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1. INTRODUCTION

Mmymdmtdthesebeflesmnemorethan 3000yearsold,remain fi-oluthetiane ofthe Shangami

thu dynasties. Moat ofthece bells, being oval or almond-shaped, sound two distinctly different notes,

chamdingupmwlaee flaw are struck. Although small ornamental bells may have existed in India1 Assyriai

and Egypt as early as 2000 BC, the bells that remain from these early civilizaqu do not compare to the

meithhinesebellsinsizear in quality.

Afler the 3rd wintry AD. round temple hells gradually replaced two-tone bells. Although mainly

ofbrtmze, large irut bells appeared in some temples around the 12th century. Matty citi placed large bells

intawcri to annoume the time ofday. The largest known Chinese bell, standing over 4.5 m high, was cast

in the 15th certhlry dining the reign ofthe Ming anpernr Yengle. In this paper, we discuss the acoustical

behavior ofsome ancient two-tone bells and also some ofthe round temple hells.

2. BELLS l'N ANCIENT CHINA

fireearlimImnwnChinesebellsuesmallelapperbdlsofclay andwpperfinmdtedtirdmillemuum

BC. Beg'ming with theearly Bronze Age (on. 2000 BC). however. bronze becmue the material of choice for

cast bells, as itrunain: to this day. The art ofcesting bronze developed to a high level of sophistication

during the Shangdymsty (1766-1 123 BC). Most bells were cast using the "piecr-rmold" technique, which

began with a core model ofthe intended bell in clay. This model served as the imprint for the outer molds.

winch were produced by applying a layer ofclay to the model surface The outer molds were removed from

the model in sections and fired. Mler fixing, the outside of the core model was scraped down to leave a gap

ofthe desired bell thidmess between the core and the outer mold The piece-mold technique was particularly

convenient for casting oval or almond-shaped bells, which became the bells ofchance, probably because of

their humane acoustical behavior [1.2],

Although all mint Chme musical bells are similar in overall shape. they may be distinguished in

[our main classes:
mo,with arched rims and large tubular shanks which supported them in the mouth—upward position:

yongzhong. similarin shape to nae but with a ring or loop affixed to the shank so that they could he

hung downward, slightly lIlLDd toward the player;
nmzhoag, identical in body shape toyungzheng but suspended \crticalh from simple u-shaped loops;

be, with level rims and sometimes elaborate suspensian devices from which they hang vertically.

Examples ofthcse four class are shown in Fig. l
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Fig. 1. Exnmpks of fall clams oflncimt China: bells: a) nun; b) yangzhang; c) niuzkong; d) by),

Amimtfldmcbeflsmfiduymmd‘ Oneofdaemostnotnblcdecmfivcfcnuresmthe mi
WHIPPMIHscotmmngmnfllymangedimo4youpsof9,asmbcminfig. I. Withmemhgroup
of9ue3rm‘sof3micaclgswmmdbyzhuanarridges. flcguarshildngmisofimrichlydmm
and Chinese chum am ofien engraved in the anal betwaen gulps of net. Parts of I typical hell am
idsntified in Fig‘ 2‘

Fig. 2, Parts ufa traditional Chinese lwc—lonc bclI.
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Themofdcsigniug and casting ancient bells reached its peak during the Western Zlinu(1122-771
BC) and Fasten: Zhuo (770—249 BC) dynasties. Bell chimes occupied l prominmt positim in ancient
Chinese ritual crrhestras. Bells became sums—defilqu objects. It is hardly any wonder tltatprasuns of
wealthandpawcroovctedbelldiimesfottheirbmialmmbs.

I Wmmiulbeflswuemmmedinwbdmmchhnu.nwmpmbablyusedmdlmm
ofnhiaLstmllas'mnmsicalpu'fmmanu. Chimesofbellswercfi'equmtlybuiedinthetmnbsofrayalty
Mmblemea,andthatishowlargennmbusofmoiaflbellshavebcmwellpresavcdthmuynhenges
mmoetmhblesetofbdlsdiscovaedtodateisthefiS—bellsetdiaoovmdindrembonmgHouYi
(Mm‘l’ioninn 1937. Theseflchly—insuibedBdQRurvivedincxoellmt omditimsineeaboutflil
BCduetoIiietombfillingwitbwater. Alsofmmdinthetomhmbambocflutcs,pmpipu(flao),mmnh
organs (rheng). plucked suing (qinL dmms, and stone claim.

     
he

6“

m 3/13 "“ “We:
is, .1» “a . t mzi‘wfiat «newsman,» “what‘ww

Fig.3.Chirncbellsfi'omthemmbonerigHouYiinHubeipravinoe

Study oftlie Zaigbclls and many other sets ofbclls has provided musicologists with a great deal of
mdastanding about anoint Chinese customs ofmusical theory and perfmmnce. The ricth inscribed Zeag
bells provided information about their intmded pitch in terms of ancth pitch standards or m. The musical
systemdmnnentedbytbelmg immiptiohs gives the names oftwelve movcablc notes oryin, not unlike the

do, re, mi ofWestern To (be four simpleyin 11mm, gang, slicing, zht. and yu, are added suffixes

such asjue, which raises a not: by a major third andzeng. which raises it by two major thirds [2].

