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INTRODUCTION

In the autumn of 1979 I was invited by the Dean of the Faculty of
Science, Universiiy of Hong Kong to give a series of four public
lecbures at his faculby while I was here as Honorary Professor at the
Department of Chinese and an Peﬁsrar§ réseareh Fellow at the Centre of
Asian Btudies. I was expected to say something about the history of
science and at the same time to bring in the development of traditional
Chinese science and technology. I took the opportunity to demonstrate
that many cultures had p&ayeé a paff leading to the development of
modern science in Burope §a;1ﬁg ‘ ‘ééﬁal attention te China, and hovw
European science was hrs&ght‘tﬁ Chiaa ﬁﬁtii:‘§veﬂtua1ly Chinese scien-
tls%s partlc pated in the 1&tervatLQFaA enterprise Gf werl science.

“When I learned that th& Centre of Asian Studie " was s§asi&eying

publication of this seriss of Zécturnss 1 askeé my csléa&gun at Griffth

Ualver31§f, Professor Colin ﬁaﬂk&rras, Chairman of the School of Modern
Asian Stu&;es to read the manuscr ipt. ﬁﬁera&p@r ? rofessor Favseiras
approached the Centre of %s,an Studies of this University proposing shat
this series of lectures be a joint publication of the two centres of
learning. I am mich indebted to both Professor Mackerras and Professor
Cheng Te-k'un for reading through the manuscript and for their valuable
suggestiona. I also cherish the memory of the blue-print Professor
Cheng Te~k'un made for the esteblishment of a Department of
Studies in the University of Malaya, Xusla ILumpur in 1963 which I
followed for nine years from 1964 to 1973. To Professor Cheng this book
is dedicated.

It was through the generosity of btwo institutions of higher learn-
ing that this book was made possible. OCriffith University granted me
sabbatical leave o come to Hong Kong and the University of Hong Kon

hes

or
o

offered me visiting stabus for the duration of my sitay here. To

two universities I wish to record a vote of thanks.
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-+ LECTURE T

E§€E~zé THE ﬁgﬂzaﬁf WORLD I: ‘FQQST ASTA == ﬁﬁvggﬁ?%Ek IN
*SPLENDID 1501 LATION

. THe Bip pendulum in this séries of four lectures swings = from East

5t fand  from West to Easty

ﬁgu¥:§i5£mo*i§h is very cﬁﬁp}éﬁgiané

rashic. < Tts: aﬁ;»mta&& ‘i ‘moticonstant and inor

21y not simplée ha
ts pericd  of  motion. Borrowing tne idea of harmonic analysis in

~*’é7§£&t€f aﬂﬂgiéerfthis mg pendulum as the ‘composites motion of

ind that  ma

 ‘Onvanalysis we shall f

‘buted, intheir individual

different’ times Tof history have cont:

to ‘the ‘growth-of modern science, until it has éventually become ‘&

E&ntav‘y’wzs@ participated by &11 *:sa.@*:.;:}us::.x:;j “In this first lecture we

erve a smaller pendulun swinging

n China from P“&*ulﬁ&ﬁf}" until it

& mewioun point a?su§§~%ﬁex§§t§7céﬁ§a§?*éﬁé”hh%3‘éecliﬁés losing

itudes How it swings back asgain after ithe 'impact of science

urope T will’ be~ discussed in the Iast lecture. ‘Even the general

3 the .origin 6Ff Chinese scients 48 swinging ~like &' pendulum.

current  swing' has bsen towards -the west, but this trend is now
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constanbly Dbeing affected by s new damping factor in the form of recent
archasological Tindings.
In the ysar 1548 a famous French physician by the name Jean Fernal

{1497-1558) wrote:

The world salled round, the largest of the earth's

continents discoversd, the compass invented, the

prioting-press spreading knovledge, gunpowder revo-

lubionising the art of war, sancient manuscripts

rescued and - the restoration of sehgiavshlps all

witness to the triumph of our New Age.

This was written when Burope vas in a period full of hope and promise

after having just emerged from mediseval times and only a few decades
after the great discoveries of Christopher Columbus and Magellan.

The three important scientific and technological inventions men-
tioned by Fernal, namely the compass, the d€rt of printing and gunpowder,

were also referred to by Frandis Bacon {156141626) in England and Jerome

Cardano {1501-1576} in TItaly. Let us bake these three items one at a
time. -The abbractive pover of -the. lodestone. was .Known.--both -bo the
ancient  Greeks .and the .ancient Chinese. This was mentioned, for ex-

ample; by Aristotle (3B4-322 B.C.} and by Chinese wri

ers in-the Marring

States and -the Qin & period {i.e.; between 480 B.C. and 207 B.C.). How=

gverg.ib-has-been proved that bhe

iese knevw cabout bhe -magnetic . com-

pass et deast . one-sor. fweydf v@u Lhree or four ceanburies before the

Europeans. The éxrﬂstive ‘property of the 1®§§SEQQQ~W&S:XEQ§§~ﬁﬂ?lng the

Han. period {202 B.C.-A.Ds 220) and the phenomenon of -induced magnetism
was also discovered by -bhe Chinese some bime bebween the lsbrand the 6th
century ~in the Christian.era. By -the 8th or 9thucenbury the Chinese had
further.discovered the .declinabion as well as.bthe polariby of . the mag-
nebes
&avig&%i&a;‘

This early -form.of sthe compass.consisted ef & .pagnet - in-

serbed into 'z piece of wood cub in the shape of a fish and set afloat on

k%t@r;g In Eurgpe the earliest regord-on the-use of the magnet for . nav-
igation -dated. back- only %o 1180. At the time of Jean Fernal the Chi-

nese: knowledge of magnetism was still far ehead of Europe. It was -only

from: ‘theyear; 1600 that Burope has-beken the lead in the study of mag=

~In-the 1lth.century thﬁ~ﬂhiﬁesa»werﬁi&ﬁ*&&ﬁ?:&ﬁiﬁg -the compass for
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with the work of Williem Gilbert (1540-1603).3

. Paper-making and printing are generally acknowledged to have begun
§1§§i§&,~aﬁﬁ~mséﬁra archasclogical findings have even pushed the dabes

. for their dinvention a few centuries earlier than what was thought until

‘ﬁshé%eaées age. The traditional dabe for the invention of paper in

na. was A.D. 105, and the name associabed with the invention was Cail

 However,.in 1933.a spe 1@?3 a; 5&3&? é&%lﬁg back to the year
was &isacvsred Yﬂﬁj?an&; and ‘i‘ 1§§? a@a‘he* specimen, dabting
ign i;s B.C.-87 B.C.}
é

%ah Caz Lun was G§g§

ko the time of hhe ﬁaﬁ emgercr Wudi 2

“discovered  near Alaﬁ¢~‘

onsible for ;mp*evzﬁg the

Hot ver y lﬁﬁg agss‘;;

an-~

_é,}__,

a Chinese Euéﬁhlﬁz wh&rm ﬁrl,?e“ J&pa& ahﬁut ﬁ;ﬁ; 77¢ - and

-

r printed 1in KQF§§ :not. later Lhan é D. ”?l ware discovered.

a2k it has been said that in iﬁfﬁagthe;ear;ie~g wovable types were

nted in about the year 1045 by‘Bi'Sheng~§§§i, recent archaeological

wee indicabtes that movable types. vﬁrq usaé for the casbing of dn-

saﬁr‘fzzlal ‘ssﬁla in China in the 6th seﬂtury

H

on  bronze

ap§li ation - of movable

§ﬁ§ew§er was known in China many cenburies before it was used in

tie Taoist alchemists must have hit upon

el . ;
ﬁu ;lﬁé ‘a ;wrz teﬁ waf ning that

‘~acaléﬁntalig du*iqa

e eulnﬁ&r acd carboﬁ§ this
ice - mast o be a§§zoacn§d ‘w~tg extfemm caut icn, because some al-
~fire, while .others got  their

About the

~had their laboratories seb on
singed. when this substance got oub of their control.

the emperor Yangdi (reign 604-618} of the Sui dynasty gunpowder

- in China simply for amusement. in the form of fireworks: displays

crackers.  The official history of the Song dynasty {960-1279),
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s Songehi F#., records the use of incendiary arrows in battle in-the
r5 970 and 1000. é,farma}a fﬁ? gﬁﬁgﬁg‘i“‘ayyears in the military
5"“ Aesmm %’ggzﬁgzsr@zzz& ﬁ%ﬁ%ﬁ& ) s written by Zeng Gongliang 4% be-
~ﬁix§3§ and. 1@5?,,\

E&%ﬁ@ ali the *hfae great sclentific and technological inventions

ipoken Cof ia“iéthwaeatgrv Burope originated ip China. However, siﬁse
egxnﬁ*ag sf the Akt} “eﬁsury Sﬁiu»gﬁ aelence began bo decline very
‘%ély and m&ah $§ it had hﬁen ?argg teag 80 that during the last two

turies efforts had to be made to- re=8 gcm:‘r it. Many theories were

forward Fega”ﬁlﬁg the arz Vaaf Gb nese science during the za

tury and the first haif‘af‘ e’saz that China had no

ence ab sll; some said tha ;hwne‘a~ 1& iLﬁ&thﬁ ‘came’ fr&m gesapeﬁa—

MEﬁ claiming ihe

;‘nﬁ‘ Eﬁ\ aﬁ %eaause of tﬁe ws g THo! {iﬁk}

losopher

ﬂszi

;“aand th@rm wete others ﬁﬁe

i

& rather* incredﬁ?s&s &Kth&liy* f@r Shzneae cl?zlgs&tlcﬂ by
- in “the Shijing &5
I-findings have

eﬁa&gﬁﬁ it dnq%»ess&ry to examine *%e vaiﬂélﬁg of wmany of theSQ
nts.  Let u¥ now ook at .some of these archag logical findings.

