles off Nantucket.
The plan announced early in 1958 envisaged first the righting of the vessel by pumped-in compressed
air, then raising her by cables from ore vessels progressively emptied of their burden of water. After
towing into shallower water, the procedure would be repeated as often as necessary.

b Ch. 8, pp. 156fF.; tr. auct.

¢ This is one interpretation of a famous passage in the Tso Chuan (Duke Chao, zgth year, i.e. ~512).

d See Sect. 30d below.

¢ This is a reference to the classical passage on bronze alloy proportions in the Chou Li (Khao Kung
Chi), cf. Biot (1), vol. 2, p. 491. We shall discuss it fully in Sect. 36 below. It was not very relevanthere,
as the matter concerned iron technology, but Chang Yiieh could not resist the literary allusion.

f On this see especially Sects. 275, f and 30d below.

2 Much will be said of iron-casting in Sect. 30d, but here it may be pointed out that no such casting
of iron could have been performed in Europe for six further centuries after this date ; cf. Needham (31).

I'tis noteworthy that the wroughtiron for thegreat chains was be'ing produced from castiron by refin'ing
or puddling, not from bloomery furnaces.
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swimming or sinking of eggs as a test of brine density, and this is mentioned in Galen.2
But the favourite test object in China was the lotus-seed (lien tzu'). Early in the
+ 12th century Yao Khuan? wrote:P

When I was an official in Thaichow I tried to check corruption among salt merchants.
Every day [ tested the brine with lotus seeds. The heavier ones were selected for use, If
brine can float 3 or 4 such seeds (out of 10) it is considered strong brine. If it floass §5
(out of 10) it is the strongest, Those seeds which float perpendicularly are preferred. If only
2 seeds float perpendicularly, or 1 perpendicularly and 1 horizontally, then the brine is
considered thin and poor. If the seeds all sink to the bottom one will hardly succeed in
obtaining any salt when such a liquid is evaporated. In Min (Fukien), however, they make
these tests with eggs and peach-kernels. If the brine is strong both will float upright at the
surface, and if it is half brine and half water, both will sink. The method is similar.c

Another writer of about the same time, Chiang Lin-Chi,3 in his Chia-Yu Tsa Chih,*
confirms this,4 but the numbers of seeds differ; however, the statistical treatment is of
interest in all these descriptions. Brine-testing methods (yen yen fas) of this kind are
often afterwards referred to, with variations, as in the mid + 12th-century Néng Kai
Chai Man Lu®-¢ of Wu Tshéng.7f And they have continued in use down to our own
time. There does not seem to have been anything similar to the graduated floating
‘hygroscopion’ which Synesius of Ptolemais invented about + 400.

(6) CHINA AND THE METRIC SYSTEM

In current common-speech and thought the metric system is primarily associated with
the decimal ordering of coinage, weights and measures. Though adopted in so many
countries, this is still far estranged from the metrological chaos in our own. But
decimalisation is not of the essence of the metric system; the real significance of this
is that it was the first great attempt to define terrestrial units of measure in terms of
an unvarying astronomical or geodetic constant. The metre was in fact defined as one
ten millionth part of one quarter of the earth’s circumference at sea-level.¢ Scientific
lexicographers say that the metric system took its origin in the need imposed by the
development of scientific thought for immutable and at the same time conveniently
related units of physical measure; and they imply that this need was not satisfied
until the last decade of the + 18th century. This may be true enough for Europe, but
as we shall shortly see, an approach was made to such an immutable unit in China in
Feldhaus (1), col. 28; v. Lippmann (3¢). Cf. Chhi Min Yao Shu, ch. 6o (p. 95)-
Hsi Chhi Tshung Hua, ch. 1, p. 445.
Tr. auct,
‘Miscellaneous Records of the Chia-Yu reign-period’, p. 385.

e ‘Miscelianeous Records of the Néng Kai Studio', ch. 1s, p. 226.

f Alsoin the Li Sao Tshao Mu Su® (On the Trees and Plants mentioned in the Li Sgo) by Wu Jen-
Chieh® (+ 1197) with reference to totus seeds {ch. 1, p. 4a).

