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           E7eE"trtntic EiigiJie.ej'in,g Dep{Ti'iir[eiti, rvie Universitll qf'Etecti"-Coninii{iiicafioits,
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           < Receii,ed 2･S Octobef' 2･ O06, ,4cc'c'ptedj}]r f?i,thiicapion 19 ,fesfre 200'1-j

           Al}strgtet: lri thi)/ pupet'. ",e  
fucus'

 on  the c'vntrog  of  [he lone  of' a g.iass hai'p clmrkrg  the pT'ecess of

           R]anLrfaeiuri".u.  :tncl on  ihe  an:lysis  of' [hL vibrttti"n of  {he .g.liiss  hm'p using  a finite eleinenL incthod.

           Fk'.,t. Ihc ct'fect  et' i,EE'iens  factcn's ep  ptiu"s  is studied.  such  :s i/he eteinerit  [ype  tiiat enables  a goeci

           ge{inietsles FtpprnxiTnal{en  autl the iivn]bcr  e{' divislons on  the accurae.v,  o[' !nc)de  freq{Eeneies, SecoEicl.

           vie  exa;nine  ho"' eauh  inudt/  "'ccauc:,icb, changts  "･ii'h the bL[lge ot' ilic t2tass hai'p, The  restdts

           clefnonstrate  thal the use  et' a  btilg,c is t. t'fective ifi controH{n.o,.  the pitch uv]d  lhc tbiihre. 
'l'hird,

 t]']if pifeh

           cari  [ne vui'ied  c}N,er a  v,'idc rangc  b}, chtuigin.g.  the hulge o!' Lhc eup.  Ii'i particu[ar. k can  be tinegv

           atl.jusled  by cutring  thc insidc E)ottooi of  the cnp  se  ag  to forin ot' a sina]1  cit'cular  groos･'e lnstcad of

           using  a conitntienal  mechod,  ili,hich [nvolves cul'ting  the ou{side  oi' the  cup.

           e<e.vae'fn'ds: (llas,s h:-irp. Gi2 ys ht'+rr;ronica, "iincg,las.'s. I,'ini[e eleTy,ent inethod.  Pitcl't i.-ning

           l'.･k(]S iiuinher:  -i3.75.Kk  idei/IO.12S{)1"ust.?8.l.i, 
'll

             n. ffN℃R#g)VCjTk()-N

   in rLeent  },ears several  expc/rin'fci'itlil inid  anal/yi/ical

sludies  ]]ave been earried  out  on  
.glass

 hurrs []41.
Kn",'evef'. tht analytical  s.tLiciicK hm,e  hceF] ff.icvseci on  thc

tut]ing o{' a coTnmcreially  availublL  y'ine.gfass  b}, fiSling i{
"ith  urater  ttncg!e!'  bLt, e.LittinLt the our$ide  ol' the bottorn of

the cup.  "  L huve four tg;asg l]urps for g$e  in coi/certs, ",hich
wcrc  Llevelopecl  far lhe 

'}"sukubti

 lnleruational  Expesition

hcl{l in )990 [5,'l. aticl sliice then  wL  husL stitrted Emal}'zing
lhem  b}., a tlnite tlemLnt  n'}ctthocl <FErv'b, Hc/.v,,es,e.r, jktrge
discg'ei)aneies in ihc inede  t'regLwncieK ",ere  feunci he[",een

theor}, aud  cxpcrlmcnt,  XSefc iht}s need  to make  the erroT' as

snwtli as puss2ble tc] permit guun･titative disicifs.gion. En, this

sludy.  we  "ko  aim  to uge  tl',e glass harp as. a percussio"
inStl'UllleeX ill [1ct'ditiOB tO :･ltt i) COI]L,elltiOllEl･I iTIStl･UMeM.
wliich  {s to i'uli the. T'ini re preduee onl>,  l];il'u}onlc lo"cs.  ,thL

glass harp. can  bit used  as [-1 percitssio" tnstrtnpeTit im a

perferEnance, an[l  tts tapgin.a, tofit ig itlse clcar,  
':'heref'ore.

I)y stuL'l.},ing. tke posslbitit>, of' ",hcther,ihc.]w  "'e  cttn euii/ti'ol

lhe l,)ltch ami  kme  g!utlk>･ b>, chnn.ging.  the l}ulge. xi,e

irrtend to t{esis,n  tt glass harp us  a pe}'eus.sic}r., insirutnen{.