3. VIBRATIONAL MODES 0F ANCIENT TWOuTONE BELLS

When struck by its clapper or by a hammer, a bell vibrates In a complex way, In principle, its

vibrational motionm be described intem1s of a linear combination of the normal modes of vibration whose
initial amplitudes are determinedbythedistortim ofthc bell when struck. Each partial in the spectrum ofthc
radiated sound corresponds to a normal of vibration.
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Inlmmdwiflonbofiunhudtbclljisumnuymmlnmndmdcofvihuimbythe

numbuofmlpldnmddwidmmxdthcmmbwmdllcimhn. 'l'lneprimipdmdca(m.n),givm

umIda:hm(20).pflm(21),rh!rd(3,l).etc..mwdullywwdwfindmimdhquics. Simitlt

MmeminIMIhmadmbdhwmdiuWIh-mmm

WadwhhwhidlwmumnonMnxumF15“. nub-madchuamdcu

mmm-uan.mikdwyvmodehlsmuuimumhhcufim. SmuflnhoflltdIGmumw

hmmmmwflmmmmmmi—mdeMMuflteHMHUJLvm ,wllilc

mikingiubuuhllfwlywmIbeximoupimvdflwufiumflnllyemtomdsmdauaflLMHm

gflgmflmgm
filfiéifil

@flfififlflam m:

Fig. 4. First nix llde in' 1) Chinese two-me bell; b)Wm alum boll; c) lumdmu
Dubai [inns indicate lumim «node: [3]

IIWimfindeSMplhmlmUmmmbflmmmFi;

S. m-hweoffltisbdl.flunflu8whouMusicllmmthcmmisbuedmamicmbefls. 'l'lurmos
ofdtchmdewIIteA-rmfieqlmdunngefimno.s9wLEM-Murmumodopnin Innmtm.
hWMIWWMMAm-lhmmwhptwimslymfi]. m
mumminhmmnmmmm,.mempmdmspumm
isnmedII]. flutlflckmonhabonvuicsfiwnnbmu9mntflnmnfflwfwmISmmmmha

ends. OnfiwiwnufiwnfficbellmfixyuoveandIWuelylflmvfidellldwmndwp.

Sifllum.wmmhldmndmbdhmhwamhmmhlmmuummmmm

(and heme on tha intent-l batman the A- Ind B-tonu). Th: Mammal (2.0). mi (2.0). mania. which

Inger daamincmepioclu ntthotwolmcs In (Mm-tnthham-NW ratio 1.201
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Fig. 5. Holographic films-Ingram: of15 mode pairs in I modm China: tum-tone hell [5].

4. INTERVAL BETWEEN THE TWO TUNES

The inscriptions on the Zeng Hon YE bells indicate two intended intervals betwm the A-tone and
B-toue, omespmdingtn a majorthird and ImthirdinWm not-flan. In fact, the interval was diflicuh
for ancient bell foundns to annual to a high degre: of accuracy. The musured immals far the 65 balls.
indicalcd in Fig. 6, showman clusta'ing around 300 can: (minn- lhird) Ind 400 cents (major third), but they
range [mm about 210 to 490 cunts.
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Fig. 6. Pfistogmshowingdism‘bmim ofA-lanclfl-ton: intends in long Hon Yi bells, Intervals
mmmhmflllmdlmnimonthamofeqm temper-mama [[1200
oflnoctavaflj.

  

mmmummmmwmmmmummm
toms. flufouuwingfourmcthndsnfighthawbemund:

l,Bynsuihhlechoiceoflhevfidfla-lo-dqafllnfio,mkmflicityofflnbefl;
2.Inmgzhangmdnfuzkong,bymollingtlwlwiglfloffluamhomulhedm;
3.3yvaayinglhelhiolmessofdifluentpmofthebellwafldmhgmfing;
4. Byvam'ngflwthichuss ofdiflcrentpmsofthebcllwal] manning, i.e.,wtfiug gimvesnr