8 Weight measurement is of course derivative, the gram being a secondary standsrd based on the
centimetre and the density of water.
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the first decade of that century. Moreover, as in the case of so many post-Renaissance
scientific developments, there is an earlier pre-history of this celestial~terrestrial bond,
and we can find already in the +8th century in China a large-scale attempt to establish
it

Though decimalisation is not the main issue here, it is worth recalling that at an
earlier stage we found a remarkable predilection for decimal metrology on the part
of the ancient Chinese.2 This goes back well into the Chou period, as foot-rules dating
from the —6th century remain to witness, and was adopted on a still more consider-
able scale in the reforms of the first emperor, Chhin Shih Huang T4, in —221.b In
no other part of the world was the decimalisation of weights and measures so early
and so consistent.c This went side by side with a remarkably advanced design of
measuring instruments, as we shall find later on when we come to consider the sliding
calipers used in the imperial workshops of the Han.d

But the real progress of metrology depended on the fixation of convenient length
measures to comparatively unvarying natural reference standards far beyond the range
of all those whims which might from time to time affect the princely givers of positive
law. We shall see in due course how in ancient China acoustic measures were made to
depend upon the volumes occupied by known numbers of standard cereal grains,
those deviating widely from mean size being rejected.c This was one of the ways of
defining the dimensions of the standard pitch-pipes.

A great step forward was taken when the idea arose in China of fixing terrestrial
length measures in terms of astronomical units. That this could have occurred to the
scholars at all was due to the fact that the sun’s shadow thrown by an 8-ft. gnomon at
summer solstice was a very convenient length at the latitude of Yang-chhéng (the
‘centre of the Central L.and’)-—about 1- ft. In the previous volume we gave an
accountf of the ‘gnomon shadow template’ (thu kuei'), a standard rule of pottery,
terra-cotta or jade equivalent in length to the solstitial shadow and used for the
determination of the exact date of the solstice each year. One does not hear of any
Chinese system which based all length measures upon this standard length, though it
might quite easily have developed; the relation with metrology came about in another
way. As we saw in the astronomical Section,g there was a long-standing idea that the
shadow length increased 1 in. for every thousand /i north of the ‘earth’s centre’ at

2 Vol. 3, pp. 82ff. (Sect. 19). Cf. Fig. 287.

b Cf. Vol. 2, p. 210, wherc references are cited. For general information on the history of length
measures in China, see Wu Chhéng-Lo (2); Lo Fu-I (2) and Yang Khuan (4).

¢ For the general background reference may again be made to the monographs of Wu Chhéng-Lo (2)
and Yang Khuan (¢). See also the studies of Ma Héng (1), and Hsii Chung-Shu (6), tr. Sun & de
Francis (1), pp. 7ff. On comparative aspects cf. Davidson (2) and the informative though idiosyncratic
treatise of Berriman (1). The pre-Stevinian system of decimal weights developed by the assayer Ciriacus
Schreittmann of Weissenberg about + 1555 is reported by C. S. Smith (3) as very advanced forits time,
as indeed in Europe it was.

d See Sect. 27a below, in Vol. 4, pt. 2.

¢ Cf, pp. zo0ff. below.

f Vol. 3, pp. 286ff. (Sect. 20).

® Vol. 3, p. 292.
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Yang-chhéng,! and decreased in the same proportion as one went south.2 After the
end of the Han, measurements made as far south as Indo-China soon disproved this
numerical relation, but it was not until the Thang that a systematic effort was made to
determine a great range of latitudes. This had the object of correlating the lengths of
terrestrial and celestial measures by finding the number of /i which corresponded to
1° of polar altitude (i.e. terrestrial latitude), and thus in effect fixing the length of the
li precisely in terms of the earth’s circumference. The meridian line so set up takes its
place in history between the lines of Eratosthenes (¢. —200),P and those of the astrono-
mers of the Caliph al-Ma’miin (¢. +82%).c It is worth examining quite closely.d
Uneasiness about the relation of gnomon shadows and latitude manifested itself as
soon as the empire was reunified under the Sui. In +604 Liu Chhuo,? an eminent
mathematician, realising the fallacy of the statement that a change of 1 in. in shadow
length corresponded to 1000 % in north-south distance, memorialised the emperor as

follows:¢

We beg your imperial Majesty to appoint water-mechanics and mathematicians (shu: kung
ping chieh suan shu shik 3) to select a piece of flat country in Honan and Hopei where measure-
ments can be made over a few hundred [, to choose a true north-south meridian line, to
determine the time with clepsydras, to (set up gnomons) on flat places (adjusting them with)
plumb-lines, to follow seasons, solstices and equinoxes, and to measure the shadow (at
different places) on the same day. From the differences in these shadow lengths the distances
in 4 can be known. Thus the Heavens and the Earth will not be able to conceal their form,
and the celestial bodies will be obliged to yield up to us their measurements. We shall excel
the glorious sages of old and resolve our rematning doubts (about the universe). We beg your
Majesty not to give credence to the worn-out theories of former times, and not to use them.

