N

126 26, PHYSICS

(h) SOUND (ACOUSTICS)
{r) InTRODUCTION

The teem scoustics may be defined cither beoadly to cover the nature of swoyng
Mg.molm;wmmwwm“mo‘m:
lpplldlbthepoopeﬂiadhﬂlmdbuildin‘,. ltbhmukmi?.u.,bw..“‘
M&mmﬂmﬁummm&d}cmmw
| Mun&dﬁna.mmm&mdw&uhﬁnmﬁomhmd
mammammitwmof.m«rwﬁd@mhh
| sod West, where quantitative measurement was applied to natural
' While no eae has essayed hitherto an evaluation of the development of Chine,
i ideas on acoustics 38 3 science® scholars who have written on Chénese music
natarally had to deal with the sebject to some extent. The earliest authoritaive
| expostion by 3 Westerner was that of the Jesuit father Jean Joseph-Marie Amiee
| (+1718 to +1793; Chhien Té-Ming*) who did (1) for this field something of whae
! Antoine Gaubil® did for sstronceny. Two indispersable monographs on Chinese
l enusic are those of Courant (3) and Levis (1), works which largely superseded the
. older comtributions.? Maore recently the brilliant syntheses of Picken (1, 2) have
| Q. becorse available.t Particularly important is the translstion by Chavanses® of the

Yo Chi* (Record of Rirual Music snd Dance),® a precious document of the late Chon
1 period ;P as also his study of the standaed pitch-papes.! In our opinion, Chao Yuan-

[0S Jen (3) was too modest in his estimate of the musical contributions of the Chinese; for
be hardly did justice to their great seometivity 10 timbere ) their achievement as a
!| who formalated the caly theory of melodic composition im a tonal langusge,* and the

* On tht relarucom between manis and mutherratios we rmay cne the stimmalating loctere of Archibald ().
The book of Jesna (1) would be very weetal for B reader of the Sullowing pepes 1o Bave ot hand.
| * The unpublished work of Kumner (1) oy de sormething to il this gap, 35d an Lsporint book by
|\ Wu NevHwin ewaited.

* CL Vol 3,99 302

® Sech o Dae of Faber (1); Wagener (1) van Aslez (1); Dachavrens (1); Seulié de Mozsnt (1), en.
M‘-M-wmmbym
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very carly. Thrce of the Man spocryphal trestoes
mm(msr.eu_mwnqm

the history of sponstus. Bosides these, & lrge
! sumber of mosical aad stoustie fragments, foom dhe Han cerwards, exist in the collections of Ma Kuo-
| He (YHSF, s 59, 3] and Yon Kho-Chin, offering » Scbd of pawenine for further rescarch. The term
| yo (munic) of coune ndaded ritwsl miming o the Chou, Chbin and Man.

® Aniher book of the sume title, sunbuied to Lis Hulsng, exives in fragmentary foem s YHSF,

A.)(o..::hl. ool

(N {Appeadix |

| ‘Lﬂh(lt” a Von Gulk (1)
'‘Eewn ‘me "
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Az of red "
peyond our frame "_“""-Nl.nndm“mnwmdnpdmiy
:ﬂ"‘b from m"'"” primarily musical, The tradition of the lste Chou Yo Ché

beea made by an cutstanding musician, Puk Yéas (4. + 141910 4 1480).¢ This work,
sfterwards many tisses reprinted, is saceincely writeen, und?emly-t—gad. and well
Dstraced ; in all essentials it s of the Chinese tradition, with suitable Kovean additions ._
dw‘ﬂmfwﬁdwwb.mudum '
mmwuﬂv‘f"ﬂ"!ﬁma&uuﬁmh&cm“ l

&IMCH'&MCH«’(r.+m).hWWe¢,&eFH& , ,
ManMMWTWMM)wYWSM'h +178, %
a&mm«mmwmxwwmgcumm" ]
(Dvesm Pool Essays) of +to&wmdyﬁandwmmeml
work €

Mmﬁmmmnmmimpamuu&ubywm In
dae couene we abull refor® t0 a special monograph on drums, writtes by Nan Cho** in
+845,the Chioh K Lu,"* while in 3 somewhat later generation Tusa An-Chieh ' wrote ‘ .

'M-(t.gnkmcah—unuymﬁmmm»mum
wack was mearly Eniabod s the bock of Wang Kuasg-Hui (7).
’k-mthwummdﬁmubﬁdw
ll-udM(clmuMMAWWU\nthM(lx".aul.
M*“m%mc“d“(d%(&%(m“hm
H(l#hm‘nn&mdmdmmwmpmm :
Tarty by he Contral School of Music's Resesoch Inatisate st Shanghad | see Chivien Chién- Thao (1), '
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-
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~ probabiy used in the Shang period (. = 14%h centary) have boen disoussed by Gibaen (1),

Sex po. 364, 169, 315, 308 Debow, ) ‘

* CL 24 L& Hoiw Law, b 3, pp. 16/ Chden Yang's book is nat 53 be condused with ancther of the :
e thle, writhen by Hsineu Fang (cf. p. 183) sbout 5o, M
,&‘?‘:M‘ aditee spoke sightngly of dhem in the preface.

wul p 24y ' \

:g"::ll.p:l”.un-yuhmmam i
'aw " men ‘Ew ‘wn }
'..! ": ‘'meAan ‘.n “xu !'
”’... e TENR “Ren 1
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his Yo Py The Lut (Miscell -,...N“.enlbolmdﬂulc)in&.w

| ’““‘(N«hmuy).mdnbvi&-dalmaf\d;bfhm‘T.

' dances, and famous performers. mmuwm.%ﬁ‘
W

O ——

| the centurics waits for Li Shih-Chen, %0 also in acoustics and musicology o
| last decades of the + 16th century which produced the greateat Of the gy,
i overshadowing all his predecessors—Chu Teai-Y0.* M"“ﬂt‘"‘i"“hﬁsh
u;-mmmmmmmumw-ﬂ-wmhm‘!'
| mewmwmamqu%h
i Chénese techmical woek. The carlicst of these treatines, the Lé Li Yang v
. Pitch-pipes and their Calendrical W)W“‘“”"'ﬂdmm
| Muwnuaumuunuuuuuua&uvmﬂﬂwwmdww&:?
J chrm»mumru-aumnumhcdﬁw&nﬁd'**ﬁwfaaﬂ
{ Ching 1Y) was ready by + 1596, and the ‘New Acooust of the Science of i
fnmuaumk)'.&uﬂﬂﬂh&-'-‘w+'°°3"*“'“"'”'~l-.,
Cha Taai- Y was ot influenced by the coming of the Jesuits though his own
hﬁmmhﬂwwzkw*‘“‘d‘md%
MMMM.MM#:%WCNMMMNmN
comparison with what was going on in post-Renaissance Europe, but even b, g,
Productisns of a Chiang Yung,” whose Ld Li Hiin Lun® appeared about 4 10
le.Qen.°vhoi+|mthmu.duiuNc i lm:
mamc«-«mwwn.ﬂmdaﬂmw
.lnmiquhnmymdmﬁemw n&c
amtmmummmomummcmm.,
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why the narrower of two £ of the skould sharper
mrm.ammmmumeW( el
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Fe 200, The classioal Chinme *Jute’ (hw chhin), properly Sescrnbed s & seven-ssriaged halfaube
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130 confronted by the

— and century, when : ach
MQ-.rShu.lwm:'hul ‘e resonance, 30cepts it SIMply a8 beng
‘nothing miraculous '..umnma»-el'i*d’"""’"’ ganic
m"m.
Tey ..M“.“mﬁsmmmwmh

ot the shang 20tes from othe
wmawered by the IS0 ciraculous, but the Five

wu-mmmmm Erarssed Turco-Mongols, in the +and ceniery,

sest sowtoes incliude Lis Hut's? Shik Ming* (Explsation of Neme)
¢ +300, and e M-Pha Fu' (Rhapeody on the Fhi-Fha) by Fu Hytan® (+ 217 00 +378) in CSHK
(Chin sect), i 45, P &, On musicsl mierchange between East and West Asia soe fusther Faomel

Chdam Chiiy Fan La, ch. 97, 1. sest, of. Vol. 3, p, 381 above. Parailels in L6 Shik Chlem Chivs,
‘.&,,v:'d 1, p- 133, b B Wilkale (), p. 161 and Chueng Tow, ch. a4, tr. Legge (), vol. 3, 5 995

mest stimulating comparisoes of Greek with Chincse msic and acoussics in that of
W(nﬁMdewhﬁmﬂhMbmbuﬂbﬂ
i o i, i 8, TR0C, St chivg iom
L . AN ab
. &Mm.pw o



Fg i, T\oonﬁu'mhn'(palwmmmdm fiveong Yin
Shb Yo Phw, . 3, p. b, in Cha TomYo's Yo I4 Cthdion St {4 2828,

vital beeath, or emanation. Weslullthmtrymmﬂudmamm.
sacience, with steadily improving .ynanddnﬁfyilgmndn.mddmcatmm
ing the pitch of musical notes. Finally, we shall describe soese of the comtributions which
Chiina bas made to the woeld's understanding of sound, and of the sture of music.

(2) ConmrraTiON OF SOUND witi FLAVOUR AND CorLoun

’"m-dmmMmhandemdﬁwdudn
Chitese to the timbre of musical seunds. Van Gulik mentions* sixtoen different
‘h&.'hphmmmmmbpduddd'hu'(&nqm&.”
U P seg, 12g,
l. .'
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132 26, PHYSICS

other manaers of sriking and pulling them. To take one example
Sraceposs o m”-d‘"\

A figer of the left hand moves quickly up and dewn over the spot indicayeq .
imitated, Of this yéx there cxist moee than ten varieties. There is the iy
ost vibeato, which should recall “the cry of 3 dove sAcUGIng Fin"; the sy,
¥ibrate, which should muke coe thisk of *confideatial whispering'; the yuyins or " *
vibruto, which sheuld evike the image of fallen blossosss flastitg down with the

s the ting-yin * where the vacilluting movement of the finger shayld »
3 %9 Be hardly naticeable. Scene haadbocks ssy fhat coe should 5ot move the
umumumwwm“-winhwm.:
ﬁﬁ!ﬁnuhhﬁnlﬁemlﬂlﬂwm“ “

MaMmW&WuMMM ven
P"M- lenhymmMpﬁpﬂﬂwltmmﬁmM?
me.mhmw»MMmbhﬁgw
put ;s T\amﬁchmmﬂmwm(hﬁlldﬂ'

quummmmwhwﬂdm

ik

£

.

x
A

j

£E

mmmmmam‘mmm. Recogniti of individyy
mmmwf-yﬁmmm“m.nt&yﬂm
~bs Khang? (+223 to + 262), lnhmpm&emhq&im
&’::N&nll.a-oﬂrhmry. Indeed, the techaique of playieg ﬂnd&m,w
- ncw&'mwwddm&nbmuhmﬁmu&
wmnm. byhhm&q(ﬂz&ommq' ). .

The P mmmydvhlchﬂmtmdwm
others. mthmhngwlngdyw
:1&‘"(&.‘“ .’.
O\ p. g2
‘ e remsark of Lebods,

_‘ L .vnww:'uun&mhnﬁ—h
B ‘“x”‘l‘d-“ h&%(&u.duh‘.m&'“
Theon . u;l‘q(ap&;ﬂo—q (=h pp. 3yt
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:‘,dmuewdm.. ’i.":m"t::—mu&
the : , it Karlgres gives foe the word In
Caen times the sscanings *vapour, alr, Beeath, vital prinsol -3

peadet the

eamcal M.WMM =

o w‘-m«w
The ' vof the of the word o\ given above is that of

MMMW.W&WW‘JNMMMB
tnda.nmbvnn‘omb«h One bl rises up from the earth to hesven like
m.h@mw:mmrmmmm&m
speeading their relavigorating influence. Their istermingling produces wind * whese-
mmmmrwmmwmmmm-m-emm
muumammmmmuwmwh
fue season. All were signs and symbols of those grest climatic procosses 0n which the
&dmmmmmmmwmwdw
Sach was the envircament which beought forth their orgasic phosophy.® A purely
Eulytic treatment of sound would hardly have been cossistent with it,

s Ea Vol pp a3, 40,78, 130,38, 375, 360; Vol 5.0, £17, Beh 411,483,480, * Kgm
..:*Qﬁ.du.nm.u.w.i(axnozﬂn-smm--&-ﬁm (e, 9. 243
e T UL age. Perbaps —70h contery.

o oochesiesncn. CL p. 164 belew,
§ liew How S, b, 21, . o:: “The i of heaven and cxxth unite snd thereby produce wind."

'hhﬁa:‘um*hiﬂ‘hw 11 Maz pipes, it s with the collected

Wb OF Vel

3 St

:g:"“ l-ﬂ’r.ot.'lu. B3t ote; Vel 3 p ¢Saff, o0& CL Sect. o8 bebow.
Vel a, po. sifL; a8, aafl.
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134 26. PHYSICS

(3) Tur Concaery oF Cuni IN RELATION TO ACOUsTICS

Chli, then, had two main sources. It could go up from earth to the ancestors, 304
Wmhhhmd&hmwuﬁﬁwwmy%
sossrce was in man himself, in his breath. With increasing sophistication chb is thoggy,
of a3 something more rarefied thas steam or breath, ltbmmmm.%
B pwenma (evedps), Mmmnmwm‘d?ﬁﬁm
be rather hypothetical, but some form of hypothesis is pecessary if Chinese acouys,
thinking is to be understood,

10 one of the carly passages of the Shu Ching, which Karlgren * places not later ghyy
- there cocurs the statessent ; 'Eghﬁ:dnmdnniluuﬁou(ﬁd“.)
mmmmmmmmmmwm-m&
may be compared a passage from the Tho Chuar® of perhaps some two centuries luser.
'mﬁd&’mdhd\”m.Y-&Mrdn.andbdghm' It s ressce.-
able to suggest that the latrer is & meoce sophisticated version of the idea contsined in
th.m&&mﬂdhulmkhdomwnm
engaged in farmisg, whereas the latter has the neat antithesis of the scholar. [y
statemnent of the six chli follows, by way of explasation, another: *There are the six
Molhmmm(dn’q')mdmﬂnﬁnm;ﬁ
Mm(ﬂ')nhhﬁnm;mmw'u(&q‘)hm&
m"mwddﬁ.m&udmmnmdnylof&ufnd
mﬂﬁdmnpbmdmdm&unbum.mm‘ua
partcular form of its descent. Elsewhere in the Tro Chuan® it is stated that the ki
themselves make the five flavonurs, Itis bard to know quite what is implied in * descent”,
hnthewm‘nhénmeh’(&ﬁq')hmmduawhth&

* (12), » 33 (ch 2g, Hung Fan)
b Referving

€ Dke Chaa, agth -"‘ZS"‘" tr. Cowvreur (1),
vel 3, . 380, “The (ux) mabe the Sve favours.
Ky

Kaged K¢

word chawg mesns & petiern, sigral, nale, % mandfess,

Eharg Ve v et e 4 o s Ahn e A T o
Sharg btone fepresents & o pipe with s thes praph Ny
Bune’, and K 147¢ slmont ® peilet-dram.

¢ Chmang Tiw, ch. 33 (Thien Haia); of. Legge (1), wel. 2, p. 216,
* Seuma

Chieg in the +5th eerury, conumenting on B Sk indend that a pinhPe
.M"Mm-&-&ﬂdua’hd:m e
‘e

L ‘Al ‘n
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The fact that in Chou tex
X ' .utheuumbuollbedlwmldhnh.md number
ﬁm:hmuandMMMh;m:t
P mmbamdu;hngdb‘“uh:naﬁga%gm
. %%’?ﬁ)mb“-uuh For the harscter of Tros Yen see
¢ Bection « AT 479, 4%, 401, ene. € Vol 3 9o 671,
P b 'wgg’-ummm..,.
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being used to distinguish thess. For example, in the Chow Li it is seid:s 'y,
Instructor (Ta Shih ') takes zhem-mb-(ahg').ndth'lmubu(‘i').i:::
Ihnmhwmmﬂm&mpdEMMWWdﬁﬁqdhﬂkdwdh&rh
In this passage the number is not specified, but in many instances they are refepyy,
t5 a8 the 'twelve pipes (Aum)’, -uﬁﬁwﬁdmm(\’m)ﬂ:c%
quite simply as ‘the six [8",¢ Asy enquiry into this subject is complicsted by o, g,
Mﬁemwmmﬁummmmmn“
Mmuddmduwdqwm&mﬁmﬂlhby&hmh
mumber of tubes used was not necessarily the seeme at all periode. 1f 2 sketch of thy,
evolution were to be attempted, one would postulate fiest an instrument of two tyhe,
tied together, possibly ane cpen and the other stopped, such 2 is suggested by
Braph of the woed yung* (K 11855, ¢) (mean-

Himwm);md‘u&nhp
ment in the woed yamg* (K 11854, i) which m /6
means the loop of a bell, or (ueg) a fure. 1%
This graph was further developed in the
MM'(KI:!;r.:)Mach-d
QWMMDG Kusshe Korelgd Ku”,
& synoaym for chii; and in 2 later week (the

—3rd-century Haw Fei Tsu) by the addition of the bamboo radscal to mean a tube
(M‘).‘Aldlhocmdnbdong»mmpbm&mp.

For the next stage one would expect & increass in the number of tubes s the
shaman himsclf develops nicer powers of discriminating between different sores of
chhi, In the Tio Chusx there is an instance where spparently four were used, The
passage® describes how the officials of the State of Chin ask the Music-Master
M'Mhmdamﬂd&mdmemm&andﬁb
besieging Chéng should march north, The Music-Master replics:

There is 0o harm. | repeatadly hemmed the neethern 'wimd *; 1 also hummed the sosthers
‘wind", The scuthern ‘wind" was not vigeeous. The sound siguificd great slaagheer, (The

Ching Chung'* (fl. + 70), commenting on this passage, says that the northemn ‘wind”
i Chia-chusg '* sad Wu-yi,'* the southern ‘wind ' Ku-hsien * and Nan-1i. ¢ These are

& Chou L, ch. 6, p. rqa (e 2); e Bt (1), wol. 3, p, 41,

® CL Vol 2, p. 552, sbowe.

€ B LM, b, 9 (L4 Yan) ! “The 12 taben in surn set s Sundamntsl (Shiherk byen Sasn hrion
vl Rung'%)"; Clideon Mam Sha, ch. ara, p. 35 “The tubes are 13 in marmber; S Yang sx compeet
&ck.‘&t?'ﬁ.‘lmhm.m;lﬂd.Yqh'--’&)'ivh-dl")':l’bh

Duke Chaa, 300 yoor (= 531} “The § notes, e & s .., ooc. (W sbing, S N, . . 7).
dh&mdmm*muﬂﬂuﬂq.‘-“-—umd.
sing 10 onesell,
¢ The Chuas, D&-Mu“m(-;u);&:m(u).ﬂa.pm
K. 'n . ‘ARERHAN n ‘A
'a . ‘. “ER "R "
“un “ma - & L F ¥
CERAFCRABSTRASA TERAw -8



mwmhm“#m«wmdhwumm
aﬂ""‘“"‘""d""'""""“.‘"“‘"ﬁ'hctbe;adummmam

#uﬂkm-ﬂebmlmmmh". kbl Freaty

n,uuhuuﬁwhhmuﬁqhm
u*{*w.“mmihhwm°hm'm"ﬁ'?mm

prodaced ia the “hum” (Chiad Iv erh yem ko 3 fing o ? Chiw ching yich ko),
hym-n--gdnunuu(uﬁcmmon'muw

.'qdﬁmﬁ;&twmnnd\hmhhnunmuh”mmndumh(a
hmhﬂhuﬁwhﬁThuuuuudmmumihwummﬁmubm
For example, Ssusna Chhicn quotes® a saying that

oa weing the enemy from afar it is possitie %o know in sdvance what the outcome of »
barde will be, for better or for worse. On hearing the sound it is possible to know whether
Gero will be victory or defeat. Such is the method which has sot varied under & hundred

tings

mudmmhmwmawuwh%a
smplfying the voice of the shaman i widespread among primitive peoples.? That it

* L below, p, 171,

b P A Wi o o pi g, yu o e fiog, o fiog: s ching. T s sk Chw ¥ o g
¢ Chlaw Chiy Ths Chwan Chich 1, in YHSF, ch. 34, p. 335 t2. soct. T3
‘&&\'dn.n,,.a.mdmmm-mau-mnu

ﬁ“lhundnum-ub&-mmuu-dunuuﬂﬁ

3 Sk O, b g, p. 18; v, Chavasnes (1), ol 3, P. 334, g wect.; of. Sechs (1), p. 25,
CLVel 2, pp, 13288
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*hould oocur in China is not remarkable. What is remarkable ix the Chisg,,
*hosld have attempeed in this, a8 in so many otber of their activities, ”#“N
Ml?am.duﬂymmwm .
.u-m?‘wwquw)wbv“““““""‘““"b.,
Al af - atary on this pasage of the Skih CH, five different states of morale e |
..,‘hmkmb,umm. Every man has withi N‘h:"d,
OWn chi. ‘The diviner mhnuwlﬁmhmmm‘h&
u.....hw' his humming-tube. One cblé will then “by a kind of hynqi.:
W‘mﬁmd&m-mmmﬂm“%
:hid:. uum-:&inhuumyﬂmwm"m%‘m
o e 1 e . T e 0 S
= ek
Mnryo.tbemdmdydu:' e

Abmm;a-ylabnh

srray thare exises 2 vapour-colour (chid-of
::::hew-d(-ug;:(:a@ !lhwb:roqﬂhi:mﬁduf"‘::&
dh.-dlb--ymwpduﬂimu - 3 ki

g.vu e
, Chin oh 1a, pp 240 1w Ho Y
Tr. st Net in Md.:m::::':l(.:ib.m




The five notes, the six Sxod pirchos aed .
..d(nmauﬂﬂh-h.:.::m*hhmnm.t—u

wﬂd‘.wm“h" *Mr&m.dum of it are given by

dm%nﬂbﬂﬂh&hwm&ﬁuwh*m
tiswously ; them its correct note will be sounded. . ., For persoos 1o Mow the pitch-pipes, do
et employ the old or the very young; their bl is 5ot the same 2 that of (persons who aee)

yosthfal and strong.

itis probable that in the tense moments before a battle, the shamas might from anxiety
or excitement fadl to emit the small jet of breath at exactly the right angle, or with the
right degree of force, or with the constancy which was required, so that fluctusting,
foeble or “dead’ potes would resudt. This then would have provided the basis for the
divisation, since the variation in the sounds, though asising from the stie of morale
of the shaman’s own side, could well have boen sttributed, by means of the *rescaance”
theary, to the ki of the enemy. Pitch differences were not an esscatial past of the

Sapocac.

s Oh 9 (i Yo, p. 6cd; cf. Lagee (7), vl 1. p- %8
¢ O P ..