    2. S･･ifgASU･REMENicr Br  {'iEOIN･zzTeeV

       AND  MAX."XRIAL (1#NS'{'Apa S･S

   Wc  could  net  obtakn  the diint.iisi{'}ns of  tkL. glas.y h:･irp,

L'-niaH/L-[11aijl'

42. 4

coiciO'L',,m,i  e.uec.ae.i[r/

kkis/lti(it'cr;tn.e.ee,tutac,ip

v.,i!h /'atisi'ac!or>'  precisioii, even  t}ioLigh we  rried varioug

n]ethods  suc/h as using  tt pho[ograph  and  a  nondestrr)ctix,e

technique  based oti the use  of  a coBtour  nieasLHi]ig

mttchinte,  The geu'tlletr.v of u .o..'fass harp is too c:omplex  tu

intfasuye  by convcntional  nondesrruetive  tcchnicjues.

   FollewinF...T Rcf. RL we  also  eut the uup  in hai'f i･ifter

diiiiding a 
.e.Iass

 harp into a cup  pitrt [LTicl n  stern  part. aiid

lhen  thc precise crogs  see{iot',  o(' tl]c c-p  w[ts  obt'ained  using

a  copy,  macl]ine. {F. ig. 1), '

   "'e tt'llt off  tw'e slrips  CSe x  iO.f ×  2nim)  from tht.

sleni  to cii}culate  {he  clcrisitv  by niet,Esuring the.ir zt,eit:ht and
                     

..  L, .t
Yogng's niodukLs,  

rE'hc

 fe'etiuencies ot' thL fupclainc.ntal

lr,endlng moda  were  "htnineci  t'E'om tappins, fones
 t'ecordecE

on  a  digi{}.tl auclio tupe  recor[ler (D,ALT) in un  anechoic  roo}n

Em{l usim.p. tt t'ai't Fcurier trttu,si'orm (FliT); the frequency
r:se]utieii  is 2･ .7Hz.

   
'I'he

 densititg [･mti Yuung,'s nx}duti  ol' the  two  strips  are

giveii i- Tahle I. ThL material  is crystal .crIttss  centuinkig

1.4nb PbO  [.K,]. "Je itg(cl r/ne averag.e values  of  the twe

sampl:s  in this >iucl>,'  C'I'ttbLe 2.} bectLuse the  discrepanc},

hetwuen the  iwo  sets of  valucs  ubttiined ahove  as sniall. The
i'ahLe  of  

'Poiss'on's
 ratio i" Tttble 2 was  n}easut'ecl･  in our

laE)erat'ory using  another  ]ttr..o.er specitiien,  The values  ol'
'tz'oung's

 mociulus  anci Poiss{m's rario Rstecl in Table 2 afc    L.alillost
 
'the

 stmie  as  those  in Re'f. I: 1.

 3. SPE(JZiRA  {}Eg FrONES

 ()}.･' ('IE.ASS eeARPS

   The rebbins  arid  tappii].g. toRes. were  cieteved  usi-g  a

i ,,'l  inch concieiiset'  vnlerophgne  cB&K, {>,pt'. A, l90) al)c}ut E
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     Fig. } Ciogt scckuM  oi  eup  ot' ."lalisc h,Lrp

 TRb]e 1 F)cnsitieH :}ndi  YuLing'g inuduli  et  t"'{; stnps,

S.d]vple De"sit}, rkg/'miJ Young'h iTioduluK  LGPa;
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'E'a}"e2

 k4ateT'ml conli[ants  uscd  i'o! FEptl annlysis
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'1'R7PLng'i
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 -I l              t t t

                  Frequency[Hz]

      Fi'g. 3 ExmnpTe vi' spectsum  oi [app]ng.  golind

  
'S'able

 l Senie inipo:tant tlirriensioiis of  tuu[ f21nsg h/vps

    E4, B C, D) Lmn]]

                   A B  (' D
-
 [Siafiictcr Lit iell {}fe 6]K) 7]･ O SI .l

  ]vluxi]nuni  d{uaieter 71 C) 7S6 ie6 C) j]･ 3.2

  L{eight of  cup  65 (} h5 ({ I020  ]145

  
'I'hEcFnchg

 o'i fi nt  Ig 1.l i.l I7
                                       60                                ao                   5fi 5ny,  LenLnh  et  ciem

  })Fa;veter eF  slcm  20 ,i :O.e 2C}9 20 )'

  t ttt tt t tt tttt tt t

grvcn  rn 
'rabie

 4."
 I･'reLn 

'i'aE)le
 4, wc  can  sE,'u that noT  only  Lhe pitch bti{

also  lhe umbre  ot' il'･: glass hag) ean  he contrell,ecl  hi'

chtLnging  its clivnensio"g and  geenicli'y.