Withouldmfl.
ApfiaLuumigflatpeetflnfimmhodmhwcbemthemlmvmimL FrequflacyIIfios nfmodepnirs
habnfi—shapejcfihimwflhdifiuuwidlhbdqaflnrfiosmmmfigl Fraqumcyspliningminé
inbclhdm(2fl)md:(lolidme) with: (3,0)modc(duhad curve) inns”: wifllmtzicity, “expected.
mmmmmwmwdmwmmmmm

u  
Fig. 7‘ Frequency splitting ratios afmnde pairs in

Ilmmd-shnped cyljmh: with djfl'ermt
whim-fink ratio: Solid an: is for the m.
(Zflmeadendmfixflrfifl) mod: I;
[7]-

mmimavfllinthclfllgflwfibcllsm
flmanigllslfimcfianofthcwidh-m-depthflflo. 1n
MWWofbelh,fluumn-edhurvmmqfiw
donhtlrintmdndimu'ull(l.200r1.25.respeclively_for
mimrormnjurthizdbells), Hmvu-,flucialil1leorm
mmflnwm-Mmfimwfifiwm
1.29wl.31fnrbc£hgwpsofbefls.lnflwuppamw(fifled "
aimlu)nadbmnmw(opmcinlwuuduimgks),fluvis
mainlflofmehflmbminmnlmdwidfla-m-
depfllnfio,hlnlhemedinmnlsdonotfollawflt
intcndodimewnlsva'ywcllciflu Notcthauhmmm w
inwfiedmnjowirdbellsmhewmw‘ " '1 “Jami”, "

n
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Fig. I.lntu-vflbdwean-andB-wncsunfumfionoflmgth-b—dcpthnfininfiwmgflauvi
bells»a)bcllsinfll:middkmw;b)bellsindmuppcundbouomm[l].

Ohmuffihnbdlsshaws'anilubelmvim. lnlarynlsbetwmflwA-Ioncmdthcfl-mfonfl
bdllmshowninFig,9.1‘hueislime,ifany.mrelafim Appnmfly,lhcbellfmmdusdidnot

upmthcwidth-to-dapthnfiommmiailymmflultheinmflbctwmm.

LE ' lilJJZ 'l= LlI' ' ' ' Ritzfl‘

run and  
1.15

1. LI 1,23 1.10 I Lil Lu
Hum/mm mm

Fig. 9. B-wmlA-me intanuls for 205 China: bells

Haw nbmflflleiwightoflhnyv(moufllnutup)mdflnmichmmm7 OmmudicsofovurZOO

bell: for which physical musummm: an: Ivailuble failed tn shnw my all cwmlafion batman these

paramount and the A-wndB-tune intmrnl either [8}. Did thcy rely on fine tuning afior casting, perhaps by

Mwfimmingorhycuningsrmminflmbell? ltisdilficfltmdmafim,nfiwnummwhcdwr

thebcllswmmedafiercasfingmmmninggmwmndded. Rnhtivelyfcwbellshwcbem

mfifllyexunincdonflneinside,mdoonosionoverflmymhasobmed smfacedeuils.
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Havingmdewminhmmmuornliabkmflngmndudsflhemciatbellfmmfldm

mlyhyear. hianmatlflmflkdythnlheyustmuwbells,sebcledthemwhoeemidslheyIilredend
melteddownlheothersmbcre—cssl. TimingoftheA-lommayhmbeenam’eimpommoelecfim

mmhA-hrJB-tmeimavfl. Inlhecaseofbellstlmwereinsciibedwimanolemmeatthelime

ofmmmmmmimmnmwmmmmimmmmmm,

alflntghdiematdihmmybellswufufi'ompefleet,aswelmvemwd. HowevflwelllhemeientChineee

bellfmmdsswaeabletnpredictoreoutmllhemnesepmfiominlheMO-mnebeflsflieymtheirusfing

skillswererunarkable fwtlieirtime. Mia thousands of years, many of the bells still mdnmuical

insu'mlsot‘highqualityl

5. ROUND TEMPLE EELIS

WWWbells eaminnedto be castduring the Qindymty(221-208 BC) mdeven

intollnflandynastyflflé BC- 220 AD), theirimpartanee rapidly waned. New musical styles, in which bells

played liule«noth gaining favor. The few two-tone chime bells remaining fi‘cm this puiod appear

lobe ofaqunlityinferior Iothebells l‘mmearlier periods. Al the samelime, expansion ofthepirepunhe

Chm intnclou umtactwith cultures ofcentral Asia, irwlud'uig India. with the spread ofBuddhism firm

the third century, a new type of large temple bell, known in China asfanzhang, developed in East Asia.

Medieval East Asian temple bells are generally cylindrical or barrel-shnped with I circular cross-

sections and a rounded top. They m considerably larger and thicker than the earlier chime bells, andwall

diidmess is moreorless constant tlmmgllaul thehell. Several temple bells areshown inFig. 10. Therims

of mast early temple bells are mostly plane, but some Chinese temple bells have scalloped rims, rims will:

indies, annuller that miggesttiny feet. The arched suspension device af/anzhang alien takes

the shape of a bait dragon Their surface is divided into rectangular fields by il bandedWt that his

been lilneuedto the belt afa Buddhist priest's tube, and sometimes the strike points are marked by lotus-

flmwr ornaments [9].