* Kunae (1), p. nWM’ um“wd‘—--*-—-ﬁ
" L4 Hikeh Hvim Shua ) ch, 3, P 190} 10, Wt
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Later & more detsiled appraisal dthemeny’omlcw‘-.mmbya

Mdm&&'mhwﬁebmh‘)hﬂ*h’ﬂ‘mﬂmm
mﬂnmdtboﬁndqmd&emkuhu*ﬂnm&e%
'hichlhqhninwhd!he-q&hmrymwu&. l\_aldm‘l):mg,'..
memamhnmh-amhgodr.fwfhim.
"w'.&mmuwubmwmm*
mmmmmwmm;umk»mmd
the statement in the Kuo Yi:*

_hd-‘ﬁdWhhbmﬂn&hn&&&uuﬁmlwvtmwm&mn
mw“dﬁ:m;mmnwmwmuqh.; b

Pﬂhmm&mda&dmﬂemmﬁﬂkcwlmmmh

Eh@wmdumm-u&mmmmummh

Mhmdamimmcﬁmhuﬁdaiioﬂ.*

i
% ‘n 'R
RIvANTRLRsurNNAg ‘fnax
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(4) CrassiricaTions op SouND By Timuas

mmmmmummw%hum

s Mg T, 11, o, (50: tr. Logge (3), 5. 140
:‘uumh&-.'”
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142 26. PHYSICS

(§) Material sowrces of sewnd

The phrase by which the Chinese designate the orthodox growping of instrumeny, |,
Pa yin! or ‘the eight (sources of) sound”. This is a convenbent shorthand teem for g,
mamumummm:mm”mm!yhuw
of the different types of instrument. One of the carliest texts in which tre
wimcmummmw--m&mmw&n“
Ik (threads), wood, gourd, and bamboo.® Instraments in which the s0und-producieg
agents are 20 varied produce & varicty of timbres. The Gracco-Roman classSionion
to theee genees, wind-instruments (paesmatibos, mrevparinde), stringed instrament,
(enchordon, Jyyopdor), and percosscn instruments (kroustihon, povoreds), wa
more scientific, and gave place caly in modern times to the fivefold classSe,.
ton® of idiophones, membranophones, chordophones, scrophones, and elecery.
The great variety of timbee in Chinese mussic in general, and in the instruments of
the Confucian temple orchestras in particular, has often been emphasised ¢ Baliaes,
gamelan® and Dayak long-Bouse gong ensembles in Sarawak? prescrve something of
the spirit of the carly Confucian orchestras® while the court music of the Thasg
#till lves in Japan® This wnaccustcened richness in variety of timbre was somewha
baffling to the first Europeans of modemn times who experienced it, 28 may be seen,
for instance, in the report of Matteo Ricci after sttending a rehearsal at the Nasking
wén-mioot (Confucian temple) in 4 1999.) Yet the most characteristic acoustic
features of the music of the Chinese culture-area (extending as it does from Koees to
Indonesia)l may be defined as twofiold : the high proportion and multiplicity of chime-
idiophomes on the one hand, and the prosanence of the bamboo plant (and the pitch-

pipes derived from it) on the other,
It is clear that the cightfold Chinese classification of sounds was only arrived &t
gradually. Ia the Yo Ohi (Record of Ritwal Music and Dance), a book certainly com-

* Ch 6, p. 12 (ch x3), tr. Boct (1), vel. 2, p. 30
U Peobudly the abless cxmant clamdication of rmaseal isstremencs s any cvilination, says Schaeffnet (1%

teonse vesscls such o8 the bowl from J0udwien (Fig. 299) presrved is the Archacclogical baatitete of
Acadervia Sinkca (cf. Yang Twang-Jung (1), pL 19), snd the magnificent vase of the = gih o =3
centwry knows as the Yen-Yo Yi-Lieh Thu He'! (Fig. y00) which may be seen i the Tmperial Palace
Muscurn st Peling (cf. Yeng Twmg-Jusg (1) pl a0l Of Han sepreseriations one of the bet i thet
in the Loan somb rebicfs (Fig. 300); of. Ansa. (7), Sgs. 078, ¢; Tolng Ches- Y of ol (1), pl 45
.W";muz?&‘(ﬁ.ﬂ

L Trigwaly, tr. Gallagher, pp. 3358 ; 2 pp. 228 CL Vol 3, pp. 1L
lmhmﬂ,uﬂ.MJM%MQuh%“M“
rethve because comenon eultaral dlemants Melped 43 shape Ohinese munic in the Chou pered. CF
Picken (1), pp. $808L; sad Vel. 1, p. 85, abowe. ~
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Elsewhere in the ¥o Chi it is more specifically stated! that the instruments of mvusic
nhwwmdmﬁ—mkmmdw(&.““ar
cih ok yeh')% Froen this and also other references it seems cear that there was
a period from which many early texts derive, in which the *eight sourees of sound”

them before in comnection with centres of gravicy (p. 34 shiwe) For the conchasionn of modern scholary
o O geomatry of twir shaging, see Wy (), po. 13y, Chben Win-Thaa (1), po. 911
Kuttner (1) believes that they originaed foom the St snmsler stooe syrbols ealied pv* of which we
od 50 sy 00 masth i Vel 4, po 554 supponing St the o itsclf wan Anet serock 1o make music snd
that the “Smection” of s sanubus ineo fragroens came shout by remevs] of piedes in & funieg procese.
C Pars £, in Shih O, o ag, o 30n B o, Chavnses (1), vol. 3 p. 276, eng. of mod st See

333 sad j03.

'?m“nomm&-‘hom Mele, with finger holen on cach side.
o‘::,lb cormbdered a large yb-pipe form of the moud reed-cogan or wdeg. M;'h:

.-

the vertcal (") with wix holes and & bachowrop,
of
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Fig 303 To the right Bhe pellecdrum (shao); 90 the loft the grest sand Seum
Gobion Mu), Akhak Kwobtm, ch 6, pp. g4 94 (4 1))

"’“'ﬂlk A lse Chhing represermstion of Yhe awinuton of mulcass by O bgendary mvas-
Sater Hou Khveei. Before hirn, on O table, are the sidhers ohivis snd o, 50 hin right the resdaegan
M‘_'MMM‘.‘MWMMMM;&&M&*
?-h-)uumu—-wm“.mmm 10 1 bk gronnd the vand
h‘*uhwm;-uwuwdm-‘hm

.“-‘C‘M%u&.nthwd.mumu(&ouumw“.
being served. Froes SCTS, b 3, Sham Toen (Kaelgoen (x2), p. 7)

e




—_—
- -

148 26. PHYSICS

Fie 324 The staad of chimse-stnss : i
ummm%au.”“smm’f&*"“"‘

e () Windr and domes
hmz“%h%%.dhm'nn.d .
w%mw.mv.am' relates it to music
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pyerbic (wartike) aad peaceful. The pacific dasces included beast dunces aad rain-
making dances, Evidence of the katter is found in the Yo Ch where it is stated that
“the evolutions (of the dancers) symbolise wind and rain (chow Auan hiiang féng yi')",
There are many sccounts in early texts of grand performances of music, with bells,
etc., followed by a great wind or 2 ssorm with thusder and rain® But
deikd&odmmmm

The winds, however, were certainly eight in number, one from each cardinal and
ooe from each intermediste point. Chéng Hailan says that in the ‘cap dance’ (fwang-
ew) for the four cardinal points feathers were worn covering the top of the hesd, and
umdh“mwﬁ&m«mmdmum
performed in time of drought® It is not hard 10 see a connection between times of
deought and kingfishers, birds which frequent rivers and watery places, He adds that
these costusnes had the brilliant colours of the phamage of the so-called * phoenix ' ( féng ).
Feathers were wsed in all three of the pacific dances, Cranes were also imitated. The
nammes of these ancient songs and dances are almost all that survive o tell the tale of
sain-making music—"The South Wind' (sccording to Ssuma Chhien a song of birth
wd growth),© *Receiving the Cloods”, “The White Clouds’, and others.

Ia order to control the dances variows instraments were used. Two have already
boen mentioned ® the chliony, which was a hollow wooden beaten instrument wsed
for starting the dances, and the chieh, for stopping them. Two others with the same
functicn, and which perhaps they resembled, are the chut and the yi.* The former
derives from an agricultural pestle-and.mortar or wooden tub for crushing grain. The
Latter is 2 hollowed block of wood shaped so 38 to resemble a tiger with a serrated back
(Fig. 306) and gives a rasping noise when beushed or streck smartly with a stick
{chen*) split at the end im0 twelve leaves® The way i whach the dances were con-
trolled is suggested by the following description in the Yo Chi:f

Ia the ancient mimes the dancers sdvanced in eanks and retired in runks (ohiv N thai B7),

* See, for cxample, the viery of Dube Miing of Chin (=557 %0~ 533) and the muskcamasten,
S0 OM, o a4, pp. MM (ox. Chavanoes (1), vol. 3, g, #55IE) L and aleo Lagge (1) in Ns preface o
e Sty Ching, p. 111, concerning the Awscls of the Sambos Seoks.

¥ Sen Ns conrenmntary oa the Chow L4, b 6, o 78 (b, 22), o0 D six types of danoe; of. Biot (1),
vl 3, p. 41,

€ ShA CM, dh a4, p e, of. Chavenoes (1), vl 3, p 28y, 4 P, 148 shove.

* Later on, the developed odher bollow wooden ntruments, such ax the *Sab” {4 pang®)
wrack 1o sestenile the ks s and e slotiod bos, flat below and comvex sbove (mu yi* o 38 ') used
e sccoenpanying e charting of the sovas, which found i wary into Western bands in modern  thwes.
Ao Lane s Weeld War 1 its sound was one of the mont charsetorutic Sranusoe of Chinese cities ot mighe

Anodher very corious, snd handly musical, inatrarnent wan $he b fomg "' which “cocnints of & glass
bulh, sormewhas like & wine-decanter. As the bosom s extremely thin, when the mouih is spplind 1o
the apen end and the borath dewes quickly lnsnd out, it videates with & loud ersdiding sound ‘ (Moule(10);
o Bodde (13), 9. 29} 1o view of the evidente given showe concerning gla-Slowing, this ey have
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keeping together with perfect precision, ke a silitary unit. The sri
mamwut@wud)mmuﬂ:z“«

_wb,.(mhal)pddcm(d_). c«ﬂ%d“\'l’.:\

from ) martial instremens (bell). (These) interruptions ere
o wos rolsed by mesne of o ey

mehkkfmmimpndmwlhnmm%

socking above all in their dance rituals was control. Whereas the ¢ * Chiney
wmuu«ﬁmm»mumm“&\
mwhnﬂym«mdmhﬁﬁhmudlhcmmldm NQ:
clements were 10 be influcaced, Later the movements of men's o 5!“
m»hmmh&mmmmmywb“‘m'\&
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‘ '“.“‘;‘m'mwmyh‘hﬂﬁbinmﬂh‘eMd

.#“'?’ the pitch was given 1o other inserements. The seatement that
‘the eight lf’b"."“m'wmmmmumm
merely that pitch-pipes were associated with certain winds in a vague and
sppropriate dance, "",‘""""““"Himdon:plmdbyiu opriate
instrument, 45d that a given instrument, or the positicn occupied by a given source
of scand, was associated with a certain pitch or note in 2 scale. In this way the rego-
lated movements of the dance, the regulated penitions of the instruments, and the
regulated intervals of the scale, would all be conmotations of the very broad concept of
. Support for the idea that different instruments may have been associated with
&ifierent notes is found in a statesment in the Choy L that

the Great Music-Master .. .weaves the gamut isss patterns using the five notes (of the scale)
...Mmmmyﬂybﬁhm&mtfaw...“ﬁ“
§ e shing. . .oliech po chik i pa yin').

An exact description of how same of the eight sources of sound were allotted to the
fve notes is given in the Kvo Vi

The zighers chlin and o exalt (or Sollow) the Auwg note, Mqﬂghﬂm‘(‘)ﬂﬁ

shang hamg. Clumg shang yi%). Ringing-stones cxalt the okl note. (Trstruments
aod bambeo exalt the nots which is appropeiate 8o thess (Skib shang chis, Phao cha & cAik?).

Mdmdmwﬁpﬁmd!«.nkhvwmm.umm
umuhhpmnﬁuwmghdmﬂmuki@«wmnhaﬂ)hdqu
umm-uammmmu&-mmm

directions Of sources
mk-inhwbewuudbtm-wnlnﬂhad-iﬁamdm&

o SMA O, oA 35, pa 441, cf. Chavannes (1), vol NS LS

» Oh 6 p 35 (b, 23), tr. mect, adjav. Biot (1), vol. 2, p. M
'Chitg.d;.n.uﬂ aqa; tr. & Mardex (5), eng. sect.

* O T8, ), P 340
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a1 of the dance, or to keep the beat >
::z:ﬁ'iﬁlﬂ* 1 e going, was capable eventually of comvenient

The association of the qualities of musical sounds with various moods is highly wsb-
w“mmwnmmm Bt in any one culvare there may be

mmmmmm Yo Chi describes five of the
sources of sound as having such standard associations

m.udo(“bm Clangour peoduces 2 call as if 10 srms. Sech a call gives
rise to wild excitement. Wild excitement prodaces warlike emotion, When the chin Leu (man
of beeeding)® lissens 10 the souzd of bells he thinks of heroic milinary officers.

Chéng Hstan observes that the effect of a bell is that of 2 warning to rouse the people,
and explains that it causes a3 person’s ¢l 10 become abandant. The text procecds:

mﬁdmhnwmmqomdm
Discrimination enables men to press on 1o their deaths, When the man of beeeding listens
1o the sound of ringing-sicacs he thinks of loyal officisls who have died on the froatices.

The wound of slken strings is a wailing, Wailing stimulates integrity. Integrity establishes
rcluticn. When the man of breofing Estens 5 the sound of the (silk-stringed) zichen
chliw' and #f,* be thinks of resolese and righteous ministers,

The sound of bamboo flutes s & gurglng like Sood warers. Flood waters entail Jevies.
Laviea involve puthering the people (for their tasks). When e man of Receding listens to
the soand of the bamboo pipes y4.* shieg,* Aneo,* and Auas,* he thinks of officials who have
beent the shepherds of the people.*

The scund of the stand-drurms and the tarsbourises is rowdy. Boldness (of spirit) sets up
(physical) activiry, Phywical activity sets the people marching. When the man of beeeding
Esteea %o the sound of drums and tambourmes be thinks of great gencrals leading eut armics.

So when the man of breoding lstens t the tmbre (of different sorts of Ssstruments) he
Goes ot Ystem mavely to their clanging sad tinkling, but he is also sensitive to their ssociations.

In the above transdation it has been difficalt 10 keep the effect of the Chinese definitions,
the words of which are highly oncmatopeese as well as fully charged with meaning.
For the Chinese of this archaic period the timbees of these five sources of sound-—
metal bells, chiming skabs of stone (Fig, 310), silken-stringed zithers, bassboo flutes,
wad drums of stretched leather—were respectively summed up by the words Ao,
Wieng, %, *giiw, yredn (Le. Khing,? ching,} ai? Lon, " huan ')

S Poes. 4, in Shh OM. b 34, pp. 33 1. Ohavanaes (1), vol. 3, pp. 778, eng. et mod. suct.
* On s conceprion, see Vol 5, . & ,
© The 39 wan 8 single pipe sad the huas & dosbie cne, e huioe was he pan-pper snd e sbivg »
wich veeds; see Fags, 997, 308, 300 A
¢ Noepactively K (250, 133, 539, 600, 155, The phonetic mucription of the anciont Chineee sounds
ed here and Bereatocr o that of Karigres (1)

'w ‘e .’ LR ‘" " "™
o P L 4 -
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jateresting point about this st of *sources of R
.‘!'be e sound” is that they number five,
‘M"“’, the symbolic correlations ve Element theory, and not, as was
Jater, eight. The latter are tabulated in most works of reference as shown is

Table 44. Traditional kst of the ight sources of soand

ing this orthodox list of sight with the five quoted from the Yo CK, one is ]
first struck by the face that the reed-cogan (hng?) is here placed under the very
wausual material ‘gourd’, whereas in the early text it is where cne would expect 10
fiad an instrument which consists of a series of blown bamboo tubes (even if they
happen 1o have 2 gourd serving s & wind-chest), samely under the material bamboo.
Then again the order in which the points of the compass sre Ksted is peculiar, for
coe would expect to find ‘southewest' placed between south and west, and mot
strached at the end almost a8 an aftesthought. The seasons also aro strangely erratic.
But the reason for this is probably guite ssmple, An earlier classification in fours wis
streached * to Barmonise with a later system of cights, The carlier was thus:

.-

Nnha&dthmamtbmiadwmbm&elmummd
its correspoading quartor, Fiest, austuma is the season when the Yang forces of nature

'mwﬂMMdWmmdﬁ'“ﬂ-lhh
rewt types of lnstrumsent,
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are in retreat, and bells or metal slabs were the isstruments sounded when
mander ordered his troops to retice. * l-**‘“*”“‘"‘.’“.‘“""‘*m:ui:
Mdhyﬁ.‘hm""mmhmdh%b]‘.
dim*mmmm&mnwh'&
m.whmwummﬁﬁmwm*m"m
mummmmwuumhhummum
lomwbmmddcmnwﬂmwmomm'm%
wwumu&dbmamdwﬁm&uitwmm
mmm.mmmdhnmmw'&hmﬁds%
ndmﬂ.dﬁhﬁmmmpond.mthmd‘FMleh&
mwmmmmwuam-vdum
were sssociated with this season. F‘unly.inmmmmm%
mmhqhmuﬁmm“rmkmmmpbymm
ment whose strings were of silk. lhmu.mmdnﬁmm&mw
»uwmmmmwm-mﬁqwmm
bhnu&otmmd*mmdmmum&
points of the compass was ne lews straightforwasd. If autumn & the seaseq of
‘ﬁ.hmhhmmmwmmtmmnq& Sexilarly
&Mﬁﬁnmmkmdadﬁhdim&mhumm
Sha-kminnﬁuuﬁumnpmdm.wwm =a0cited
MMWin&ewaMﬂ’h&

foend-shiriow relwfy of (Jung Kicg
:::&“"“ﬂ‘, (41 indiv. rubibing Muis, 1); of Figs. 499, 300.
3 P 243t The nose by
while bells and MDMum‘.mh Farty,
ehis of e um:m*‘“"‘““mmuwuui-
See Vel 3, p. 36a. SRE T ek was assigned 15 Fire and shang 1o Messh
CCLVal o, p 28,
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(s) Crassiricarions OF Sousn ay Piren

one ond are 328 to be "high” and at the other *low", Chinese wses 2 metaphor which
i ot surpeising for & people whose cconomy was w0 bound up with hydraulic

[..Gmmmi:m;edqw:?h et %

ich bore a clear relation %o the strings of the

tyre; for example, the lowest note, which was sounded by the top string % the lyre
was held for playing, was called hypaté or ‘uppermont’. Its octave was neatd or N
'lowest', while between the two on the peimitive lyre was 3 s or ‘middle’ (string).
Later other names were invented, such as lickawos o *fiest finger” (note), and fritd or
‘aumber three’, y

There is no such simplicity in the etymology of the original five notes of the
Chinese scale. Their names, as stated on p. 140 above, are kung, shawg, o, chik and
,d.mmwﬁmmChlwewmbunmwnyMMum
seem to bold ‘traces of an ancient symbolism’, Bt it is quite certain that these terma
bad symbolical assocations, In the Yo CH, for example, it s said® that
hmn&zmhuhm.&oubmaﬂ-ﬁmdﬂ
a beitgs (animate and inasisane) (Mg wei chin, shang wei ke, chis wei mis, chik wei
ek, y¥ el ')

deihCh&\gM.dbbymdmmdm %

-

-
-

ARG T A

hmeﬁhthMmmuﬂcMmehﬁam
bumble (mean) ( fon abdng, cho oM tram, chhing cbf pei).
Mnm.hedm&hoadnmhdmof@ina.eugmpim

mmm&cmM'(Kng)wah-mm
204 also had the meanings of ‘discuss, debate, trade’. This character was anciently
isterchangeable with Asiang® (K715 -chduﬂypwd *yjang, which meant
‘a window facing north, turn towards, formecly "¢ With this may be compared kriang?
(xﬂ«.l)hviqthemeuthdcpmwhﬁm“mcp«wﬁngmwamo(

:t’:‘tﬁ.‘&\’.&dun b.ca;-.a-nn-(n).vd:.v-m-o--u.

© CL Chavanres (1), vol. ).W-ﬂz-m

'a ‘R °tﬁnl3lhilln?!lt
‘AREABALY ‘. ‘n "




e .

- — - T — —
.

158 26. PHYSICS

' m.ﬁﬂlﬂ.ﬂ'-'mh““
Hkthu:hnw&abmﬁﬂfam(gebdm)hmu .

' (K 7140, p), archaically promousced -;-;:

ctymology the :

the word Aalawg’ (K731 m’wd‘
poted, for (=4 we saw, p. 150) it was name

lheluuv::inmi‘:.&:nbrphmdwmkd'aﬁmmdjum-h“
tbﬂ&am&i‘«n&ﬂjﬂ’.‘ln@nhmbenoudbgm.

note symbolised mm»M'M'wumdmofkm
Hw?:?um:mmwwﬁwfmmim&odmmh
Mnmmma&mihq.'wu&‘w-ptb&'. .Ku(inChum
meant 2 house, By a ion natural to an age in which princes lived in houses
Mmemmquhmwmmmwwmnm Now
aammmmuwmmhwm(m»mut)

mhw&pdmdduqﬂdemMonfnmApimb
frazees in the form of & bouss (Rang ') Feudal Jords have frames in the form of & chariet.
ummw&mmummd&m(m). Ovdinary gentlemen
have single frames.

Bylﬁimntumnmwdmﬂmmmfmfwmdb&.
Wwdmmmmwﬁma&dngammﬁhb
ﬂkdaMAtminWmmdM&embmnn.wm
Mmmddnmha\mthummdmmmpeaivdy.mm
mm«m-nm:benmdamdthplmhnwﬂ
paitivofmcbenﬁtgdmicuapduulym

Two further note names seem 10 have derived from stands for suspended instre:
ments, pamely chio (borns) and yif (Feathers), One of the odes in the Shih Chiyg

has these lines:©
There are blind musicians, there are ind musicians, present and ready in the Chou palace

yard.
(rbdr-i’.wb)uupummdbarb(wwpmhw).mq:hw
posts, rsing the vasks, planting the feathers (s yoh A7 chif chbamg ya shu y&7).