But the emperor Yang Ti succeeded Wén Ti in the following year and possibly because
of this no action was taken on Liu Chhuo’s proposal.

In the years +723 to +726, however, important expeditions were organised under
the direction of an Astronomer-Royal, Nankung Yuieh,* and a Tantric Buddhist
monk, I-Hsing,s one of the most outstanding mathematicians and astronomers of his
age.f According to the sources, which are quite extensive and differ only on minor
points,€ at least eleven stations were established (including Yang-chhéng) with polar

2 See, e.g. the Hun Thien Hsiang Shuo (Discourse on Uranographic Models), by Wang Fan, ¢. + 260,
cit. Chin Shu, ch. 11, p. 6b. Also Hsii Po Wu Chih, ch. 1, p. 56, and many other places. Perhaps the
earliest statement is that in the Shang Shu Wer Khao Ling Y ao, then Chang Héng in the Ling Hsien of
+ 118, and later in the +2nd century Chéng Hsiian commenting on the Chou Lz, all quoted in Chou Pet
Suan Ching, comm. ch. 1, p. 10a.

b Alexandria to Syene, ¢.795 km,

¢ Palmyra to Rakka, 187 km.; the plains of Sinjar, 109 km. (1°); Baghdad to Kufa, :46km. On both
the Greek and Arabic series of measurements see K. Miller (3). The chief source for the latter is
al-Mas’adi's Kitab al-Tanbih wa'l-Ishraf tr. Carra de Vaux (4). Cf. further Sarton (1), vol. 1, p. 5§58;
Woif(3), vol. 2, p. 125; Mieli (1), pp. 79ff.; Bychawski (1).

d A brief account has already been given (Vol. 3, pp. 292fF.).

¢ Sui Shu, ch. 19, pp. 204, b; tr. auct. incl. E. Pulleyblank. Cf. Chhou Ferr Chuan, ch. 12 (pp. 150ff.).

t Cf. Vol. 3, p. 202.

8 E.g. in some of the numerical values. Chiu Thang Shu, ch. 35, pp. 6aff., abridged in TCKA,
ch. 43, pp. staff.; cf. TH, p. 1407. The text must have originated only some thirty years after the survey.
Cf. also Hsin Thang Shu, ch. 31, pp. 58fF.; Thang Hui Yao, ch. 42 (p. 755).

YRR i F ! Ak T RE NG ‘R B e




PLATE XCIX

Fig. 286. Taoist immortal examining the trueness of a worked flat piece of jade. From the frescoes
of the Yung-Lo Kung temple at Yung-lo-chen in Shansi, painted between +:325 and +1358. After
Téng Pai (1); cf. Chéng Chen-To (2), pls. 21, 23.
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altitudes ranging from 17-4° at Lin-i' (Indrapura in Champa, capital of the Lin-I
State, not far from modern Hué in Annam), to 40° at Weichow? (an old city near
modern Ling-chhiu, near the Great Wall in northern Shansi, and almost on the same
latitude as Peking). The stations, which were not strictly on a north-south line but
nearly so, were most numerous on the great plains north and south of the Yellow
River. One only was on the northern border of China proper, and two were in the
far south (Indo-China); the locations of all of them are given in Table 42. Along this
meridian line of 7973 /i, i.e. just over 2500 km. (more than three times as long as that
of Eratosthenes), simultaneous measurements of summer and winter solstice shadows
were made with standard 8-ft. gnomons.2 The difference in shadow-length was found
to be very close to 4 in. for each thousand /i, or four times the amount accepted by
the ‘scholars of former times’. On account of its scale alone this whole operation
must surely be regarded as the most remarkable example of organised field research
carried out anywhere in the early Middle Ages, and in spite of the recognition of some
18th-century Western authors® it has remained one of the least known. The two chief
observers who seem to have been responsible for it were Ta-Hsiang? and Yuan-Thai,*
from their names seemingly monks, and probably trained by I-Hsing himself. These
men were also in charge of the special expedition which at this time pushed down into
the southern seas to observe and chart the constellations to within 20° of the south
celestial pole.c
It is interesting to have the exact words of the Chiu Thang Shu:d

In the 12th year of the Khai-Yuan reign-period ( + 724) the Astronomer-Royal was ordered
to make observations at Chiao-chow of the sun shadow at summer solstice, and it was found

2 The texts note with interest that the + sth-centuty value for Chiao-chow, i.e. Hanoi in Tongking,
was confirmed; the shadow falling southwards 3-3 In.

b D’Aaville (1, 2) and of course Gaubil (2), pp. 764.