  ,uid  ihc  ntaLext  nott  lo tht  t"ppjny.  tonac  ofilit  foL,r ,L.,lc{"

Pscne C Notc  D  Note

Dl t.]7 //(b bif･ 6r,{)( ,i} DF

c]" 3(Jyyc2.,tl.lt') GE 1.6S2{2.b2D (i'#

 f･i# s:,'･sg(4,.s,'/o .t''S 1,l](][4.Cj5.f) {G"

CS# S,9ag(7.07D  . {.7:{3t7,.xl.li) Dh

YeLmg's inodutub  E
  PuLshun's ratio  o

      Dengity p

nieter  froni the stem  ei' tlie glagg haip3 in  an  anech6ic

antk'ecerdcd  on  a  {}AT  CSONY.  Iy, pe DTC-ZA5EY.  )

haTps were  pltt>'cJ b}' rubbin.c.r the fi ni  "ith  a

hi;' tapp!ns, lhe rhii  "eith a vvooden  nial}et.  Exaniples of  the

bpcetva  of the n[bbin.Lo apd  tapping  tolles e{  th

Fis,, 1 are  shexx'n  in Iiigs. 2 and  3. respee{ivel)f

were  oh{ained  by FE T analygis  ol' the lenes  reco]'decl  en  the

DA'j'. The duration of  the tone  anal3zect  xvuh

Fi.u, P. "･e  ean  gee  that the rubbing  torie hus

overtones  andi tkus  preduccs almost  sinusoid

On  the otheT'  hand, the [apping  tonc has

inlx{rfiionic conipencnts  lipc{ the affect thc tiinbre, akhoug.Ii

tl're pttch !s the Kunie  as  thttt of  the nibbing

}inportant dirnengions ot' our  l'oLir g..}ass harps

Table ."). t{nd the fregu-icies o[ the conipeltcnlb

Kpect+'a,  their ratios  ro thc [lequeiicy oi  the nrst eo]ripoi]ent

Cill plwe{lt}lescs). [tlldi t}w Rcal'est  llote to eftcll fl'etluelley

      
'rabie4

 Freg:e,wic" ui L"n)penentg  lheir  Ta"os  (.Tn parcnthesis)

       harf)",

  C'empnncnt no  Xt Notc

  1 I.1th()d,n DA
                            '

  1･ 1,r,26([ t)z,-
 c'#

  l ･1 
,eb'6t3

 50f) H"

  { S[) [) .E't7 7>' ,i,
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b'ig, g SLi')clivisioii ul' v;hute  .wftiss  h"rp inLo 1.I.S2

 pai'abuiic' isoput'tmietrit' elemen;s,

               !Jig.5 t]..OJ mode  shapc.

      4. FgNgTEEg.EB,fEVtsgTANAif..YSIS

   l]! ihis sltLdy, a genefu]-{r,uri)()s.e finite eleme"t  eo[le

"iESC.f'NAS'I'RAN l6.71 was  iisecl to obtain  moc]e  shapes

and  l]requencies. and  a .erttphie  pre/'pos{processor p]'(}.cr..raiT]
wt.SCIP- ATRAN  ",･as used  tn L, 

'[sualize
 tnede  shapes,

   The  cross-sccticx'iai  geornotry {thc i'iLtht-half  por('km (.}f

Fi g.. b is in}p"ttcLl uncl  rotated  360 degrees, thereby  fovmiEig
l}tc sl]apc･  ef  a Liluss harp f/or the  finite elemenr  merhod.

Fivt-sided a!icl six-s.idecl par:iboll'c isoparanietrlt: ele!nents

weve  us.ed  ft)r the  inodei.  

'i'he
 eross  section  i･vas subdivided

inte 48  eleryte.nls  in the circurnferentit,'l clirt'ctiei]. 24 in
rhe height clSrection. and  i in the thickness dtrcetiop. i4t

glass harp ifkodtl  coinp!ctel>,  subdivided  iiite L.152･

elemen{s  ls sho",n  with  tt .vytiyscttle  putter" in Flg. 4, The
]nain  mede  shapes  c>btalnecl  by FEbvf anal},sis  are  shown  in
Fi.g.s, S-S llel.

  42.6

.4.cottsi, Sci. cg 1'ech, 28, 6 (2007>

E'ts,,6 t3,O) TnoLle .thal/ie.

I/?ig. 7 Ct;,U) mucie  sh"pe.

               Fig,g {5..{}) mode  shape,

   The  rnecle  i'rtciueneies tmd  sl'}t',pes ubttLined  here

correspond  to those in ether  Refs, fl.21; thus. the lo"'est
four modes  are  denoled as  (2,e), (r,.O). (4.0}. anci  ()-,C))
foHewin.o. Ref. [El.. 

'I'e
 exmnine  rhe  accurac>,  ot' the mode

freqtiericies, the mode  frequencies ohrained  b}' F{'.'twf ancl

F}L'F' analyses  of  ]ts tapping,. totie "'eve  eompared,  

'I'he

tesults ar¢  giveii iii 

'rahle
 5 for nmterial  iX. iu Ti-ahle 3.
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K. UCHfl)A  "ntH<,  Kl.Si-IIi VIBRA.TIONiK.L ,4NAI.YS g Ot, Gt.i,LSS I-{ARj) AN. I') ITS TON},. CO.NTR('A

 
'Fublt.'

