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SUMMARY

Thecharacterof a brassmusicalinstrumentis primarily dependenton its boreprofile. Many historicbrass
instrumentsareso constructedthat substantialpartsof the air columnareinaccessibleto direct measure-
ment.Thispaperdiscussesthefactorsinvolvedandreportsrecentadvancesin theuseof pulsereflectometry
for borereconstruction,in particularcompensationfor lossesandallowancefor multiple reflections.Mea-
surementsof historicmusicalinstrumentsarepresentedandtheir significanceevaluated.

TAXONOMIC OBJECTIVES

By a ‘brassinstrument’we meana lip-vibratedaerophoneconsistingof a tubenarrow in relation to its
length,with or without a mechanismfor changingthesoundinglength. Herewe limit ourselvesto unper-
foratedtubes,i.e. instrumentswithout finger-holes. The boreprofileswhich have proved to beviable for
brassinstrumentshave at oneenda mouthpiece,which maybecuppedor funnel-shaped,followedby the
narrowestpartof thewindway, the ‘mouthpiecethroat’. Fromthe throat,thewindwaypassesthroughthe
mouthpiecebackbore,themouthpipeor leadpipe,any tuning-slideor valves,finally couplingwith thefree
air at thewidestpartof thetube,thebell. Theareaof cross-sectionin mostcasesincreasesmonotonically;
in somecasesthereis a localisednarrowing (e.g.atslidesandatvalves,or dueto someslightdamage).The
traditionalborecross-sectionis circular;where(rarely)a deliberatelyelliptical cross-sectionis introduced,
or in theslight deformationat bendsin thetube,theboreprofile canfor mostpurposesbeconsideredto be
equivalentto thatof acylindrical tubeof thesamecross-sectionalarea.

Few classificationsystemsgo beyonda division of brassinstrumenttypesinto ‘conical’ and‘cylindrical’:
bothconceptshave intuitive meaning,but arenot capableof rigorousdefinition. In orderto approachan
acoustically-basedsystemof taxonomy, it is helpful to look separatelyat thebeginning,middle,andtheend
of abrassinstrument.Thechoiceof amouthpiececanaffectthecharacterof aninstrument,thoughnotcom-
pletelydetermineit (MyersandCampbell1993).Thedesignof thebell flareis of critical importancein the
soundradiationpropertiesandin therelativeintonationof theresonatingmodes(BenadeandJansson1974;
JanssonandBenade1974).However, it doesnot appearthatthemouthpieceandthebell flareevenconsid-
eredtogethercanaccountfor themoresubtledistinctionsbetweeninstrumenttypes,or betweenearlierand
laterhistoricalmodelsof thesameinstrumenttype. It is thereforenecessaryto examinethecompletebore
of aninstrument.A mouthpiece,wherepresent,canbephysicallymeasured,ascanthetaperedmouthpiece
receiver on thebodyof theinstrument.Thebell canalsobephysicallymeasured,or at leastenoughof it to
allow calculationof thehornfunctionin theregion of its peakvalue(in thecaseof flaring bells). Much of
thesoundinglengthof theinstrumentcan,however, posesevereproblemsfor directphysicalmeasurement,
particularlyin instrumentswith many coils.



For the purposesof comparisonbetweeninstruments,a coiled instrumentcanbe treatedasequivalentto
a perfectlystraightinstrumentwith thesamecross-sectionalareaat eachpoint alonga line drawn through
thegeometriccentreof thebore,the‘mid-line’. Theeffectsof bendsin thetubingof wind instrumentswere
consideredtheoreticallyby KeefeandBenade(1983)andits practicalimplicationsfor taxonomyconsidered
by MyersandParks(1995).Thebendsencounteredin thegreatmajorityof actualinstrumentswill giverise
to second-orderdiscrepanciesonly. Otherfactorswhich affect brasswindcharacter, althoughimportantin
performance,have to beregardedasbeingof second(or higher)orderfor taxonomicpurposes.Thesein-
cludethe propertiesof a particularplayer’s lips andvocal tract,wall thicknesses,boreperturbations(e.g.
water-keys,dents,valve misalignments)temperatureandhumiditygradientsin playingconditions,andun-
steadinessin theflow of air throughtheinstrument.

PULSEREFLECTANCE TECHNIQUES

The extensionof the pulsereflectancetechniquesfor bore reconstructionalreadyin use in the medical
field (Marshall1990)to brassinstrumentsis a potentiallyusefulmeansof investigatingbrassinstruments
for thepurposesof classification.Existingapplicationsto musicalinstruments(WatsonandBowsher1987)
have beendirectedto otherpurposes.A particularadvantagewould be in establishingthe boreprofile of
instrumentswith substantialportionsof coiled tubing without the difficultiesof makinglargenumbersof
precisephysicalmeasurementsof curved tube: a smallernumberof direct physicalmeasurementscould
be madeandborereconstructiontechniquesusedfor interpolation. Pulsereflectometryis a non-invasive
techniqueandhenceis very usefulin themeasurementof instrumentswith a degreeof inaccessibility.

In work carriedout at the departmentof Physicsat the Universityof Edinburgh, an electricalpulse(con-
tainingfrequenciesfrom 0-12kHz) wasproduced,amplifiedandusedto drivea loudspeaker. Theresultant
soundpressurepulsewaspassedalongasourcetubeof diameter9.6mm(of thesameorderof magnitudeas
thetubingof thenarrowerpartsof brassmusicalinstruments).A microphone,embeddedpartwayalongthe
tube,recordedtheinput pulseasit passed.A shorttime later, it recordedthereflectionsreturningfrom the
instrumentundertest,which (without its detachablemouthpiece)wascoupledto the far endof thesource
tube.