¢ See Vol. 3, p. 274 (Sect. 20).

d Ch. 33, p. 6a, tr. auct. incl. E. Pulleyblank.
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Fig. 287. A coliection of standard length measures, wooden copies of bronze or ivory originals, made
in Peking at the National Historical Museum for the late Professor W. P, Yetts. The dates and inscrip-
tionsare as follows (from below upwards): (g) Ming; ‘Building foot measure of the Ministry of Works’.
(b) Sung; ‘Cloth and silk foot measure of the Finance Commission of the Sung (Dynasty)’. (¢) Thang;
‘Standard foot measure of the Khai-Yuan reign-period (4713 to +741) of the Thang (Dynasty)’,
actually decreed in +731. (d) Han; ‘Standard foot measure of the Chien-Chhu reign-period (+ 76 to
+ 83) of the (Later) Han (Dynasty)’. (¢) Han; ‘Bronze foot measure of Lii-chih hsien (city), made on
the 15th day of the 8th month of the 6th year of the Chien-Chhu reign-period (i.e. +81)’. (f) Chin;
‘Foot measure of the Chin (Dynasty), the same as that of the Chou (Dynasty), and the bronze one of
Liu Hsin in the (Former) Han (Dynasty), and like also to the bronze one made in the Chien-Wu reign-
period (425 to +55) of the Later Han (Dynasty)’. (g) Chou;‘Foot measure standardised by the Huang-
chung bell and the Pitch-pipes in the Chou (Dynasty)'. Reeonstructed by Wu Ta-Chhéng. (h) Chou;
‘Foot measure standardised by the Imperiai Sceptre in the Chou (Dynasty)’, Reconstructed by Wu
Ta-Chhéng. () Shu kingdom in the Three Kingdoms Period; ‘Foot measure for making crossbow
triggers, of the Chien-Hsing reign-period (+223 to +237) of the Han (Dynasty) continued in Shu’.
Reconstructed by Wu T2-Chhéng. (7) Chou; ‘Foot measure for swords in the Chou (Dynasty)’.
Reconstructed by Wu Ta-Chhéng, cf. Yang Khuan (4}, p. 46. (k) Hsin; Sliding calipers and 6-1n.
measure ‘Made on a kuei-yu day at new moon of the 1st month of the 1st year of the Shih-Chien-Kuo
reign-period (i.e. +9)’. With the exception of the last, which will be discussed more fully in Sect. 27a
below, all the standard measures are divided into 1c inches.
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to be 0-33 ft. to the south of the gnomon. This was in good agreement with the observation
made in the Yuan-Chia reign-period (+ 424 to + 433). This being so, if one went south from
Yang-chhéng along a road as straight as a bowstring to the point directly below the sun, it
would not be as much as 5000 /. The Commissioners for Shadow Measurement (T'shé Ying
Shih*) Ta-Hsiang and Yuan-That say that at Chiao-chow if one observes the pole it is
elevated above the earth’s surface only by a little more than 20°. Looking south in the
8th month from out at sea Lao-jen (Canopus) is remarkably high in the sky. The stars in
the heavens below it are very brilliant, and there are many large and bright ones which are
not recorded on the charts and the names of which are not known. . ..

In the r3th year of the same reign-period ( +#%25) Nankung Yiieh the Astronomer-Royal
selected a region of level ground in Honan, and using water-levels and plumb-lines set up
8-ft. gnomons with which he made measurements. . ..

Further light on the survey is given in the Thang Hui Yao:2

In the 12th year of the Khai-Yuan reign-period. . .a command was issued to the Astro-
nomer-Royal, Nankung Yiieh, and the officials of the Bureau of Astronomy Ta-Hsiang and
Yuan-Thai, to proceed by the post-station routes to An-nan, Lang-chow, Tshai-chow,
Wei-chow, etc., and to measure the lengths of the sun shadows, a report to be made on the
day of their return. For several years they took observations and when they came back to
the capital they compared them in conference with I-Hsing. ...At Lang-chow, Hsiang-chow,
Tshai-chow, Hsii-chow, Honan-fu, Hua-chow, Thai-yuan, etc. there were also in each case
Commissioners, and all brought back various results. Then on the basis of the northera and
southern sun-shadows I-Hsing made comparisons and estimates, using the ‘right-angle
triangle’ method to calculate them. ...

Actually the work had begun at least as early as +723, for it was in that year that
Nankung Yiieh set up an 8-ft. gnomon at Yang-chhéng which still exists there
(Fig. 288).> This has an inscription on its south side saying ‘Chou Kung’s Tower for
the Measurement of Sun Shadows’. The design is such that at the summer solstice
of that time the shadow just extended to the top of the pyramidal base, the slope of
the north side of which corresponded exactly with the edge of the shadow.