 S X'1{)de 1'reguenL'ies  aht:tined  b}' cxperink'i)[  and

   F'E",I tmaixsis..

.xteJe-' 

'l.'>'t'jtnmLnt
 l'l xF'  TTE}vi lAf: 

'
 Dcl.mt,oli L',cl

tt-.o} 
''
 ].}c)l 

'
 

'-'
 ],i6'g' 

''
 

'li.6s'
 

"

f3.0} 2..?.21 ?..29fi /i.O

f.4.0) 4,055  4.i6i 2･ ,5

(5,O) e,350 6;{)1 7.,2
tttt tttt ttttt tt ttt tttttttt ttt tt tt ttt tt ttttttt tttt

 
'E'able

 7 h,lode l'requcnciLs t'er i.

   ditioms tmd  icng,lh ui'  F.ttm.

Boui]ci"ry conciition  Free

Sts.m
 
len.t:h[mm]

 .. .t3 ...
{.' ij) niede  i'rtguelcy IH71 i,ki9

{..1 0) n':ode  frcgLiei]vy 2,i. ()3

C4.0) n'io{{{. frcqucncy t,I.x-･8

f.S.()'} niocL  
i'rLLIucNc}･

 
6,4S.7

,tll'i('MSbciundF･li'ii  eon-

11xed free
5E iC]U

/

FT'cc5S1

 l';1'S     i,f6S l,16S
ZI]-94 Lt,294 2. iq4

4.i58 .A.,l5S 4.i58
6.tlSt5 (,.4gl, 6,4gT,

FixeLi1soiJ6S2.

 ,2944,t.h',g6,4S7

   Fron'i Table  5, vvc  can  see that  tbe dci,ia{ion }g less than

3`il., (l,fi" semltone)  fer every  mecle  :pid,  in p'wticular. [he

clev}atieii  {'er the mogt  in'ipes'trmt nmcle  (,O} is ]egs than

O.7{,'･?-. 
'rlterefove,

 ",e  ean  eonsLder  tii,at thL E'esutts  ebtained

l}y the FIrl?v'I aiialysis are  sufflclttn  in acturacy  for

tEuEtlltitative  discussion.

     s. c(}x･E}f,xRIs(')pa eF  
'g'w#

 
"fvpEs

                ijF Eg.X, ts,gENFff･

   N.i,Xe exainii]ed  Lhe  ditFerencc bettveen Lhe  fn()de  i'r.-

guencies ebtaiRecl  by }:'Eix,hisin.g. 2e-nodecl {parabolie) ttndi

8-neded  clinear> isepavmnLtric elenients/.

   Flrst, "'e  tr{cd to. 
'malyze

 rhe medel  cliv'ide{':/ into 2()-

nodLd  isoparanick'±e  e}enicnts,  which  has 4C) divisioi'is in

the cireuTnferenti'tl  directkm. 2C) in the }iei.ghi direction and

one  in the thifikncsg directkm. }yexr. we  analyiect  the n}odel

dh,ideti into 8-noLle{l isoptif'anietri t'. elmneiits,  which  has gO

cli,tsIony.  in the ciret[ml'erential directio:i. -tO  in the hei.ght

clii'ecTiQn anc{. ? in t.be thickf)ess. clirecTioTi.  

'l"herei'ore.
 the

iatter ineciel  has 8 tinies ih: nunibcr  o'i' eleipents  than  thL

i'ormer; tliat ts', the total nurnbL,"r  ot' unalytlca}  nuclcs  is

slightly  greater "hc ttal'culation  vlnic  is roughl},  prepor-
tioiiai ro the gquare  ei' the totahi{miheT  of  nodes)  [hnn  tk[.,t

uf  lhe i'ormei', 
'l'he

 tnodiL  i'requLncies iiiL .w.iven  jn Tabic  6,

antl  thc dit'i'erenceg het",ccn t}k niode  fi'equencies are aise

L,iven in the tifth coluTnn  ul' the lable, FfDm Table 6. it i(,

l;le3r thnt all the rnode  t'rcclueneies ol' the 1'O-Tioded model

ar.  mtg'ke(ily  lo"rer and  cloger  te ihoge  ebtaitied  iR ilie

expcriment  than  thosc/ of thc g-nod{'.d moclel. 
'1'herefore.

