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JOSEPH NEEDHAM
{Gomville & Caius Colloge, Carmbridze)

THE ROLES OF EUROI'E AND CHIXNA
IN THE EVOLUTIOX
OF OLCUMUENICAL SCIENCE

Many historiana of ideas and culture still blandly assume that tho
Aglan eivilisations “had oothing that we should eall selonec”, If
glightly beiter informed, they are apt to sny that China had huma-
nistic but not patural scienees, or technology but not theoretical
sulenes, or 2ven vorrectly that Chine did not generatec modern sclence
{as oppesed to the anoient and mediacval sciences). This is not the
place to set aneh ideas to rghts m any detail, bul my own experienve
has shown that it ia comparatively easy to produce o whole acries
of bmlky wohimes abont the selentific and technolmteal achieve-
mente which the Chincse suc supposed, pol to have had.* 1, s is
demonstrably the case, thoy were recording sun-spot oyoles o mill-
cnninrm and & half bofore Huropeans mwted the existenes of soch
blemishes upon the solar orb,® if every vomponent of the parhclie
aystem received a lechniesl name a thonsand yeara before Enropeana
begsn to gtudy them,* and if that key instrument of the scientilic
revolulion, lw mechanics] vlovk, began e earcer in carly +sth-
gentury China rather than (as wmelly supposed) in +14th-century

1 “Hotemoa and Chvilispiion in Chine®, hoereinafter refurred to sa 800 Thars,

a8 hers, Lhe romanisation of Chincse proper names and teehninal termma fol-
lows the VWmle-Gilea ayatarn, with the sabstitution of an & for the sapirats
apustrophee,
The present paper was given, in pralininary form, a8 an addooss ob tlhe oponings
of the permanent exhibilion of Chineso modicine ot the Welleome Historicul
Medical Museum in London on 28th Mareh 1966 {300 Poynfer, Tarher-Lomazx
& Crellin],

1 BCC, vol. 4, ppn £3448

ARG, wol. 3, pp. 474 and Ho Ping-Yi & Neodharm,



4 JORETH NEEDHAM

Europe,* there must be something wrong with conventional ideas
abiit the uniguely aeicntifie gening of Wesleen civilisation. Never-
theleas it vemaing true that modemn scienee, i.o. the testing by system-
atic cxperiment of mathematical hypotheses about natural phenn-
mena, originated only in the West, Yet it connot even be maintained
that China contributed nothing to this great breakthrough of modern
gafenee when it ocourred in the later stages of the European Renais-
sauee, for while Buclidean gpeometry and Piolemaic planctary astro-
nomy wera undenially Greele in origin, thore was o third very wital
component, the knowledge of magnetic phanomena, snd the found-
aldong of this had all been ladd i Chinag.s There people hod been
worrying about the nature of magnetic deelination and induction
befure Weaterners even knew of the existence of masnetic polarity.

Bub from the Line of Galileo [ 1600} onwards, the “new, or expe-
rimental, philesophy™ of the West incluetably overtook the levels
renched by the nafural philosophy of China, leading in due eouras
to the exponential rize of modern selenee in the nineteenth and
twenticth centurics, YWhat metaphor then can we use to describe the
way in which the mediacval sciences of both Weet and East were
subaumed in modern geienes? The sort of imapge which ocours most
naturally to thoge who work in this field ia that of the rivers and
Lhe sea, There ie an old Chinese expression about “the Rivers going
lo pay courd 4o the Bea™® and indeed onc ean woll consider the
oldor stroamas of science in the different civilisations like rivers flowing
into the veesn of modern seience. Modemn seicner is indeed compowed
of contributions from all the peoples of the Old World, and each
sontribution has dowed comtinuonaly infin 16, whether from Greel and
Boman sntiquity, or from the Atabie world or from the oultures of
Ching and of Indio.

Here I shall confine myself to the Chinese case. In considering the
situation before us there arc two guile distinet guestions to aak,
first when in history did o particular weience in itsa Western form
fuse with ita Chincee form go that all ethode characteristics melted
into the universality of modern seience; and secomdly at what point
in history did the Westomn form decisively overtake the Chinese
form?! We may thus fry to define she dnte of whal may be called

¢ 8OO, vol 4, pr. 2, pp. 4358, and Nacdham, Wang & Vriee.

tECC, vol. 4, ph 1, pp. 2304, 334 and Weodbwon {Legeey), p. 266,

L O BOCL wol. 3, p. 484,
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TIIE ROLES OF HURODPLE AND CITINA P10, i

the “fusinn peint™ on the one hand, nand that the of “transcnrrent
puint” on the other. Binee by a historical coineidence the rise of
maodern seicnee in Europe was closely accompanicd by the activities
of the Jesuit mission in China (Matteo Rieei 8. J. [Li Ma-Ton] died
in Peking in +1610), thers was relatively little delay in the juxta-
position of the two great traditions. Sines the breakthrough oeenrred
m the West, the transeurrent point for esch of the aciences naturally
preceded the fusion point; but as wo shall see, the interest lics largely
in the lag or delay between the two.