For an ideal delta function soundpressurepulse,the reflectionsobtainedfrom the instrumentwould be
its input impulseresponse.However, the soundpressurepulsedepartsfrom a puredelta function in an
arbitraryway, soto obtaintheinput impulseresponse,thereflectionsaredeconvolvedwith theinput pulse
shape,usinga transformsizeof 1024.Thereflectionsoccuratchangesin impedance,suchasatexpansions
or contractionsof the instrumentbore. A suitablealgorithmallows thereflectioncoefficientsarisingfrom
theseimpedancechangesto beevaluatedfrom theinput impulseresponse.It is thenasmallstepto calculate
thechangesin areaalongtheboreand,assumingcylindrical symmetry, thechangesin radius.

WatsonandBowsher(1978,1988)appliedthe techniqueof pulsereflectometryto brassinstruments,us-
ing thealgorithmderivedby WareandAki (1969)to reconstructtheboreprofiles. However, althoughthe
Ware-Akialgorithmtakesinto accountmultiplereflectionswithin theinstrument,it doesnotconsideratten-
uationof thesignalalongthelengthof the instrument.Hence,theaccuracy of theboreprofilesdecreased
with thelengthof theinstrument(asattenuationbecamemoresignificant).Morerecently, Amir, Rosenhouse
andShimony (1995,1996)have developedanalgorithmwhich compensatesfor theattenuationalongthe
instrument,resultingin significantlymoreaccuratereconstructions.We have usedthis algorithmto exam-
inetheboreprofilesof brasswindfromtheEdinburghUniversityCollectionof HistoricMusicalInstruments.



RESULTSFORCERTAIN HISTORICAL MODELSOF INSTRUMENT
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Figure1: Boreprofileof RudallCartecornet(EUCHMI 2988),novalvesoperated.

Fig. 1 shows the bore profile of a B
�

cornetby Rudall Carte(without mouthpiece)without any valves
operated.The directly measuredprofile andthe profile reconstructedfrom reflectancemeasurementsare
superimposed.Theinitial dip is themouthpiecereceiver taper, anddoesnot representpartof thesounding
borewhena mouthpieceis inserted.The small-scalefluctuationsin thereconstructedborearemostlyac-
countedfor by featuressuchaswaterkeys andsmalldiscontinuitiesat the endsof tuningslidesandat the
valves;noattemptwasmadeto measurethecross-sectionalareaat thesefeatures.

In Fig. 2 we seethereconstructedprofile of the sameinstrumentwith all threevalvesoperated;thereare
moresmall-scalefluctuationsin the centralpart of the borewherethe windway passesin andout of the
valves. Whenthe measurementswerefirst taken,the irregular (solid line) ‘profile’ wasplotted,deviating
substantiallyfrom themeasuredprofilebeyondthethird valve.Closeexaminationof theinstrumentshowed
a leak in the tubing of the third valve tuning-slide- a leak too small to be perceptibleto a playerof the
instrument,but ‘seen’by thepulseasanenlargementof theeffectivecross-sectionof thetube.With theleak
sealed,a goodagreementwith theactualboreof the instrumentwasobtained(brokenline). Thequestion
of musicallyinconsequentialleakshaving a disproportionateeffect of theborereconstructionis a potential
problem.Thebandwidthof thepulsespectrumutilisedin reflectometrydoesnot,of course,matchtherange
of frequenciesemployedin musicaluseof theinstrument.It is proposedto distinguishsuchsmallleaksby
comparingtheresultsobtainedfrom ‘tailored’ pulseswith differentlyshapedspectra.

Carefulinspectionof thecentralpartof theborein theprevious figure indicatesthat the borethroughthe
valves is not cylindrical, but expandsgradually. This is indeedthe case: the Rudall Cartecornetis the
‘PatentConicalBore’ modelwith incrementalborecross-sectionin thewindwaysthroughthepistonsand



0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Distance/m

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

R
ad

iu
s/

m
m

�

Leak unblocked
Leak blocked

Figure2: Boreprofileof RudallCartecornet(EUCHMI 2988),all threevalvesoperated.
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Figure3: Bore profilesof Rudall Cartecornet(EUCHMI 2988)andBoosey cornet(EUCHMI 2704),all
threevalvesoperated.



in thetuning-slidebows. Fig 3 showsa comparisonof theRudallCarte‘Conical Bore’ cornetwith a stan-
dardcornetby Boosey which hastheusualcylindrical profile. TheBoosey cornethasat sometime hadits
playingpitch loweredby extensionof eachleg of its tuning-slide;this accountsbothfor thegreateroverall
lengthandfor thetwo peaksaround0.5metres.
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Figure4: Boreprofileof Honsuybuglein C (EUCHMI 2343).

Themethodof pulsereflectanceis of potentialvaluefor coiledtubeswith boresinaccessibleto directmea-
surement.Fig. 4 shows thesuccessfulreconstructionof a Spanishbugle. Only themouthpipe(sliding for
tuningpurposes)andthebell flarecouldbereachedfor directmeasurement.

CONCLUSIONS

For purposesof comparisonof boreprofile betweeninstruments,borereconstructionsof theaccuracy now
possiblewith correctionsfor attenuationoffer a usefultool for thetaxonomist.Theproblemsof measuring
themid-line in coilsareavoided,sincetheuseof soundwavesin measurementensuresthattheacoustically
definedpathis what is measured.Theinterpretationof theresultsfor thegreatvarietyof instrumenttypes
is ournext goal.
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