  Fig. 10. Temple bells.
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Temple bells,mchufauhmginchiumdsimilubells inKamv‘a'mjong), lean (banning, '

huldeMmgmaflymfiudmbepmumdszmprmm,bm&w,flmmbflbofmis
.gmmhmwfllismlinsmopmquflfim hmmnstaics,bothfitddhistdeloisLfimhong
mmbeuaedforbothrcligiunmflseuflarpumam,suchassigulingtimcofduy.Smemivcwumof
lfi-Wapaufimmiflhnflfingmofmlebdhuwflmmmnndao

feweaflyhellsmin. Dmofthcoldcstmnnixfingfunzhongjafingfiunfifi AD,ismwintthnra

museum in Japan. Fmth: Tang dynasty (618-907 AD) onward, largabells wele togadm with

dnms,hwwu£nth:cmtflofevfiycflymmmomwedtbubegimingaudflwmdnflheday,

neme[unplebeilsin Chimmdwdils mimdmmgmcmmgdymzy (HEB-1620)
minimum de shawninFig. 1!, Wu wtdmingfllernigl oftheunpuurYong-lefl‘im-Mlfl It:

hmbodyAfimhighwiflumndmmdimnflaoflJ m,is insn'ibedwifltll'IpOOchm ofBuddhist

mnext; is is cstinuted to be 52,000 kilograms. It. is displayed in thc“Temple ofthc Glut Bell" in

Beijing.

 
Fig. I l. Yong-l: bell (15th century) in Beijing,  Proc.I.O.A. Vol 19 Part 5 (1991)
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6. IRON TEMPLE BELLS

Flam about the thhommryouwuimmylargebeflsinChimwereustofimn, Imuchicss

expmsivefltunlfivetohtmu. mmmsmwkwmhmumormmmmnm

khnndnmumwmnmgmyunironnol, Thenhapwmddewnfimsofirmbelhwmquhcaimilmm

hmnaebells. Animnbcllisshquini'ig. 12,

kmbdlsundmhehmflyhfniummbdlsfluylydmmhmmmidmofmddmm
Thefmn'smmddncaywifliilmuslulbeflaisofim utibntedmgxeaminmnnlbssmcmmiibmthis

hmwflykwfltwflfmuwglghunluwhmallwfl. Amimpwmtfmorisllwgrmfi

efficiencyufsoundmdiafim(mdfiuulhcgremlosnmafvibmdomlmy)dmwflwhighflsouud
velocilyinirunasted. Dummmmdiafimcflidmthcmdofamelbeflishfifiaflywtflm
lmmpulblchronzebclbutthssmmddiesuwflymorempifly‘

7. ACOUSTICS 0F TMLEBELLS

mesficalmensmemmhmebeenmadeonfanzhangormplabefla Mosxlargcbellsin
Mmdisphyedwflhdu'rfimmfiugmuplntfmwdflmstheycmbemmd. CaLetnl.[ll]

mlbkmmddnmdsoflmmbfiaffanzhangintheGreatBeflTmpthdjmgfiwnmchdmy
mnmodthefiequmciesofmanypmals.However,theyhndnnnpporflmitymnlmd1esetomodzsof

vibration of 11:: bells.

Mocbfiequum'esofflqugkbeflmslmwanig 13. Thalnwcslmndcoffihrafimhnhisllrge

bcfloccmnttheverylowfiequmcyofnflzlu].
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Fig 13. Modcfieqlmciesofdle Yong]: temple bell as a function oflhemxmbcr ofnodal

mmdnodnlcimkafldmfimnfllv.
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8. CONCLUSION

Bdhmldyimpmofmflywuyadmudthmofamimfiiuismawepfim Dining
meBmuAmtwo-mbdlsbmeimpmmmusiulinsuumm. Mmyoflhcseancimlbellssfill
tannin. Afiu‘flnhflmfinyADJmmdtemplebeflégrmuymlmedlwo-mebefls. Mmycitiesplwed
lwgebellsinmustomnmmnemefimeofdny. StudiesofhismicalChimsebeflsoonfinuesmbea
chnflmpwmfieimuswefluudlmlogistsmdmwm.

mummhismmymmdwfleaguswhohavepnficipmhmdiesofhimafim
Chinelebells. SpecinldmllsgotopasmelulheAnhnM Suklagnllexyianshingwnandthe
Shanghaimusathhinafmallowingmesswlhejrvmblecouecfionsofbefla
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