Tirat let nz consider the fusion pointe, those estuarics in time when
the rivers flowed into the sea, and when full mizture took place.
Here at onee we find 8 remackable difference betwreen what happened
in the physieal seiences snd in the biologieal seiences. On the phys-
ival mide, the mathcmativs, astronomy and physics of West and
East united very quicldy after they first came together. By + 1644,
the end of the Miny dynasty, there was no longer any pareeptible
differcnee between the mathematien, astronomy asd physies of
Chma and LBurvope; they had eompletely fused, they had eoaleseed.

If at Lret it secmed that Western maotheomatica had boon at a
highor level than Chincse mathematics this wae found to be due,
a4 the decades went by, (o a loss of the expertise which the Sung
and ¥uan algebraists had had, and the restovation of their tech-
niques redressed the balance — though the lack of deductive geo-
metry remained s debit on the Chinese side. Chinese mathematies
had always been by preference alzobrale rother than grometrieal.®
Astronomy differed between the civilisations in an equaslly funda-
mental way, [or whils Greek astronomy bad alwaye been ecliptio,
planctary, angular, true and annmal; Chinese astronomy had always
been polat, equatorial, horary, mean and diwenal.* The two systems
wern not in any way opposcd or incompatible; it was just as in the
mathematices, the attcntion of Chincse and Europeans had been con-
centrated npon different aspeets of Nalure, I the Chinese had never
had the possion for geometrical models whish prodnecd the Ptole-
muie epieFeles snd ultimately the Coperniean solar svstem, iheir
mediaeval cosmology had been far more modern than that of Burope,

e

7 A il aqcount of the history of Chincss mathemalics iz given in BCU,
wval. 3, pp. 1---168,

B Ihie cpigramnmmstie formmlation was due to Leopold de Ssnsans; mee
B0, wol. 3, . 289,




i JOBEIH NEEDHAM

for instead of crvwtolline celestinl spheres they thought in terms of
intinite empty apaece and an almest infinitude of time." By 1673
when Ferdinand Verbiest 8. 0. {Nan Huai-Jen) was reconstruieting
the Peking Obacrvatory and couipping it with new instroments even
more accurate than the splendid +13th-century oncs of Kuo Shou-
Ching,1® this wag perfectly understood: and the seal waa ret wpon
the matter when early in the eishteenth Aotoine Caubil B, J, (Sung
Chiin-Jung) published hiz great works on the history and theory of
Chinese netronomy. "

dinee the breakthrongh ovourred in Europe finst, Burope contri-
buted rather more, giving up ita crystalling oelestial spheres hmt
introdueing more refined calendrical enmpntations, giving up its
Greols eclipfic coordinates?® but opening the way inte those un-
drcamt-of worlds which the felescope would shortly reveal,*® and
above sl inbrodueing the new eclesiial mechanies and dynamics of
the age of (alileo. Unifled astronomy of course profited greatly by
the records of eelestial phenomens {solipses, novae and supernovie,
comets, cte.) which Chinese sstromomers had kept, as accurately as
they eould, sinee the Sth ecmtury, and in greater abnndance than
any other culture. ¥ Lastly one muet fake account of the fast that
if peenmenical astronomy todey uscs cxelngively tho Groek constell-
ation patterna this is not in the slightest degree due #o any inherent,
gupetiority of these over the enfirely different Chinese ones; it is
gimply a side-effoct which followed upon the meteoric rise of modarn
solenece in the West as a whole, Men like Tlamateed or Herachel
would huisve thoupht it bisanse 1o speal: of Wed Awin or Thien ofn
ingtend of Saorpio. * but there iz no intrinsic reason for this; il;swas
an incidental result of the rike of modern eoienoe n Wesbern oivili-

* L0 B0CC, vol, 3, pp. 408, 45840,

RO, wol. 3, pp BROM, DT, 4A L1

SO0, vl 3, pp. TMT., Histoire de " Asfriramde Chinodee, Trodd de Idsfro-
wareie {Ihinotas elo.

= 300, vol, 3, o, 20GIT.