The results of the pioneer geodetic survey of I-Hsing and Nankung Yiieh are
shown in Table 42 and Fig. 289. They form an impressive body of data, justifying
Gaubil’s charming comment:¢ ‘Quand le Bonze Y-Hang n’auroit fait autre chose Gue
de procurer tant d’obsérvations de la hauteur du Pole, et de détérminer la grandeur
du Ly en le rapportant aux degrés de latitude, on lui auroit tofijours une obligation
infinie.” But as it has turned out, there is much more in this set of figures than meets
the eye. When subjected to a penetrating analysis by Beer ef al.d a series of rather
unexpected findings emerged.

2 Ch. 42 (p. 755), tr. auct. incl. E. Pulleyblank.

b See Tung Tso-Pin et al. (1), pp. 38, 39, 40, 94.

¢ (2), p. 78.

d Beer, Ho Ping-Yi, Lu Gwei-Djen, Needham, Pulleyblank & Thompson (1).
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First, it could be shown that the ground distances between the more distant stations
were not measured but assessed by extrapolation on the basis of the result for the short
central line of stations (3, 4, 6 and 7). Secondly, it appeared that all the winter solstice
shadow-lengths and the great majority of the equinoctial shadow-lengths recorded
were not measurements but values calculated from the summer solstice shadow series.

Western Southern
aspect aspect

1-5 Thang ft.

1'5 Thang ft.
037m.

19 m.
North
Fig. 288. Scale drawings of the 8-ft. gnomon still existing at the ancient Chinese central observatory

of Yang-chhéng (now Kao-chhéng). Itwas setup by the Astronomer-Royal Nankung Yieh in connection
with the geodetic survey commissioned in +%23. After Tung Tso-Pin et al.

Thirdly, it could be demonstrated that even the recorded polar altitudes were also
not observations but values computed from the summer solstice shadow data. All
these computations are accurate to nearly one part in a thousand.2 If graphic con-
struction methods had been employed, it would have been necessary to set up a plane

2 It is possible to deduce from them the value employed for the obliquity of the ecliptic. This was
23° 40’, almost exactly equivalent to 24 Ch'inese degrees (tu). The Chiu Thang Shu says (ch. 35, p. sb)
that chis figure was in fact regarded as correct in I-Hsing's time, but it had been established half a
century earlier by his great predecesser Li Shun-Féng (see Vol. 3, p. 289).
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table just over 100 ft. in diameter, together with stretched wires and reading devices
of adequate delicacy. One may doubt whether this was a technical possibility at the
time; in any case nothing which could be a reference to it has been met with in these
or relevant astronomical texts. The alternative of course is the use by I-Hsing and his
colleagues of tables of trigonometrical functions. They would have needed tables of
tangents, or their equivalent in sine tables, and these would have had to be accurate to
I part in §00, with intervals of the order of 5 minutes of arc (a tenth of a ¢x). Of the
two possibilities this is much the more likely one, but the existence of such accuracy in

1000 short Thang(i
{(approx. 440 km.)
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Huachou \L / Yiichou -
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100 II|J _l
1 2 E 9 10
Thieh-lo Weichou Yangdlhenh Langchou Chiaochou Lin-i

Fig. 28¢. Data of the mcridian arc obscrvations organised by I-Hsing and Nankung Yiieh (+ 724 to
+726), in graphical form. Key: ®, polar altitude; @, summer solstice shadow-.length; O, equinoctial
shadow-length.

the +8th century is an unexpected conclusion, and quite different from what the
data would at first sight seem to imply,

Trigonometry in Thang China is not in itself a surprise. Already we have seen in
detail2 how after the tabulation of chords by the Greek astronomers Hipparchus and
Ptolemy, and the basic work in spherical trigonometry by Menelaus, this branch of
mathematics was brought into its modern form by the Indians. The notion of sines
and versed sines appears for the first time in the Pawlisa Siddhanta shortly after +400.
Aryabhata (¢. + 510) was the first to give a special name to the function, and to draw
up a table of sines for each degree. His contemporary Varzha-Mihira, in the Pafica

2 Cf. Vol. 3, pp. 108ff,, z0z2ff.
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Table 42. Data of the Meridian Arc Survey of I-Hsing and Nankung Yiieh (+724 to +726)