 it

etui  be saici  rh;.tt the clifl'erence  oriLo.inntes i'rom ei'rovf  in tke

..o.eomck'ieal apprexi  mation  <the sn'ioethfiess e'f the gliape  is

gvea{ei' for the 2. 0-Rodeci ny]del)  anclf'{)r  the intrinsle
t'ttccuracy

 e[' tl'ie elleinerits  us ¢ d Ig,9].
   Xltre eonjccture  t'nat su"icienr  :iccLn'gkc}  cvT] hc obvainerf

b>, FES{ anui},r'is  us{ng  [he pai'abolie isep{-rai-ctiic ele-

 
'Ittblg

 6 :'v'lecEe ;'requeRcti, s obliiiHed  l)), usill.if  !･ O-ni',cteci

   allL{ g-1]udeLi i/;el)tlt',V]ILCriC CIe]lltiHts.
                           tt t- t                     t tttttttt           .. t ..
I,I'l;dc 

"'2c)-rToded
 rHzl S'-fioSeci r}-{71 l)itT'e!'cnce lVJ                                    .... t ...

ti･ilo} 

'
 ],i6git.oo･7' 

''1-.tiLl'5"k.(lcli'-"
 L,6.{,

c.l.O} ?. 299 "S.'/,7} )SIOILg9)  2?.Z,

c4P}  4, 1, 69 C3.h'7J 4:, 3S (3,] Eb 1/i,,b

,/.-s,O} (,,,5()5. c5.56.i .  7.!19I,ii,T･S)-. 
9.(}5.

 .

Tnctits evL"u  "･hen  the i'E}vf is appiied  to a vitn'ator ",i[h

curvLcl  surfaces  sueh  as a giags hni'p, 
'l'he

 [Euantitutive

difl'Lrtnees betwecn the rnede.  frcqLiencies in F{.v.s. S and  ]O

in Re{'. [:1 ma),  ori.o,inate 1'roni the di{'t'erence haween  the

cross-sectioiial  s}lapcs  oS.' rea{ glE"se.s and  th{.}se of' the

analyzeti  gtassLs uslng' g-neded  eeeEnenLg.

    6. (JgAN-EIN  X･ffO"E Fff{lt'QVENC\

     DIJE  
Fff'g

 6#SNBAR\  CeNS)g'e"g()NS

   As  sliown  in FEg, l, a glass harp used  fora  concert  is

clitlfereii[ frorii a coniniercially  ttv;tilal)je  Ng,'ineslass.  
'l'he

glass harp has a tb}m]er  rirn aTid a tl'}ick'er steni  ihan  a

",lnegiass  fSj,
   

'.i'lie
 cban.g..L iii thc mode  frequency with  the iength oi'

the stem  anci  thc mtmner  oi' flxitig was  e.xaniined,  In the

boundar}･' cop(Sitions. 
"Fixecl"

 iiidicates that ull lhe noclcs

on  the cylindertike  h.'tndle,d sLcui  are  perfectl>, fixed threL

dLmLnsien[L]ly. 
'Tbe

 resulE  is given in Table 7,

   Froni the 
'I'abie

 7, yv'c ctm  see  that the len.gth of the

stein and  ihe  bounctarv condition  (i'ree of' fixed) do noi'

change  the mode  fregueticics, at  all. 
'l'hls

 result irnplics a

L:rcat practieal adyantage,  hLcavse we  neecl  no{  consic{Lr

hew te fix th¢  handle e'f t}ie ttl!tss harp. "Te also  cenfirmed

rhe rLsult  experimeiitaliy,  by mcasugin.-fi  thw spgctral  peaks

ot' the tones  ot' the  four g.lass harps he}d 1)), hand and  liy a

thi:k C120 inin) bi'ass pl:tte wi'L'h helLk ot' vEu'k.}us dlaiiieters.

The  ciiameiers  of  the top  koles k･iv'eTe macle  s]ight].v  larger

than  these of' the borroni hol¢ s te iii the sEig'ntly  tapet'ed

hzndles of  the Ja'iags hatps.

   Thei'eafcci'. a  stem  of 3mm  Ietig{h t'herenfter (talEed

thc sLan[iard  geoineh'y') -'as' L!sed  to save  oii ealculat.ioii

tline.

    7. C:SANGM  kN rvg#WE B'itE\YEN(r\

         C'IA"JSE.P B\  S{JE.GE  ()B' CV?

   A  chtuicle iTi the f'rcqueiicy Qf  con'tpuii.eliL's  may  be

possiblc usin.E  a cup  with  t't bulg.,e c.which is charaeterized

bv the diaiRetei' at [tic help.ht ot' the n}iddie  of  the cup.). 
'l'he

 J v
buE.ce was  examiTwd  b.K, keepin.g, borb rhe height oE' the cup

and  the  dianx:ter c',f The  rim  the .snnie as thobc iti tht'

standar(i  
.g,eo'nietry.