In 1965 the earliest p?imltlve man in Cslﬁ& k%sw& as the Yuammou

was @iscoversd in }aa@as stimated to have lived
000 ‘years ago, the fﬁqﬁmou n&a ceuld use crude stone Aﬁ?lﬁﬁ&ﬁbn

possibly o also, fire as suggssted by the presence of ashes aﬁd

Boned s Tn 1075 and 1976 remains-of-other primitive —men. -esti-
havp lived between 500,000 to 1,000,000 vears zgo, were found

‘“?1§aeif %*saﬁ?@reé sariier in L9§3 &Bﬁ ZQE? were the Lanbtian

;@ Iived 0.6 million years apo ;p Sna&§x1 § @?1&&@ and the Peking

E}Véﬁgaqa§t~3,; million years ago in 2&9&%“&&13&~  BOE respec-
“Zhoukoudian was  also iﬁhabiﬁeﬁ about 19,000 years ago by the
ave Man who définitely knew how to make fire.

1952 the earliest known civilisation in the Neolithic Age in

5 discoversd at Banpo ¥ in Sheenxi province.  Dating back™ to
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"A bomb delivered to the enemy camp by a wooden figure

‘in the guise of & mountéd warrior from the Fire

~ Dragon Manual, a rare Ming military compendium.

EAST ASIA — DEVELOPMENT IN SPLENDID ISOLATION T

Sthomillennium Buf.; this culbture showed evidence of agriculbure,
nshandry | weaving and sewing,cand fishing and hunting.: The most
- ;iag “discovery ~in Banpo is perhaps the many types of pobiery,

th patbterns suggesting an anclent form of She Chinese script -aad

5‘?~ Banpo  represented can - eafly phase of the Yangshao 1158 culs

&h “existed :in China from the 6th millennism B.iC. unbil abou

»Other-phases-of- thls culture have been found in Qaﬁsu,;ﬁhaaﬁé
‘Henan v and  Bhandong grav;ac&sq « This eulture is characs

ed by its red painted pottery. ‘

grains were - discovered in 1973 atb the Hemdu 88 site in

ang province, vhich dated back to the  5th millennium B.C. The
. culture and Cother “&itﬁf&§~§§?aiﬁﬁﬁﬁ in China parallel to the
hso culbures. mheﬁ betweaﬁ the 4th and the 3rd. wgiien;a B.C. was

L ﬁgshan~§§ﬂ:au;?grs, f rst ﬁlseevereé»in 1928 ab- ahaﬁgé@gg Prov-

‘énﬁ has since been ngﬁd distr;baéaa uiaﬁg;~§h& lower -and . upper
1es of the Yellow 31335‘ ?his aa*turﬂ\is éharaet&riged Ty its whitse
k pottery, most of gh?ﬁ% ware m&§e5gn g;& pobt argé wheel: In
é o EBriitow. I
egsels: of this auiutras“datiﬁg b&ﬁk to about the year 1700 . BaC.

~¢gl*ﬂ e was dlbﬁ“?ﬁf&ﬂ dn Henan province

isefwéﬁeﬁ‘~éisécvereé, iadiéaaingftkaszy that time China‘ﬁa3~al&
n. uﬂe Bronze Age. ﬁﬁaﬁ?ﬁiﬁg §§c§§iﬁ8$n written records thers was
‘dynasty between the 21st and the 16th centuries B.C., but so. far
has not been any archasclogical evidence. . Chinese archaeclogists
k searching for the Xis culbure, and Erlitou iz one of the sites

gy are hoping to mage their fi aﬁs.

cavations carried out first at &3yaag~&%§ apé dater ab heﬁgam@a‘

lenan: provines have substantisted the existence .of the S&agg

;{*

16th = %o 11th cenbturies B.U: }s:~ﬁany~§fc§zs~ar31§ac§s,g%‘a

proto=porcelain wdres have +been. discovered .ab . the
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traces of silk febric.and even a.chariot, the most important finds mush

be the oracle boneés.: These were cara c‘r’f‘ &ﬁggmes ~and . .shoulder-

El&é&s of  oxen ﬁaeﬁ by the Yin. %zix}gs ’fm* &wmatwm: “They conbain the
oldest known Chinese. scripbs before: the disceveries of .bhe Banpo ?s%%gry
markings cas:well as the oldest Chineseswritien \fé&%}:‘ése In them we can
fiaﬁu reécords. 6f eclipses, novae and nam&s«@ﬁf‘siaﬁ:é‘ndfé@ﬁe 0f the con-

steilations e‘g They -@lso indicate that the Yin people were: ‘already usging

& lunissolar calendar, whers m’}\% ;fear conbained 12 ma@m or lunar monbhs

of either 29 or 30 éays eaf‘zl a*;ﬁ sr; ce every two’ or three years a:13th

moon’ or inbtercalary month {ﬁzs?wsze %’Eg F: bad £0 be-added.. For naming the
days, and sb that bime ’a*a’"a%ﬁf a;.sc» thﬁ }.ma?* months, a combination. of
two oycles,one of 10 evama?g e"allea the ‘6&1&3? al stems’ wtmrga?z

? F ) oandg th‘.p obher i}f a8 gr:imals c alled the 'ferrestrial branches?

€c'£’a.afz #3 ) were used. The Qszﬁi:ii sexagerAry-cycle. The

oracle bones also  show ere already using the

decinal. platesvaiue sysben

sntury: Bl -TT1 B
“and . proto-porcelain
riptions. Bome astronomical data

Chinese . books,  namely  the (Shujing.

ishé} . sz»,;w?g, }mz“z containing material 'f&mglﬂgi
from about the a’iﬁsth to the 5th ce,ﬁ%%m’: B.C.. The - earldest . sighting ‘of

coicomet dnthe year 613 B.C. is“k‘i‘bun{i%iﬁ the Chungin {(Spring and
égﬁm’z dnrpls) which contdins also reoords of solar and Jupar. eclipses,

mé:tezs,.,_streaigs and . other comete. In the Sth gentury: B0 bhe Chine se

were using the “Qéz&rteregem&inﬁer Calendsr'™ leifenldi  WHE ) adopting

‘their ‘knowledge s}fﬁ‘j‘éﬁg days im I tropical year and 237 lunations in 19

tropical years. ' From the Zhould gi{i%&sm?dgﬁf “the Rites of @ Zhou).-we

koow thats off ml&l si;aer cierk;s were already employed by the Zhou kings

m G}:acie bsx*s: r-cz‘;ré of-a ﬁ&r;{éﬁfii?Sﬁ of .

to observe b{si:?t* a.;trm‘;@ﬁ&,a; and-nebeorological -phenomena < and » bo ~make 5Qﬁ§;e;g§,&s= ?gg? B‘fs@
sstronomical interpretations from bthese observaiions.
L 3978 aiwooden box Hesring thHe ‘hemes ofall the 28 lunar mansions

i\xiu, =8 ) and dabing back srfound 439 BuC, was unearthed from a. tombd dn
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Suixian, ﬁﬁbei ?FGfﬁﬂuyszﬁqimﬁﬁ eariiest star cabalogue is said to be
due to'a §e s&%age of the Sha ?g dynagty, the astrologer Wu Yian BE | of
whom we know very 1ittle. Between about 370 B.C and 270 “B.C. ©Gan De
"H##  and Shi Shen B produced their own star catalogues. Although all
the three ori iginal catalogies ars now ‘Lost, fragmentary guotations  from

‘ther ‘858111 exist in many old ‘astronomical texts. ‘Chen Zhuc B (f1. c.

| §ERYRgARIY
BT

T

LD, 31&; ‘later constructed a star map based on these catalogues. Ino

1973 meny im ortant §lS€G~y;iL‘ vﬁre made in the exaavatiﬁn gf g Wesbtern
A OTLERL discover Were me in i

Han tomb in Mawangdui EEH in Hunan province. They ,dclaua the ephe- <

‘merides of Jupit er Saturn and Venus bebtween the vears 246 B.C. and 177

'B.C. and & book written on silk describing sad i1l usurat*ag comets of

various shapes. The accuracy.of the Esér¥atiaﬁs suggests Lhe wuse’ of

e@l ‘b;erfatiQﬁs éarlng that period.
‘ nded of the

.} discovered

s
the armillary sphere far aqtraﬁs‘
. \
e

On the subject of ast
bronze clepsydra in : ;
in Hubei province and astern Han period dis-
covered in > -wo decades. The nova of
134 B.C. in Sco

by Chinese

in Europe, was observe

he exact dates of the occurrence.

or the first time in the world in.