& The graph shows two men song tumed towirds one another, wessal between thes,
wmwmmmdﬁdh‘;ﬂn&tu
:g;um:pa‘a:‘fh.unmlhi-t(al.nl-s.un.nm 48
Ching, pt. v, : o . . ;
Waley (1), p. 215 mo. 5; Mas, 0o, 280; b, wuct. sdjur. Lagge (5); Kacigren (eah P

. ‘. ‘e an X
mERRSFan = ‘on
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M-ﬂﬁ““m“‘“mh%mumm of much
ﬁkﬂﬁmﬁﬂﬁ:::?NMnwmhnmuaaum-uzzzmnmu
g were orsamenteC wiA fSthers; furthermare, either part of the weoden frame-
.,,ur-ﬂ""’”_. sharp polats (teeth) or angles (horma), or tusks o horns
wert on to #.* Thus three of the five note names were terms wsed for
wm@m“dmmwhw i
The hypotheais suggpested that the terms duwg, shaxg, chio, ik, and yé
ociginalty referred 10 the positions occupied by cortain instruments wwed in controlling
”@Mmkwdmwﬂdnaﬂi&m
canceptivn of & scale was £t a8 in the West, that of a ladder sscending from low
1» high o descending from high to low pitch, but of a cours in which the notes are
Mum*dﬁedﬂwhmhhwddﬂwk
7w book ssceintly puts it: “The husg note is in the middle; therefore it acts 2 Jord
Mo‘MM'hﬁ"‘h’l*' "5 This refers to & statement in the text which
.p.tmﬁvemththqiubdrm 1t willl slso be recalled that in the quotation
froen the Jost * Book of War " (p. 141 above) the five notes or qualities of sound are Ested
i the ceder shang, chio, kang, chik, yil. This tradition of the notes being ranged not
"memmdmdmyhbwmﬂnhmuum
geme there were five stations round the dancing Boor foe posts and frames oo which
e house-frame, which was Jord; the shang position for the kiiarg drum regulating the

m.mw;u&mm.mmmm:m
&'uMMM&Wﬁ&M“'meM
ubcnbyum);ndthyipdﬂnmmcpu«mndnmm
That these terms should later refer o the pitches of sotes appears almost inevitable,

MMM«;&MMn@&MWﬂmmm
from the Shy Ching, where Kbuoeit (the great legendary musician), describing the
wt«moldwdmd‘w&m'.upﬁ‘lmihmm
lﬂwmmmmmummnnm'mm
i from the Shik Ching where a vivid description of ritual music contains the linea:*

°AunudMWonWb~MUWhﬁmhmw
5 s adaions of Moo's version of the Shih Cling; namely that ‘shey put (feathems) in the horma ca
mdhhﬂ-&—-‘.

&dx-m.¢4.,.a.1umhuxnvn-u +a10)

Yig 8 s essentlal serm in Chinese acountics tresning tesenance, expecially That mysterioo
:-unh-dubw-iﬁdﬂ.d.\'d.l.mok 304, 100, #3. The relation between
*&bd&.nw“htkﬂhhm‘ (K %ga) i also etymologically

4 Sh Ching, ch. # {Shan Then), 1r. soct. sdjuv, Karlgren (c2), p 7
“::*Clit.a. t:.ll.-o- n.!h)'o."u::w.uc. sdiur. Legee (5); Kaclgren (1), p. 362 Waley (1),
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160 26. PMYSICS
"Then tlui.m--tlﬂ).elgcatlm'i-tineandpil;c!t.nlyiu.‘,.me
our 2 hcea ! aﬁ’b“p&kammmw mm'ﬂh:,"

us DEVELOPMENT OF PuYsSICAL ACOUSTICH

) Thpamu-'tuh
Wnumdmmummamm
ment, observatioa dwmﬁhﬂmmﬁm‘ Bt by
mmquM&eM&u”mmumh
ﬁnTthwhmm —@mlt.pcobﬂem:

6T

quoted passage freen the bost *Book of War” as possibly the earliest instasce of g,
notes being named in 4 surviving text,® but our argument has SUGRESted thit they
m&mummmmmmmmmh&h
&tammwm(ﬂ.qgo).in-hhﬂ.ddbmm.um,
MMM&OMN&MM&J:‘M&&::“:Q.’.
muumwm.ﬁmrmunmmmm.‘
Chio-shao ! were made,
Legge says of this passage, * Chib-shao and Chio-shao were, I suppose, two e
uﬁmdmﬁqmﬁgﬁé&emdﬁwr&m«b'. I Leger's

the text, byt in Se
’.'.'.."..! am 'C’\-?.'-lﬁ.
’ . '
CRER ARl wx
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fater {¢. = 15) there cames the work of Tung Chung-Shu to which reference
,ﬂmmhmhmm'mmof&mmw
e raned 1o certain notes wich ws the kang and the dhang, and that strings similarly
wc‘"‘“""""""."‘"‘"’“‘“‘.‘""““ It is remarkable that st this carly persod
..cﬁmmmm&ardmmmummm
wese strock” !‘&mn&‘mw.-huuth+lmmmnﬂvﬁm
gusic o Virdung were content to describe drums as “rumbling tubs’s By — 120
e Hwai Nau Taw book gives us an explicit statemsent not only that the five notes are
samsed buveg, shang, chio, ckik, and i, but that in combination with the twelve absobute
wd*mmkq.“ﬁ"h"'m&w:‘

(Gives) a single nose of fixed pitch, cae can then imerpeet it 23 the keynoce of five (distinct
medes)* (Given) twelve notes of fixed pitch, one ean then elicit the keynotes of sixty (distinet
pode-keys). (1 18 evk sbng wu yin, hiboerh 1§ erk e Sw-chik yin.!)

In spite of the scarcity of carly evidence concerning notes in relative pitch, it is not
seggowed that there was no differentiation of pitches before the — 4th century. There
.,-dlhmbuudi&numfocummwummaﬂmm
swaching  pupdl tuses by naming the finger-holes on the flute, and a chiin player
saming the different strings. If Ssuma Chiden (. ~ 100) is to be belicved there was
cven a system of notation for strisged instruments s carly as the ~ 6th century, for
bthhmmydm&ugmdthduﬁngm'hhw&nhmhhh
Music-Master Chilan® (fl. - goo) write down the tune of the kingdoes-destroying
s composed by Music-Master Yen? in an carbier age. This was mysteriously borne
to their ears when they were resting one night on the banks of the river where Yen
had drowned himself after the Shang dynasty had fallen,

We may therefore conclude that by the — gth century & scale of five notes was with-
out doubt used, and that the relations of the notes in this scale were designated by the
mhq.“.a&.oﬂ.“;ﬂ.\vcm-ymuthm&chm
between these five notes, however, withowt further information such as the relative
kngths of five tuned strings of the same material st the same tenaion, or of five bamboo
pipes of known dimensions identically blown, This precise information is not given
n Chou texts, Some assistance may be looked for from archacology however, for
though excavated bells may no longer ring troe on account of corrosion, and blown
Bstruments such as globular flutes® may be misinterpreted because we canmot be

:hm 140 abave, and Vel, 3, p. 251,

With segard 55 druems, we are fortusate in possessing (as slevady mentioned) & Thang wark en their
Wescey s use, the Chick Ku La* by Nan Chot (+845),

v .-:D:Mldm.mﬁwhmwmm
.MuuhzdedeUh-l(lln 3% A%
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Certain “udsmingdthmlw‘hdu% :
m&hmdmmﬂqw&j&um\
mineeals, would provide  certain means of knowing ancient scales proy; “:q
m..«-w»um-ampw-m-nm-yu \
WCNMW.&M,JM&{(M&MMN"N‘
Mhuﬁuhdhumm.ubmwuymkw
Remarkable &scoveries of this kind have recently been made, The

Institute of Academia Simica at Peking has a set of three 20 of differesn and
mdmh.‘ﬂhhmd&o“p«iodfmhm'Amw.M:‘u
thmd&mhMﬁhxgnmam’mk

Wasring States period in the Husi River valley north of Hsinyang, Thiy

in the Honan Archacclogical Tnstitute st Chéngehow.©

Table 4s. L Shun-I's frequescy tests for ringing-stones and belly

N

-
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6 ooly 44 vibratioms/sec. flat, which m;
O e bell will be affocted if it i pitted by o
,mutbebwmuddht&.e
sefore long be possible.

(ii) The hepeatonic scale and later elabarations

A pentatonic scale or a number of different pentstonic scales were thus in use in China
by the —4th century.  But there is also a tradition of beptatonic nvesic, invented, s
Chiag Hsllan and other commentators assert, by the Dule of Chou, the great minister
u*m""“‘a‘!‘!‘-‘% It is strange that *the seven notes” (chii yin®)
shoeld caly be referred to twice in the Tho Chuaw,® and each tisse merely in a mumerical
catalogue, s, for example, “the five tones (shéng 1), the six pitches (%), the seves notes
(yés*). the cight winds (fégg?), the nine songs (ho*)". In the sbove passage shing has
been translated as ‘tones’,b in order to distinguish it from the word yin here inter-
preted as ‘notes”. These two words scem a2 one time 10 have sseant quite different
seets of sound. The former in its earliest wristen form ssgpests the sound produced
when one of the ringing-stones i struck, and the latter that produced by blowing
@eough a flute or pipe. By the —2nd cemtury, bowever, cither sw shing or ww yin
is wed for the “five notes’ of the scale, Moreover, the word [ (pitch) & also used »»
s synomym for note. We find frequent references to the seven pitches at this time,
meaning the seven notes of a scale, This even occurs in the Kao Vi, in a text possibly
i carly as the ~ gth century, where it is statod® that when Wu Wang sttacked Chou
Hsin in onder to overthrow the house of Shang ‘there wore then soven pitches’ ()%
shik by yu chbi W7). Khung Ying-Ts (¢ 4 600), commenting on the Teo Chusn
passage quoted above, states that the seven notes were introduced at the start of the
(3ou dynasty. Chéng Hstan, writing in the +2nd centiry, aleo comments on this
line, and identifics the seven notes by reference to the fived pitches of the gamut of
his duy, freen which it is clear that he believed the seven-note scale to have a structure
which in our modern notation, if one pitched the kg note on middle C, for example,
would read CDEF2Z GAB, the ‘five notes” being CDEGA, and the two
steributed to the Duke of Chou being semitone notes known as pden chih* (F$ in this
instance) and pr B) respectively.?
m;zzhta'»bmnun&emm‘.-dumlﬂ
suggests what a natural musical evolution would lead one to expect, ramely, that these
twe notes were used as 3 help in passing from one nete to ancther in a ‘gapped scale’,
# any rate st first, though when the ear had become conditioned to this new refine-

* Dudos Ohao, and m(-p‘-‘-,.ﬂ:uﬁmmh).ut;.n”,m
'Cl.&u.a(\.‘:‘n.'. ared the Section en phonetics and lsguintics in our concluding
3 Ko Ve (Cheu YU, ¢h. 3 pp- 335, 360

CL, Ld L Hale Lus, ch. 1, pp. V88 « CL Vel o, p 34
'R ‘e ‘e n 'R il
"RATHNA® ‘. R ‘a|x
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mzhuﬂ.nﬂmﬂmﬂ!mmmdmtmb
music would be free to develop. : S . "’\
Mnammwwmudnc&’u{-umh
&cmmmﬁn,yumhu?uem.hm-wmh\
mm.omuw%mﬂwpb“”w N
the foundations of the ancient ritual. The Skih O, for cxample, record, &y
-Mmm“'ded'wa@th%m‘:s
dy!mn“hﬂhﬂ*m%nkbmdwhmd&s:
of Ching? and Wei,* on the other hand, this effect did mot occur, Onewh
-Newnuc-mmhavebmthtmndmmw.dhwdm.&
another that the tempo was too quick ;© but in certain passages it is .;:
Mtbemummg.wwmhafamwh&hy
aiﬁdsum&nmimo-mnic(p‘).mdnw(b'xbmdnm*h:
(théng*):@ ' T hate the way that russet corrupes troe red. lhletbe“’h&h
of Ching confuse the orthodox music, ... '
Mwhhw&anﬂinap«hddwmmmh‘

day heptatonic music is stronger in the north of China than in the south. It is ovey
W'dﬂh&emmmmmkmmwm

mwmm“m{mmmmehh
.C&mhhuy.wmmmﬂehdw&viﬁmo{&ukb&
itself, latboSuindecﬁobeinmmywinofinﬁmh

i
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26. PHYSICS
brosd and oot least in music.* wchuwyw playing of Japanese
ﬂtﬂﬁ‘mds‘“}"“!’“fﬂdhmdddln&n&w
s Tshao Miso-Ta'.« This fascinating period has been the subject of a notable beok
"Ww(llwm%hhﬂo-]mm twelve ritwal
peledies of the Thang period which have survived have been carefully studied by
Picken (4): all are in two heptatonic modes, Other scholars® have investigated the
MMMDNM‘-CS-‘

Levis describes® how the musical notations of Chiang Kheei* (+ 1188 to 4 1239),
of the Sung dynasty, reveal that the scale was enlarged from its five- and seven-1one
pasis by cadential sharpening of one or two motes 30 a8 10 comprise nine tones, in
which the additionsl two were of an auxiliary nature. Chisng Khuei was certainly
nct slone in the use of these more complicated scales, and several other innovatoes

from the traditional musical uses of their time. All the tunes of Chiang
Khoei's Yieh Chis Ko) (Nine Songs for Yoeh)t of 4+ 1202 have now been fully
tramaceibed and studied by Picken (5). As 3m example of the nine-teme scales actually
wed in Chiang Kbuei's songs, we may quote the seae in C, where a microtone—
oW tau,* or turming-note, to give it Chiang Khuei's term—occurs between E and F.
The scalle then rans: C D E E* F G A By. It would be a mistake, however, to believe,
»s Europesns frequently do, that Chinese music & characterised by ‘quaster-tones’.
The cpposite # true; five-toned music is the rule, the use of semizones s met with,
especially iss the north, and microtones are quite exceptional.

165

(i) The reeloesmote gamut and the ret of standard Sells

The evedstion of Chinese acoustic theory leads from the formatica of scales in relative
Mb“damdmdﬁsdummmﬁmmkh‘.
u.&m.ﬂmummw.mmuuthmm

omamwdwm*ummuaw-.mm
muwmdwuw(-)mhmmwm
l:-ghmm-‘.ﬂ.mum“bm-yMn«h\hh

0 apprecnnon snd eeatic.

. Vel ..,.u,.mo..autoummmmammu.nm
ltnd the decalled snd insesssting scoount in Maw Theny Shw, ch. 226, PP 04Tl of the Burmese
erchestra preserned 1o the court m + Sea.

€ Vol 4, p, 204 ¢ Yin Pa-Lu (2); Treloger (1),

'I'c—-uahpc.o.—uhmdm-&hganhﬁm
ot the Tunbumng seve-cumples (of. Fige. 313, 314). Repeoductions and Satumns will be found in
h‘(u\*gu‘,_.a,..(hmu-mmuu»:hucrub-m(nx”y,gq
«u..u....,..‘.«);-aoumaumm.c. 13 (alee oo 2000 The componition

Wikde tnstraments of the shing (mewh-cagm) end Wn (xither) types hold dhalr
MMMMMnNMdeMh“de
Coatiscion by

Cyrrhade
(of. Wang m(.],vd..,'.mhmu-nﬂ“hmam(u\-m
of s Noethern War

period.
¥ Corvainad in hi Lo Tou Shik Chi Ko COME* (Collectod Pesms snd Songs of the White-
L :lh'\:‘-ﬁ'- lo’::'Y-c Yol {2); Yeug Yin-Liu & Yin Fa-Lu ()
‘Nen o 1 ‘BAR ‘uww ‘aw ‘AR
‘"9 'S ‘AGRARARA
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: Vo Shw (41194 of. & 14

9.45,“)'*.‘““' century), of. AMak Kuebis, ch. 7,
Chn f"-‘ﬂ‘udm,m like the pvi-phe, quoeng

& ¥ Vo (see p, '”)'“-mmnnc-ch—d«dumol‘vﬂ“"'
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. spproximate equivalents would be dob, ray, me, sob, lab, in the standard or
:':.oa. But it would be misleading 10 press this analogy, for the movable doh
gpoteen spplics 80 8 gamut in which the semitocs are almost oqual, and this is a fairly
recent invention. [n all major and minor seales the of tomes and semitones is

but the medes or patterns of our scales have been reduced, goncrally
Mwm Furthermore, a given sote in ome scale has exactly the same pitch or
frequuency i all other scales, mo matter what the interval may be which it forms with
ather otes. For cxample, the note E may have 2 froquency of 644, 1t will have this

no matter whether it is regarded ss a major third from middle C, or a minor
ihind froen C, o & major second from D, or any other interval. The pitches according
w this system bave been made identical for each key, the advantage being that a
avssician can sow modulate freely from one key to another, without haviag to retune
his instrument or adjust his playiag to the altered pitch requirements of a different key.

This soctns 30 obviows and desirable an arresgement today that we are lkely 1o
MmemuthMum,&dhm
cosvenicnce, L.¢. the sacrifice of some of the distinctive character betwoen keys (cf.
p. 218} In all carly music these differed qualitstively, and still more o did the modes.
Alin to this difference is that which we still appeeciste in our major and minor.

The acoustic basis for the qualitative differences between keys in early music is 3
olows. There are certain musical intervals which are universally scceptable to the
h-ne-;hw.theoaamdnﬁhhmd&elom&.'m-uuumh
‘w'.MMWlmmdnmbmw 1f the
demﬂmintberduiuoh:aduyvmm‘m;ifd
a:gapduﬂth;ifo(;:qﬂoum:idq:s&zywiﬂfomamﬁwthird.mdnoou.
wawmmcm»m&uwamaasm
tession and thickness from their length, and had a decisive inflocnce on the develop-
ment of their acoustic theory. The ‘just’ intervals used in European music ustil the
ommmryduivdfmcfut&euymdmwea&uew In
mmmmm@mdmw«.wﬁfm.mmwmm
ﬂdmujw-md.wﬁkdmdmm&dmuszﬁdhm
w-s;gammpm.gzs.ﬂdunjwmul:ls.‘nunm
mwMuﬁhmmmbhmm Given, for
Mﬂaafm&wnlmuvihtbeqmdmhm-ﬂlkuzu.i.a.

e A —— |
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two scales in just inscoation, note for note, and soe whiy it is tha iy g,
"same’ note, e.g. the note A, docs not have the same frequency in the

has in the scale of C. F«ﬁhm&elmﬁcwinu&“b
“?w“?;;'m"“;c;"m’“'-hmhb‘m
an meaginary sound with a frequency of 1 is regarded as the Jowest "&n‘.-
middle C with & frequescy of 256 34 its cighth octave, Mk‘ﬂe,

m;bpufmﬁhuﬂl&u;:&i&ﬁwcmmmm&m
Piteg, ¢

'
g
Table 46. Frojuencies of 'juse" intercalsin the scale of C ey

o e —
= INVERVALS IN JUST INTONATION CONSTRUCTED =

from C s fusdameses] MD.W
Notes | ey mtarvely - 1B Yy 3
r | (vhnucassec) | (C to x) (vmmm)l Intervyy,

576 Majoe second
40 Majee third
Sy Foureh,

Ea Fifih

353y

%o

O & >0 m O Q00

C multiplieg :

from ose 15 jug intonge; b’S{thdn-t.

identica] « - “m.&zm.e@ M‘h""c :;'-gun::
l%"l" L] .‘l“
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podes, and of the ‘gaps’” in pentatonic medes, but also 1 the wubiler changes in
Faractes caused by teansposition of a melody from one key to ansther within the ssme
M‘M“M‘b‘?m'ﬂ“imwtmacmdmw
sty (pentatonic) and 1o eighty-four (hepeatonic) mode-keys (tiso ). For exsmple,
I the Husi Nam Tsw book we have the passage already quoted to the effect that if
#“mmde(bmm“WwMMWJm

. e ode-keys | |
mkﬂﬂ*”‘““ﬁﬂ"wwwummmm.nm.

s, Mixolydian, Acolian, lenian and Locrian, Although there is no equivalent _
in classical Chiinese for our modern debased and restricted conception of ‘mode”, the

*"Mh'ﬁwkmdmummp»um-w

°Amddimﬂnmhm*d&eﬁnmdaddnmn_mk |
ﬂ_,.admmmmmaw*m"mm
&&,m-immmmduums.um.u.aa.ahh- ')
“.ﬁ&ﬂﬂ.nh.'mmdmmwm&wﬁ i
qamnuuuuwmuaMunwaammA.nauwauudumnﬂﬁn '
Mwmwmlﬁwwm.hmphm-m“nﬂ? i
dehMLﬁmM&&MMm‘WM-?AMH.
sohmhlnfowthoub&h-mtduluinnlwwpudu-mdm
.wémhmmawmdtbamdmnwhi.chhhpmhd. But
umdm«mm-mmmmmfmmﬁna
mmmmw.bpuuawmmdm.ammmcﬁu
ihﬁ.wmmmlqbwdim&mwmmmdthmm '
w-am:mmm»wiamm-imwwa
Mqﬂmmmblotjmm(vhiﬁiuhnrymm.w
hm’am)wthqummﬁaﬂyumbkmmthmmx
satural span of a mesician’s hand. Chismese technicians were also dogged by
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i history of Chisese bells. lnarlyomm&dldoubhw—‘oc
xm;pw:u«mmmnaumhmxmﬁwrm :
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170 had ud
Bydumof&thﬂﬂN“hM'hm' ° qu~
ko . sdabs of bronze which gave ous the “age
of striking humps of ringing-sto0e of derired

2nd they were ngbthlhquewmm
= A schmuonre/ eispmvmﬂ“‘" mmwmmm
' importance in musical performsances. OMMMN-MM&N
mnyndeWoanﬂbl“““Mm “‘“M:
thousand years ago aleo had to make such guesses. ltnuﬁwuylhﬂhem..“
connected with the ceremonices in which they were used, the sympathetic myy
the mame pechaps adding to the efficacy of the rite. Smm-bw.‘_
th.ww..idmdmmtbvc&unmmw
T.&aw'mbm'.wlwn@uabeﬂm_ﬂwhk
the same as Lin-chung, because in a list of pitch bells mamed in the Choy L ;,
MM&MW-MMMHMMMM%“
centarics later when the sames of the instruments giving the fixed pitch scule 3y
been standardised. The nomenclature of the gamut is complicated by such &,
’ chroaistic interpretations of Han commentators, &3 well as by the general Suidiny o
/ names forming the system at the time when the gamut was being evolved, By g,
| general process of evolution is fairly clear,
' To accompany 2 singer in just intonation, or in any temperament other than Equl
Tempersenent, on bells, would have required very lasge seta, but a3 we have sees the
main purpose was 8o use bells for the initial note to set the pitch, or sound the keynose,
Thus the most useful set of bells would in tisse be found 10 be one giving the gast
of twelve consecutive semitones which served as keynotes, [t should not be imagised
that this gamwt ever functioned as a scale, and it s erroneous 1o refer to the *Chisese
chromatic scale'® as some Western writers have dooe. The series of twelve notes
known s the twelve & were simply a series of fundamental motes froen which scals
could be constructed.