F L) Pasquale L’Elia; Mecdhoan & L Grerel- LHon [(fhedek Artists]-

RO, wol, 3, pp. 4090, These records v i eonstang use by AetTonomers
ut the prasent day ;efl g the covrent diseossien: eonos o of - 1008 by Golid-
atein, Onldatain & He Ping-¥1. Minkowski, Maraden, Cardoer & Milne: and
anolhor on the ssecular deceleralion of the earih involving anciamit eolipea
recorda by Curott,

8 Hehlugal, pp. 1R

sation firat,
At all event
urniog had ¢
Onie can o
tuch as the
Musenm of
reproduecs
by Kwin K
jection this |
Tound ifg pe;
ecliplically p
of the Ching
of Chinoge o
hisvas noted)
colours basod
ﬂﬂf-l‘ﬂnornarg,
T diﬂg[‘&.mﬂ
discovery of
BUN-gpets dop
them from ]
reachition of g
of the tedesiong
romnd one of
Tanating Kagl
painted shout
Another gtri
tuosl, Po¥i o
between  +163
Lornpolngd mice
Y, inderd, ma

M Soo Nusdbar
-7 BOG, wal, 5
AR Pha eirgLmad

& Wouman HE LT
a frivndahip with
the omly Engdighn
m Chima.,

M Eaa Needhan




rma of
- 1675
WILEnIE
[H 8%
Bl
i mpom
. (fung
woTy of

contri-

red bt

up its

D3 111

l;.w' and
rice ot
atly by
IOV A,
ately a8
ce tharl
aot thal
comatell-
inherent
ca) It 1s
- modern
Herschel
Tiiem chi

s; Hwas

i cavili-

e & adro-

|},

3100 CIRTH
i by Crolil-
Jilie; and
and colipse

TIE ROLES OF EUROPE AND CHTNA BT 7

gation first. One must always be on the loole-ant for such side-effects.
At oll events by the mid - 17th century the unien of the twn aatron-
omier had oeeurred,

One can sce how complete thig fugion was by taking an cxampls
auch as the large - 18th-coniury Eorean asteonomical sercen from
theYi Diynasty’s royal palace in Seoul, lately deposited in the Whipple
Museurs of the History of Bcience in Cambridge. 2 To the right it
reproduces the clazsical planisphere of 1 (295, prepavcd for ¥i Thaejo
by Kwin Kiin and his colleagues, but though cquatorial in pro-
jection this bears the Chinese names of the Westorn sodineal houses
roumd its periphery. In the centre thern are two Jesuit planispheres,
soliptically projoeted and neing the Wostorn 360¢ peaduation instoad
of the Chineae 3654 one, yet ponscrving not only the entire patforn
of Chinese conetellatione (quite different from the Western, as we
have noted) but even the age-old division of the stars into thrce
colours based on the aneient star lists dewwn up by the —4th century
astronomers, Shih Shen, Kan Té wnd Wi Heien 17 T tha lalt thers
are diagrams of the several planeta, with text describing the new
digeovery of their moons and phases by Galileo wnd Chssini; and
sun-spots depicied on the sun, as Chinecse astronomers had notod
them from the —lat centiry omwards, Furtler text deseribes the
regolution of nebulae, stur clustera and the Milky Way, with the afd
of the telescope. The Jesnif work preserved on the sercen contres
rimmd one of the Direetors of the Chinese Durean of Astronomy,
Ignating Kigler S . ("ai Chin-Haien), and it must have been
painfed about +1%3%, not long after his death, 1

Another striking example can be seen in two Chinese opiieal vir-
tuosl, Po ¥ii and Bun Yiin-Chhin, who lived and worked in Suchow
betwesn 1620 and +1650, making apparatus euch as telesanpes,
sompound microscopes, magnifying glaesor, magic lanterns, etn.2® Po
¥, indeod, moy be numbercd with Leonard Digees and J-B. dells

1 Bee Neodbam & Lo Oweel-Than [ Keroar: Seresn).

¥ B0, val. 3, p. 285

O The virewrmstaness of the ralier b o apeeis] intereet bocanss i -+ 1741
& Korcan matronomical officiol on s mission fo China, Av Kulkpin, hel formed
& frisndship with one of Kégla's aides, Androw Jockoon, &, .. {Hsi Mon-TE),
the mly FEnglishoan who s novnbersd among the roll of the Teanil Mispion
in Chinn.