& mentioned and

‘the Huai-nanzi E5F (e, 1ko .} and the Qian Han ehu FpgE .

mws Wéﬁgﬁﬂg with {ron plates é t;ﬁg vack to the éaster& Zhou period

{11th century B.C. to T71 B.C.) were discovered in 1949. The iron came

from meteorite source. In 1976 a steel Weapon “dating back to the 6t

ceéntury B.C. A excavated. in Chanzshe %ﬁvasg that China had already

en*&*ea the Tron Age by that time. ~ Many iron artifacts of the 5th
eﬁtuvy B.C. have been ~found in Jiaﬁggs and Henan provinces more re

‘séﬁtlg, éégﬁsh h iron seems Lo have been known eavliéf in Earé§e‘ than

ﬁ“ﬁﬁiﬁaz it s lﬁt“?E%%lEQ gl note that the Hese ‘knew about th
imakiﬁgléf cast iron at least by the 5th century B.C. soon after iron was
“known to them, in contrast with the much later development of cast iron
technology in Europe. ‘ ‘

Between the Gth and hth centuries B.C. the "Hundréd Schools of Phi-
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‘éggﬁﬁéiﬁg~%a;§h$ ‘Principle of Contrel!, the process of muiual

.t ecan becontrolled by the 'Element’ that conguers.ibe conqueror.

i B €-~§?G B.C.) was sazd yﬁ‘ﬁave e&lqeé‘ihe %éiﬁg ~§ﬁ“ (Book 28 @3&_&%%&1 conguers Wood; bub the process can- be.-controlledi by

3} yhzgh embodies a system that had axs:teﬁ‘&;grmfﬁuﬁé in-~ ssence - of - Fire, which in turn-conguers Metal. Here the Chinese

@%V61Q§E%ﬁ§ ﬁ* thﬁ%&% science. Mozl who wasﬁbsrg ars&nd sading: the path of thought -which wmedern. scientists employ -fo
the secological. balance.-of ‘4nimal-species.  The 'Principle ©f

“refers to bhe mesking of the process-of mmbusl conguest by an-

process  that produces more-of:the substrate:. For example Melal

tﬁ& ;&@istw-, whfs;r?sw 31%%3 a major role in th@ history of - Wood, but Water masks the progess by .producing more Wood, :thus

China. Indeed th \@aaé§i§gs‘of the Haturalists yraviﬂed the \ ‘isﬁﬁgg,it while it is being destroyed by Metals He.can illustrate

ith some sort of a ur*versaﬁ laW' which was be ieved to be Utaking an example fromepublic healthe.. We may btry to eliminate

to ‘almost ‘everything under ths suas fram ssi&s&e %c medicine ‘@gg by spraying the rooms-with-insecticide, bub if we leave emply

T‘”Qlatlﬁu hips to politics aa§¢§r$§5§siralﬁg§_t3 geomancy — botbles outside forrainvater to-accumlate and -allow mosqui~
"e&%?agt in E@ﬁg‘gcﬁg today . ?he~°graa§est name

who! ‘?&ﬁ}g, 3&% B.C. ;ﬁ the -
. . 1t ‘

the 'Principle-of Masking' will operabe..

8. Western ~Han -medical book, hitherto unknown; was.dis-

1n §Qﬁ&“§\ﬁﬁb@l ovince. Mawangdui eite in Hunan province: - During the Wesbtern Han

,ﬁ‘?x& and Yang _:‘éié&éi‘y ~and .the Five-Element “there appeared. slsn: the Huangdi meijing. BFRE (The Yellow Bn-

-

SOSmo~ Mamual of Corporenl Medieine) and the earliest Chinese pharmaco-

; : ; :  1&3 Shennong bencaojing - FRRAEE - (Pharmacopoeia of the Heavaen-
s what - s‘feminiﬁeﬁ,wﬁai issinside, the ‘gég@ﬁgf; The influence of Zou Yan's teachings on. the  Y¥Yin and
and so forth. . On the other 4 the -Five Flemenbs dg very.evident din these books. .

‘begianing of Chinese alchemy is .closely .asscciated with .th

@

: : sanshineg dryness, wna* is
cutside, the sunay part of a mountain or valley and . bs. By o the  bime - of @ Zou -Yan the concept of-the.elixir-of

e
Lty had already crystalliseds. The sdepbs sought ways and. mean

i

o

¢ 'Elements’ gold which bhey thought was a first step-tovards their.geal of

§‘@§t lon rauuc$ ~;ai est. Theg are F;fe %ate %Qsas ﬁe»al and physical dmmortality . although: ss s mabier of-fachy what they

£ “During the 3rd cenbury

voodoing was bo make dmitabtion god

Chi ese 5&?& an \’Gr r of %# ual Pr%ductlan s in. which ‘Fire

prs&aues &et& ‘h@ta& §rad eq kauérs wa*er Pro= ret Qin emperor, Shihvanzdis HEEE gentooseveral o expedibions

) Raa@ eéa vs Fzr@ &Qé aa r§ar 09 %‘ a“l Conguest’? astern sea in-searchiof the medicine of immortaliby.  In the-2nd

;“
"
@
Y
o
?
o
&
"
4]
“Jén
@
tf‘!‘
B
£
M
=

tal csag&er3~¥ﬁcét Wood ﬁ@ﬁqueys Earth, BoGe Liw An-Fi%. produced & bock on.magic.and-alcheny. .+ By bhat

Eartg congquers Water, ‘aﬁd Water congquers Fire. From bthese two orders he making of fraudulent-.gold-vas so comnon:in China that-an

N . N - P . . . L. A2
the Chinese have also worked out two principles, namely the 'Principle dot was dssued in 1k% B.C. to ban 4k o

of Control' (axiangzhi #8Hl )} and the 'Principle of Masking' {zianghua 18 ing was gecgraphicaliy sspaveted from its westers - neighbours. by
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high ‘mountain  ranges, desertsiiand’ seasi It vasissiy\éaring~%hetﬁa@: 2o ~Book  ‘stores.a copy of the:Chinese luni-solar calendar, still

céﬁ%ﬁ?gfggég\ié&ﬁ‘ﬁhi§a~&étaﬁiishéﬁ‘ﬁffiéi&lfséﬁiaet with ite  wesbern farmers and astrologers-in Japan today.

aéi@h%aﬁ%Ss*T‘Sﬁriﬁg!:%hﬁzgiaﬂnﬁuﬁﬁ?ﬁé% period {140 B.C.»130 BiC:) Zhang ssnwhile China’s  conbact with its western %ng hbours ‘glso in-
Qian 3R% was sent by the emperor on'an official mission to ~the west.