It is not possible to say when the procoss of standardisation of bells and pitches was
first completed, but the carliest reference in literature to the full set of twelve bells
may be that in the Kws Y&,* where they are mentioned in a discussion said to bave
taken place in the year ~ 521 Alternatively, if the Viieh Lig * (Monthly Ordinasces
of the Chou Dynasty) really dates from as early s — 600, the list in this text sy b
Moee will be seid about actusl
Mayml(nl-io:dw(mmhmn

how La, ch. b, p. 128 (A 33}, of. Biot (1), vl 3, p, 40
Mﬂ-wmd-mmdﬁm‘
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'M' U““’""‘W_W{mmuiacmmsm
Jw,@dwm-wwmmnm«mumw
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wmwm-m.mmmmhmumw "
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Table 47. Classification of bells in the Koo YO
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-

m“dmmmebmwwm”oﬂkm&em
.ummdddammmmmmmvumuamme
pumnum(mmmmmmmmuwte.
m-sd:mmmmu-m.wwmm i

mmwym.zmm. No details are given in the

- ——

gamut of

mM&cmeyM&MmMWdaoduu k‘
Mmcmappwnpm\unwm&umpuﬁmth&ﬁmumﬁm o
wmuuwmaﬁom.mwmmamm 1
MmdﬂoMipfoﬂvdianhU! i |

-— -

(iv) r»mdwww
Mmmbmmnﬁmdnﬁr. Fimm,

In tracing the evolution of the gamut, d
Bere was the primitive stage in the Chow Li, in which the notes had sames, »
* See Vel 3, 9 193
‘hmmuwu&hmmuﬂrﬁﬂﬁmm
Nyﬂbﬂba‘-ﬂﬂ“.mmw.\'ﬁm : ' Bells are hollows,
The iaide of che hollow poseives i sbendartly.’ CAM in subsequent theoey w disoussed
“"'snml.
.c‘-ild.g.”a»( @ Also Thai-tihew, '
y O3y (el v P 54); tr. Withedn (), pp Coff.
N ro In concheding this sebsection ane can hardly

id &, pp. 128, saa(ch u);d.”(l).wl.a.

mbha’m—mhmmﬂ-&hhwmnm

L"‘"*Ah-,-l-uum 1t would be increesting 9 hnow whether the origins of tha had sery-
16 60 with snciert twelve-note series sech 2 that of Chisa.




—

\’
172 26. PHYSICS

though some of them differed from those uhtimasely adopeed.* Secondly, .
mmwhuhriﬁominmmndmlﬂﬂnmmh“‘!
with thone of the ultimate orthodox gamut. We cansot day anything posiye & 2t
intervals of this pamut or the way they were arrived at, still less abony g, %5‘
of any of the noter. hﬂblhmbdndwmwh::“%
Chlu Chbd abeut 340 3 new seage s reached, for though the frequengs, - S84
unkzcwn, it a last becomes possible 10 see how the series of notes wag oy =i
Mhmdn&:mmmmud\.wmu
mm&&unnmm&-tuhmdh“‘:’h

Mm Y H, the
Beia | Avchar. oo of 3. T these ale
T s ek 82 Pt of e (et
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m&m'xusxm'."&“':&m Mdmamjumﬁvmth
| gafecesn maethod 10 exint between the ty .-"“"':_".""‘Pwubv

Cm—m— P (000) G
The Greeks used the interval of the ; TS

une sixth a major third was produced by
mbvw-_ﬁemw-cm:.mmaﬂuwum
ion wosld be 4/5, but it agrees with the
- medtiplying by 2/3 or 4/3, whichever was
required 10 keep the gamut within the compass of & single octave, was coatinued up
th mote, these being the twelve i (Fig. 316). The Chinese describe it as
‘geoeration” (shéng '), the notes being Kke *‘mothers’ givig birth to “som”* Notes
M”ﬁ}@%w“whd'wmﬂwm
maltiplication by 23 yielded *inferior generation”. The L4 Shih Chbus Clhiu contains
our carliest description (—239) of the system by which the metes of the Chinese
gaerat were gonerated . ®
@e@ml«mmmwmﬁqmﬁi‘upﬂmn'
MUMMCH@ ~40) of Ssuma Chhien, He is speaking of blown pipes,
and gives the leagth of the Huang-chung pipe as 81 (tenths of aa inch)* This is
cbvicusly a good figure to start from when one is caleulating with 3/3 and 4/3 fractions.
Correcting certain obvious errors,® the lengths of the pipes are given in Table 48.
The actaal Jengtha of these pitch-pipes are of no great value in themaelves, for without
further data, such s their diameters, we cannot caleulate the froquencies obtaimed.
But the manner in which these lengths are expressed is of great interess, foe the use of
3 decimal system in conjunction with a system based ea thirds has 3 strikingly
Babybonian flavour,* To this point we shall return,
Before he Bsts the actual pitch-pipe lengths Ssuma Chdden gives the formula on
which his calculations were based. It will be useful mow to compare his proportions
* CL the Ohisese terminology for arithmetical fractions, Vol. 3, p. 3¢,
P OL 27 (voll 1, pp. s4f1); o, R Withelm (), pp. S .
+ b 1g, o KME Chavaroes (1), wel. 3, 9p. 313 CF Chbion Han Shu, ch. 314, pp. 311,
¥ Bor Rabisson (1), 5p. 4411 and Chavanmes (1), vol. 3. pp. 631 . (Appendix 1), whaore B ervees
e esaenined, They were first poisted out by Bhe great Sung scholar Tobai Yeuo-Ting' (42135 w0
* 1108} in his Ld Lu Hinim Shu* (New Treatiee oo Acoustieos aad M), which is peeserved in the
Li To Chhion (. Vol 2, p. 439). On him see Forke (5), pp. 2208 On fhe whale sabjnet see
Rertur the puper of Yabenseh (18), and Wu Nan.Hedn (0), pp. 730, 1151, aey.
* L Vol 3, 9. 82 for the use of the woeds 4 or 42' s /3. The Sk ON in the present pesssge uses
ﬁmn—nm-ﬂn’-‘
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m.up&nu?mphh-ﬁpa(ﬂ')maﬂdw
(Modmummfmmmﬂm,;“::‘“n\
Mm»wm.mm»mw Witen,
Tt will be seen that the Pythagorean scale and the Chinese gamt ( b
fifths) are st identical, cithes in the general manner of their constry he spiey
&ﬁdﬁp«:::mdmi?mi.&memudum Of in g,
resemb were wufSciently striking .“‘W
peesisted for almost two hundred years, w“.mmmh.

e (v) Pythagoras or Ling Lan?
earliest sccount of the theoretical basis of Chinese music avai
i,"',._".“;“:;}mmuummqu i:':':;‘::b'z""h
B L s S Sesped, O IRt AU of Chines 1 Publzley
thervore beleved that o in Chins orginaed n the yeur — istoey, uoy
scale in many of its intervals have had a gamut closely resembling 298 By
Heendode,d&:m mm*mwmbdmtheba::gp’%
hmdﬁummd&w:‘ﬁ

‘C"M Porhage a1 1= h’OM

P a——— Py ®e woul % the e, ¥ Hoghen

€0 vel “on o ."""ON:."'-R .'thb‘(‘?'""LMNﬂ

R S ] the o ) wili wiluerce i hin tesck s
('L“Lp.‘“ mmr‘ﬁm

‘. in Abb¢ Roussier in initising &
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paning octs of twelve bells in the same century as that which is said % have seen the
gietime of Pythagoras,© and in sy case bong before any possible infsences of
Aleuander’s expeditions could have beought the Greek formula inte Chinese lisers-
tere; but also because the Chinese gamut i in its strecture essentially unlike the
scale. Yet Amiot's notion that a transmission took place in the other
direction at such an carly date can 0o longer be taken seriously either. The simplest
shernative hypothesis for which good resson can be found is that there radiated cast
sod west from Babylonia the germ of an acoustic discovery which was developed in
one way by the Greeks and is another by the Chinese; namely, that the pitch of notes
emitted by strings when plucked is in part determined by their length. More pas-
ticularly, the Babylonians, who had many highly developed stringed instruments,
wom that one string balf the length of another at the
same tension will sound its octave, that 3 string two-thirds the length will scund its
fifth, and that a string three-quarters the Jength will sound its fourth. Knowledge of
these peoportions is all that was needed to develop the Chinese “splral of fifthe’, and
it is also the sum total of the acoustic discoveries which the anciest Greeks mtributed
% Pythagoras either as inventor or transmitter. The intricate developencnts of the
scale in later centuries, which inchede the subdivision of the octave into
teteachords, the definition of the sone, and st some time 1ot earlier than the —4th
century, the subdivision of the tetrachords, are all specifically Greek discoveries; and
for Thmaeus’ constraction of a scale not by a series of perfect fifths, but by fiading the
srithmetic and Barmonic means between the numbers of the Pythagorean fetractys
(1 == 2 e § o g o B = g — 27), there is 2o Chincse equivalent.

It mwsst be stressed that a Babylonian origin for these discoveries is hypothetical,
for of Babylonian music weo know very little. Yet such evidence as sarvives seems to
indicate that this is the answer to the peoblem.

First of all, it is interesting and may be significant that both Greek and Chinese
wmcu&fwbea@dmemu&mmnfompm,
Greek authors writing before the captare of Babylon by Alexander the Great aver
ﬂmwww‘wﬁhlﬂam“jmﬂh&mumn

Brem”. And even “xmu:h-&oYmhm"'hmb““w.
Bt “the cladie of fifths gives & Pythagosesn siale’.
:&\::m’.'“ Kwe Yo, above, 170
151,
n"l\hhwvymhm 1 ..muwumu = 350), in Lawd. Baav,
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Babylon lwumnh-mw'mmdu'mmm
was brought to Greece from Babyleala by Pythagoras, CuuhlyMzm )
Babylonians knew snd used the 3/3 and 1/3 fractions.® Knowledge of g 3
Muwwﬁtwp&mh&c&mﬁaﬁmdnh%

the priest Ahsmses in 3 papyrus in the Rhind Collection of the Britad i
from a time between — 1700 and ~1100.* Mwhmﬂgm»w:%
mwmmﬁbmhmmncm.himh e
were based on facts long knowa 10 the woeld of the Fertile Crescent, Ay Bugy,, they
“The use w-mmhwﬁnmhhhh&

in that city, and the legends were naturally sdapted,

mmdwmw.o&bﬂmh.amiﬁth&
lqnndd&ewmdammhm.muwumn"
mythical Yellow Emperor, who was sepposed to have reigned for a bundred yeary s
the —37th ceatury. According 10 the legends various duties were assigned 1o g
Iﬁnhmd&imh.udmmwmndﬁwudbmb&hmm
pitch for music.®

M[mmu“abaﬁ].ﬂqﬂmuubum»m&e“
pipes. So Ling Lun, passing through Ta-Hasla* towards the west, ! travellod 8 the northers
slopes of the Juan-y0* mosntsing | and there in the valley of Huich-chhi¢ found barbess
Mmd-mmwmwum(dum)mumm
cae between the nodes 10 3 Jength of 39 in.* be blew it, and took its fundamesssl oot
(lang?) 10 be that of the Huang-chung tube. Blowing again, he sald * This is goed eacugh’,!
uwnmammm(m-;Mummaujm

& This s firwt foursd in Sersbo (A = 23), xtv, 1, 38,

* Pl 4 300 and lwser, Sutroductie Niwmadi' Avithmet. po. t43-3, 168 (Tesoulinn” od )

a:.g.m proportion $he sccond term  the anthenetical and the Bind Matricdas
og gl b

¢
j

..L.—.llg -b
i Vina' © oo

4 See Mo (6), wol, 1, pp. IR

* Seo Wasren (1), p. 48, i) poe

leI“hnu—bhm&..*th.nhmmgn ¥

does nat enchade the existende of & read person behiind the Jgend.

The fulleat versian of S story is given in the L4 Sk Chiw CAMS, oh. ag (or, I Wil (4
ﬂ.m-l.:.ur;uwm-mm.awmm.sm.rm

oF

ob
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fundsmcatal (kwng’) is capable of
Heang<2=8 Reterating the entice (series). Therefoce it
e '*““"‘“‘““-ﬂﬂhdhnuuunmud&ud&nﬂﬁuh

puake bis Huang-chung pipe, after which all the rest sook their places i
mmmmmumahn&u.a:;m- .

This is of great interest aa showing that all the other musical instruments were 8o be
tuned i accordance with the pitch of the five notes essitted by the unaltering standard
bells.

The truth enshrined in this strasge story may be net that in times bells
mmdhm&ﬁkhbwhmmﬁm‘hmthu
themsclves were tuned © by strings, the lengths of which were determined by certain
standard leagths of bamboo, just as the ratios of the octave and the fifth (which are in
barmonic progression, €.g. 6:4:3) were preserved im the pyramid box er coffer
described by the priest Ahmses, To keop certain bamboos of precise length 3s standard
measures was a rational act for an early people, and fercshadowed cur own practice of
kecping standard measares in metal f

No doubt the acoustic implications of the harmonic progressioa were not at first
propesly understood, for both in China and ia Greece we fiad the formula for tuning
strings applied in cases where it is gute inappropriate. Amiot, for example, says that
he examined and messured some riaging-stones which he saw at the kmperial courts
They had been made in the Sung period, and their four straight sides formed certain
proportions of the A, namely 27 in., 18 in., g in. and 6 in,, which between them form
octaves and fifths. Améot observes that steae-chimes of more recent sake no longer
wed thess proportions. To shape a slab of stone so that its lincar dimensions form
octaves and fifths may have magical e possibly mmemonic uses, but reprosents a

* CL Tie Chasom, Diike Ohiang, 330d ~&71) where the male and formale phoenix aos seid o
~‘:M“M(m"ﬂ~’)3w"l“""'n Here the coraparisen

* Tr. adjur. Wihelin ¢ Tr. suct . Wikl (3).
‘Q:Taué.w o * As will be har.p»(ln'shduv.
:u-hnmunbsna;uﬁmﬁd—mwd;m“

‘% ‘s ran ‘RmXW ‘an ‘mm

e rrr o

WP RRS oo .-

e
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complete misapplication of acoustic laws, since the pitch of plates and of
.mhm&mﬂﬁhwmm“mmdmm:“
such s strings and columns of air (cf. pp. 195, 213k b

Anmmmﬁwtﬂwd‘h‘wd‘hmmm
producing musical intervals ocours in connection with details of u...:
gmhmauwp‘ud&caﬁuhmmw(ﬂlﬁﬁm‘w
The passage, which will be studied in Section 36 on metallurgy, is ce of th, ,,,
venerable relics of the bronze-founder's ast in any civilised literature, for it cuppyy
lates than the ~ 3rd cenbary and may be a great dead earlier. “WM
mmwua.mmdwp-ﬂmmmﬂ.
metals composing them. Modern archacological rescarch has shown that such iy,
ledige must have been possessed in comsiderable measure by the o
the Shang period.® hmmahmw&dwthcpmporﬁomd;«
required 10 sound the mince third, major third, fourth, &fth, major sixth and cctyy,
namely $/6, 4/5, 3/4, 3/3. 3/5 a0d 1/2, in just tuning, here appear in terms of coppe;
content. How far the pregortions of tin and copper in the making of the variey,
vessels and implements is im aconed with modern metallurgical knowledge on the ane
Mﬂﬁ&ﬂnmﬂldmmwaﬂy‘ao‘mﬁ”hqﬁh
specimens on the other, will be discussed in the sppropriste place, The poiat here iy
ﬁewdmmﬁcndu(ﬂmhmofﬁpklrnﬁmimuﬁ
coencidental) in a metalburgicad texe,

That misspplications of harmonic laws were not exclusively Chinese, however, can
be seen from an aneodote concerning Pythagoras, It was first recorded by Nice
machus of Gerasa® (. 4 100), and repeated by lamblichus? Boethius,® and othes,
to the following cffect, mmwambﬁd&eWMu
to form the intervals of the octave, fifth, and fousth, After inspecting them he realised
@m&huh»&%«u%dhh&dhmmw
different notes according to their mass. He therefore made four similar weights the
basis of his experiments, but mo mastor what be tested, strings by tension, vases by
m?:www&bymmt‘uhg&.lwdmpm&ﬁ

6 12 proportions of the consonances, 6: octave, 8:12
unﬁmt.gzutkbmh.mmthndn ‘6 e

Mwwmmdhhﬁdm&mmmmhﬂf

-
»‘(::h-\'d up. m.'lhv-.uul-uuuhg,,.’.“(&_“)‘m“(.;ds
* LiChi (3l p. 48

* D, +gaq; Dv Mw. *
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.'@Mlmm“mmwwaﬁmn
#MW But armed with the meaochord for measuring intervals, the
WWMWQW'WJMMWM
“WQWMMMlmm‘
mwd‘w."‘hh_ﬂ.ﬁdﬂ'ﬂh‘memmﬂed
waﬂmw.ann&' It i interesting to fiad that according to the legend,
Mﬂm“ﬁuhﬁl_lﬂwﬁemn&m“ﬁdp‘m&mw
ﬁ”u“m@mduww,“,wmumm
Md-'wm'.‘-w-mmammmm
d,..cmmmammmma.mnm,mm
Searn from & Western source that this alo was Babyloaian. Plutarch wrote:*

wmqwmmtmmaummrweb.u'fmh
~md.deMb&oMmdmm But if Ewripides makes
.m&%ﬁdhy&iﬂ»(«um«hd&mm.w‘d%ﬂnﬁhm.o‘
M&mtﬂh.ﬂdm:%m'.m“whmcm

_wmmqpialdw&ndomnhmm«hwdmhm

I:ﬂmum»mwmmmmms
hmammmwmwmu + 18th-
mqwﬂmwmdwmhsnwma&m.Am
wtisfactory hypothesis i that the Babylomians discovered the mathematical laws

* CL Vel 3, pp. Ba, agh, 397 abowe. & Cf. Vol 3, pp. 148, 158
g ‘d-uunmuamm.mwo-—-m.ﬂ 3. P- 333, but the mest impertant
oy s that of Chki Seu-Ho (3); f. Vel 5, P SE
Mmm»wdmmmn&-ﬂnudﬂ—.
. ared the “seidessancn’. Cf. Vel 3, p 238
' Munakia, * Creasion of the Soul’, sealr. See sies the tranalation of Joba Phillips (+1604), p. 217,

:&umqw.m.,;. ¥ Ch 3, p 115 (Chatley (1), p 2.
. of. Chavernes (1), wol. 3, P\ J57
kg
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m»m.mmmamcmmmh@m%‘
" ”mwmdhm'hﬂmw
theory of peroportions was applied anoagh thess W
in Greece and in China st the time, sad naturally o Gillera,
18 sl were the instrumests on which the music was performed. The importance of
the lyre snd cithars in the history of Greek taning is matched rather by the bells usg
stone-chimes of the Chinese than by any of their stringed isstruments. In the need
bﬁgmﬁmnoﬁ‘d%*mmm%
ment and intimately assocksed with the pitch of the human voice, the Iatter imestabl,
oace out of the maker's haads,

There scems to have been o remarkable exchange of blown instruments between
hMWub&.mmbhmthmenmdouM#
wqh‘u-dhcmhmwunm-ﬁpcinpm-daﬁdﬁmr
tbmhdhnbh-'uhuuoﬂ;h"m.‘tbcm%'}lq
before Han tines. Mﬁath&;hnmmemm

. mwmm»wwaum-u
indicstes a very eacly origin. Von Hombostel has suggested® that there was at coe
m‘mdms«mmbymmmn-ﬁp
::- bltxna':'&?&.mu

- i peralicls in the Byheddel of Mutabgs-awei
x:&vwa..m”ér::hm“nﬂ.a» Galpin (1), p. g9 g s

e o e o« e

Sontenooeicy and smciats (Rerry (1) o by Bndoxun of Caidhas (= 406 1o = 3350
o‘u.:-u-gn..}:....m,.”,&::::hhohmmum-

Stu Ching (Waterical ¢ orpn” | Waley ¢ Century (Mso, mo, s80; Karlgres (10

."1‘\. el T '“H':u).u u.m-mw-mub::
-ﬂhll. te 2

8% Sind Sopether nd 06 biorem . - “‘“t'ﬁh whe T liped)
-u"':-k"z"‘“".‘:-(-xn- ot Gewed Mt e B o U
S — “m-dm..
* 108 Nehly controvmenial ey .......,“,"M"lmml.-‘w"'
‘REEQY ‘e ‘a .‘"“"(n)-dmmt,xm&
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poducing by a8 octave. Since an over-blown fifth is slightly smaller (tweaty-
:”,M.mmw string,
gary t0 form a more or less complete eycle comparable 1o the arithmetically
qum?nmmmmuﬁ-q&m
stod, it is conceivable Pan-pipe tunings were made on the ‘up-and-down’
Mnmmammuwmn .
The discovery of the peoportions of the coasonances thes became
hm%p:knﬁmhh:mzﬁummmmmm
as magical virtue t be retmned reigning dynasty, the scquisition of this
#gMWMhmmwnphummt‘

Whea the (sages) had waed their power of hearing to the utmest they extended it by means
guﬁ&(mumbwmmhm;mmm
dheir e, (ChS chiek erk & yew, ci chil | B 15, ching wu yin, pu bho shing yang yeb”)

M“dlh{lmuﬁemﬁw&mwbmdhwﬁm
experts on scoustics and music, Tebai Yung?® (4133 10 +193). In his commentary
on the Yiiek Ling be wrote®

In determining the pinch of bells in antiquity they levelled off their notes by ear, After
u-&nlhqwuldpnf-ﬂu&qmumdm-dw-dl
theit MeasrcIneats COMect If the figeres for the messurements are correct the notes will
a0 be correct.

