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This system , !be ~bject of I provisional patent Ipplicloon,
was developed for measuring the eccustic impedance SpClClfa
and transfa functions of musical instruments and pan s thereof
(lJ.Althoughit was iniliallydcvelupedua resear1:htool,w e
believe that it will benefit !he: manufacturers ,of musical
instruments by providing a rapid, objective measurement of
relevant acoustic properties durin g and after the construc tion of
the instrument. These properti es may be comparedwith those
ofaprototype instrumrnt , otonejudgedlObcgoodby
ccenpetent pla~n , Such comparison would be useful in quality
eonlrol for oomplete instrumenlS, and might be included in the
feedback loop in the constru ction of pan s of an instrumentIn
thcse situations, real time pcr formanceis desirable

From the point of view of a mu sical instrument
manufacturer, measuring the acous tic respo nse of an
instrument is in severa l ways preferable 10 measuring its
SOIlnd. Fint, the soundofan instrumcn l isdepeDdeol on the
player - a good pl a~r may compensa te for the defects or a
poorinstrurne nl,anda poorplayermay produ<:e def«: tive
sounds from a good instrument. Second, such measurements
may be made without the assistance of a compete nt and
patient player. Third, such measurements may be made on
pan s of instrum ents or incomplete instrumenl S

With the exceptions of reeds and lips in wind
ins aruments , and the bow -string inte ractio n in siring
instrumen ts, most parts of mosl wind and siring insuumenls
behavelinearly 10a good approximatio n, 10 OIIe wc uld expect
that most asp ects o f lhe acou stic performa nce of rhe

instrume nt could be related to appropriate transfer functions,
provided that these are known with sufficient detai l and
pr«: ision (sec e.g. [2]). Many violin makers mak c simple
~ments of aoollStic properti es duri ng shaping of the
belly and backs of lhese instruments. Tapping lMl listening is
one test use d by most makers , and suspe nding the
com ponents above loud speakers driven wit h variable
rrcquency sine waves is m other. Onc manufacturer of brass
instrumen ts (Conn) has been mak ing aco ustic impedance
measurements since 1 945 using a s~pt frcquency mcthod

J3J. We believe that such obj ective measurements would
become much more widely used if the measurements oould be
made very quickly and elSi ly. and in thc worbhap ratberthan
in tbe labora lOr}'. If a dala file were establish ed for the lrans fer
functiOT\$of inslnun cnls witb dcsirabiequal itiea,instrumenl
makers would be able to compare the measure ments of the
instru ments or part s under construction with those of
desirable instru ments.

Stri ng Inst rum en ts. In siring instrum ents , the vibrating
string drives the bridge , the bridge drive s the belly, and the
bclly interacts whh the rest cf' the body and Iheenclose d air
10 radia te sound. For 111I intact inslrume nl, importan t lran sfer
functions are the ratio of radiated sound 10 force applied II the
bridge, and the mechanica l impedan ce at the bridge. For the
isolated belly o f the instrument , the same func t ions arc also
important, though in this ca se we measure them at the
position where the bas s foot of the bridge would stand. FOf
stringin slt\ll1lCnll,~apply the i nputsignal w i thanclectro­

mechanical transducer. Forces arc mea surcd with piezo ­
electric crys tals.

\'o1nd lnslrume nh . The input impedanc e is an imponan l
trans fer func tion for a wind instrurne nt. Mostof thc cxtrema
inthe magnitude of lh.is spectrum occ ur at freq uencies which
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lie appnn.ima lely in a harmonie Kries \\ 'b~ tbe insIrumm l
is played. the reed or !he playm. lips inkne1 with the
imtr\unenI\bos'e lOpodueeaqlaMi.ae.clyOlCillalionwltieh
oc:aan IISUaIIy.a fnquentywllidl ist"-' ioU! irugnI
ffaetiorlereee or more o( thew impedanee ntrana 12.3.4)

:\I, ..urta ltr..d",f.~Il, ..d l1..ptda'A sptrtra.ll is
relative ly tlS y to lnelSure sound pmsUff. mtehuiCiI
vibra!ionllnd f~Fora1)'piullCO\lttielignal,~,

!he \Vlwne velocily ef eir is mll(b IllOfe 4ifflCUlllO rneuure
aeeWlltel)'. Thi. makel il di ffK\ll1 to mc:uure aeoustic:
impeduKe directly IS the ntio of Pftuure 10volume \"t'loeily.
n ildift'ieuilyean b__"a"belYO;&dbysupp!yinglhe
_Ii<: lipal from In idell '"llJftDtlOlln:e. Wht u this-=e
is inpullO lW0 4iffmrn impccWlea, lhe ntioof lhe~

MJ.IDdprn~~islhenliooflheirimpedlnce:opectn.