After vzs&ting ‘Bagtria and Sopdidna he returned to China in 186 BiCuvTn

Buddnismocame - from Indla durifg the obime  of. thes later Han
By the &time of the Tang dynasty merchants, both Chinese and

‘120 B.0. the Chirese euperor sdtablished foP-the first time -an enbdgsy e oplying between China end Arabia, stopping at. the ports of

in the west.  Thus forsal conbact with the west first took place through ng  bthe sea route linking Chipa to West Asia and Egypt. During

the QiﬁPSiik\Rsﬁﬁé*‘&Eﬁaﬁgfﬂiaﬁﬁaisc:fsggﬁtéd~th&t:haaﬁatiee§“the Ex$s~  @éﬁtary the Tang capital Changan B% {(modern Xisn} was probably

tence of a trade roube between Sichusn asd Indis vig Yusnan and Burma o S busy . and fashionable cosmopoliban in the world, where Arsbs,

Assamis o Diffusion of scientific knowledge: bstween Chinse and dts-vwestern Japanese, Koreans, Persians, Syrians 'and -other -'naticnalities
neighbours before the time of Zhang Qlan would be sguite &iffieult als kgé&hera Even - the Nestorians had esiablished themselves there.
“though nob altogether impossible.  One cannot jump to conclusions on the ‘saﬂﬂ nological knowledge flowed in Dboth -divections. In
basiles of casudl obssrvations. s Forvexample, = the ~resenblance of  th Eia:?&*ﬁh&ii*i@ﬂkf&t“th&l§£?éi@§§eﬁi‘Qf‘&tiﬁﬁ@é*iﬁ“ﬁtﬁ%@ parts
FEgyptian and the Chinese pictogram for Sun or the fact that the Mesopos g China, that helped bring sbout: ‘the  Repais-

tamian and ‘the Chinesé both use the Iuni-solaw calendar taken by them- ofinally incthe-last lecbure of -bhis'series we-ghall sée how

selves  alone ‘can “hardly . Justify i the diffusion theory.  One needs b nded to the coming of medern scisnce.

unideratand ‘both sys«ams f&liy Berore propoun g:&ﬁg‘ﬁypstﬁeszat Regent
xareha&sxagigal : rour

dent development
gaience at its

Between

tbﬁ Han and  the' Song dynasties Chind conbinued to make Fernal, De Abditis Rerum Caﬁsis'{iﬁ%g}~aﬁﬁ\§h% more - recent

progress in alchemy, aﬁtgsﬁ§m3a~geﬁsra§h¥g physies,  mathematiecsy ‘medi- on Jesn ~Fernal by Sir Charles Sherrington, The Endeavour of

¢ine and technologyy o Cultusall contact bebween China and ifs éastern sl {Cambridge; 1946) Thig: pggg&ﬁg has been often ~guoted;

ticighbours: namely Kores and Japan and slgo between Chins and Anham, ki or example, Baos, Marie, The Seientifie Renaissance, 1450-~1630

‘already 'taken place by the time of the Han dynasties. Science came in ,1962), p. 173 <Yabunchi, Kiyeshi, Chigoku Kodai wo Kagaku

the wake of literature; philosophy and religion. The Chinese calendars El);op. 155; Ho Peng Yoke, The Birth of Modern Scigrce in

were -adopted inall-these countries and astronomical observations made vals Dumpur; 19673, 8. 5.0 ety :
“in ‘these countriesiwere all condusbed aftér: the fashion bf the Chinese s Needbiam, Seience and: gowiikgﬂ§%§ﬁ~iﬁ ﬁ%znas yol.ik, part

“Chi

dynasty (A.D. 61B-906}.  In Tact, before the “dwpact o of o science  from

“influence was \§ar§§¢uiarly~ﬁﬁresg“éuriﬁgstheitiag‘af»%he~§aﬁg 5 1962) ; pp. 229-328 - for a detailed account ‘on the

nyention of bthe magnet. .
E&?5§é17i§ ~the 188k cenburyy seisnse and medicine in Fast Asia wase pre= sreat work, the De Mugnste, was yubglshgu in 1500,
éaﬁis&ﬁtlvfﬁhiﬁes%*iQ‘charae%er, Evenritoday-we can find dn §§3t35:~far: ng Te-k'un, Archaeology in Ching, vol. 3 {Canbridge, 1963},

=

exanple, “Japansse physicians practising the braditibnal  form of! Chinese

meédistine known in-Japan as Kampd E T and throughout Japan . weo oah  buy



16

ioSetenceand Qivilisation-inChinag, vol. 5, part 1.{in press).
T
~oJiangzhal sibe nedr Banpo village 40:3972. .00

- Comets - -and- Novae -in.  Chinese  Sources”, - Vietss in- As tronomy.
-vol. 5 (London, 1962) ; pp. 127=225. : This list will be up-dated by

10,

. See, for -example, Ho Ping=ti, The Cradle of the East {Hong Konz,
3975 ;- bondon- snd . Chicago, 1976} iand . Chang  Kvang-chih; Early

Further light is -shed by more gmttez'zr markings. éis*mereé atothe

A~ comprehensive - list of wnovae v and ocomets observed in Chins ds

FEREESSMT - recently ‘prepared by -a team in the Peking Astronomica’
< Observatory. o

#n-the-useiof the «decinmal-placesvdluesystem. see  Joseph «Needhamy

“bopes.gnd @ abooleast  8cut of thess lunar mansions appear

~-mansions in hisborical records was believed to be in 239 B.C. by Iu

HO PENG-YOKE

Chingse - Civilization (London and Cawbridge; Mass., 1976} on early

civilisation in Chinas

given in Ho Peng Yokey  "Ancient  and  Mediaeval. Observations “a}f

‘LECTURE I

the new catalogue Zhowgguo gudal biavxiang Jilu zonwgbigo hEHR

SCIENCE IN THE ANCIENT WORLD IT:
?‘AT{ EAST AND sem‘ﬁ ASIA — CONTINUOUS INTERACTION

Seience and Civilisation in Chingy ol {Gam%rzﬁgei 1959 ). :ﬁiﬂ‘}" ng_: lé&r"} tha* tﬁe Iﬁi}:.-si "jm?u}:taﬁb gu*tmrgi Qabhegqg of

The nucleus of the 28 mansions can be found - in the Shang basws ‘”‘;z‘z ‘the

’ ) 1is ;zem, aw, 4
Shijing although they -coue sunder «different and archaic :

However, . hitherto  the: earliest mention of all the complete lunar ‘ah‘e “k’&‘ngz% in C;:L"za»}“ ﬁé“#f& ‘have a,a}f'iia(.i}f se@ﬁ vez*y S*é‘fiy

pms};t of science dn traéztmﬁaﬂ {m ina, we shall now  turs “lour

- Buwei -BAE.. in . the Iushi chungiu (Master Lu's Spring and Autun ‘ ﬁhﬁ Firat Enras of these cuii;QZ'e apeds A
- Annals)s ‘

1de o

Yang and ;the Five Elemenbs.  Set o Yibuen  MWinsYabep woxilngida 4i

& recent sbudy Says that Zou Yan was anbedated by Bovang Fu . BEN

also knovwh as E%;i%@“%ﬁf@ who associated two .eafthouskes ~of 780

“xianquzhe - Boyang Fu' BB A&
1980, 1: 97-100.

Al

Sihinas vol. 55 part 3 {Cambridge, 38?6}

For further debtails see. Jesep*z Hesdhamy Ssz‘zlems and Civilisation in

T Egypt? “mmedzateig hz‘mgs o mlmi t;‘as x}vrazn@s,~ the

&

B.Cs. and 773 B.C. of his btime with the operation of the ¥in and v The Egyphblens must have had a

as:xg*z the pyramide bub glso 'bto divide the land agam ev’ﬁw*y

oy Pudan zushao,

gfi{;@ﬁé:& as" r by the Nile: *fi'gxg “*mu,a ss;sr be very good

order to build the ‘pyrazmiﬁs; The clear’ mgz}t sky “would
srvation of the stars..

est mathematical texts knmown in existence are the Golenishev

g
e
i
{1

&

i Moscow) and the Friad papyrus {pow in London

sts . of-mathenatical knowledge in Bgypt -in aboub the 19th
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century - B.C. Ancient Egypbtian arithmetic is charecterised by  its pro- od by the base, which we know is only approx ximately true for a
cedure; which is essentially additive in pature, and by its use of unit angle.  They tock the ratio af‘%ﬁe‘ai;cgmfereaﬂefﬁé tﬁ$~éiame§
frachions, f.2., fractions with unity as pumerator. Lebt us see how “scifaie, ives Wy to be3.16. The surveyors could -make  ri ght
anciént Egyptian would multiply a number, say 168, writing the number in riangles by &siﬁg‘faéég\diviéeﬁ\hv wriots - with ~lengths - in the
the modern. form. If he wished to multiply this number by 2 he would figalas ?%eiexgv%'¥aiaﬁe Qé thglfrnstﬁg of a sguare pyramid is
simply © double - the < number by adding the same number to itself. If he S B k T '

wished ta~muiti§ig‘zéﬁnég\aﬂather‘n&mherﬁ_ﬁayki?, he would repeat thé
process of doubling as Tollows: \

the Tormalal

¥ $f§=(a§ b+ hg}

168
336
612
rea b B s oo

j& the height, and a and bithe lengthsrof the two:sides ab- each
Total

- ?etai
17 ‘

2,856

# Ehe frustun respectivelye

He wonld ?bﬁ%iﬁ\§§$ ?Q???ih“%ﬁﬁﬁéﬁ by adding the pair of numbers in th

L=h

‘f-ﬁgﬁﬁerﬁais he lef

;8.51t was ‘a solar calendar. At first the year-consisbed ~of

A FisE 10 Insmboleval ¢ s divided into 36 decans of 10 days each. Three decans also made
= ﬁxi tﬁ% &th&r fractieﬁs vere ﬁxar@ss
. 11 ~