ﬁmﬁruﬂaptdmmdwdmbcuadmmumnw
wmmmwmmmw»mma
$e Chbin 3ad Han.© No exact date can, of course, be given for the introduction of the
memmmmuummwm
&deNnMwnhﬁe-qﬁmwhumddm
bracket,

The conclusions here reached bear close similarity to these of Section 20¢ on
sronomy, There it appeared? that in all probabality the original body of Babylonian
ideas and obaervations, spreading west and east, was developed in one way by the
Mnmmwﬂuwmmmmmum
MAMmyaswﬂdnhwwwWﬁ&ium
mankions and circumpolar key-constellations. Comaenca origin of a few basic ideas
wwmmmwlnnmmﬁnm&m

* Ming T, 1v, &, G, §: 11, wect. adjev, Logge (3), pp #65, 086
. Mmm&:s-uwwmg 1), P 04 A st | aleo quoted bn Mo Jaw She,
‘"oll‘am.
o« 5L Vel 3, pp a8y,
Vel poagheg

‘Rexhamzaspeinsanpna ‘gn B EZ I
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- n 00 sou
W.'m’,ﬂcbm'hymmmm.“ﬂﬂd“wdm
M‘&md&MMMmmhMlde‘mm.m
mmbmmndnw.OuuphanﬂdaealnoummM&
srmallest possitle isserval, which cught 10 be taken as the unit of measurement, while
insists that there is sow no difference between the two notes, membhlh-'

lammammu&dwmh

apmcot. The mwicin or scholar with aliaost miraculoas abilty 1o ‘“Mw-un
toae revered. . 20 ohis pesi :

hltbel'"“:“dm;:. Though un-Hellenic, this attitude bore good fru

BOCITHCY by the h“"hl- o eyele of
o TP 8 a0 1) g Mene. O Bt thyy o w S0 hay bean
. I sbone Clossen of the used by piano-tuswo
':?;::’.:;:"-NV&:;""&;&""?- 00 which can be fived wi
.‘v‘“‘"-»ma.
T 304, 500,
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(i) Resomance phenomena and the ure of mesesred strings

mWamM!«hWhmmdmmeﬂk
‘,ﬁgaywwaaGn-m&tammumuamwnubuammuhme
lc-vYawaw(fsd«mmm-u-.mmmm(umd)
W.m(ormnq-).'l'hvﬁudmmdumw It i possible that by
qu:Z*ﬂ$::P¢*fﬂ2ﬁ;:hﬁmmuuuummaudumur
gomen. His descri is certainly clear, though be sdds that the Office of
*wwuwdhﬂmwndﬁu‘mm'. Unfeetunately,
,mmmgmmmammmm But the great length
.(mwnmhaqumua.mwmmu
“Mlmmhlu IDNMMMMM
mmumamm
The Kao Vi inself says:©

m-ann.lhc.pimmd(n)v-hﬁ(uu&hq. Every official can
uﬁuymmq*odh-himwnu_muﬁ-anyvhmmwnwm
r’um-owm-wn)u 1Y (csaatmrﬁcama.myc»-

by ‘superior gaenﬁon'(dgl.md'infaior generation” (2/3).
memlhcmdmwadmhtheCkaa
Liek Chi® of Hsin Chho* (fi. 4 312)4 This says:

Tbh.unnm{umuinthﬁuﬁdhdhnw«woddhm
peind. l-&cd-oubeﬂaqmcwbc(—s;u-”-d Ai (=6 10 — 1) many
schelars devoted themselves 10 h.whmqilwwm«ddmmm

periad.

Tkmﬁnpumwd.ahbnﬁ“'u&cﬁoﬂaﬂyhm +3rd
mnmhimmmﬂmwdﬂm&mmmﬁﬂy.
But in the time of Hsin Htl)'(l.+389).mbdhof|bmn‘ourmiumlw

'Nﬂﬁgp*;d.nnnwﬁmhﬂmbd“wuugb
'Mwuh.-“uupmautmu
:“"?‘tds.p.ﬁa.l;u.-u- ;

Queted in the commentary of the Qsﬁmﬂwﬂn 74, ch. 25, 9 29b; o1, st
.h.ﬂmnmndunﬂd&m&u@mwwwbﬂmmupm;
‘am - P ERRA REAASTZAAARYS
‘Trew ran 'y 2 1] H - i
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186 26, PHYSICS

Using the standard pitches they gave them their ssmmeas, aad sl (the belly
though they had not been struck (1 M wing chik, chiek po Bhou erk ying ). 1\,3.::'&
sympathetic m(m)wuhmw(ﬂvwmhrﬁa“,lﬁ

mMYi&MﬁumW'dhmmwa.m
acoustic expert, once calmed the fears of a suporstitious monk by his
d&epdndpbﬁmmmdwb&mamm(mg
which scemed 10 produce sounds spoatancously. Dyﬁlincoﬂ-mlpwﬁm«.u
in the menk’s room which happened to be of the same frequency, and which wy g,
m«mmmmmmduuu»@mm,‘“
longer responded 1o its note. Narratives of this kind are quite common is Ching,,
liserature, and usderstandably so in view of the great philosophical importance of w,
idea of resonance to which sttention has already been drawan.¢

The search for sccuracy in tuning may be traced back to the Jegend concernieg
Ling Lun's journay to the West for the rare bamboos. Tt has been saggested aboy,
that this Jegend could embody a good deal of literal truth if the bambocs which had
been specially cut to the coerect lengths were first used not for prodecing a sound by
blowing, for which they would in fact be inaccurate,® but for measuring the coesect
distances on the strings of the tuner instrument (chis '), by which the bells were taned.
A feature of the Ling Lun legend & that on his return bells were tuned by means of
the bamboos he brought back. But with such a perishable material doubt woeld
naturally scon arise concerning the exact lengths required, since every time a frab
sct was made errars would be lable 0 occur, With thas background in sind coe can
understand the basss for a romarkable theory and technique which might otherwise be
disenissed as pure nosscnse.

(%) The cormic tide i baried tubes
waﬁbw&&am&wﬁhmmw.mw

*Oh 5o v2a, PunaBel steties in ch 6, p. .
¢ h&-!«ﬂ.mm&ot.v.l.g”.m‘mm

e ppe. Dot the effective Jngth of the pope,

resonating alr column, bs e geomwon lrgh + 0 58 0, where D b the iatermal Sasseter, This b
+ A videsting string has ro end-offse, -~

T ‘ERmeRmAR T ‘8"
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#“"‘uw gh m""“’“"d'huwm But some ancient nature-
M.“:hm ‘.‘“m‘ﬁ.ﬁno\ﬂm“upm&
carth OmNRIOG which descended from heaven to prodace the different
ypes of wind that blew ut different seasces of the year.* In the werds of the Chkion Has
S ®

e e of heaven snd carth ceenbine and produce wind. The windy chii of hewven and

MT&'M‘WﬁmHmm“dm +4th cestury oo this
passage Says:

mﬂm'““w'??wwhuammw
) s sympethetic reacion in the pinch-pipes); the pitch-pipes (refated serially
s the mossks) Rever go satray in their serial order (A A pu sk ok Aniv).

m“&t.mmwhdﬁl(&-ﬁuwm«.mm&
bqﬁn!-dhu'(‘h‘md‘b‘dm). Perhaps the clearest statement of the
MhthmdehNprmYm

Ting (+ 1138 10 + 1198), notably expest in acoustics and music. In his L3 La Hain
Sk of about + 1580 he wrote:d

The (pltch-pipes) are blown (n ceder 10 examine their 1enes, and sot forth (ia the ground)
ia ardes 10 observe (the coming of) the chis. Both (these technigques) seek 5o (determine the
mdh}ﬂmmhbymdu-mihmbwuhmdm
ins chi (arvives) carly or late. Such were the idess of the ancieats coacerning the making (of
Be pisch-pipes). . ..

!lmdﬁuh“&dd&(ubm)mwwmmwu
nﬁ&ucm&&&hﬂqwhiwwtmm&wm‘
@mem-nmem-ﬁmw.m.'m&‘um
-&d-hﬂwiﬁalhdrm“muilhmhdmbdmuh-tbﬂw)
mwmm.mmummm-d(mub)
sccording % the rales for making Huang-<lrng.

nﬁhvh‘hwdmmhdmmbmhwﬂgdhm)mﬂ
hmunmmoamuumauumummm.m
M)&'mhvﬁﬁdw&ui&mhhmuh-dhoﬂiwmuw
chang i really 3 Huang-chvng indeed. And onoe it is really 8o, then (from it) may be obtained
hmmm-ﬂshmdmcpaiydm Laser
MuMMDleMMMNMMW
ﬁl)ﬂlbhvm-ithdubu-mh

* A doaided vtrarge scbyect 85 be wndulded has been made by Bodde (17). We are
-:Wu dummhﬁmhm--wmmdﬁ
wﬂmmﬂww*mumhaﬂdumuuwm

sditioen.

YO
. u.v.u.h-d-z; i ot Sefiitely known | see Yen Shih-Ku's preface 1o the

é:u.huhmur-ouudu.»aunmtmu
'Et-ex Y ‘. CRARERKE ran
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183 26. PHYSICS
Comsnenting on this, Bodde says: “Tshai's preference for mechanicy)
mm.wmmkmmwa.muﬁ'ﬁ\
Chinese scientific activity. wwfedﬂn!thhimm
though mot so intended. lnmmmuum“mdﬁ:'\
MQMMMMWMMWM,%'. v
forget that this distinction was far from being a obvious 10 the early Fey,, ™
WM&&&»QMMW&&MMM":Q
What now in concrete detail was the strange technigue of “watching fog 1, |
Amaq»uuummdizﬁmbywvumwh“ﬁ
the bength of the tubes was checked was as follows:* Vg

mwma.m.wmummmhﬁ
(i.e. concentric desught-proof walls). The dooes can be closed and barred off (from g, Y
ourside), snd the walls are carefully plastered 0 28 o leave no cracks, lno.h-d"“
curtains of onnge-coloured silk are speead out (forming a tent over the ips), e
certain stands sre made out of wood. &d;ﬁdwpipthlhlmmu.
slanting so that the inner side i bow and the outer side bigh > a1l the piges being umagy
mM&c(&&dehMrm(mwmcm’
ends of the pitch-pipes are stuffed with the sshes of roeds, and & watch kapt wpon gy
mum«w.wmmmﬁm(&)tu.wm)mm..*
(of the appropriate pitch-pipe) fiy out and the tube is cleared.

The How Han Shy adds a Ertde more to this acoount:

MW&MMM»MWM&WM);*;
arrives the sahes are dispelled; that it is the emanation which does this (is shown by e
that) its ashes are scastered. 1f blows by duman breath or ordinary wind its sbes wodl
resnain together.©

That the results were not considered entirely satisfactory or convincing is suggesel
by later modifications described in the Swi Shu® in which the tubes were nat sy
held in stands, but buried in levelled carth »o that only the ends were visible. [k ws
then thought that the cAl emanation rising upwards like a tide from the Yelor
Springs far under the earth would blow the ashes out of the Joagest tuba i
beginning with Husag-chung, each moath a different tube being blown. The =

interesting part of this strasge experiment is the care which scems to have beea 5@

+ Quosed fres his commentary Yieb Ling Chang Ohi* in the Li O C Click, . 13 46:%
YHSEF, b a4, 0 210w, suce, adpuv, Bodde (1), wmhm“-a.,‘uk’
16a. Parephrased in Sl Shu, b, 16, pp. 106fl. tr. Bodde (7} CF. Sem Tabar Th Fius (#1874

=4 P E 2R Y
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hat no ordisary wind could enter the sealed chamber.+ A third formulation
Mmbumalnalwmmu”‘m.m' i!,,,“ym
d?‘wbdmmmmaﬂmw‘ﬂm‘ma
O g, the chk” (how ckki") bas an sl punning comection with the 2 U0
MMWMI“MM“.MW'*’.“M
'h::‘;‘madlf‘.'m-adujumin&cwfouhempu&m
] . 4
‘aﬁ%mmmmmMJM+«hm3
i mm(hh')whi&mwnmww»m@mﬂw
when the dbhi blew out the ashes. @ thm?wdnwm.
5 i wybeowfmllc&hboebdllmmmm X
“:cMMHhM‘(NﬂDmdMM)'MMWh
“’P"V"". chcdmfmthinwmhmdphmoldnndw. Y.uu
o~ Mmmm.mrﬁwmngwwm
g hwwﬂwmwmqu-wm;‘mw
"“*umu-uuwmwuwu;mmh
::":'mau + Gth century. Hnmwdm”m:'h m
uummmw-:::-muumammum

“Mmmdﬁu@&dw
o --Mma\mmm uumm
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190 26. PHYSICS

(. +1681)% had no hesitation in dismissing the whole matter ay wmworgy
. The o y ..dem&dnwwednn dhﬁ
development of a soeptical attitu of ¢ -
Mmamw.wMy.mmwmm:"!s
able intevost. When in + 589 the emperor Sui Win Ti commissioned M, ey
M&Mmmigu.ndwmhwmdqmm*'
mum:mu»mdummmwmmm:t
empress Wu wrote her book in the ¢7ﬁomwyhvsaiuﬁmlybwh’:
Chhen Yang at the end of the +mh.mdmtbepmh‘eo-&nfu&nm
Chu Hsi in the +utb‘ulll-ecqnedit.isnotp«hq-mpﬂdng.whi..~

curious, bowever, is that Shen Kua with all his scientific acumen also had no

and gave instrections for making the process work? By the Ming period,

scepticism was rampant. Besides the scholars just mentiomed, Haing Yia.p,,
(ﬂ+lsnw+|&o)mdendmhmdmﬁehﬂmm+“
hthnCEn“UKh&‘Md&MN«MQ‘pm
mmmmdumuwmmumum
nomical-acoustic officals of parposeful deception, saying that they must have by
some concealed mechanises amalogous to the jack-work of clocks whereby the abey
were blown out of the tubes or the fans made to turn at the proper time. Bodde (17)
Bas found two instances of attempts 10 use the technique ot boag before Huing wa
writing, and these may well have been in his mind, One was conmected with 3 count
official named Chang Ef (41530 and +1539),f the other with Yusa Husng! s
acoustics expert, in + 1581 or the following year.® There was scepticiam ot the time i
both cascs, bat the second experiment was said 1o have been successful. Chissg Yerg
could not accownt for this, though be did not believe In iLP The intereat of the whele
story i that by the +16¢h century the procedure was being decisively rejected oo
scientific grounds. This s a rather striking demonstration of the fact that a rise of
eritical judgment on matters of satural science went an in the Ming paralleling (if set
sometimes even preceding) that developenent of scientific scepticism which in Eurepe
was the work of the scientific Rensimance. We shall find many other examples of this
s we go oa, notsbly among the pharmaceutical naturalists such as Li Shib-Che
(4. #1593 Such a parallel precess cannot be without significance for the problem of
why science in its distinctively modern form did mot develop in China, and we shall
mntoitwbcninﬂ)emd'emﬁulo&awihthtgnndaﬁm

“As for the paach-pipes buried in the ground, and all their accompanyieg P
. Ao, Chich-Pa T
a

v
%
|

T Sea NG Wis Npion Koo, <b. voy, .5 and ‘

cmwhmdnum«-m»ﬂmwuu&“mw
in Ohisag Yong's L8 L& Hum Lam, b, 3, p, a4,

A L4 1.4 Hein Lun, ch. 3, p. 23, M

' ew ‘om rman ‘Kepme ‘e '5

e e
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s, was it not an srehaic 2. ruvsics %
g e o o s e s
genuine natural “N"mm.wmhmﬂ
”‘T;h mm‘m}ym st have
.H? mm"ﬂmﬁ.. .||“
ﬂrﬂ""‘h‘ﬂ‘ulbo')ﬂ&anbgwh'm“:ﬂ owever that may be,

esspt 10 show what the need was which gave rise to it following pasagraphs will

]
Let us summarise the semantic
: of the word & from its earficest
WmlyltﬁMM&.mk‘“‘| . ! .
wo'bﬂbdhmmb!mﬁuf:.mm:;". ml |
M“*“*ﬁ“wmumw«m&mm&u
‘“‘“l "'“d”h“ string requised for o given note, detormined by the use of
oruain s gths of bamboo believed 1o emabrine the necossary
The discovery of these peopoctions woud seem to have been Babylonisn.
we-muﬂntmdmmmmmumm
propections %o be preserved, and the scale to be the unwi
P tuner (chi) reduced, so that the unwicldy
knowledge of the mathematical formula guarameed the relative propor-
mdmammmmmamm“h.q&amuh
amwmmmuumm«amn(m
rods) were still in doube. hmmumMMMuvﬂlu
.wamm.mdmumhmwmmm
Mwbowdby&emm&m&i It was supposed that if
umbomd&criﬂkhmkachmwimmqﬂcomimhﬂm«
mumm»mm&mmmum«:d
umuwmwmmwwmzpammwumma
-mmmuummw,mw«uumwun

I

o e raron of the torm husn se0 L8 L4 CH L

‘--.mr-:s-mn-moumna.ch.:.mshd—n
(), pp. vabfl,
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192 26. PHYSICS

portionate lengths of string of the ‘tuner” were calculated worked reaonably
mmammwmuuﬁﬂﬁm%&.;&:
daevices for giving the pitch to other instruments. Nmmmth“
mummh-mmmw“m“%%
mwamwmmmammmdww
qh&ewdl.wm%mmuhmmaﬁmm
will be considered below.* lnmmithmhmu;hzth.g‘,,"
general tranalation of the word M in its acoustic sense is * pitch-giver"»

(i) Twming by weans of hydrostatic vessels

These were, bowever, other methods of tuning instruments which Gnt deserve goq,
sideration. We have already noticed© the imterest which the Chinese (like the Ay,
andrians) took in hydrostatics, and among their oldest observations must have bees
the vasiation in scoustic properties caused by the filling of vessels to varyieg exiem,
One of our oldest accounts is that given by Kan Pao' (/. 4 320) in his commentary+
on a sentence in the Chou Li® This sentence says: "With the metallic instrumeny
chln, the sote is given 10 the deums (i chim chiam ho Au®).' Ching Hallaa's com.
mentary on this is merely that this metal instrament is shaped like the end of & pestle,
being wider st the top than the bottom, and that music causes it to emit 2 i
sound. It sssociates with the drums and they sound together, But Kan Pao ealargen
as follows:

Wiater i Slled in (89 the chhun) 0o 2 height of cne foot above the ground, and a contsner
is lled with water and put undemeath, The maxg ? (an spparstus ca which strings were w)
Is placed between them, 1f the mang is shaken by hand, a tremendous noise Kke thender
is produced.’

The Chinese fully exploited the possitalitios of water in relation to tuning, with i
great advantage, precise control over microtomic sdjustmests by the addition o
removal of semall smounts of water® *lor Thang times’, we are told, “bowls (were
used) containing water; they added to it or diminished it, and therebry tused the notes
of the scale."™ The use of pottery vessels without water in them as musical instrumesty

Tt will b seen that this s closedy reluted 10 e soemative significance of the weed i its peridied
scrne; of. Vel 2, pp. &
P, 34 shave, Sew alio our scosent of phiyics, Val, 3, pp. 3L

.
® Wu Jen-Ching & Ham An-Chidao (1), 9, 38, Tt will be semembered that the characsens of the W
uh‘h&‘d'b&'mwlﬂh’mhmd
R

‘T ."Itﬂ.l ‘EMeR ‘mm
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193
‘.Myofmmiwityhﬁiu.

There s, for the famous reference
”#deaouu@udhhmw king music by d .
o 3 bowl? Pots were also used a8 primitive drums, first by themselves and later with
, skin streschod over the top. Li Seu of Chhu, 3 miister of Chibin State (—3rd
ceamury), referred disparagingly to the indigenous music
Jms‘bamummpuwu
y‘.‘.mumm..pﬂnw@hk\.u

4 more primitive phase of music
Jhich had at one time been known to the Chinese of the
cestral Sates, foc in the Shih Ching the fint ode of
Cahen® speaks of the drummer ca the mound beating
bis casthemware jars (fou'),

The Ta Chox Ching Yo‘mﬁmlmo‘mm
MM‘WMMMJQ(MM
,ubdboﬁsmdpmmdmthemwm
sources speak of eght vesscls (vhui chan*) which wero
put on 3 table and struck? If Seuma Thao filled his
vessels with different amounts of water, 2a seoms vory
prodable, he was a pioneer of this method® For soca
sherwards we have a clear acooust of sets of vesch

< . A 5
tuned by the addition and removal of water; the details =
aee given in the + 1oth-century Yo Fu Tha Lub Tuan 1‘§
Aa-Chich there says® that in the year +847 Kuo Tao- T
Yuan,$ an official of the Bureau of Music, ~

wed (3 st of) vessels (on7) of Msing® and Yich® twelve in
mumsber, in which the amount of water was incressed or ant‘l\-“-m
ﬁiﬁld(bmlhun);-hmuuu&ﬂddiﬂn = e

vossels gave out sounds betser than those of the metal plates wv::‘::ud sequrie e
(fang-hsisng ), i
Later in the same century (. +570) Wu Pin® was ald  Kudde, o 8, p2gb) Like the
known 28 & master of this method. :. . i
Woobsmﬂumhmbwhmwdh: ——

taning pusposes, and accounts sarvive of the wonderful achcves
okill with LI e 30 that the fim were somnelimes wed for tuning

A minbar of qussana are colacted in TPYL o yf po1a b
Ohusng T, ch. st;w.b.:ui(sl.wll.ro;WMMp.u.
CN, . 87, p. 0. . Bodde (1), . ™9

na.

w. Karlgren (ra) - 57; Lagee (B p 153
h”)’l::‘glo.p..uwuhm.lm

308 captrary
"Lu¢f\hmm“hddh1\-¢p-ubmdhwl_h
.