 The bvlge x;,,us chaRgeci  substt'!ntially'.

as  shov,'n  {n Fitt. 9, to exa]nine  h>, ho"' inuch  fuiidtuTiental

and  hl'.-oher niedc  t'r,equcn.eies :･Mid [heir ratios  ean  be

f[･lIII･I

Iil[i,1llIIIi'f'I･[l･1･/･

Ii'Il

'

/'
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fij.5x
z,,kit'xM"`ny:-ta-i.

I
 l.

"X

>l s.
Z,IJ:if;ttl

Xx
     ]'2x

       "･"rf

       l/
F'ig, 9 CT"ss ttcctjons  ot' evti'cErfa-'vi ,g.Ittss harp viitn

 L,arious  I)ulgL coeltieients.         4

changed  b>' [he  hL]lg,c. Thc intenllLdiate niaxiiiiuni  cliani-

eters  of  the cup  are O,5. 0.816 {cylindricz" cup). t,5, and  2.0

tgnie.t thaL ot' lhe  standt[rd  geeinerri,.  NVe sat  the  bul,L/e                       L. . L.･
coet'tlcju.nts  tu be O.5. 0.816, I.S, and  2.0 (see Fi.g, 9),
   Thc EesultE are shown  in Figs. iO and  Ll. r['he

                             L
hoi'izuntul axis  is the hulge ceetificlent,  Ike  x,erLical  kLxis

in- Fig. Ie tncli,:ates tbe mode  t'requency jiog}'naiizLd by
the T'espeetive  slai]darcl iiiode  t'requency (scc 

'I'tLl)le.
 5). :tnd

rhe vertica]  axts  in F'ig. Il hid,{cdtes the n]ede  frequene},
J]orinalizecl b.v eftch {'2.0) m(}dc  l'retlLjency. The ftmclaiTicn-
tal mode  t'rcguencieg incf'o･ast by  {llaking  tlie buige

coeaT'icicnl  bolh IEi+'ge and  srnali, IF'or exampge,  thc S'uncla-
mental  i'requcmcy for a  bul.fi..e coet'Ticieiit  of' O.:-t is n")ve  thafi

twiee  thL frecltieney' for the st[-tnclafd geemur,y.

   FT'oi]i Fis,. Ie. it ean  bc ste"  th･at the (2.0) inode

frequeney is increasecl to s':iLiLs  s,reater thtui mnity  ",ith

either  sniaLger  or  ]avger bLiige coeff]egents  iii the range  of

O,5-2,{}; the  chants,cv  in lhe hl.ll.h mode  fre{{aenc.y is' b'muller

than  thaE in the {2.0) mocle  t'reciutiicy l'or thc smalEer  bul{ge                        t.  L.
c{}ci'iicient.

   
'l'berefore,

 it may  be possiblc, tu lune  lhc l'requeney of

the 2. nd  or  3rcl partial lo u su'iall  iiiteL.r.er ratio  by  rectucin.g.

the bulE,e coefficicnt  stightl>.,,

   Figure 1･1 s.howy  the hi.gher mode  ft'eqnencies aS' the

pav[ials nerfiialtzed  by the  vespee[lve  foanclaniental (2,O)
iuocie iii the case  of  five huloe cc]efficient.s. Tlaese ftFe a-                       L
etl'cctive  shapes  whei's  we  tliin]c ahout  the timhrc  ef  t]]e

tappins, sound.  X･Ve ean  see  ffom Fig.. N tha[ the g'requency
ratilo ean  be controlled  b]i adjusting  thc bul.r-e eoeffieient,

.", urtheyniei'e･,  "'e  can  obuLiii  a  iien'nftlizcti  freqiieficy oi' ilie

2nd or 3rd con]ponen{  t]i' ].S. 2,C). 2-.4. 2.5, er  3.0, In

paTticular. for the  standarci  glass harp. the  frec'{uency oE' tlie

seugnd  m('icle  is approxinial/Gly  an oet'ive higher thitR that ef
the funciamenta! mode  a-d  a fifr}] hi.?her t'or cylkidricnl  eu-p

(O,S16× }.

   Havinti. consLilteci n inanu{'aciurer. yN'e fotuul that. th,ire
is' no  ad[iitional divaeuity ii} i'enk'ing.. a  Ltlt'tF's h:trp with  the
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 ;

   I1.4X
     '
   tw/t 

ttti.2
 .   '

 to.s
 l'

O,6 I
    O.6

tlcoti,vt. ScL cS't 7'ec'h.
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             Bulge  [oeffcient

  EI'if/cf ei' h. uiyt  c'oef'fi."iunt on  f'requaTic], faCios

l･

Fig. IO EiT{'et c)l'

 norni.alizc[t  bs,

 bulg,e coeraciatn

ott-diU.Mo=di]crdiLL

   Fig.I1

    of  ;vode.s.  hightr ChEui the  res},ectix,e  fundtin]cntal inodie.