1 b ater on, a holiday pericd of 5 days was adde é;ngiviﬁg rise bto
S b .
Lo tb;ms sf unmt Pragazﬁns,T_l.e, 2, 3 gg 5> Etusx althangh we maat

J”ir-‘

year - of 365 days. . The Egyptian also knew aboub Sothice

L vmﬁmbar‘that thase wer&‘ﬁav §¥lu§ n ﬁxaﬂaﬂv thﬁ same,ﬁag as thev ar

: @iaftgr*“very single year the risi§g¥affﬁathig;ﬁi3€x Slrlus}
mhese fraeﬁzﬂﬁs were WTlit%ﬁ in. tﬁe a;eragLynplhﬁ in thf ‘ P ‘ L

day- late and after b % 365, i.e.y liﬁﬁﬁ-ye r&iSo h g would

1ﬁ»§ﬁ$ same place &b the same time dn tﬁﬁ~saﬁe éay Qf ~the

45 B.C. Julius Caesar introduced the Sothic year of 36 55 ~days

e )
e ;

fg _This was the Julian Calendar;, vhich had come into use for <17

:é‘ o Burope vefore it was replated by the Gregorian Calendar.

k_g‘  §‘ ‘le '~i g Egyptian contribution to our modern culture is the division . of
3 2 R ¥ §> ﬁ&gﬁight~int& 23~h0u§s,fai%h%&gh:tha-ﬁgg@%iaﬁ time interval was

onal lengbh and we had to walt for Greek asbronomy to giveus

In geometry  the Egyptians gave the area of a triangle as half the side “interval for the hours.
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Ancient Egypt was quite advanced in medicine. - The oldest = medical ppeared in the Hindu Sulva-Sutpas during the:3rd or hth century

treatise -exbant; $¥§;‘Sﬁﬁt§~§ap§?§s!a§a§gﬁ back to about the year 2001 ‘thgagh,they*ﬁiﬁ not know about algebraical notabions, the Baby-

- . i, i e o o S B e - mroblemns oo i-ir g ear egiabtion
B.C.  The praciice of embalming the dagﬁngguzg~ra§glge~ sone elementa ouid solve some problems: on compound-interesty lins g

knowledge of anabtemy. The EBzyptlens could traue the larger organs. o thenone unknown guantity, quadrabic egquationsy and even some

. _ . e . ) e Thad e s lution of equaticons was by s . series-of numeris
the body, but without being able to  explain ~their ‘function properly stions. Thelr sclubtion of eguations was by a series-of

without arriving &bt a general selubtion. They were also avare

2

Burgery was practised as early as 2500 B.C. Physicians were tralned a = 5 o
entity {a + b))% =a% + 2ab # b°,

specialists.  There were bone-sebters for fractures, and oceulists fo

3 £ TR 23w iatrv the Babvloniazng co -measure. the rate-of ‘rectangles,
disease of the eye. However, mental disorder was treated by the exor metry- the Babylonians could medsure the rate tangles,

3 3 £ ) 3 2 : D R : : daonceles trianrles . and had some knbdeledeoe
cists, who would employ charms, incantations, etc. to dispel the evi led triangles  and dsosceles triangles, and by &

spirits believed ;6 be respomsible for the ailment. The -art  of dis Pythaporean theorem. - They knew that the angle subtended by the

g 1 3 3 : 5 s 3 an i ~eirelesis avright-angless The
pensing drugs and essence in ancient Egypht attained a high degree of ex on - the eircunmference ofv g semi~girele is a vigh gle ey

: 1 S rallslepiped, right ~circulsr
cellence. Many Egyptian r@m@d&es later spreaﬁ fe Greﬁsﬂ and then &¢ 4 ‘the volumes of  recbtangulzr - parsllelepiped, & &

Wesbern Europe through Alexan ﬁ?l&.~ frustun of a cone and frustum of a square pyramids They gave,
; s Y i a e N : . ; e Frprii e
We shall now turn our attention to the ancient culture in Mesopo= ;es the formula:

tamia which‘dﬁvelegsﬁ‘bafora 3000 B.C. in tﬁe land of Sum%r between th

Euphrates and the $1grls close to the P&“szan vﬁlf; Th& Sﬁm&f&aﬁ lan- v=ln 2 %’ia 2~b}3§
guage and all subse e

lonian, A§syfia§‘axﬁ Sha;deaa, we?a ‘all written in the ”Eﬂéifu& seript Stum Gf a Sghafg ﬂvramiﬁ w%i¢§‘ 
éﬁ“ﬁ@?t«f?ésh*elgyi a;&&~was~t 3 by a & sun. . S Ak hug fﬂ 2 wmore’ 1g§33 ta E

oldest cuneiform btablets, dating f*amiakaati3§ﬁ0 Bgu.; were found in t}
Red Temple st Warke in south Ea*y&@ﬁia;-~
In mathematics the S&mer;aﬁs er mployed @ rather peculiar combination Tha gear 4n t?lu 1u?£_ﬁgi 7 gaggnﬁay‘ c@ﬁgisteé of 12

of 'a decimal - (i.e, dn 10 and powers of 10) and & sexagenary systes Qf e}nher 730 or 39 éaye eﬁ@h_ The aggrdg ledgth of 1

(4.8, 10 60 and: powers of 60). Twn séﬁa rate: igﬂs~we“é ueed, l.e. ¥V oand sfors be zgg x 12 = 255 33Va§ whwsh “was shor

SQlar yna? of a%suw 2&%%~aaya. To he

"t ne lunqr oy

€ v Vicould -mean 1, or 60, or 5& ete.  ives; V= 607 vhere n= 0
FL 2008 eeua €-cea1ﬁ mean 10 s 0r 18 X:SQ, or .= ‘“g, gtoo i dee.y §~

. Ll o e .
i&avx;éan B&Q¥¢Qﬁla? cunelform tablebs conthin many Kinds of numerical

jar cyﬂle the D&hfi@&;% 18 1ﬁg?0§uﬁf,‘ &n extva ‘lﬁnar month

interc iavy month, whene

tables; eig. , of malsi ‘iaat10ﬁ5;s§§arésg cubes and Lreciprocals. . A
charvacteristic. of Mesopobamian . mathemabties is the common use of the dp& ‘then later by the Greeks
number 60 ~This practice has come down to us in  the - division of - the 45 B.C. whgg it %as ra p}ﬁéei:by the Julian calen-
circle into '360°, 1° dnto 60" and 1' into 60", and the division of the mﬁﬁih s élv1§¢$ Tath wwe&\ of 7 §aw$ sach. How-
hour into 60 minutes and the minute into 60 seconds. 'Q%k days were hot” contimucns  From ons  Iunar  menth “Into

Th&~5&§¥l@ﬁi&§S‘WG?ked out a close fracbionsl approximation for V2 but the §1rsg day ‘of the ﬁéﬁsﬁ‘aiﬁags bégaﬁ:wléh‘the‘fi§3t‘§3g
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of the week. It was nob-until the lsb.century B.C. -that .our . present & port. in Ionia along .the vestern coast of Asia Minor.

continuous seven-day week system was adopted in Europe. 624 B.C.~565 B.C.), who had travelled before to Egypt and

~The Babyloaians ‘made careful observations on. the planets. .. They - founded the philosophical school of Miletus.  He genera-

found  othe synodic: ~pericd of Venus: o be 5Bh days {(modern: value 583.9 of “the geomebry he learned in Faypb, meking cbservabions and

days)e They concluded that the: moon and:the planets<did . not .move nclusions from them. -MWe owe him:.the first conception .of. the

away from the ecliptic.. - They compiled a 1list of .eclipses: dating - “mebhod in .mathematics and also the first assumphion .of a

THT B.C. end the data ﬁgﬁ;aﬁﬁeﬂ‘iﬁ~v§é5=113i~¥§371%3ﬁr~%Seﬁ‘byziﬁeréfﬁ;‘ 1iverse which could be explained by rational inquiry. . Thales

astronomer Ptolemy {fl. A.Dw 140). In the year 343 .B.C. Cidenas dis-~

Water as the essence of all things, Anaximenes (c. 570 B.C.-526
vered o bl cocainn. . of .t eaninox : =3 £ P ) . . L s : en
covered .- the - precession . of.. bhe egulnoxes.. Alsc.on the basis of dered Alr to be most important.snd called it  pngumag, .while
i e\‘ cshnorus d - £ an o £ vames srslons o Pt 3 E % n = N

astronomical cbservations.the Babylonians developed a scheme of - asirol us {e. 540 B.C.-LT5 B.C.} took Fire to be most important. Thus

ogy” atbempting ' to. predict: the course of human affairs from the stars ept of Element was  first.  developed - in.  Tonia.. The earliest
Hence: the growth of Judicial and horoscopic.astrology. The high priests i the  abom was alsoc developed in Tonia by Demeccritus {e. 470