“’.“'*.l. ‘mRn iy | ‘mAMNN
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Wwas perfectty even and level* The Thang Yd Lin' describes
(iﬂn')wbﬁudndadywl-mbhnqmph\ethgg; T bowy
Md'.uumwm hmﬁdM&hbwlmundtam?hm‘M
lhllmnp»nncdcwldmuininmﬁnmm&) ‘B! .‘WN
“"!M'mh‘hmdqmmwi&thndd&- m""'.
empty carthen
a5 druma in very carly times, and then perhaps in the Han period, and Lo, "™ el
Wmmsmmbymmumm.:\um 1 i the
o mdm&mdq&emmdwm“%-“""
already been mestioned,© suggests & possible conmection.  which

The normal position of & bell * () p. ga,
of f
o e inacrigtioes. CL. p. 300 below,” '“““ﬁuﬁ-mwﬁ'zm

enrlicet dated beit of Perod, end [ p—
ol ey T 7 3 i i e gk i

"
"R&N R e ‘raw
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C
hand ball (1), Chou pervod. Winmhwarth
Hoght 17 ™

(phane. Koo

Fig 358, Clupperions upw
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Vi, 319 Chipperiens dowrmand facing hand bell (lsmg) Chos perid, WM:) s paade
contery. It besrs an isscription wying "The Fider of Hurg n Twe “"“‘ .
samod Mywsorious Marmeery, with the note Jui-pen, for use’. Victoria snd Albert

Meoghet anin
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cutside surface. mm“m‘”m'\ﬂﬁ down near the two lateral
m""'”"‘*"’""”‘?‘“‘“‘mumammuum
secured in these grooves, cach 50 bowed back that its other end could be fixed in the
groove opposite, thus forming a crossed spling over the mouth of the bell. From this
a capper could have hung down inside when it was held in the early upward-pointing
Wmhﬂdmmmwummdummu
foe 3 dowaward-pointing mouth.»
Developments

. such as these, which had 15 take place in the evolution of the bell
pefore it could be satisfactory meeely as & noise-making instrument, had in fact beea
. - % 3 period of some thousand years, by the ~ th century

oc catlier, M”m*w-mdmﬁeiubhpnpdymnd
sad this is regarded even today s  highly intricate matser. The bell, as Helmboltz
said? is 3 variety of curved metal plate. In both plate snd bell the vibration frequency
wmmmqwdm“mhmmnu
mmd!hew&my Fer a given piach and good tene quality 2 bell-maker
reust thes consider the nature and propeeticns of the metals used, the profile, Le.
the inner and outer contours of the bell and the space between them, @ the smount of
setal noeded to fill this, its tenperature oa pouring, and the rate at which it cools. But
the required musical quality may still elude him, for the slight tolerances inevitable in
mould-making and casting fall short of the necessary precision. The bell must then be
brought to specification by removing small amouets of metal 5o a4 %o thin it slightly in
certain places,* Thiscorrects the fundssnental frequency, snd brings several partial tones
(often very noticeable, and Bable to be dissonant) ino consonant relationship with if
* As 16 Dhe grnersl question of Bhe Asian origin of Eurepess bells and chanch-balls, which has deen
relsed by Peldhaus (1, o8, 17, 20), Lyrm Whte (1), p 147, sond athers, it is ot loast cortain that, since
bromne Sells were beirg trade in the Shang periad ( — 14th cmtary), Chunese campanciagy i extiemely
mckat. Adeqeats comparmoca of thee el with thone of Babrylonsan and Hellemistie trmes bave yet
W be muade, but it soems wure that durieg the — s and 4 ot mdlensis the st of bell-founding in Ohise
wat e maore sdverced than it was (n Europe or e Maddle Fasr. Sevall rounsd dowaward-poirang
Asyrian harmess-Sells of the — 7th ceatury W cat beonee up to 4 in. bigh with hangiag clappers of sl
on 4% in the Britibh Museum, snd & sumber of sinsler Romsas examplos of the + 10t and 4 2nd
centurien Rave Deen encavaned, but none esoeed § s ia height Ax late & #1000 10 Sell mare Bhan

3 5. high had boen seen or heard of in Burope, though soene were by then of fine wockonanahip, such s
the Moaanbie Christien bell of Cardoba { + ¢61). Bet the bell nt -ting in Sharal, sa iren-cmting

rien | the *socnd-bow', the grestly thackened part jast abave, where the clepper atries;
waist’, most of the remnining Menk; sad the “shoudder” st the sop of it. We shall ses that the
Ohrere bel-tounders made wvalar distinctions, though we connot Wk them 1o be cxnctly the same
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1
5 it is described in the Chog 7
& wmbcoou-dudu . L |
borne mwwmww*MdM%:ﬁn
mhﬂbbswm}'ﬂuﬁmmfww‘::
E xions of actual foundrymen. But even if the information is not strictly
anauawamu.mdmam.wm“::’
factors involved in the wning of bells. i
mmmﬂnben-mkm(i'mbﬂl')m&emu mb’.._.“.
different pasts of the bell. Fmdnlhutbe-mhwebcbopuhna..&.’
mudmaammmmmmmmua@hw.m

—_— ..

serike-poant —ut ’ .
s d - is saad to mean ‘mirror’ because the curve i concave like 3 bursing,
! l m.:nda::;aa:ummamwwqhmzwﬂ.*
IJ wdk'imphfmfmnh-dm . is called wu,* which means ‘duney'
|8

Nowodusmyaphmio!lofﬂ-m In many bells the 2008 3

|
i
:
4
R
;
|
§

. * ‘ »

quite inadequate. ltuylunbeen:hn&emunh.dlogwea ocmll. cowerig
mmmmdwmmmmmm@m@-h
believed to be of general validity. &umbmoneﬁ:duhzhnpmp

TT GG E ks BEBE OSEIER B3 Siiumiit——

it T Chea (41723 % #am)“mm'h
Huang Chivimg Ching Chivh, ch. §57) deals with bell-onakisg o0 pp. 4711, O
enpecially an bells, see Koradt Mowao (1)

* O nn, . 248 (ch. 41), or. wect. adjuv. Bist (1), vol. 3, p. 984,

F
i
|
|
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that s whae .
m’*_‘ "‘:2}“( .”‘“'""35- ound) to procesd wpmaeds (yw Asing*)s For

m.duﬂbmymdaﬁomnm,,m“ " ively the imbee of the
W@‘”&M&Mmfmmmm&'u
they are w00 thin (the sound will be) scattered (as by winnowing) (pe')." The word
Mu“wwctmd‘pw.‘hwhhm
ing (sounds); a closed beim produces choked (sounds) (chkik ef faf: yen 158
wocds argally measin 'cering

m&vmhﬁemfoﬂunmm‘dudﬁ.d&om

eespoeaible for the (pitch-)measaring tubes (Ties Thung?), and should apply 10 all

instruments, Hmnitubcmmb«dthundﬁdmbdhmd&pi&h»

dmmmmnummmdwmwm“qﬁk

sppropriate.  Moreover, a peoof that thoy are bell sounds is that some of the terms sre

repetitions of the descriptions of bell sounds given above. The twelve are 23 follows <

mww&)hwm(dbhl)'-MQ(hﬁ.

mw(wm)mwpn(dumu.mwam«-m

The soend (produced in) the lower part (of the bell) is spreading ().

The sound (prodeced by) the pares which curve outward is scattered (sen*).

mmwmwmv&tmmawmﬂ;

The sound (produced by) & part which is somewhat t00 big is exaggeeated (ying '),

The wund (produced by) a part which is somewhat 100 soall is dark (iscomplete) (e ).

Tbmuw»,.wdnmm*)m-mmz'mw)b
tezple and full (yen ™),

The sound (peoduced from) an epen (mouth or beiss) is 2f's (* k) !

¢ This woull certaindy tor beils held mout poentng spwarth.
:ww-‘?:mmmmmm
th-«um..-uuumum«um;mu

(Vob. o, b, 209), and Sect, 44. 4 Ch. 6, p. 165 (ch. 23); tr. Biot (x), wel, 2, p. 8.
* Many of the serme wad are obecure and the interpretstion sugpoced & this which has scemad best

"'Tb-mh:.ﬁgmd.... meaning * bamboo esble (i %), “dlearing trees’ (2f") oe o

Kiad o ouk (120 o ch ), el - medonly” ok ). Clobg Chvang saye: - Tho sed 1 oremd aad I

Ml ‘5 . ‘EMAEMR ‘AR ‘a
k4 o n - “m 8 bl
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o cowed (mouth or beim) s REEETOP LT

‘ The sound (poadaced fosem) h'mm(?‘v
. m“‘ww)zw.m)m(“’}

Tty " or “thin". Phoneticians even speak of & “dark L', The Chisg,
! .M“,wmu“mw fwndlw:“'kM’a'Md’.Ou&
| mlm'lym of their investigation into the nature of bell-sounds in gy,
carly peviod ia quite remarkable. The two factoes given special prominence hese un
the dismetors sad contours of the bell, and the thickness of the metal, Four sther
| factors yet remain according to modern practice—the elasticity and specific praviy
of the metals wed, the proportions of each, and the total mass, All of these were takes
into consideration by the Chiness, though naturally they were not thought of quar
in these terms, It will be better to wse two heads, the nature of the metal saed, snd

how moch.
~ Following the description concerning the proportions of the differeat parts of the
H&&-UM.MWMW&%W”W
called Li shih¢ who made vessels (fu?) as standard messures of volume.d The com
m‘:lu&nthﬁmmwhthtdw&q'(awd“
( constantly wies = 3 homosym for bell). The processes of these astisass
spplied alsos 1o the making of bells. In order that the copper might be quite pure it ws
wmmm«wmmumubymdb
warin :ﬂi?hmam-aﬁ.mmu(w—n%&)
3t the baginning of the chapter on metal-workers.s Weights of metal were

>

ab b
S S —

R I e A

™ 20) )
L e ) Bl 1), vt

)il P- w1,
! . ! Iu(ll.wt.,..,.,_ CL p. 180 abave,
n ‘x 'm
... .- .. l.



MMW“&MQ&.‘nh&M»mM&;MMM
been resocted to for bells.

(8) Prrcu-rires, MitLer-Gratns axp MrrTroLoGY
mubuwlyciviﬁuﬁouwwmwhhha:mm.
dwidnhlom&ﬂagtﬁrmﬁnb@&m&%mmﬂy
snigqae i including pitch-measure (1 1), and that sot merely on & par with, but 33 the
basis of, the other three.d As the Shik Chi emphatically puss it:* *“The six I are the
root-stock of the myriad things (fiu & we way ik bfw pée yen')" The Kue Ya
describes this systematisation as follows: !

For this reason the anciens kings made as their standurd the chang ) vousel, (3nd decreed that)
e ‘sive” of its pirch should not cxcoed B (produced by the string) of the chia* (seven-foot
Saner), and that its weight should not exceed 3 stone (fas?) (120 caties). The sseasures of
:&.Mwm"d’lm&&(wmd)(uu&'hlqﬂﬂ

* On this salject Cha Hai's comment may be quoted : "Quant b b rigularish du poidh, on consbdine
e cxmmple que 1a matibre des piecros sonores el forme ou dendoe, pare o Erguce, ot Ul ¥ & des sons
r;::md?mhw; En comsdquence, on 14 wrt 080000 des Smvie soms pour tégulariser

- ' e
Ona encdade the posibibey of the exisiersie of writan (restises on the techrobogy
o belomcking. st o ton Siote of GO (whnte the Khoe Kumy Ol pocbably dertvess or b
Chhins ard Flas, bt mrothing whaseves has sarvived and in sy case 604l Iraditien was certainly amgermot.
dz-u.n.xmmmnumnn'u-hndma £, posad
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: wugmsmmpeagu..‘h

e ey Toe word ccus i Lih Tou mesaing 3 wioe bowl, n e
m”m.m‘“Mw&elimﬂhamwm
tian, The coaection between grain-scoops and measures of capacity, bells and iy, -
is not hard 10 sec. Primitive musicians all over the world used whatever way
23 their earliest instraments, In China the rice pestle-and-mortar exised i, y,
Mmummunmgmbwhm
natural than that the primitive farmer when making music should use his grais. scqe,
or his bushel bowl and strike it for its rhythm, or if of metal, for its pitch? Standarq
measures and pitch were this associated from primitive beginnings, and we have in o,
Mmeﬁmdmuh-mnwmdm»‘minﬂhm
clapperioss. This origin sl gives us a clue to the morl significance with which g,
k& were inveated, for if the standard measures were not exact, cheating and corrupticg
would follow, trade would be disrepted, disorders would break out, and sll unde,
heaven be thrown into confusion. The Kue Y writer develops his theme still furghe,
into the field of ethics and psychology, and in 0 doing takes up a position very like
that of Plato in the Repeblic questing for justice in the State, where be lays it down th
children should see and hear only that which is good.® The Kuo Yil says:*

mmdmmmeﬂmdﬂcban(bmﬂhhmhww-b:im
umm_&mmmwmmw.m.umu-u
Is correct and fitsing, ummmmwmmwmmm
dw&mWﬂmMMﬁmmkmnﬂﬁmM
this virtue among all the people.

m-!mphgninmophﬁngevdndimabdtmddu-imp&bdlmn
Mwh'd@d&ﬂo&wqmm“ﬂ.



26. ruysics 201

gualtiples. Ths if the fén® is the unit of length, ten féx make one inch; ten inches
ke cae foot; ten feet make one chang ;* ten chang mako one yin® Similarly with the
other MEISUTES. The text says:

T tusis (of the linear measure) is the lengeh of the Huang-<hang (pitch-pipe) (7 chbd
nuwhwdidhwmUﬁtqﬁuuua-uuquunﬂuaﬁgzhd
Huang-cheag is ninety fiw, (one (s being equal to) the width of s grain of maller.. . . (7 fza-lu
o s chwmg AL, § shu chik kueng b ohik chiu shih fién Hiusmg-chung chih chbasg. . .%).
grvﬂmﬂzr-«hm&d::?umummwuﬁsnabuhm.

l (H hung) : | et weigl
qweive cha® (half an ounce, Nasg ™) - o

Whether in fact the width (or thickness) of a millet-grain or its diameter oc leagth was
ecigimally intended to serve a8 a umit, proved a frultful source for subsequent dis-
agreement; 50 also the exact number of grains reguired to make 2 foot length.s But
these scrapulosities concern us oaly in %o far as they formed a justification foe varying
the seandard Jengths of pitch-pipes in order to introdoce a tempered form of scale.®
Further refinements are mentioned in the Chlden Haw Shy, soch as levelling off the
top of the tube for testing capacity by filling it with pure well-water o that anexact
messure of the isterstitial spaces and hence of the total volume could be gained.*
The chief point of interest in the use of cereal grains is that it indicates an i i
swarcncs of the need for accuracy. The old measures based on the bumans body, such
s the foot, or the inch messured from the pulse in the wrist to the base of the thumb,
were obvisusly not sufficiently acoarate for measurements designed to achicve exact
pitch. Precise linear measurements became necessary cace an absolute pitch was
waght for Huang-chung.! The oM formula for calculsting the B was adequate

" Oh aiApp 94, 104, 1 1@ tr. smct. An sccount of this interwting metsalogical syweem was published
'O'--m-m--mwywu-u&ri-—-(-;umsw'mmm
Btaest in the subject recently, Though Were knew of no sewnie surlier than e Chiiom Han She,
Overe i & parslliel passage i Muai Naw Tow, ch. 3. o9 1M (1. Chatley (1), p. 28) which reveals an
e, partdy duadecimal, rystern of gran-packing ratrology. she with ",

:

2
:
r
-
'a
|
¢

s (4. <h. poablerss o the volurmws of bunibes sections, ivwsiving srtheetical progres-
““@:-:mm;.mm See Vel. 3, pp 3381
2 "L o ‘AEBRRBRZA
‘ArBGSen-MZARZATERMZA ™ e
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202 26, PHYSICS

provided that a particular stsolute pitch of the fundamental was not desired
umwmm«&dmwﬁw&t&cﬁ&"“
BmmhmehMMwM'ﬂ!mmmN;"
Mmam.mwmdmwh.m“
weight became imperative. Though millet-grains might vary individually, whep 1
nusmbers of one gives species were wsed a fairly cossistent average would m::
mwamwmuan.nudmmﬁmu,%;
hwamunpowyumdal-nyhtwuuhnebmdm.‘
dm-mmm.mmdmum‘w%-w’
all things new" at changes of dynastics, pehags because of the long-continuing yey,ey
h&wmmmnddmbdafauham-b,mw
numbers of grains varied somewhat from time to time.®

(9) Txe RecooxiTioN oF Sounp As Viaraviox

mwmammm&;mmdmm.h
in Chinese acoustic developenent which can property be regarded as scientifics Iy 5
interesting to coespare the progress made in the Roman Empire in the same ssbject
at a time contemporaneous with the Han dynasty in Chisa. Vitruvius (¢ —27) gives
a great deal of acoustic information concerning the construction of theatres, the natus
of the husman voice, and the architectaral srrangements necded to amplify it, such &
the use of bronze vases set between the seats and tuned to different pisches, s thet
mmmawmmuiuwmyumm-m
by resonance.® Of the nature of sound itself he says:¢ *(The voice) is moved is i
infinite number of undulating circles similar to those genersted in standing water If
8 stoee is cast into it, when we see innumersble rings spread forth from the contre
and travel as far out as they possibly cen—extending indeed tll they meet the cofine
of the limited space, or some obstruction which prevents the waves from reachisg the
outlets.” He speaks, too, of sound being somewhat of the nature of 2 blow on the tast
membrane of a drum,

The Chinese also thought of scund in metaphorical terms deriving from observaties
of waves in liquid media at this period, though distines statements of the snalogy e
rare befoce the +8th century. The following striki feom the Chisn Ol
Fuh‘dMM(-Mm)mMaMm' of radiating W™

T e o

+ g ; thres specialisns (Hisin Yen-Cal' Ching 14 wd B

"MSMNM‘M&IMWM theis Tosis =

d-‘nhailhné.lﬁm“l.‘s. Cumm.p.l,. ; g e e

%amwf?«mmhm.humﬁ-&
Arclstoerwra, B ”

;8 v.u.'_o':. CL sleo Dingrnes Lacrtiun, v, 158, and Musarch, Ploc. Pidon. 1, xix, & 00 04

r ucv.“*v.wo.hl’uhohn(ll.dggn.

‘R TRz ‘um ‘"R
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which he boldly applied to all media whatever their viscosity, Including the
w,,.u' chii in which even paychological events participated.

pctivity) brings about the growth of the ten thousand things below, and waites him

%“M“"miEthmuwm_«

gaocderly the chis of movement or rost, of compliance or costrariness, sct elther to diminish
Wﬁemdﬁﬁad\‘mdww‘ 1

o f everything within the
ms-(‘"_ﬂ'""“"“,‘“”‘) Even in the case of things difficalt 10 understsad,
soch a8 the spiitual (shen"), it cannot be sald t be otherwise, Thus then, if (somethisg) is
rown ¢ 00 (hard) ground, it is (mael) broken or injured, and cwsses 5o movement in the
juaper if theown into soft mire, it cxutcs movement within & limited distance (Rsiang fang
wh chin?); ¥ thrown into water, it causes movement over & grester distance (Anaxg g
ok yi ywen ), Thes we may see that the sofier a thing Is, the more readily doss it saderge
Mdmmm‘aﬂqﬂbmﬂmmmnm.mﬂw
§) the ruler of men ever acts upon all thirgs without surcease. But the ohbi of social com-
fesien is constantly conflicting with the traraforming (influences) of Heaves and Earth, with
O result that there s now o (good) government.

Whea the Buman world is well governed aad the people are st peace, when the will {of the
paler) is equable and s character coerect, then the tramforming (fuences) of Heaven and
Earth operste in & perfect manner, aad among the ten theusand things caly the finest are

But when the human world is in disceder and the people become pervense, or
when the will (of the ruler) is depraved and hia character rebellious, then (their) chbi' opposes
e tramsforming (mduences) of Heaven and Easth, harming the o (of Yin and Yang) and
s penerating calamities and disasters.*

This passage may be compared with another which we have already quoted from the
atrooomer Lia Chih® written about +274. It will be remembered that he there
mmmn‘udmemmmmmmmmma
1 disvesbance on a water surface. Vitruvius is just bracketed in time between Tung

MMM,MMMMWM“M%;W,
being senall it does mot much disturb the bed of the lake or stream 5o that the water
° Chung-Sha certainly had in misd S theory of phenomenaiam (se Vol ",
&wmmﬁ“*mwmh#hﬁm-&md
et wary ulies
* .8 showe, He wan thinking of light snd hest, The three Groek and Latin staterants jum menticned
M-m&‘mﬁu;ummwwﬁmh

in e +3nd century o0 the Yo Ch, pars. 6; in SR CM, ch. a4, pp. 244, 250,
::Iln-zn " ‘mmEa ‘uBES®
.
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remains clear. ll.mtbeo&cthad.nhrpmbwhmm,gm
ldﬁvwwdqmdmdm“hmvﬁonmmhwu_
mmumwummmmm;m.,md
Mdﬁu@d&m&’mit@ymwﬁmmhmb
mmw*mmmawmmm%,,m
such a3 timbre and vedume.

The Kwo Yidu;'wﬂ&»nnpdtbfumdoudmwby&.hmﬁ
ﬁthmwfu»mblmmmmm%
(-sa)lnwhid()'q.'&Mﬁmd%dﬁnﬂbm&ha\%ﬁh‘.
dumdhigbwh&emmdwmhlqhtbeﬁh(dw)umm
W.mdwmhﬁminmmllTl-&'bdMlmaM.o
the fifth highest of the gamut, alio in the upper pitch range. Bmww,{.-,y~
(mak)bdlandmmtloudbm»ft(ﬁq.mumng".y.
(femnale) bell and therefore loud (t2?), Emi‘tbmbdlwmwmdw;.
mmummuum-mmwmmu
MM&pﬁ&auuh‘aM&cmm.mmmw
be trained to 2 precise appreciation of pitch intervals if the sounds which they hes
are correctly tumed. That which enters through the car and cye must be in sccordance
with correct measures or the heart will be cornapted

For the messures (&%) which are Sacernible to the eye do a0t exceed the istervaly of the

pet (6 1), the mu? (3 £t.), the foot, and the inch. The colours which are discernible w it &
not excoed the inservals of the me (5 e, lit. “dark’), the chang® (10 f1.), the Asin™ (20 i),
and the chheng '* (40 fL). The harmonies which are discernible 1o the ear be within the irservals
of the pitch-range (chhing-cha '¥); the pisch-range which is discernible 8o it does not enceed
the range of the human veice,
The sentence referring to colours is mot very clear, for one would expect the four
mecavares given as measures of distance 10 be in fact measures of saturation of colow
or some sach distinction. Bt it is & correct observation that cutside the middle reage
of pitch our sbility to judge intervals increasiagly disninishes. The other observation,
that debasing musical sounds is like debasing the carrency, a form of injustice which
Plato would have regarded st undermining the State, also deserves sttention.

The exposition of Shan Mu Keng continues as follows 4

The car takes in harmenious (Ao ') sounds, and the mouth sends out excellent words., -«
[The mouth takes in tates, just 3s the ear takes in sounds(bhow wei mei v b mei bz
Sounds and tastes generate o (shdng we sbng cAdi').] When chhi is present i the mouih.

sqeare Drackess are shacnt froce some

‘m ™ "% ‘rua ‘R ‘e 'R
R AR < F “e “an u.
“NARNXTAW “ERan
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speech, and when in tho eye, intelligens enables us 10 pefer 10
wmm ’mmmmuumm
fmwmmnmbmﬂ '
ﬁwﬁgpmpiiwnmuph?uﬂhan&hﬂnhﬁ.dtﬂﬁun
‘dww¢“"WM“MNﬂwﬂdﬁﬁmpnmummﬂmunhmqwl
py & caerelative sequence.” The concept of chl must be accepted as the point of
wumqmgmbmﬁmm»m.mmm
e concepts of Aristotelian foerm and matter, or Newtonian space and time, there
were periods in which it served a useful purpose as a tool for thiskisg.