¥ Soe Newdham & Lo Gwoi-Den (Opdick Aetiste],
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Porta, Lippershey, James Metius and Comneling Drebbel, and sl
ithose other firures involved in the invention of the telescope and
the mieroseops in the West, It iz gnite astonishing to find that within
a coupls of deondes gseekers in China were hol on the same trail,
We do not yet know, and porhapa we shall never find out, exactly
how independent they were, possibile Jeanit infermediation heing in
this case chacure, tmt one can cettainly say that at a surprizingly
carly date, +1G356, the telescope was being applied to artillery in
battle in China; and there is a sbyong poesibility that Po Yii himeclf
indeprndently inwented the telescope by juggling aboul with eom-
binations of biconvex lonses Just as a mumber of the inventors named
above did in the West. Sun Yim-Chhin even wrote a treatise entitled
Ching Saik (History of Optick Glasses). Such wag the extreme rapidity
with which the wathematical and physicsl scicnees of the Western
and Chinese enltures fused after they fwwt came in contact,
When vou econsider an intermedinte ecience like botany, you find
a totally different pioture. It has been most interesting to observe,
in work which my collaborators and. | have heen doing recently on
the history of botany,*® that thore was o long delay affer the first
contarts, and one might say that the [usion point in botasy did
not ocent until about 1880, Down to that time Chinese botany con-
{inned on ite clsssical way. The naming, elsesifying and deseribing
of plants went on along traditional lines, Even as lute s 1848 the
indigenovs styls persisied in the important work of Wn Chhi-Chiin
culled the Chih Wu Ming Shih Thu Kheo (THustrated Inwestigntion
of the Names aml Natures of Plants). Though written at suoh a
recent date, this splendid and well illistrated freatise was entiely
traditional in character, and did not take any sccount of the ad-
vances in botany which had been made by Camerariue and Linnseus.
It is important to notice here that the Jesuit mission of the +17th
contury did relutively little for botsnical contacts; indeed what it
tranemitted was westwards vather than castwards, ns witness e. g.
the Flera Sinensiz of Bichael Boym 8 J. (Pu Mi-Ko) printed in
-1406. Moreover it could not have transmitted modern botany
hecanse its aotivity wag both pre-Clamerarian and pre-Linnaeon in
time. But when one comes to 1830, when Emil Bretschneider, the
preat medienl officer of the Russian Feclesiastical Ezarchate in

B QOO ol 6, b 1, in prapaestion.
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THE ROLES OF EUROFPE AND CHINA ITO. 4

Peking, was doing his work on Chinese hotany, then there began to
ba Chinese hotanists who could gpeak the same language, could talk
about Linnaean familics and natural familics, men who understood
like Eurcpean naturalists the functiom of the dower, and what the
microseope could revenl of plint morphelogy. This was the time too
ot which centered the great effort of many investigators, indispensable
for further development, to establish correlation as complete as pos-
sible between the Chinese traditional plant names and the Linnacan
binomisls. ** Thus one might say that it wag not before 1880 that
the fusion point took place in botany, and a decade or so Iater might
ba a better guoss.

Beyond this, when one passes on to medicine, cne finds a situation
in whioh the fusion of the sciences, pura and applied, in East and
West, has not taken placc cven vet. I dore say that this is ihe use
becanse, although physicists don’t gquite ke yon to say &n, and
agtronomers equally may demur, nevertheless the phenomens of
these acienced are surely mnch simpler than those with which biclo-
gista have to dosl, and & fortior] physiologiate, pathelogista and
medical men. Wherever the fiving cell is coneerned, and  forfior
the living ccll in its metazoan forms of high organisstion, the puzeles
are profonnder, the tools both practival and conceptnal more inade-
quate, the roow for doubt greater. However optimistic one may
feel as a young hiologist or bischemist, the secret of life g still not
yet just round the next bend. I epeak from expericnoc. Thus the
coming together of tho two cultural traditions, the fusion of them
into a unitary modern medicsl saience has nol sven now been affeated.

Many people, of cowws, when they think of Chinese mediaine
today, imagine it a3 some kind of “follz-medicine, something bizaree
and quite entdated, some sort of meaningless. enriogity, but in tmth
these are all entirely wrong ways of reacting to fi. It is, one must
kay, the product of a very great eulture, a civilisation equal in com-
ploxity and subtlety to that of Europe.®® While conserving & medi-
aeval body of theory, it containg a wealth of empirieal OXPOTIEnce
which has zot to he taken account of. Just s in other seiences we
can find many Chinese priorities; for example the compilation of o
great elagsificatory deseription of discasc entities withowt therspentic

AL the works of Bretecluwader] still gusite j_l'_l.l_thb—'-n-{ﬁ“th
T Pdlos rightly crtuphbasisas this,
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