various  crQss  sections  sliowH  im Fig,. 9 comptkred  with

TnaklnLg. one  ",'ith the sta"dm'Li  c1 x)  cyoss  sectien.

      g. YgNETIJNgNGREALIZEDgSY

         (]itJTTgNG BOTTpt･g  aF  {]IVY

   To  Tnake  u inusiual  instrLunep[, i[ is ii"portant lo tune

thc pitch of'  a  glt}ss harp exacil>,.  In l'{tfs, l!,5]. rhe pitch is
uL-ed  slig.ht]y  b>, cutLin.u. oLil. I)er[ions t'rom the outsicie ol'
L[ic ho'tem  of  th.c cup,  y-{ihich  weukens  the }'n¢ chanical

slrength.    L･

   "ie prol')osc a  iic"'  teehnique  oi' sli.whtiy  cutting  the

i"sicee of  thu hettom  in tin annaltxr manner.  "Je stu([{eti  the

chnng'c  ln Tnoctc  freqtiencies wiih  thL depth of  cutting,

AICh(ni/./h Ehe ciutiMg  curve  eanngt  be exaetly  detei'rninecl

qu:uuikiively Sii [his hl,ud),. the depth of  ctM'in.fi. is

nppi'oxiTnatel},  1 rnrn-  ti"in. }Ialf of  the cr'oss section  oi'

the cntt'ing  inedel  is sho"'n  ifi 

':Tig,.
 I2. and  the fesults  a･re

shown  in Figs. 1/3 'tnd 14.

   Fron'} Fig, 13. it can  he se{"R th･at tke  pitch ciccru"ses

iliJv}est iil pi'op[)rtk>ii to the t･1)ueui]t of. cLUtiii.tt,; thc i'ate. Is

lt'Ii'I]1

IIt'

!･

1l1

1

I'i''I1llI!ilt
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                      Cuttlng depth [mml

   Flg. k,l EliTt'cE' of  cutLin... depth on  i'recEttenc> i'nEu.), ol'

     nindes  hi.gher thzn respc/t'iA,e fuTiclaiNeiitai mc,dc.

sUgbtly  iar.g,a' than 1`,Yc per 1 mm.  alld the f'rcquencies of

higher inode.s  af'e a[nioKt unchnngLLI  c.ies.s ihun  ie2 ). Freni

Fig ILI. xvL  can  also  sLe  Ihtlc thc  t'ieque:cy  i'el:ttlons

belKveen thc c2.0) niorfc antl  the kig,her inodes.  thLi'eE'oi'e the

t{mbre.  chang}e  little.            v

   1}IJe eoiisicier  the reason  fof [he t']'eguene}, clecrease  lo be

as foliows, The  h(')tioin ot' thL cup  undei'goeg  great Ktrcss.

aitiiou.gh  thc x,ibr2s,km 
4g
 smatl.  

'I'hLre.fos'e
 the rigiclit>, ncts

as/ 
'et
 sprin.g  cons{afit.  Clt'it{in.v rhe bettoT= of  thc cup  reduse

the tbickiicss oi' the sli.g.ht c.K,]igdrical  g;()ove ut]d  the spring.

const  tnt equlvalentlx･.  
'}'he

 eti/ect  is larger for the funda-

inLntal
 nic]de  bec:iugE ihe  wibrittipe-  payt ior the ]o",er rnocle

ls clc}s/e ro ihe botteni ot' the cup  L}ll.

    In pi'actice. xK,c  cttfi cut  g.raduall>, Lis.ing, ti' rn'M'tr'i.g

B}twhme  ttnti ti jig "it}j a cylmdrfcaE  tip coveru(i  b.?

ct Tberunck}tn  c}y d{a}noncl p{)'-,der. keep;ug the e"!nci}e

tixed, and  check'.in.g. Ihe pitek b}･, rubbigig  or [apping  lif,l}ul}'

Lvhile  euttink,.

                 9. (JeNCI.MJSI()ps

    
'f'he

 modc  freguencies and  rriocle shapes  ot' :'t gitiss harp
                                                  '
ior concei't  use  were  stttdied  blr FE5,1 ;nit{ b.s' exr)ermitnts

lisbi.F. Ihe g}ass harp.

bul.g,e af  lhe eup  aRd  other  paT'anieters inerv  preclsely. zaJe

ElgS5 N,Vil}lt tO lllElke  
'L
 llelV  l)el'CUSSiOn il'}11rn[lltilt f:I}TTi

ctrystal  glass,

                     gkEFERgrE'  C'1}l'S

  1'['I T. D, Rc}ssln.-v, Ac'outtit'g ol'  tht', s,lass harnLouic'a,'' ,L AfprtsF.