The Kuo Yil does mot attempt 10 explin moee clearly thas this how cxactly a sound
ibmdqnhuﬂmddﬁIm;ﬁmdhn&hwwwm-hudeuh
place may be gained from a sublisne passage in the Yo Chi, where the nature of music
is described.©

The ok of Barth ssconds sbove; the cbhi of Heaven descends from the beight @ (8 chbd

dhang o thiex Al Ania chéang). The Yang and Yin come ieto contact; Heaven aad Earth
ke together (Yang ¥in huiong wo; thiny i halang tong?). Their drumming bs in the shock
o4 rumble of thunder; their excited beating of wings is in wind and rain; their shifting
rousad is in the four seasona ; their warming is in the sun and moon. Thes the hundred species
pmm-d&wﬂﬂﬁmih*ﬂm&ioMqhmv&udwmmuﬂ&mb
(o takw 238 yo ché thien 1 chik bo yoh ).
Ore does ot have 1o look far into these woeds 10 see a reflection from carly animistic
times of the sort of belief which found expression in the story of Damac visited by
Jepiter in a golden shower, Metaphoes from the magical feather dances are strangely
bended with words of awe, but also with tentative explanations, for example, ‘The
Yang and Yin rub together. Heaven and Earth shake together; their drumming is in
the thunder . . .."

Thirteen or fourteen centurics later there is naturally a more sophisticated approach.
1 the Sung period we find this idea of rubbing taken up again and developed. Chang
Toal* writing (¢. 4 1060) in his Chéng Méng* on scund says:¢

The formation of sound s due 1o the friction (lit. swutes! grinding) (Aniang ye*) between
{two) material things (Aning?), of (two) ciki' (or between maserial thisgs and cAl). The

* Nose the clogant Souble-tracked sorites with its wnifed ending. On this nd all sther sipects of
Senpuags in Chincee scicztific and philosophicsl discourse, see Sect. 44.

Fong Siw Tow Chang Tau sect. ch. 3 (Tung Wu¥), p. £28; o suct. CF. Dadde, &
:Il.ﬂl!lvu S LLLEL L 'EAmRAENZRSA
w ‘ER ‘un i ‘AnRTER ‘RY
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mpueddqhny.uﬁeddﬁuﬁm
mamuu»mamuw‘f’d«‘“‘m‘mﬂd
thought. Perhaps it would net be oo sweeping a generalisation to say that mediev]
mu-mwwmmdmwwn&
mummmmwggumby‘wmd
some European languages to resolve verba into specific physical operationa.® To defise
friction as rebbing, and rubbing in terms of moving surfaces, or to define it as & foece
causing loss of metion would have seemed to Chang Tsai’s coerelative mind jejune,
for friction would have scemed 0o him a perfect example of the way in which sound,
eslour and fAlavour combine. A knife placed against a rotating grindstone uees 2
uqnm.m“dmwmmmm.w
Nevertheles, even befoce bis day attompes had been made to reach a clearer under-
mfNMdMMQMn’meT“MhQ
w&?wd"mhﬂmw +975) makes the

mmmum%u.mwhmmmmm

and whea soucd Sorth oAl i
sl o fo M ey e (CMN ik s, shing by ki it

x
‘:notnln..p".."z.x. ‘mn

et ees
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,i,wm It is far more advanced than the Pythagorean
%am--mmammmmwmw
wjuuaﬁmwmmvauummzdw

duwmw-m.mae.w.uwhmmm
bgmmmmuw.w;m'w'm
M'm“ fumes arise from molten metal, and cooking-pots; the blast
o farnace » forests shaken by the wind,b speech or mussie issuing from the
."Mo Ighthrdubnm.mdndmpwknﬁuﬁm(&')
‘w,wmdmdqudermw(mimm

- deblmdmmm.mmdmmﬂw
,.q,m"mh-h'iopuﬁad-hwu.fuam.ommund
Wmmmwyhﬂzmd&em:mdwmd
”Mbd&ﬂmm:‘mmdwuadbywh-ﬁh)tﬁn
‘dl.)iumwlhdi&" Oumveﬂundamd&nﬁoadnmwhn
“wmnmdimw&o'dnﬁtu'd&edrﬁh&awyynneh
clase sntention to the timbre of bells. Fahmwmdbdbwodmomhmﬂbk
pelsation of extremely low froquency bt important in combination with the
m-tid-muammmwmmm.-m
' mml&:m Indeed this is known in English as the "shake’.®
MMMmﬁdMMT&thNMd:&HM
' MWW&M&:MO‘MM&W““\:NO‘:
Saguistic side-step, in this ease “riding" instead of 'grinding” or *friction”. Seitl, his
Wouebepodlunpﬁﬁaﬂoudmndmwf
The void (ed*) is transformed into (magical) power (skes’). (Magical) power is trans-
formed it bW, wawmmm(ma Masterial things and
“&umWMMMM'}.M“MBM It is not the
| -“waMM“JIMfMiDW“&Gﬂh It is not the
ﬁyﬂduﬁmwtmmwwduﬂhupdﬂ-ﬁnn&y.

&kkmmlymboMouuhtmdhmmmabuingbm
sy independently of sensation. But bis word ‘sound” covers both the physical and
e prychological However, he was probably concerned loss with the auditory neural
stiamali than with the physical disturbance of the air and its impact on the ear-drum.
He then contisses :

Aa.u’..uw(“.q-d.mbaww. Mountsing e=d marshes
ey -n'*’-d"“d&nhml'wm.°w,mh)

"On “Rard wind” of the coumsleghts, sce Vel. 3, pp. 2naft.
:*mu-muu&...'xuhmqma 3 (L. Vel 3, pp. 90, 10

3' mrssically inwlined’ see O. B. Beown (1)
K
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Ummmwudmwwh-mmﬁnum.u
betrd i v valley it showl be e i fl the e thowmand iy g

Here the writer's contention seems o be that Uuimh
: iy

M%&mw&mmﬂyw:

Sound leads (back again) to oMb ohbi leads (back again) 1o magical)
h@dn@.bym&mwhhn%GWth&d&m*J:r
(:'mm_.w_:....a(a.ma.)m. mpmmhuiniz(n.,

) ks, Chi b in . (the potentisbity for) sound. (Hind Baw shen; shem A o]~y
_:3.») MMM@)»NM,-HM“M&)W&“h

._[U&bmndm-mukm“m
mmuwuuumm o

: Here the word shew® needs Eetle explanation, The transdstion "(magical)
Mhu-dqmmeb-:uumdap&mhewtwt(rmmn:::
ingle Erglish weey

i
-
§
i
|
;
E
T
:

-
L - —
2 AAYE T -

* This which mo®
. ; RGN 42 e %0 render
qumeMhua - Jmhh~~!:~ud=b P
""'"" '...‘.“... * CL van Bergegk ot . (1)

‘AN nE Y



St -

26. ruYSICS 209

aready suggested, Than Chhiao was probably not concerned so much with the
M?‘a“ms Mwmdm&hhﬁhm
W""“’" mﬁ‘”wb"h‘mmwmfmmm
qar eoceiving the external impulses. That the medieval Chinese &id not overlook the
&momaofymmumb,uwwmdmmmﬂ
Tharg-Hsia* (¢ +743) in the Kuaw Yin Tiw.2 He describes the hearing process as
follows*
f1 s ke striking & drum with 3 drumstick. The shape of the drem is possessed i my person

P“mdhuﬂ(hmw‘”"“ﬁﬂ’)‘l’htmndolldt-h.m
‘-,wbl(h“*wuﬂh”.}

To expand the analogy slightly, it seems that be believed that sounds strike the inner
cat, i fact the ear-drum, jost as drumaticks steike an sctwal drum; that is to say, they
esert pressare, Nevertheless, it is the resposse (han ') of a sentient being which enables
coe 9 desczibe this process as sound,

There is some reason for thinking that experiments with echoes were cocasionally
made. For example, the following story appears in the Ming book Hrieng Yen Lu®
by Mis Yuan-Ching ™ who attributes it to the 4+ gth-century Sk Ching Cha®

The city of Chianghing® os on » slope inclindag to the south-ean, along which the dyke
cled Chin Thi* is buidy, startiag feoes the Ling Chhi ' pocl. This dyke was bkt by Chhen
Twn" upom the orders of Husn Wéa™ (4347 0 + 3730 Chhen Than was very skilful as a
sikrary architect. Once he sent someone 10 beat 3 drum (on the slope), whercupon, listesdng
© e wund at 3 certain distance, he deduced the heighn of the sdope. The dyke was built
ndyiag om such data, and there was no mistake in the caloclations.

It would seem that this story peeserves, in garbled form, some study of the speed of
travel of echo-sounds, or perhaps the time-interval between the visible action initiating
the sound snd its arvival at the observer’s car.

(i) The detection of vidrations
The Mo Trw book, in its discussion of fortification technology, written perbaps by
Cibia Ks-Li " in the carly part of the —4th century, mentions the use of hollow
vemels a8 resoastors in order to determine the presence and direction of

od mining by the enemy besieging a city. Forke (3, 17) has termed them * geophones”,
The texs Mays:®

Should arry umasual activity of the enemy be noticed, wuch 2 the building of walls ee the
Ming 5p of earth, e perhaps streams becoming mveddy which were not w0 before, then it is
Mﬁnhhm“m One mest then #t once make excavations within the

:Q'-ll-ﬂ.h.-ul.

Q"m""’-ﬁn.n.n-. ¢ Ch. sa, o 99; v Forke (17), eng. suet,
bk mrF ‘MIZEERZINE ‘RNZesnzea
S ‘man TILY DT ‘am A
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will snd the moat in order 10 frustrase him. Within the city shafts are 30 5,

d&mlmmm.nokpdbdﬁﬁ-mmmthehddlhh&"\
nnnmmmmmdm.mwwknmuum\
of 2 size sufficient 10 hold more than 40 e their orifices are chosed by & megsheyry 4
skin, and they are sunk in the shafts. If smes with good hearing are then sy o0 fng
I-mq:dnuy.uy-ih.hknhtd-ﬂyin'um‘h-.u,h"‘b
Then cosstermines sre drivea to meet them. ‘hg

Since this would have been written about =379, our information on j,
M‘mhm&hhmmmhm&m&mrmq‘,:
dotus € we learn that use was made of hollow shields as listening-posts gt g, ,.
Barca by the Persians in the late -&mry:-nd"i“'i-‘ﬁmdeﬁh:;“
mmmowwrwawumamum
Illyriain — 214, lthhﬂnb&o«&lﬁm&dmmm“m
mﬁumwmm“uwmlumaw-
wmdmmam»mmmamuhu‘
pottery vessels built into the walls of medicval structures.!
%d&mu&nhw&&nd%mmm“&
manh&M&deFﬁn&Mw
warning of the approach of shoals or *runs’ of fishx A!S&Mb‘y.&nq‘*
mqunﬁdudydhwhhmcuqbtn&an&noﬂbem-bulhqh

.

Owﬂﬂnﬂ*hﬂm dating Chala gy e
m‘d-mw'-hmnﬁdwhmaumwh“
gaSopiag harees. 1 am mach indebied 1 Mr Rews Alley far sding me phosagraphe of s o4

Muymm&-nmmwﬁwdbu.#

€ The infermetion oo which this . . Forwhe Havhos
farmaaty s Commimione o e Chinee "'a'.‘.:.‘:""_..'.'.'.‘t“..:’.."'.‘--uw
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(i) The free reed

och has been s3id above® of the efforts of the ey .

‘;' Tee metallurgists were, however, also thu:mmeunnndhw
s d mnterosted i this (perhaps indeed they
mwmmm“)"'dmlﬂduﬁm&cmmboudmh
M“‘Mmmmmmmwmw
dmmw"m(sm”’“‘”‘bdow];b«ewwﬂddypdm
cut that theee is a close connection between valve clacks in pemps, and reeds in musical
instruments. The beating reed is exactly ke the valve in that it can completely close
de aperture, but the free reed is able to vibrate within the apertare, The *mouthe
oegan’ (sbing ) goes back far into the Chou, since it is mentioned in the Shik Ching,®
w0d the genenlly accepted view is that the principle of the free reed camse to the
West from China® The shéng is therefore the ancestor of the hasmonica or reed-
sgen group of instruments (harmonium, concerting, sccordion, etc.) and there is
concrete evidence that it was transmitted throwugh Russia in the 1gth centary.d

One of the chief uses of piston-bellows in Euroge was for musical organs.* Although
slterwards 10 closely associated with the Christian Bturgy, they were an invention of
$e Alexandrians, and Vitruvius gives 3 minute description of them towasds the end of
the — 15t contury.f At that time, and before, piston-bellows of bronze were wsed.®
Nesuch spplication of these wis made anciently in China, but from the Chou oawards,
» we have seen, the Chinese had had the little instrement known a8 sAdg* or yi,?
rade of barmboo pipes with free reeds (huang?) and played by saction. Moule &
Galpin (1) have described how in the + 13th cemtury a reed organ was brought from
Be West and created so nvach interest that it was reconstructed 10 play the Chinese
scale® It was called the Hsing Lung Shing,* and ten or twelve were made for the
imperial orchestra during the Yuan dynasty. According to the Yues Skik, it had
% pipes and was blown by one man (presusnably using piston-bellows) while another
man pleyed it. The first was presented by Muslim kingdoms between + 1360 and
+ 136y, and the sdaptation to the Chinese scale was made by Chéng Hsiu® of the
Barews of Music., There were slider-valves and aa air-reservoir of leather. Since the
m".'ﬁm“”lwmumm»

* Py t3sfl, abve. Fantlade
o e, 161, Kartgren (s, 9. 1o Wakey (B 00 E O oation i bownd up with
M(lxmﬂo:&mqu ._'..M-uuwo.-);m-m.n.t [ 8
virrghe no.’,v*(nnblild.-b-“

LY and odn. pp, 135 Neubarger (1), p.
% WM::QQU&-(:L»%“V_ > 308 o o

» The . Yam Shib, o 71, pp 4aff, Chs Kiwg Lu, ch. g, pp, 2afL., and
& Mh“mm""”(wnmwhhﬁmﬁ 15 pp. 3340, ol
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«&dhmww‘a&ehm&ndthndmbyﬁn%h)«mh

+:mmu.ww&m~mmmcw
anticipated the Europesn harmonium by no Jess than five and 4 hyy Te
muthuﬂthmu&“Mﬂwi
variability by varying wind pressure without koss of pitch. One may y, o\ "™
umwma&wumm.wmbu%
vt improved by the Arsbs sd the Chinese during the lite Middle Agey mee, 5%
than in Burope where the lead was regained only after the Rensisance. | T4

{r0) Tux Evorvrion or Equar TeMrenameny
mmammmmmmwmwmhh
b'msclwaundamodd(bemndwundwbyvibn&.%“
columas of air. hmaoopab&snbwmmﬁgum“.h
-ﬁngedmmmummimmm&.m.‘uh
mdﬁepinhwﬁebl:hdfmlyﬁmnthohlh.mdbunn‘&.‘.'
MJhMmmmwwhmm
ments of which consequently became a mantter of great concern,

(3) Octaves and spirals of fifths
lapndicﬁag!heu-dvhidupipewﬂlpmdm-hnitiablnn.hhmﬂ
to know its length, The diameter i also important, Obviously s bamboo pige 2 foet
mﬁumh&h&mﬂmmwmmm-u
a foot long and two inches in diameter, Ignoring refinements, the pitch from twe
such pipes might be calculated s 537 and 501 vibwations per second approximady,
a difference of more than & tempered semitone. “Ihe narrower the dismeter the highe
the pitch. If pésch-pipes had been in use in China from Chou times as guardises o
standard pitch, one would expect to find not only details of the lengths of the dfferst
pipes in the Chhies Haw Sk, but also details of their dissneters, In fact there wes
different schools of thought on the matter® One, of which Chéng Halan may b¢
taken as representative, maintained that the diameters (or a8 be put it—the cirossr
feremces) of all the pitch-pipes should be the same.b *“The hollow of all pitch-pFe
(should be) g/10 of an inch in circumference ( faw 1 kiung wei ki fin').” Bet DS
Kbang,* who Eved slightly later than Ching Hallan (c. 4 230) declared that

nwwhghqudwnodnimblndm;w‘.‘:{
be 6 in. long and 6/10 of an inch in circumference ; Ta-tsbow should be 8 in. loag sd 87
an inch in circussferonce, ©
. b . b s To-abon, for &
See Li OW, a:o.m..uu-“,‘.md-uh

® L4 ON O Chioh, ch, 13, p. b4, Y
. Qﬁuﬂu-ﬁ.cﬁ-ﬂ&ﬁﬂ.mmnﬂ.mhwﬂ-ﬁ "
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A.B-hl‘”'hhw‘“”i!dh&wfml{wd:m and gives
mhum_rmth-ntbmmdbya-um-wm«win:'hhq—l-
wm"*}"‘h”‘“{%‘““?wm'w“‘ |
"uammv-mmmwmummm.ﬁmmm“
gre able 0 see that he was using only a crude i
pipe i nine inches loog, 3/10 of an

i tv thias*). For this reason be made 1n instrament called 3 chuw,? 10 ft. Joog ke
od'ﬁhmnﬁmlﬁhbww”&w&t&m
of the system of tunisg which he advocated.

Asother rexson why Ching Fang wis right 10 do his experimenting with strings
rather than pipes is provided by Helmholtx's discusséon of sympathetic resonance,
“The priscipal mark of distinction”, he says,* *between strings and othee bodies which
vibeate sympathetically, is that different vibrating forms of strings give simple tones
coerespoading to the harmonic upper partial tones of the peime tone, whereas the
secondary simple tones of meenbrancs, bells, rods, ete., are inharmonic with the prime "
wae, and the masses of air in resonasors have generally onlly very high upper partial :
%ses, also chiefly inhasemonic with the prime tone, and ot capable of being much '
renforced by the resonator.’ Thus the use of strings in tunisg expeorisments enabled
e experimenter to pet a mathematically perfect octave, the octave string being half
the length of the fundamental, or stopped 21 half ies length. A pipe half the length of
Baother pipe, on the other hand, does not necessarily give s octave. The octave
rust be caloulated taking the factors of end-effect and diameter into account.

From the figures given above in which certain istervals of the Pythagorean scale
mwﬁmmmwﬁm&mmam
‘octame” w0 produsced and the true octave is spparent, the ratio of a tree octave being
1:3, and of an “octave’ in the spiral of fifths 262,144:530.441. The ratio, therefore,

a troe octave and a Chimese ‘octave” is a8 524,383: ¢31,44t, This is known
 the comma maxima, oc more frequently today on account of the mistaken associas

- - - .
. A~

s Sor below, g,

ho-g. s
b b A Ling Chag Chw, in the Li ON Chi Chich, & 13, p &4, 11, noct.
"'::-obdvn. n ¢ Mo Hem Sha, ch. 11, p. 30

.u&’_“. t See Tuble 40, P 175 ‘CtOm(n.wl.t.p.‘.
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I '“.in‘o‘cmm m'hwmhl%'
M&emmmm“mtmd.mmm“nbu‘:\
mwm.wmmdm“w-m?hm
mmwdmmmaammmum thy
mmmmawwmﬁqmdﬂ*wmi‘
Tahai Yuan-Ting? (+ 1135 %0 +||98)mn¢ontbemnmh-u¢& .
ﬁnmmmmme{mmﬁw@hwhﬁm“h
MMMW&MM@WMﬂWi&YQ
Uw.uyuhuﬂnpiwhﬁu-idmblhcmmw-’dﬂw
wmmmamw#b&nm&udbms“i
Other scholars refused 1o accept this, not because of any misgivings on the s, .,
end-effect, but simply becwass the true octave is not part of the “cycle of fifthg* g,
Mubembddunumodaﬁmhmdmewbﬁuﬁmdhu&
Chhuw Chisin if not earlier. But Tahai Yusn-Ting was concerned with problens,
temperament, and was in fact one of the ploneers of the equal-tempered sysen,
this & perfoct octave is essential, as will be made clear in the following pages.

(ii) Western wuric end Chinese mathematics

European music has made such remarkable advances during tho last five centurie
that it is easy for Westerners to forget or ignore the very existence of other mesicd
systems no less rich sad no Jess highly developed in other directions. Foe
while Europe Jearnt 10 cross its melodies and develop harmony in pitch, Al
concentrated on crossing its rhythms and developing harmony in rhythm.*

There are two recont musical developenents most characteristic of Barope, Fist,
the high level of techaical ability and practice sttained in the manufacture of instre-
ments, for exaemple, the drawing of wire with a tensile strength of up to 200 Ih, o
the use of an iron frame for the pianofoete, the casting of which is described ¥y
Scholea® 21 “oae of the most delicate operatioes in foundry practice”. Secondly, wit
&Mpmtdhmy.tbe%mddbeddmdu.mﬂidh
mmnmemmﬁwyfmhymhy.ﬂluhubmm
tieth cestury we have ‘atonalisn’ and the ‘twelve-note musse’ of Schisberg
which attempt o discard the seven-note distonic system. The following pages ™
atternpt to show, of to supgest (since proof at this distance in time seenss v loag
l&dy}“wﬁunﬁdﬁyhmmhywhqimww
of Europe's debt to the civilisation of Chisg,

As has already been explained,® when just intonation is used in the tnit€ ¥
instruments, the ‘same” note in two different scales will not necessarily have the 5%
frequency. P“M'ﬁﬂhne.fm,d&-;ﬂhh&ﬂ""“

* CL A M. Jones (1), p. 78,
UM © P 168 above.
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Rough and ready ways of tempering mvest have been used by practical masicians
from very easly times, Certainly there are many references o the meed for the careful
placing of frets (originally loops of string tied round the neck of the viol) in the
+15%- and + 16th-century works of sach writers as de Parcja and Bottrigari* It is
Hkely that in China, where a rigidly accurate cycle-of-fifths system of tuning would
Bave involved musiciass in the same sort of difficulties as just intonation in Europe,
bells and ringing-stones were skilfully filed or chipped in such 2 way that their princely
mmﬂuhhdﬂh&mmdwﬁm%&
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*cents® -dmmmW”WM
| :xmmwmwme'.”%‘M.\

descibesthe four main sywtes of tuning: (a) Just [atonation, which deriyey ¢ Hy
l in which ‘all ifths and all third, o
astrosomer Prolesry (AL + 1$6), & system in wh mm,
MWMTW&&!NM“'M»WW.‘ :
has previously been described.© HMTW(‘L'U'IM h"&
by Sakisss in nm.mdb.ednpc&amth&nd.lmhuh«mw,:“‘ﬂ
Mhmpﬂbﬂymhau’ddwmmmbﬂlﬁow?ﬂ
sttempted 10 modelate into the ethers. This system was used for - e
recent times. Finally (¢) Equal Temperament, in which *every fifth withoy, . 5%
“WMd.muvm)lhnsmﬁ&Mm,m
'm““m&mmaumw\'nhlﬁm . thirg,

Mmﬁcdﬂ!loped.mudainzdin&m!