$n  Babylonia secured real power over the minds of bthe people with thel
Y 55 ey N S - P - s PR 1o - C R ) ' ‘ ‘ o ,, o : 5 ‘ )
knovwledge of astrology and were always held in high esteem. This  stim \ﬁhg;EgglaﬁS: 3&@&§Q?y§ﬁ3§QfaS‘{Qﬁaf 582 B.C.) went to south

a3l okl -stu £ trol 4 dndirectly ans W st 5 -
ulated the study of astrelogy gn& indirectly sstronomy. We must v ol. :Geometry was. furbther -devel-

member that in ancient agg‘meéi&e#al Europe: the word ‘astronomy' . and so was the Gﬁgglicd Four-Element theory, represented by

o G be g £ g ‘ 11 v . s - . .
ciuded -both astrology and whai we now call asbronomy. Fire and Earth. The earth vas believed to be spherical -im

En h&oisgy tﬁ@ da“y‘ Sae ve%& iamillar w&th. the pames of ma

Dne -of the Pythagorcans, Philplaus of Tarentum {c. 480

animals and ﬁzsh._ Th re is ﬁi?ﬁéﬁvu af sam& sort of craée classzfic

') said that the sun, the moon, the earth, the five known

“pions Qf &ﬁ*;alﬁ ané nlaﬁts,~ H ﬁﬁ?&f; tﬁe Eabylanldvs seemad ‘?a kn the " sphere of stars were all moving round a central fire

less a&a:amy an 5?& ggy%tiq;ua %3 regarded the liver as tﬁﬁ mo

uced.a ‘ecounter-earth! to make up the perfech number. 10,

important organ in ¥ £ ~ ~ 156 - in
important organ hﬁ EEKL ing “3“ seat of l;fe and eﬁgt ons itsel: scholars also went to Athens in the mainland of Greece

La*ar ﬂ@y ‘*egardmé thu “eart ‘as the seat of 1ﬁtelLecu. ngy}gni £ them was Hippocrabes {ci 460 B.C.~37T ] B.C. ), the famous

m@lﬁlﬁﬁ was f;l; of ﬁ&gﬁbé The gﬁyggﬂlgrs uaed gf&yeP53 aﬁgrms au ho  has been called "the father of medicine" fa?{ﬁhs indug-

Fici e T @ & = E . 3
4alﬂsmaas beslaés medicine to cure the szcx, ?he;e were surgeons wh d he used to study medicine. Towards @%e‘ﬁnﬁisfgthg‘ﬁth cen-

2’”}‘

vcn¢a op te kl hr@nze *aﬁaets égt urllke tﬁe ?ﬁj iclan, zhs SUrg

'S?é&ﬁ% came under the influence of the tea

Qﬁisg,g?iS§£ra§es

”w 1 h& agarﬁ é by iav* hﬂﬁ his aﬁeraticﬂ saccaaéeé u b be punishe

1A TR Pad 3 b <
\\fﬁlﬁg&y should it fail. ude: iQk s seience.. ﬁe was:

ma~ex&r§ﬁé co& 1aerab1@ znzluesce

@ 2 ‘?gh\,“" "E . . . .
,ipﬁse ig Ngyps‘agé,kaseggyi had great interest also i

:%a?iy si&ge of Greek science Tﬁe qree&s same ta Greece &b‘ asauu seiples o - find  out r&iﬁﬁ?“‘~'

14§ﬂ s*v,‘ ané extendeé t%emgelveb as far east as the western coast of

$hﬁ$ he maﬁe

es dnto a system of spheres and

‘Asza ﬁzﬁax aﬂﬁ as far wvest as the sou tﬂern part of Italy and Sicily ‘Burope after him g0 r&gn“ in‘cireles f@r the next &wo

' g ko sei - he GEh cenbury }
The seed - of Greek science first germ mbed égr;ag ;hg 6§dybﬁﬁb$f§ B. 1 the time of Kepler. Plato also described the : five
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. S T s e : shaomost 1 ientific books in.hi . n thig -
regilar “solids; now’ known 85 'Platonic Bodies' and used them to rep Ehesost influential -seientific bocks.in-bistoery.. lIa thiabook

isés g sphericalvearth at the'cenbre of theuniverse. Next to

resent ‘the forms of the Pive Elements and the heavens. As a  scientist

e Tt e bt B 2 e e e e s o e B s o § L g B e £t e oo i & the - gvheres of elems Water: Aifr-and Fire. . Then
however, Plats was overshadowed by ‘one of his many disciples Aristetl ethe 3 spheres of elemental: s Alr-and Fire. . Then come

{e. 384-B.C 2322 B.C.) who founded the Peripatetic School of “Philosep

ik

1lline spheres of the heavens of the moon, Mercury ., Venus,  the

Jupiter, - Saturn -and othe firmament toowhich the sbars are

AE AthHens” affer I357B.0. 0 THE Elinax of Wiy daresr Tied In this Bch

WA T E Y ASEAR ARt 3 ‘Bitach, Finally, comes Lhe sphere of - primum mobile, 3
and ‘it lastéd only 12 years. ﬁav& g written on & wide range of subject attach. -Finally, comes the sphere of -primm mobile, wvhich

PO e T R e e 2 e rodiice motion of all &b lashi ‘bodies. i ophan—
from philosophy to science and from ethics to politics, he became th toiprodice: theomotion of -all:the celestial-bodies. Diophan

on mlgebra, bub his works were known in Burope only -in 1579,

greatest collector and systematiser of knowledge in' the ancient worl
His teachings on physical science had'a profound influenes in’ Europ then algebra in Europe had already progressed far beyond the

T . : vas essentiall ) etrician. . whil
GHETT bhE REnaissancs. Pappus-was essentially a geometrician, while

" was & botanisbtyopharmacologist and physician: Galen was the

The Greek empire was divided after £he death of Alexander the Grea
VR e i) N N, S e P i - s ‘raskoanatomist nd onhysi ist £ relasgica imes The
int 323 UB.CL Onie of his generaly, named Ptolemy, seized Fg§ﬁ§ and mad eck anatomist and  physiologist of .classical tdimes. ' The
St . . o veinlogicnl evstan evolved by him wvas atcépted byothe YWegt-
Alexandria not only his capital but alsoc an important seat of  learnir hysiological systen evolved by him was accepbed by the West

&

Among the Tirst to join the Alexandrian Academy was Euclid (e. 330 B.C. Giaver:ones thousand-yeurs: until: fhe sime-of-Fesaldus: dn. «the

P

. it ! ! U 2 e e P s 3g s gal £ «the Christians. marked-the fall of th
275 B.C. Y whe cams Trom Athens and was probabl iy s di‘ﬁi le of Plato A Thellarrival ofi:the Christians. marked:the:fall-of the

olin the  Stho century. Furopean  learning ~had -already

Bis" Elements of Geomety g had re uceé ali previous writings on the s

Dark-Ages.  In the Tih-cenbury the Muslinms congusred Alexan~

subjiedt to Unnetess CHAYE of the Jrﬁ ¢

. Alexandrien Acaé&my~cama~ta~an end.

tﬁfy‘"E*ﬁ;""‘“7 > rise of mecha . This was due to none sther ¢
& AN Y ey Fane isobtakine a long 1 - 41 the Dark: f s et ar
TﬁS‘tﬁiré‘ﬁrea§~'matﬁeu tician ‘o E rope istaking a long slumber inh the Davk Ages: let us cross

Perga (c. 260 B.C.2200°B.C.); well kn

same ecenby ga§‘§t§ei a and take a avshort glimpse of the development of science dn

nent .. The earliest Indisn contribution to sclence lies dn

for his é‘tdﬁy of conis sa §. The  greatest astronomer of " ancie

"“9)

e T ORI e et @ el e o el i £ medied ,:5~ = £ indu Eraditd in oths  bime oo
Furope wa3~izp§‘rchus {e. 192 BI0L S0 Big) S He Vig renenbered Tor 1 edicines” According to Hindu tradition, ini.& Eime
e % - P X et o {&eHoe nbtur L. T ravel Zoopreal TG BN

éareful observations of the stars, his sighting of a nova {new star) {6tk cenbury B.C.) there were 2 greabt schools of Indis, one