     St,c tm..g5.I106  ll1:{lq941                                '
  [2I [<. (}ku. ix. Er'aiui

 [mdi T, :･Nnkan[shi ,,X new  
'Lu""i.t.tr

 incthocl  ier

     s,lnss liarp bust cl tm  a vibimion  ,Lna]ys,s  tha" L]stM  a finrte

     elementmetho(L"  ,i Aee,it,v. Sr,e ,t),n CEJ,. ?.1.91' 
-K}･l

 f20()Ob

  [ril K, W  Chtn. (; K  
ZvX'.'m.L.T,,

 ('. L. Lu ,uid  
ir

 
it'.

 Chen.

     
"Xf:riutTons

 eu  `i t]len'Fe hi' a Kin.,jnL" vvtnct.,,,lnss.'' E"i'crvit.vs                            '
     L[･tr,, 7{}. :sl4 34'O t2Uf}5)                                                tt
  1il N \  C'hen 

'
 XAjh..., de'K witIer  Llmnge  t[ie p]lei] vht  

KLn/t'm.".

     winegluss  thc 
'.;av

 if {loL"."  A/,)i, J Phu  73 IO;'S i[)-;"         t. t
     {2fiO.-:).
  ISI C. Ozuw:t, 

"O,n
 (iet'ejopinemE  nt  the  a'),Htal-glabs  ]ns{i'vme[it."

     .L ,1['ostsfi. Svc, ,Ii)n. (A. 47. r's79- 5X7' {1l9CJElp,

  [C',l E, HUilon znit[ O. R. J. eweii, FieJiie E'/emevii ?"r J.gJ'ttmmii'i"

     CAeeclcm,i'c Preli''s i.or]dc}r,. Ig7T, 11.

  [71 }I, f..'i. Se!meff'e.r, ,,l･IS(7,1'ASTfeA  X･' P,'inser (PDA }'/ng3neertn.y,
     craiif.. Icjgs).

  IRI T. NtiF'.Aiii/'hi. I<, {}ku Fm[i  A. 1'arS.'Vibfativm [ma!ysLb  el'a

     e.!/･issh irlj hy ]fini:e  eleme.TiC metliad  
-

 ge,iine-]ik/k ch/m!L,c diLie

     l, )Xi'ititi',,ili,ii!1"i',,'1,'".,VI,:,I.allll, Ll,'i'fo,;';,C""7' 
Jint--t,'iiiif-

 
･Js･

  iv]1 T' Naka[,{hni. I NnKn" ±nd  A, Yaiat. 
'`XSibratinn

 .in.tl}"H  ot  :t

      g.in s,haEpb}  tinke [[n'ept me{hed  
kgfimM

 T]itchchimge L'icc

      I" [cicf{lize..i be1iv".illt  t"  Lhe  j)otf"ni part ---." 3rti .ir, ,l4t'ef.

     Accn, i .Lloc tm, [mli,Scousr,  Yc,c iJH ,
 pp .l)i4C}CUi()gC"j.

 LKIj An  LxAmpl.  ot,'the nnltnu[{t..li  vi  tha  t2[))  mc)dt  Tg t"･mlnble  al

      
"hvgxtSL/i.E','il}ow.et."et'."c.j?Vc.vlsbg),[mllE"

 on  t'lie l"t,crnLt.

                                                  429

                                  NII-Electronic  Mbrary

lFiI:

/EI:'

     li
     i
     i

     1

     I
     i

     l



The Acoustical Society of Japan (ASJ)

NII-Electronic Library Service

TheAcousticalSociety  ofJapan{ASJ)

Koichi E.[citidR was

fL"cturr. in i976. IIc

)vt.Eng. dcurcc.g t'rom 
'

    L-
Cemniunications,  He

 horn in KailhgH"'a Pr't-
rccelved  thc  [l,11ns. anci

T'he U'niytrsii.}, of  Electro-

iK a 1]leTllbel'  of  iXSj.

     ftcoftst,  Sci, & 7lech, 2S, 6 (17..e07)

K'eRseit Klghl wus  hnrn on  ,ranum'v iTi 194 fi in
Yanisgaln  P,'efor'eture. He  i'eceived  B.1:1.. N･a.I-.･.

nncl ])r.F'ln.o, degrecs  froill 

'S'ohek}i
 Unts ersity.

}ioni 1972  to ]973. hc was  v,'itli Tohoku

Universit>･ and  ke is c/urrt'ntly :wi assoei:-)ta

profossor oi' The  UiSvevsity ut'  ffec[}'o-ClemTnu-

nicaLions,  His research  inlerests include tl]e

t,ibracicm  analy,sis  ol' Lhe musieitl  Tnblruillen[s,

especial]]'  ef  the  string.eci insu'tunen[s and

percusslon ii]su'uinenLs, Hv  is nuw  :L nieinber

ot' fXSj.  AS.". und  iEiCE.

43f)