WM&MdWWWWMMZ:::N“
h’“MMyﬂ.MhM@Mimmm

00 & pround the publication of
m.h‘lﬁnh NM(:MM“‘WW'
"""’NM-‘ 2 style whi 'b“'s‘hmmywmm
Mwﬁ.“hhm : Made the yse of temgernd
| :#{:‘;;:mh.:hud‘. "
2 TRt 1 e Sy T Y foe A §. Siitere,
{ .M'G{:!:;,‘, T~ ""i?-::u..'h"""'wmduuuu
{ 'l‘%("i ) mhhl*
§ Dm0, {1k gy
) Baa ""“&m-ﬂ'.'-'&“c.,,,
|} = “h .
i i s
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. of in Chisa,
mmh-mmdw-mmw-wmmm
equuired 90 play in comcert, and the nuisance of continual recuning or exchanging of

They pleyed many instruments sogether sometimes, comsarted in four veices which make

» very ood conscmancy. l‘wmlﬁhhmulMan
were sirting o & bench at the riverside by the door of our lodging, when & few young men
ame soag the river in 3 boat passing the time, playing oo divers instrossents; and we,
being glad 10 hear the music, sent for them 10 come sear where we were, and that we would
jprite hem. They 33 gallant youths came near with the boat and began 1o tune their instrue
ments, in such sort that we were glad 10 soe them fin themselves that they might make no
dacerd ; and beginning %o sound, thry began sot all segether, but the one tarrsed foe 0 enter
with the other, making many divisions ia the process of the meaic, some saying, others

from the earliest times, as can be seen from an ode in the Skik Ching, where bells and
tiders, reed-organs and ringing-stones are described as soundisg together.® The
Chow Li, o the other hand, affords evidence of changes of key, for in describing the
ritual of the three great sacrifices it lays down? that at the winter salstice there shall

* Ky a8 Kaclgres (14), 9. tbo; Waley (2}, p. 142,
...’:mahq;mu Legee &YC'}-‘-"”“"”“‘“’“"“(‘xd‘
‘N .y ‘e ‘- e
"xaw
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&&Mdmmmmn&emm%

melody with four modes, and at the sacrifice o the ancestors nine P s,
mmmsmmmmwmmﬁn "y
nl;dudhﬁbudmeiﬂuonhpuﬁbleiny'mde-hy;'.‘ PR ttone
tis therefore not surpeising to find evidence of carly sttemnpes tess

@h%n@mﬁhhﬂﬁNﬂTnM?M&hmbdm the
Pipes with their complicated standard fractions have been s iy, -
mbutmmdudy&uﬁ&mdmbdnm.um i
!thWhM&de%p‘Wuc’:
Mwawdmh&mvuﬂg.lbeﬂuiNnTuh-
&mammm«m-nmmm“."
wzmmm.mwmmm.m' 7&
m&:-utmmaintbeﬁniﬁfnﬁtbmfm ey

the «
cmmry.l’mtbunfocmmmtbcnwmm ey
Mo‘m“mdﬂo‘mhmiomdbmﬂ
r@wmmmma-mmmmammﬁ,
hmrmﬁammm@.mwmmam
Mtempas » ﬂhna' mymduumb&.'l’behnw%m&dh
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. i the cydle 10 the foth mote" His werk mey be compered with thae of Nicolas
thumm“mwbouﬁwdnumdm-
MW”f“V“" Ching Fang's microsonic experiments were taken Up
fvo centusics after his death by another naturalist, Chhien Lo-Chih ' (ff. ¢ +450)°
ho cocmimned the caloulation of the spiral 1o the 360th degree. Such 3 system would
qu*mtﬂnm

aummwwhmmumm

by Coursnt® who is an indispensable suthority on this subjest, and by Yang

T T . ———

ﬂcwmﬁunfc&m‘bmmm“edwmiudw
Wabow'aﬂbeduondmd\oit. Of these, the fint—Lingchou Chia *—
cely sppears in the Kao Yi a3 one of the interdocutors of the High King Ching of
Chons (6 = )in the discussion about the gamut of bells, the function of the "tunet”
sod 7 relation to good government.™ The second is Ching Fang (& = 37). The third
s Chben Chung-Ju? (fl. +516), who combined certain of Ching Fang's ideas with
others of his own in 2 way which Che Tasi-Y0 says could not have been saccessful;
o the fourth is the famous Tacist scientist and engineer Wang Pho (. +959)!

Waag Pho woeked out his system on a thinteen-stringed tener,) but is also sad t0
ssve sened sets of bells to this temperament.® Ia common with the astroaomer Ho
Cibing-Thaen* (4 370 t0 + 447) be realised that it was hopeless to attempt to reach
2 werkable solution by extending the spiral of fifths as Ching Fang had done, and that
&mmwmhmn&mtﬂﬁnMMBh |
ke place. noawmm'amwmmumm-mm :
octsve and that interval, the sharpened octave, which is produced in its stead as the
thirseenth note in the cycle of fifths, the difference being the so-called Pythagorean

‘ll'-w“l-ﬂhmnuﬂu&d;tl.nwluz-‘khhyby()n‘l\d-’lo.
Mk Mas Shea, ch. 1, p. 235, CF, Nobison (1) p. 101; Wa Nan-Huia (1), pp. 1228, :
Christiphur (4. + 1685} in his Divisen Viakiuist advocated quarter- |

'-.Mﬂutlxp.ns}..MYwm°uMWhnhnotnwnmob

iseried § pirm 157 betweoen cach semitane (Swag SMA, ch. 131, pp. 11 6f, @p. pp. 13, 134} But the

Moravian Abrys Hilbsa (b, 185) seerms 63 hawe boen the firyt European to have elboruied » scale of sixty

“hhm&odﬂh%b“hﬂmmm&m.

A“hbuunmdmdmw—-.d.VoL;mm
o,

“:w..dug MY The names of the noses may be found in Shen Chung's® Yo 18 1 of
439 in YHSF, ch. 32, pp. 1oL

2 ue, e * L& Nasoh Hiin Shes, &, 3, . 22 e,

s B See sbove, PP 179, 304

 Beourighy in Chia Wy Tai Sk, b, 138, po. 1aft.

.."m'hﬁﬂ.d.ug.".gal Fis form of torspezenent was shmewhal snslogous oo
dh.dnwhmhnh&-hm-uuw-mm«ﬁ

——t -

3

e beidges,

.h:‘(‘?%bhhl'd'a.l.hm’“ﬂ"""' +0070); quated by Wei Chao-
P~

LA 4. CL Vol 3, pp. 897, 393, 384, 399, ec.; S Shu, ch. 16, pp. 4 ML
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mmumummnmmamuquw‘
thirteen motes except the fusdamental. lu&mkobdndam“:
the characteristics of a cycke-of-fifths scale and » true octave, hum‘m
mm.m.fumuwmﬁmdwqw-mmw
Mmhmmm'dbylbenddiﬂn»edno.edlfladam.

quwmwmwmmuh_d&%h
# considerable extent beoke away from the valoes of the cycle of fifths, H.w:
mum«muhmvﬂwubjwmm;bmqm%
would have required all his intervals to be sharpened except the octave, HoClu..
Mum.wwwhm&wﬂhw\emmhw
uthhmt«uq\ul-mmM;WqﬂnWwﬂ
from the octhodox tuning of the cycle of fifths, But by what calculation the g,
md&mutmﬂh»wﬂ&nmmwﬂdhwuu
an unsolved mystery.

(iii) The princely gift of Chu Trai-Yi

In 41536 was born one of China's most distinguished mathematical and reies.
bogical scholass. He was the son of Chu Hou-Huan ' and a descendant of the foury
Miqmﬁm.%'hb&thun-ﬁmbreduoedinndbyth“
he significd his filial grief by liviag in an carth-walled cottage for nineteen years, Thas
time was spent in reseasch into mathematical, musical and calendrical matters, the
results of which were published at intervals and finally s a collected work.c Ha gig
to mankind was the discovery of the mathematical means of tempering the scake in
equal intervals, & systems of sech fundamental wtility that people in all Westers
countries today take it for granted and are unaware of its existence.d

In the L& Hrleh Huin Shuo® (A New Account of the Science of the Pitch-pipes)
published in + 13584, Chu Twai-YU? describes previous attempts st tompering the
scale and shows their shortoomings before disosssing bis own ' new method”, in which
he ‘used numbers for seeking harmony in the notes, and did not make the notes

c&ﬂ“hhh“mmm a.....r.uau-"
Mt«bnwu:h@nﬂ;huwmxmuumﬂ‘:
pach-pege theory, addinion to wiich there is

m-uwamwuwa m& N‘ol""..
wﬂ?ﬁﬂ.d.u:‘mulq”.“ - »

story dincavery its probubile trarmevission fairty ke

m-u.whoxoqmmo.mxms:ﬁzmlm‘“”z
wbw;““h"mm For & much fuller sarvey, howeret

: ‘e m 2un ‘mw ‘N
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'"M'“mm&::\m““:;?‘“
OINYO".leMmd‘h‘ Mﬁmu ocued
mmmwwdmﬂwﬁh Q-Hdm,m
pu o5 pitch-pipe dimensions, Chu Twai-Y§ writes as follows *

1 had made =8 atsempt with the theory of the Sung (schalar) Chu Hai, based on the
"""‘f"“‘"’f""““"’“"ﬂwou&mu&w' plaches ca
~?""'"““‘:‘“¢*(:::“1 Bun [ noticed that the (noemal) notes of the sishar were
=t in (ormosance he

- .J‘,,‘ mmﬂ‘w from) the positions of the wasdard pitches, and

Night 1 for a solutisn and studied exhusstively this
Mwmmtw.wmaaum
ﬁ“h“ﬂnmdw&dﬂﬂmmmbtbcm
ﬁma%ﬂwwummmdho
period of two thousand years.

Mh“dh“(&q&“-ﬁh‘dm&mum

wM(&d&mdum)H-mmum
hu‘dM(Mu’dﬂh‘t&W)hnﬂmm 1 thisk
Mphﬂy&e-ndddmddmmmm&m.drhhum&dn
Eaeary works.

Pm&bmtmuﬁ.hthfaMChnTn%\‘OMw«hmd
ﬂwmmm»ﬁﬂ-“m‘““‘”“”” His

Mum»mmuauwwhum«dbm
Wuﬂﬁm.mwuuﬁuma&dmmum
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MM""M?‘"“W’- Possibly the answer to his mathematical
4340 occusred to bim at the same instant, but this, which is for us the most
'.Mll‘ of the story, he dismisses in 3 fow words:*

MP"
‘wwagdomlylﬁﬂl- 1 establish one foot as the number from which the others are
'Mndmh((mtﬂd“hpu)mlmmuwm |
;.“mwwhmmﬂ.amm- '

. this new principle be gives tables showing the lengths of the standard pitch- 3
”“d.bo(hllm&nnddouﬂam’inmhmnwdm
Mmphdpkvhkhkudiowuduchnumwmm
m“mmmdmwm(«ﬂpﬂmm
m}mdwumhumnmm“bediﬁbdwlhe
,»mdam&nmdﬂmmfmmdym&emﬁmm
pwelve equal parts, Le. the whole string, 11/12, 1012, 9/12, etc., for these proportions

2 very unequsl temperament, If all intervals are 1o be equal, the ratio for
@kaMbyme@dmLmMod&cmnhua.
muhapmedindnfwmnaﬂ..dmtwwthwolmmlﬁh
s two. To alter the ratio of each semitone by an equal amount, it was merely neces- '
wiry to express each proportion thereafter as 1:3%%, 1:2W9, 122, ac, and to
toow the exact length of cach string, it was simply a matter of dividing the ¢ ft. .
mmby”\'&wﬁchithmas'“.nd&miﬁdimmm -
of exch successive string o obtained by /2. Thus a perfectly tempered scale was {
achicved,

This is the simplest method of calculating the lengths of the strings, and may have
bees the one used by Chu Tesi-Yi in the first place. Sung algebraists such as Chu
W'(“g&muﬂowldmhbhndhmdlﬁhmbmw
books had st that time disappeared, and it is doubtfal whether Chu Tsai-Y0 could
have been acquainted with their methods. The method he shows in his published
clcslations schieves the same results by the use only of square and cube roots,
Ericfly it was a8 follows. Of the thirteen strings the Jengths of which required calcula-
%en, two were already known, no. 1 being 1 ft., and no. 13 half a foor. He then found
e square root of the product of these two lengths, which gave him the length of the
Mltrhuo.;mqummtdlhemdmlnd?uﬂml;“?
then gave him the lengths of the two strings intermediate between these theee, namely
™6 4 asd 10 respectively. The lengths so far discovered may be expressed thus:
AT LLE PRI ETH
h*bﬁdmmdmmm(mlnndumum
® eamples), he evidently had it clearly in his mind that the leagth of po. 10 was

"

'um
» Ievn Shua, o 3, 5, o, e,
Chlnng 5 b fi. €0k 7 b, o i 4 wof 5 A chih. o ahihoamh ew 99 chbie Al 10 chow e,

CLVAL 3, pp. 1ebeL sbove.
.
kan 'FHAGAR-AAXANSRIAT-ENRPAR®
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11t %20 of po, 11, 1 ftx 2*1%; ad of no. ,g:h.xz““;tudﬂm““.h
mmdﬂ.mﬁwmwd“ﬁ”m'"kuwﬁhm“%“
of 0. 10, sed multiply one foot by it, Similarly 3 f1. mUICPed by the uyugr
the length of no. 1o gave the lesgeh of 0o, 11, and ke results may be go for ™ o
unknown lengths by a simélar process. e
This rather complicated procedure was perkiaps used a5 & check on 4,
mmmﬁ.m&ﬁdwm‘wmb’"&w
105946, and repeating the prooess for cach string or pipe as described gy, 0
figure r 05946 was of course obeained by Chis Tii- Y@ for the note :
his standard Hwang-chung length. Ww"mmwﬂc:a’:‘“
tath mete above it, Ying-chung, was 105546 ft. Jong. C"""”q“i“'*l’“ddy- 2
udmiq&nmmw&mw&eﬁtm‘wm‘ﬂmmcﬁ.:
which & a way of geeting the pitches in their serial order'.d "
mmmmmumm-Y.hwmeh
temperament just 38 it was known in Europe at a later date. lthpuﬁmlu’,'mpmn
»mmmu»umwmmmhmmm.-
hm»uwn»mum»wmmw«d‘:
M-.wqum»q:-xwmmmm“
mbnthmmuq.Mimplym&eMo‘Mﬁmuﬂn'h
m.mmmamml«uwmmmauumw;%
thrdmmdooon.dl&ynd&elg&ﬂﬁ&htmomn.' Nee o
bulmm.onlymwbnhedﬂmimoﬂhbgmida. e
thMWuWMhWCMTﬁ-YG
pipes The pipes were the same lengths s the strings and if lft

* L& Motk Viwim Shas, chy,
v L P 10afl, O
o Sk § Ving-chuang pei thu. . sort f4 Rabinom (1), p. ¢

b chay :
Mhhmh@amm-‘m‘:‘& o
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b@"’“‘ W“WNIMMUMWM
joused ¥ dopt L ":"‘.‘M“*ﬂlb'itbmafc-m.\ncilu
ﬂmnw““.“wmiuwmmmw
_wwmhmmm
‘wwwd.u“.ﬂﬂﬂﬁ%umdntbm +1584.> There is
‘,uuwﬁemmhehmwnmmmw
Whﬂ"'l_m"- l‘tm?nbcmio'onﬁmi.&llm&ifm
U,,,.)»ebwhof'%bq*byhmdw»unmmn
M,wm@mmu;mym-«ew
- of Europe with China. But it is worth noting that both the friar
"#;ﬂmehnMiMhdﬁn&mmk:w
mw"“’?"‘“'mwmuw“dmpm
i was either how to adapt European music for the use of Chincse congre?
m»mwmmk»mwwmmmmﬂ
pdi00. h+lm-hﬂ]ohdh(mcw"“minw‘
WM*MQMMB&MMM&MB““
medmmmmam»mm
d.WmhMMWyMbymmMmﬁw
MMW.mwMWEmmnmdﬁe
: l’ounditnmnholathm;hqmmlydecwdbyit
Gaspar da Craz in ¢nssbmdmunymummmﬂwa*‘°
give 40 accurte ipti d&emdmﬁcbcbud.‘“mty;uubm(+ans)
um:mmmammm;w)ammm,mmmm
-lhiaChint(Fdim).memyboob
dmummnmmu”mmmwm
mm‘wbmdwhwnmdmcol'.' Butnlrodyomyunbeﬂm(+:565)
0an&w(.;u;mma.u_mm.,.aul.
’mu-mmduwuuww—umm“numw

of Matsoo Roeei 1 Chao-chhing.
¢ 0L Vel 1, pp. 100, 330 4 CFf. p. 247 sbove. (hthmhuth\.nhﬁl.
pnda,o;ﬂ.-(n).mmd.mn.
erasarrasian cliewhere, the followieg

'hM‘lm(l).Mt.."-m‘.l%l
bnmmwumw ather
s ey alee be wcted:
a‘l-h-hlmddmﬂu-luhh-bm.om
Uhm.uwdﬁm;dumumddmmu
Mtodar ndemon.
O e am.a.nuu-ldmmum”dm
with the sliosdes of cvery port, snd

—— A . T — . & Sy
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d"“.falﬂ"" hw.b.dthc!“m&h
_""‘:l 1a landed at Canton.® Tgracio w,,
snd Martin [gRAS €0 - taza whose book® was first probiiaheg

mmc.m-dabum“ M(M“s‘.‘ﬂmvﬁdﬂgdhimh

de
folowing year the Jesuit Edous®l & P70 0 e
Chiisese larguage, *de quoy ils of Macso when relations with the Chinese were
of the century were the gobden age o” % ; For a period beginning
becoming stabilised, snd interchange of ideas relatively casy. :

. opennd bi-ansvaal *fairs at Canton which lasted
M“"”u::;h‘mmm.ﬂuw In Ol”SW"inan‘“'
cussing amongst cther things mathematics with Chinese scholars, and in 4 t6o1 be
succoeded in making his bome in Peking. rm@mmwd
Chinese Givilisation spread in Eurepe with great rapidity. ) .

Thes by the beginning of the 1yth century Europeans were interested in Chinme
music, and had some sccess to Chinese books, It cannot be proved that a copy of Cha
Twaa-Y0's L8 Flrkek Hein Shwo or of his Lé Shw made its way to Europe and was there
acted wpon, bet it is reasonable to say that there was ample opportunity betwees
+ 1485 and +:63;lwthhnhppmmmhwnhpnuingalkdew.
Between + 1597 and the year of his death in 4 1610 Matteo Ricei became incressingly
mdhmMﬁMMp&yindﬁem&lﬁgdmm
calendar. &Mmmlyhnmdkdcmmba&sond\cubjea.a&dh’
mhlbfu.wnbvlﬁ(ﬂﬁun.h.hb),h Amoag these would have

s 1 Li, which even Wieger could do no less
than describe a5 lm!tﬂu.eﬂthuhaluiono(:::whhtw

s up all the previous works on the
:nh:n‘hhld-llm.:(“l e () . 0.
vel ), o Big, oo del Gram Reywe de ts Chima. ...

‘m.g‘.”.cw of the Socey
o Cline 24 'an MDLXXXIX «t u‘nxc. P13
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+ Now pitch-pipe boee i 50 incermingled with calendrical scieace i Chu
Jf‘&*:m.:ndthmmmhneuywhmm £
wwwmmmummmmmum I
dat ¥ ith the pach-pipe theories, Eusopeans s intelligent as Ricel and de 1
%MMManmdm+mhmﬂ““ 1
Urss mmmdc&umm.om,w :
ﬂd’whmﬁdeqndmm’-wmm* /
Ao O e, This doubt is increased when one finds that seme sixteen years before l
2 O e great Flemish mathematician and engineer Simon Stevia (+1548 £
”’M.'mwfwlheMdtheoakheq—lwm“ ‘
¢ paperat Many of Stevin's papers had been circslated among his friends |
dﬁgww l’ﬁMHﬂipwumuMM
F‘“mbmdymvolummmpm‘mﬁulmﬂ.ﬂd
e was 8ot rescued from oblivion till it was feusd and published by Bicrens
de Hatn (1) i 1884.° From this it can be seen that Stevin caleulsed uequalf’w
wamwwmmm.mq.mmbmww
. .m?ﬁ-ﬂﬂmmmm&dhhmmli-p&&
..g.q-emd&epoo&noldnmmkwhu',huot'J"‘i-”
w““a&enﬁodhm&dﬂcmd&mm‘wmm
stion i comparable fashion as follows: 3
o Y
J12)} ;
W6}

LR

" OL e oten Chve TaieYo s calendar 10 the theone in + 1505, the yoar of Ricel's first
;-"QN-&‘ hmmmuumduwmm
_.al,hesu,...;d.uumds-.um 0
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mmnwazwh-mmuwh :

Mine,&eidnofvbidahtm(lumple.fmol}ﬁu‘ o.s&‘:
M)bMWMMMﬁMfMMMMk o
-whmwimﬂymhmm-kh%m "h
mu.wlmmmmmlwmaw
Muwuuﬂﬁhh'aﬁgduh'mh“.s&w
(c.neoo).umuwmhmmmmmsmmh

MM!MMM»MMMJWM&W
nﬁm...qmummmmh-&wm.mh

ltilmiwthﬁuﬁiﬁo'cwkmbddhmm&
Mumhmwwh&mmnw;wﬁk&nﬁ"w“
‘mnenau'ommtnhnbewviddyuhpoeddmin&un”; Is
any case it is fair 10 say that the European and modern music of the last three cengriey
may well have been powerfully infloenced by » masserpiece of Chinese
Mhmaumummmmmd&eh‘whdh
WMNMJ&-MMWMYGMMMM
mmmm.mmw&dummu»mm
cUmdMToChbu“mﬁﬂybedemmdh
Wytmh&;qnnunmLAbobvhbmmm
ﬂtwhwhhwdﬁhn&i‘mmdﬁm‘&m
mktowﬁcbbeuha‘riow&chbem&gbtemyonhiommb«.bﬁi‘
Mhhﬁem&“h%dhﬁmmuﬁclﬂﬁwm
possible, Such was the faith which ssimated Chinese students of sound foe fmere
than two millennis.

ONthMMMdK-ﬂhﬂyhﬁb&«.mw. Mow.
'u:ms.}'d be placed in the By Hypemmengs
fovpersmwnt rmay in same petiod o
wmathematica, it would be datable Devween about & 1005 and + (6o,
© 1t bn e Dt ot et s wonds were held s sach slight segand That, 8o gucte his son Hesdsl,
'um&n—uhumummmmmd“
e rest soummennd pellanel in total confusion”,