The Meridian Line of +725. Cf. Gaubil (2), p. 76

Summer | : Approximate
solstice | Polar | latitudes of
shadow altitude | stations from |
of 8-ft. Equinoctial | (Ch. degrees  modern maps ) o
Station gnomon | shadow and tenths of| (Ch. degrees | Distances in &
No. Place (Ch. ft) (Ch. ft.) a degree) | and tenths) and (in brackets) pu
1 Thieh-lé  §§ #) +413 +9:87 | 52°0° ¢. 52'76°
{(in the country of the T&los horde of Turkic
nomads beside Lake Baikal)
2 Wei-chou g% M (Héng-yeh Chiin fﬁ [ 3 fg) +2°29 +6'44 400 40°38 =
(northern Shansi) ' . ]
2a  Thai-yuan x ﬁ’, -~ +6'0 _ 3822 | | 9
Hua-chou # j-ﬂ (Pai-ma hsien 8 & &) +1'57 +5:56 353 3607 } ® g
4 Pien-chou % }H (Ku-thai piao r et g F.3 +1'53 +5°5 348 3531 g 2w et
(Khaiféng) near Chiin-i 3% (%) A KARY
~—~ 'l-\
5 Yang-chhéng §£ & +148 +5°43 347 34°93 S § -
(the central astronomical observatory) L=
6 Hsii-chou #F M (Fu-koupiao 3k i ®) i +1'44 +537 343 3465 | s I
= »
7 Yii-chou @ M (Wu-chin piao 3§, 32 F& +1:36 +5:28 338 3409 I} = J >E =
near Shang-tshai |- £¥) | & ":5« ro | o
1 S L
7a  Hsiang-chou & )H — +4-8 —_— 32:46 | 8
8 Lang-chou @p )ﬂ (Wu-ling Ey) +0'77 +437 29's I 29°'42 |
9 Chiso-chou 7 Jj (Hu-fu Z§ K —0'33 +2°93 | {2x~6 21°03
(capital of An-nan) . 204 \ |
10 Lin-i ﬁ é { —0'57 +2-85 | 17°4 | 17°50 !
(capital of Lin-I; near Hué) —o9t | | |
| |
NOTES

(@) For the deviant values in some of the sources, as in Gaubil (3), see Beer et al. (1). On the Lin.i values cf. Stein (1), pp. 43ff., 76 ff.

(b) It has been supposed that the meridian line was as long as 13,000 fi (c. 3800 km.) and included themost northerly station (no. 1). Butthetexts seem
to indicate that the figures for this place were extrapolated and not derived from observations made at this time. There is reason for thinking that the
distance 1—-5 was an independent estimate dating from the Chén.Kuan reign.period (+627 to +649).

(¢) D’Anville (a) thought that the figure for the distance between stations nos. 3 and 4 was a mistake of Gaubil’s for 168, but this is not so; all texts have
198. Besides, the addition of the whole set of three values for the central stations is unmistakably recorded in them. There was, however, one mistake in
Gaubil’s table, the reduction of the polar altitude of Yiichow.
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Siddhantika (c. + 505), gave formulae which in modern terms would comprise both
sines and cosines. Then on the one hand the Indian work was taken over by the Arabs
and transmitted to Europe, while in the other direction Indian monks or lay mathe-
maticians who took service with the Chinese imperial Bureau of Astronomy spread
the new development farther east2 Books on Indian astronomical methods were
circulating in Chinese well before + 600. Then one of these men, for instance, Chiayeh
(Kasyapa) Hsiao-Wei, assisted Li Shun-Féng in his calendrical calculations of +665.
By far their greatest representative was the astronomer and mathematician Chhiithan
Hsi-Ta (Gautama Siddhartha), at the height of his powers just when I-Hsing and
Nankung Yiieh were busied with their meridian arc. In +729 he finished his Khai-
Yuan Chan Ching (Treatise of the Khai-Yuan reign-period on Astronomy and
Astrology), a work which still today constitutes our greatest surviving thesaurus of
ancient Chinese astronomical quotations and fragments. Some parts of this had
been ready, however, as early as +718, notably chapter 104, which consists of a
translation into Chinese under the name Chiu Chik of the + 6th-century Navagraha
(Nine Upholders) calendar system of Varaha-Mihira. This was the first occasion in
which a zero symbot appeared in a Chinese text,> but more relevant is the fact that the
chapter also contains a table of sines.© It is typically Indian in that it tabulates at
intervals of 3° 45°, a value derived by continuous bisection of the angle of 60° the
cosine of which was known to be . But since this was half a dozen years before the
great geodetic survey there is no reason why the clerks of the Bureau of Astronomy
should not have been occupied in computing tables with much smaller intervals in
preparation for the observational data which the Shadow-Measuring Commissioners
would later on be bringing in.