L

constellation Scérpio 1n 13L B.C. and Tor the theory of ‘epicye t K3si (or Benares) and one in the west, at Takesila  (or

e s : N usruta, the surgeon was bea insthe formeriand Akre
maﬁ;ga* and exc vie motion' put ”crfarﬁ hf him to eXQIalﬁ the move Al surgeon was. teaching imiie ARTEYE,

w‘iﬁ‘the‘latter‘ Modern scholars &isagree*aﬁﬁﬂg themselves

& exact dabes of Susruba snd Abtreve and have placed their
the 6th century B.C. and the Sth ventury A.D.; an example
1ties encountered in studying Indian hiskoryy The ear-

3,

works on astronomy are the siddhontas. There swere 5 cof

’rg,‘éuahlgs'EiéésariéES’éé;‘Asﬁg hol
ﬁ.“‘ "§§}; ‘§i$§§aﬂtﬁé {£10 e AL

} and ‘Pappus (Fl. ¢ R.D. 300} “Clandiv

Shrya-Siddhanta, the Paitamoha-Siddkantay the Vasishtha-

‘Eau¢z3ﬁ~ﬁié£k§ﬁ£§ and-the « Romuka-Siddhanta. - 0f. %these

P51 ddhanta ~is extant in its original form. = The bext of

ssociated with his Almagest, vhich had bect
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the Shrye-Siddhanta itself says that it was written by Surya, the . o diffusion teo the nexit lecture, we shall take a brief look at

Sun-God. However, much of its-asironomicel bheories seem to-be of Greel exchange of scientific knowledge between India and China.

origin; although much of the Hinde - asbtronomical dores are also . pr mentioned  in Leciure T above, contact bebween China and India

served. - The most important feabture of this work is the use of sine 1y made before the 2nd century B.C.. However, written records

s?ury A.D. when

Ldpad instead of chord. "It also gives the earliest mention of-a 'vers &l ﬁiuﬁﬁﬁgp $;$§3¥‘3?311353§:¢r3m‘t e 3

sine (utkra mijya or utra madjya)s A tentative date of the first ha dia an
of-the 5th.century A.D. has been given bol. the ‘siddhantas. because. . ‘ ‘
Greek influence appeéars ~bouwbewof afpestiPtelemais nature and becau
%hey,gere:mﬁaiisneﬁ;by~§ry&bha§a;{hg.&€6?3!§

Aryabhata w&éqzhe first of a number of great Indian mgthﬁma%ici&ﬁ
In h§§ A.D. he wrote an lmportant mathematical treatise called &l
Aryabhatiya, which .deals. with  trigonomebry, numeration by tens.up
1&%3‘gi&ﬁg;&né~scii§~n§m§arg$ & rule for finding sguare  roobs,  gener
solution: of inéetﬁrminaté‘iiaaar eguabions, guadratic eguations, sum:
arithmetic series; etc. and gives & value w= 3.1h16. At about the sa
time: as Aryabhaba lived the great Hindu astronomer, mathematiclan &
posh, ¥§r§hamihi?ag‘whg;vrgﬁe‘she,Egﬁea$§édﬁ§ﬁﬁika,‘a,baak-ef astrons
aﬁﬁ astrology that ﬁ&nﬁaﬁns;alsgsggme,ﬁrigan mebrical.rules. Brahm&
gupta (b. 5982}, the great Tth cent tury Hindu mathematician, wrote ¢
3r5kmagﬁk&taes£5§k§niagv*vhigﬁ zhesaba§e§~an;vhﬁ“Seramsiddh§%fa and:
3% yabhatiya. - In-about the Zth cenbtury liv£é~%ahavira Lhe ~Laaraeaﬁ W
wrobe 'a breatise ~bo lmproveupon the work of Brahmagupts. . About th
time there appeared also the Bakhshali MS, 'a book on arithmetic a
algebra -but of uncertain - date and origin.  In the 10th century fl
rished the Hindu mathemati ci&&rgridhara; who wrote the (anitasard,

book dealing with series, sguares, cubss, roobts, inberest, partnershi

ast one of

msnsa?ﬂilsn ané ‘sh&ﬁag;‘mesﬁatemsﬁzi‘; ?13§}iy; kiﬁ;;tﬁe‘:12§h< cent

‘flﬁﬁ?iSEﬁﬁ Bhaskara ~{11llecy 1188}, who is noted for his ;gzg ks {Brahminieal Caleulaitons of the Calendar), went

ba@&‘vd grithmetic and mensurabion. He also wrote ﬁ&e‘~B&ga\‘G§n®ta;

‘ha&k;@f?a&g&bra;~ T ) was intr@ﬁgceﬁ tc China in A.D. 230 with the

“The main’ contributions by the Indians to modern sclence are the of ‘the Sardul lakarna-Vadana into Chinese. The Chinese lunar
algahra,‘ their numerals {often wrongly called ‘Arabtic numersls®), th irst divided into 3 decans {xun 8 ) of 10 days each. lLater

symbol for zero,-and their btrigonometrical tables. While leaving the introduced from the Iranian culture-area through
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*Guo Shoujing (1231-1316) R

The arc and the segment in Chiness mathematics
£

' of ‘the Bthecentury Kotyuan shanjing by the

" Hindu scholar Qutan ¥ids.
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Jiuzhang, 1247) showing the first appearance of the

eireular-symbol-for. zero. An.China.
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inge the days of .bhe veeck were named after the "SBeven lLumina-
m‘tbiﬁ& the names. also wenbt to Japan..  Although the - Chiness
. them, they arve still retained in Japan today..

t the Tth century sn Indian . calendar, . the -Nevegraha (The

2§§?§§_5@¢3%$ »7} also wenb to China. .Although it .was never
é¢§§e§-1ﬁ China, 1t found ibts way - bto Xorea -and was. used

for ~a while. . The graha {"Nine Upholders™) are tha;“%e?eﬁ

{ﬁﬁﬂ, Moon, Mars, Mercury, Jupiter, Mars &ﬁ§~$a§arn} and Lwo
~the Rahu and the XKebtu, which sre supposed to
\&ﬁé:,ﬁsﬁﬁts‘ _Although these. 2. imaginery
no influence at all on Chinese astra&amy,,thsf;are copsidered

stars' and they played an important rele in Chipese astrol-

ever sgreed by many thab the greatest Indian contribubion
‘ﬁa, By the Tth cenbury the cireular symbol for zero ?ad
o Cambodia, - The dot (éﬁﬁé&} for the zero was intreduced
{Gatitama Siddharthal between T18:and 729

CEESE kah Qﬁly are we convinced tha

o

‘m& - nst%;ﬁg 1ﬁ the way - of

t]

aed
i&n%lflc cont 1% tio

!;-e-

:ise~see n %hw nexgklveta?é that inﬁiaﬁ‘ssignce alsa

bebtween

;:f’

iodo

nt role in the - ¢crogs—~Tferiilization of ~ ideas

e

bes The pendulum vas swinging te and forth. In the next
11 also follow the swing back to Furope and take it from

‘“‘Earape was about to wake up from its long cultural

ost - recent reference books on all these ancient

iz Arthur Cotteral, ﬁ%ﬁypZJD‘déﬁ of Angient (ivilisa-

:count on the history of science in these culture

for 'example George Sarton, 4 History of Seience {Oxford,
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. .an@ Marshall Clageti, Greek Seience in Antigquity (New York, 1963):

“{ive,8,.8, "and p Scorpius)s

‘For Indian medicine see for example A.F.R. Hoernle, - Studies in

“Yoke, *Indisn Sciénce

~ national  Conferénse~Semivar —of Tamil Studies {Xiuala Lumpur, 1967

HO PENG YOEE

1953) and O. Neugebauer, The Esact Sciences in Antiquity {Princeto
1952, sécond edition 1952, reprinted New York, 1962}.

For a general :a,af*‘cmﬁz tof ~f‘vea=k ‘scianea see for example Charl
inger, 5?@&?%2:&1 tory of S k?z*“‘zi fie Ideas to 1900 '{‘Gﬁxﬁ’{}rﬁ o 195

As mentionied in Lecture I above, this nova was observed by Chine

stay ‘bieﬁ:s: who even I‘*E‘Q@Z‘ﬁ&A tHe exact dutes of the occurrenc
The Qian Hamshu ch. 2§§ . 28a savs, ?ﬁurlng the sixth month of ' &
Pirst year 68 the Yuanguang reign period (ie., 22nd June to 2

3&2¥}‘&‘”g&esi*s;&r “{i.es, nova) appeared at the Fang lunar m LECTBRE iﬁi“

é&%@;ﬁgeﬁ’én@@e“t*ﬁé&xiﬁgfea; 1907). EESI CE?ILiSATIG&S @ﬁ ?%E REQ@ESSA S& I? EﬁRGFE

For Indian mathematics sse for example B, Dabta o and: AN. Bing o L }
History of - Hivdu - Mathematice: © A Source Book (lahore, 1938}, D. 1? é?ﬁaﬁ&ngg fﬁsg &31$$§ in hﬁgikﬁark
Smith and L.C. Karpiﬁskigﬁ‘§§§~3ﬁiﬁdﬁ;éﬂaéiﬁ ‘Humerale (New Yor nLe _their own. In “he 11’55 hﬁlf of the Tth

l§}1}3‘ AQ Gf‘Ergxﬁggﬁa {uﬁlaagcg 1930)" *“gic of érab&a, ﬂewﬁla} Syrj& and _ Eeypt.