A putieulMly aimplea.se (Ire Fil l) oo:eun ...-henooe oflbe
impcdInen (the reference ) il purely rnisti\"t' and ..nm Ibe
measum110Und spcdrum -eros, !herereeece is flaL In litis

taK.1hemel.Sured IOUnd Ip«INII1 in 1M Ini 1)'SICIll is
(proportioIW 1o) iIJimpedan<:eapa:trum.

Broa dba nd mfllUn' mfll U. An)' mt'l.SuRmenl of a spectrum
takcs i finile time and has I finilCrltio of signal 10noi.seand
lherefore yields a finite I mount o ( informl l ion. A
eomprom ise musl lIlere fer e be nade among lime of
meuuremcnt, sensilivity. frequtne)' range and (requo:m:y
resolutio n . In ou r technique, lIle (req ueney rang' I nd
frequencyreloOlutionlrechoac:nfirJl. A rmi le~of dilCrtle

frequencies is chOKn and the input .ianal i. synthesized
digir.ally u the sum oflJet of tine wavel and oUlpul via a
OAC and an ampli fier, Usua lly IeVl:ral hundred frequencies
over the range importanl to the in"trument I rt chose n.

Corrtdlnil forrrt q utn cyrespon.tuf lht signal.oun: e.

When a signal with a given, desired spectrum iSlyo lhesiud,
the frequency respo nsel of the Im l"lifier and the driving
IJlIW"alUS cause I diffe rent JJ'C'Ctrum 10 be output. The
mclSu remt nt tra nsducers 1110 have non -flit freqlleTlcy
response. Weeorrectfortht:ICrtsp<:JllKliten..tively. lnonc
Ipplication, tile:reference load il resistive. We IIlCISure lbe
oulputspccuurn ....hcn the lOW'Ce drives lllil load llId cak ulalt

the ratio of mea"urc:d to input amplirude (or I II spectral
compoeenu. Wt lhm divide tbt eomponen tJ o( the input
q>ec:trwnbythisratio, rc+Kale,U!dsynthnizeae:onttted
spectrurII (:ICe Fig I ). BccauscofDOD-linur rnpome insorne
COI1lpODctIts., this proo:edw'e (b) MtdIIO be rc:peaICd.a few_.
hrfonnaan of lb~ dt\~.

The limitlOfoddityo(lbespcctnam istbtdiJitiutioaClTUl"of
tlM:AOC.OdICI'pc:rfOl'lZlalKeparamttenlr'CdetenrliMd by
the comp romise made among titne or InQ lurnntnl,
IIeIlsirivity. frequency range and freq unleY rnoIution . W~ are
curranl)' usina: the device 10INdy nutn . Sampling the ruge
200 Hz 10 4 kHz It 2S Hz intervals, I rnea.surtmtII l lim~ of
0.1 s,andusingl I2biIOAC,thtilC1l. ilivityisratlltrbetlr:r
I!wII dB This is ade<J.1.att 10 dtt«t qllilC 'lIb11~clwigCJ in
tbc:rnponIC't'ww::tiaaoftheinstnlmcntll }.

Fut". ~plllna.

We are conrinWng dtvelopmtlll o(tbc venions of the doice
for wind and Itring illSllUmm ts., and app lying thetn as
research tools 10 Undt rsland the 1C0tli tic. o ( musical
instrurnentJ.A pplication ofth el t chniqlle tothtproduction of
improved musical insl.rUmtntl will requee the commer cial
manufaclllrt ofthe devict. and for lhilpurpose~ lrt ~eking

a cOt'flORte collaborator from the acoustic or ~lectronic

imlrumenl industry wbo is inlt reSled in Iicn.ing the
tcchniqlle for production
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