For of real observations there was certainly no lack. From the fact that the figures
in Table 42 were mostly computed and not directly measured values, it would be
possible to conclude that in the course of the survey very few actual observations of
any kind were made, and that theory took an overwhelming precedence of practice in
+8th-century China. But such a judgment would be superficial and misleading.
Our texts expressly indicate that the expeditions were real and thorough. In +723
the gnomon was established and used at Yang-chhéng. In + 724 Commissioners were
appointed and despatched to Chiao-chow in modern Indo-China and at least eleven
other places up to the latitude of the Great Wall and covering a total arc of some
2500 km. In +725 the central line of stations on the Honan plain was set up and
measurements collected. Only after two or three years did the Commissioners return
to the capital and confer with I-kIsing on their various results.d

It may seem strange that the final set of figures presented by I-Hsing and Nankung
Yiieh to the imperial court, and hence destined for transmission to us, should have
been mainly computed and not observational. But surely what this means is that at
that time it seemed more elegant to offer up a set of ‘ideal values’ computed by the

a Cf. Vol. 3, pp. zo02ff.

b Cf. Vol. 3, pp. 10ff.

¢ This has been reproduced and studied by Yabuuchi (2).
d The period of their labours is circumscribed by the fact that I-Hsing died in +727.
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most up-to-date mathematical methods. A predilection for trigonometric tables, then
new and interesting as well as precise, would have been quite naturale Sines and
cosines could clearly achieve a computation not possible practically by any other
means. Besides, today our minds are so accustomed to the statistical point of view
that it is hard for us to imagine a time when this was not understood. In all probability
I-Hsing thought it very undesirable to admit to his final tabulation a mass of raw data
showing considerable scatter, and not being able to assess it statistically he used it only
to satisfy himself that his calculated values came about where they should—indeed he
probably believed that they were much more reliable than most of the observations.
Except always the summer solstice figures, valued no doubt on account of the shortness
of the shadow-length and a presumed greater accuracy of measurement,? so that they
appear in the table as the primary, in fact the only, observational data. From these,
and knowing the body of results from all the different places for other shadow-lengths
and latitudes, he ‘constructed a curve to fit’. In sum, there is no reason for doubting
that a quantity of actual measurements of shadow-lengths by gnomon scale, and most
probably also of polar altitudes by armillary sphere quadrants, came to rest in the
archives of the Bureau of Astronomy. Unfortunately, as we possess only I-Hsing’s
final report, they have not come down to later generations.

The main result of the field survey was that the difference in shadow-length was
found to be very close to 4 in. for each 1000 ¥ north and south, and that the terrestrial
distance corresponding to 1° of polar altitude was estimated at 351 X, 80 pu. There can
be no doubt that this was derived only from the polar altitudes of the four central
stations (3, 4, 6 and 7), the total distance of the line not exceeding 250 km., perhaps
only 150 km. On this account alone it was bound at that time to be very inaccurate,
But there were other sources of error also. Comparing the data given with the places
as identified on modern maps a mean difference of —0-31° is found, so that nearly
all the stations appear to be on the average some 28 km. south of their true positions.
The fact that these deviations have the same sign implies some systematic error in the
methods of observation, probably an incorrect convention in defining the edge of the
shadow and penumbra.c Because of these uncertaintiesd the total measured arc may
have extended to as much as 2-3° instead of 1-5°, and this would have given a result

@ Thus a certain modification, perhaps, will be needed in the opinion expressed in Vol. 3, p. 203,
commenting on the remarkably little influence exercised by Indian scientific thought on the course of
Chinese astronomy. ‘The esuatorial mansions remained as before, the circle continued to have 365%°,
Indian trigonometry was not taken up, the zero symbol slumbered for another four centuries, and
naturally enough the Greek zodiac remained buried in bizarre transliterations.” Nevertheless, the
statement is still broadly true.

b I.Hsing's percentage error would have been much less if he had taken the long winter shadows.