WEClark “%P E@ﬁasn&+'

10@ Qf tnﬁ ﬁ$€£aﬁﬁ?18 %Padﬁﬁgksam& of the schc;a?b
*§i~ani 5 whe;a they e s%?hli ae& tﬂe Byzaasl?e Sﬁhec? of

‘ Ut | ‘ :53ys af eru¢t§$* czeﬁoe Wﬁ?& al eaag det Rﬁd goneg
7 Proeeedings vof - the  Ini
3 rﬁ e@as* af A;r¢c@ %Ee ﬁrabs eﬁtereﬁ QP&lﬁ 1ﬁ A.D.

»Qe Muéilm ‘cama fs a half 1§ é D, ?%2 4 the

a very vemmrkablc 318 1& hlst@“y aﬁ ;

\ 1 in medici ; f; ; n%arsst aa

*n uyeak medic 'Eé c Vnceﬁ The

éé,t@ g?@@agg,:‘é & E€4131§Q in thelr kiaé: Muslim
tk.é;§ﬁ‘ ‘éﬁ:iﬁé Callﬁﬁ Harun aL—Rashlé urdefed Graek
&‘bﬂ translate& into Arabic. These %raaslaflsna~‘w¢rs
the  next Caliph, al-Ma'mun (reign 813-833} estab-

centre in Eagﬁaaa and  sent commissions - to ﬁeﬁ—
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3 Tndi + o % cientific it1 £ 2 o 1 - 2
S&autLPGQ*& and India to azcquire scientific writings. Many scholar otk theasd angles  must +lie: on. the
5

£
< = 1 A Trnads ci $£4 or 5 g‘; . G e 5 . . - s —_— z 3
were enlisted b} him %o ﬁr&ﬁ%;&?& G§$$£ and Indian sclentific works in %&:“ﬁiga;~$§u§isd~‘ﬁgisﬁf‘aﬁé optical illusion:  The first

either Arabic or Syrisc. o was

Eaghdﬁ% scon became a great centre of learning. Most of Aristotle’ - Some of the modern names’ for parts of the eye originated
JOYrKs ate e - e 5 o e - R e s s S e
works were translated there, and so wers many Greek writings on alchemy vl &raﬂSiaglsﬁ“af“%&s work, for example, the terms 'retinal,

& e £ ey o ngd sese Ra s £ = 2 . E
botany, mnineralogy and mechanics. Many Indian and Persian texbs were taquess husour' and 'vitreous humour' . “Alhazen also recorded

al tranalated, Furthermor les ad “Hindy 3 eaw X R R . . . 3 5w N s . P N -
lso-btransliated urthermore, learned Hindus also came-all the way % nar shape of the sun's. imsge - during “eclipses -on’ the wall

Baghdad o -present thenmselves bo-the Caliphs, some bringing along wib

(' o " o . e . % " Lo Y i 2 o P —

e 4 fine Hole made in the vindow-shubter: This is the first-ever
* 3 if' 3 e Thus., vy the Hi £y J - . L P Lo . N o . — B
them Indisn sclentific works. -Thus, . for -example, the Hindu system o n of the eamera obscura sincé the reference to the action ~of the
numeration, the sine &tables and mathemabical wribings, such as th

Aryabhatiya of Aryabhata, the sgdd%anéa of Brahmagupta, and the Li lavat

and Bija Ganita of Eh&ssar&, vere ‘&atyaduseﬁ to the Muslim world

. by the Chinese philosopher Mozi in the hthcenbury BoG, o

ignifisant “contributions to the knowledpge of alchemy were made by

~ Y Botiwesn the 8th mnd the TIth centuriesy: Tha Sgrestest  name
Amon the many Muslim scientific w = e &min e — e e G e

& ALY = e ¢ writers was the éminent Persia abic alcheny was Jabir ibn-Hayyan (c. T2l-c. 817) who lived-during
2

wmz.«,,m‘i (f.u c. 8>u},¥h0 wrote the ;EZgaib?aé whic

maaﬁ at*c*an a*«h

famous by the Thousarnd-gnd-Cng Nighte.” " To him -alekemy

was based on the work of the Hindu math m&iAclan‘Eyab@aguﬁia. it i

‘matter  for experimental research.  He improved many laboratory

here that the word ‘al ﬁbra’ firs F‘a eared in the mat,ﬁm%tleai sgnse : . i . . . . .
: & .@ ppes - X ¢ such as ¢rystallisetion, disbillation, evaporalion, filtrabtiony

it Q&m& from ﬁhe w&rd Yal-3ébr', meaning ‘restoration', i.e., anythi R i .
Je : r“*u% ; s diee, @ }’t’ xR Jand sublimstion. Many chemical berms have come from him through

Gf t?e qame mﬁVQL*adﬁ mwg be add ﬁé to or-subtracted from both sides o

an & k&%l@ﬂ:‘

. ‘ﬁriﬁulatlass dnfo modern usage, for exanple the words ‘lalcohol’,
A?D§ean WOTR .

Ali ozbef srab*aﬁ wsras &aa eayﬁy maﬁ;a&va

5

; S e tas it ctantimony b fhoraxty o Toamphior by telivdy fofrealgar®y teal-
sf alwﬁh%&‘z zimi. An tﬂer b@aﬁ wrln : o i

acty and w6 om
a y‘~: B e B o ablr g views on-the transmutation of mebals had greatly influesnced
; ,~mngriaﬁt part in the developuen

‘In A.D, 829 the Caliph al-Ma'min buil
a Tiﬁe\ gbse”vatar""*ﬂ E”gﬂu&“ m&se s*l@nu*d”th&ﬁ the one previous]

‘He " regarded »meroury asthe mebal par excellence, beczuse in

@f Sﬂ&éﬂkg in ha %Lc&zm %Q?Lu*

fguid form merdury showed thab it had the least ‘amount cof lmpurs

. ; Softhe Farth Elements  He'next chose sulphur becauserof ils golds
Built near Damascus under the Unayyad “‘?"1@5 (661-Th9). 1In Baghda yellow colour, its aﬁaﬂge&mzity and its  combustibility. It 'is
Cuﬂtlﬂ ous astronomical observations were made a§§ t&b;es Gf‘§1§n§6ar‘ resting to note here that mercury and sulphur were also the two most
zszjx;‘ | j;;ff;f“‘?*f' o g"ja?’est;ff 3‘}&“8;11“?‘?@??&%"‘1 e alar substances used by the Chinese -alchemists several centuries

B ATTIER). He 18 remsmbersd oo b1S Jeterwlmiiom of ¢ ‘5¢e “JEbir.  For example, they - ave mentioned in the Cantongqi, the
i“ﬁeﬁ:i&fﬁi?.éiég‘%?“geﬁfﬁaﬁ

Jabir regarded the different metals to be composed of

leﬁg*h of ﬁﬁﬁ &egr e eA‘iatitaﬁe‘on the earth’ surface and for hi

e5t Book ‘extant onalchemical ‘theory wr
- 3

e

fferent amounts of wmercury and sulphur &ﬁﬁ“ﬁh&i“i§~$ﬁﬁ\ﬂéalﬁ only mix

iﬁi*@u&gtlﬁn G* *b Tuse

&ﬁ ?argeﬁta i%we trxgeﬁamétrys

S

Th ’ 10th &ﬁ 11 iy cﬂﬂ%ur*es Warﬁ the g@¢aeﬁ age of Arabic litera
'~gszﬁwsvs Alhazen (965~ lﬂﬁg} Tive

s periocd He ‘is remembered  for ﬁis work on optics.
“Lhedry of Eﬁclié and Piolemy that the eye sends out  wvisus

e. The g?eage¢a s all Arab:c b
during tk
opposed “th

e right proportion of mercury and sulphur one could produce golds  The

seks were looking for a substance that- could promote the transmutation
yane 1ike be ~ 5 T kg 3 ‘base. 18, THis substange was Believéd to look 1ike dry
rays,” like tentacles, to the object of vision. The Greeks had a. law base metal into gold. ~This substance was believed e aly
réfiection which mays that the angle of incidence is  egual fo the angl wier, and was known as zerion,” from the . Greek word  fo ary <
abs tcalled wtral-dkeiv, fromwhich ‘came ‘the 'elixir': The elixir was
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