¢ The mean deviation corresponds to only 0-4 in. in shadow-length. Five hundred years later these
difficulties were well appreciated, and Kuo Shou-Ching in + 1279 developed a special pin-hole device,
the ‘shadow-definer’, for focusing the image of the cross-bar at the top of his 4o-ft. gnomons. These
were the observations which Laplace considered as among the most accurate ever made of solstitial
sun shadows. Kuo Shou-Ching also caused a series of polar altitude observations to be made at this
time, much more extensive than those of [-Hsing’s survey. The data are recorded in Yuan Shih, ch. 48,
Pp. 12511, and it would be interesting to subject them to a similar study. On the shadow-measurements
of Kuo Shou-Ching see Vol. 3, p. 299.

d The mean deviation irrespective of sign is 0-33°.
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of 230 & per degree. Such a value would have been fairly correct for the normal short
Thang %2 which (in spite of some doubts)® it seems tolerably sure that I-Hsing
intended to use. An edict of +721 had laid down that the ‘short measure’ was to be
used in astronomy, medicine and imperial paraphernalia, while the ‘long measure’
was to be applied to everything else whether official or private.c Thus while the work
of I-Hsing and Nankung Yiieh fully achieved its aim of fixing a terrestrial civil unit
in terms of ‘the dimensions of Heaven and Earth’ (1/351 of a degree), the level of
their accuracy was not at all impressive. Yet their work takes an outstanding place in
the pre-history of the metric system, not only on account of the spaciousness and
amplitude of its plan and organisation, unmatched elsewhere throughout the Middle
Ages, but also because of the advanced mathematical methods used to compute the
ideal set of values.

In spite of the inaccuracy of the /i/degree relation, it seems to have served the
purposes of cartographers for a long time afterwards. Examination of the grid scale
of the famous Y# Chi Thu map®? carved on stone in + 1137 suggests that I-Hsing’s
value was used for marking off long distances. On the other hand slightly better
approximations were reached during the Sung, for example, in + 1001 an arc of
3° latitude was taken as cquivalent to 1000 X, giving a value of 333 & to the degree.®
Towards the end of the dynasty, in + 1221, the work of I-Hsing’s survey was extended
by the Taoist adept Chhiu Chhang-Chhun and his party, who made gnomon observa-
tions at the summer solstice on the bank of the Kerulen River in northern Mongolia
{about 48° N. lat.) when travelling on a visit to Chinghiz Khan at Samarqand.f

Whether or not I-Hsing attempted to derive from his measurements a value for the
circumference of a spherical earth it is impossible to say.2 Although no indication has
so far been found in the texts to sugges* that he did so, certain Chinese cosmological
schools had from antiquity onwards assumed its sphericity.? This must have been well
known to him, especially since just at the same time Chhiithan Hsi-Ta was engaged in

2 The true figure would be 250 /i per degree as against 208 for the long Thang #. The long Thang
measure had a /i of 532 m., giving 1°88 to the km. and 208 to the degree of latitude. The short Thang
meaaure had a & of 442 m., giving 2:26 to the km. and 250 to the degree oflatitude. Both had 300 double-
paces (pu) to the I, and 6 ft. {(ckkift) to the double-pace, the length of the foot varying accordingly.
These values agree with those derived by Mori Shikazo from extent Thang foot-rules. Values for the
If as low as 193 m. seem to have been used in the Thang and earlier by Buddhist pilgrims, with some
relation to the Indian y5jana; cf. Vost (1), Fleet (1}, Weller (1), and others. Thatr 1-Hsing’s {i had
300 pu (double-paces) is clearly implicit in the figures for the distances given in the texts.

b See Beer et al. (1).

¢ See Wu Chhéng-Lo (2), 1st ed. p. 387, 2nd ed. p. 253.

d See Vol. 3, p. 547.

¢ Gaubil (2), p. 97. The reference is to Sung Shih, ch. 68, p. 2a, b. The value was accepted in three
calendars, that of Wang Chhu-No in 4962 (Ying Thien), that of Shih Hsu in +980 (I Thien), and
that of Wu Chao-Su in 498 (Chhien Yuan). On account of the similarity of the figures d’Anville (2)
supposed that 351 /i must have been a mistake of Gaubil’s for 331 /f, but thi's is not so—all the texts
read 351,

f The incident is recorded by L.i Chih-Chhang in his Chhang-Chhun Chen Jen Hsi Yu Chi, ch. 1,
p- 10a; tr. Waley (10), p. 66.

& This was the question asked by my friend Professor . D. Bernal a number of years ago. Although
it can probably never be answered, it ied to the investigation of Beer ez al. which made the present
subsection possible.

h See Vol. 3, pp. 216ff., 498ff. Cf. Wang Yung (2), pp. 73 .; Wei Chi-Hsien {¢).
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compiling his great collection of ancient and early medieval astronomical writings.
Moreover, I-Hsing’s acquaintance with Indian and even indirectly with Hellenistic
astronomy may well have informed him of the previous estimates of the earth’s
circumference.2 There is thus no reason why he should have hesitated to use his data
in this way, and indeed it is hard to see how he could have given a constant li