BORE RECONSTRUCTION BY PULSE REFLECTOMETRY AND ITSPOTENTIAL
FOR THE TAXONOMY OF BRASSINSTRUMENTS

David Sharp Arnold Myers,RaymondParksandMurray Campbell

Department of Physics and Astronomy, University of Edinburgh, Edinburgh, UK.

SUMMARY

The characteof a brassmusicalinstruments primarily dependenon its boreprofile. Many historic brass
instrumentsare so constructedhat substantiapartsof the air columnareinaccessibléo direct measure-
ment. This paperdiscussethefactorsinvolvedandreportsrecentadvancesn theuseof pulsereflectometry
for borereconstructionin particularcompensatiofior lossesandallowancefor multiple reflections.Mea-
surement®f historicmusicalinstrumentsarepresente@dndtheir significanceavaluated.

TAXONOMIC OBJECTIVES

By a ‘brassinstrument’'we meana lip-vibrated aerophoneconsistingof a tube narrav in relationto its

length,with or without a mechanisnfor changingthe soundingength. Herewe limit oursehesto unper

foratedtubes,i.e. instrumentswithout fingerholes. The bore profileswhich have provedto be viable for

brassinstrumentshave at one enda mouthpiecewhich may be cuppedor funnel-shapediollowedby the
narravestpartof the windway, the ‘mouthpiecethroat’. Fromthe throat,the windway passeshroughthe
mouthpiecebackborethe mouthpipeor leadpipe ary tuning-slideor valves,finally couplingwith the free
air atthewidestpartof thetube,thebell. The areaof cross-sectioin mostcasesncreasesnonotonically;
in somecaseghereis alocalisednarraving (e.g.at slidesandatvalves,or dueto someslightdamage)The
traditionalborecross-sectioiis circular; where(rarely) a deliberatelyelliptical cross-sectiois introduced,
or in the slight deformationat bendsin thetube,the boreprofile canfor mostpurposede consideredo be
eqguivalentto thatof a cylindrical tubeof the samecross-sectionarea.

Few classificatiorsystemgyo beyonda division of brassinstrumenttypesinto ‘conical’ and‘cylindrical’:
both conceptshave intuitive meaning,but are not capableof rigorousdefinition. In orderto approachan
acoustically-baseslystenof taxonomyit is helpfulto look separatehatthe beginning, middle,andtheend
of abrassnstrument.Thechoiceof amouthpieceanaffectthecharacteof aninstrumentthoughnotcom-
pletelydetermindt (MyersandCampbell1993). Thedesignof the bell flareis of critical importancen the
soundradiationpropertiesandin therelative intonationof theresonatingnodegBenadeandJanssori974;
JanssomndBenadel974). However, it doesnot appeathatthe mouthpieceandthe bell flareeven consid-
eredtogethercanaccountor the moresubtledistinctionsbetweennstrumentypes,or betweerearlierand
later historicalmodelsof the sameinstrumenttype. It is thereforenecessaryo examinethe completebore
of aninstrument A mouthpiecewherepresentcanbephysicallymeasuredascanthetaperedmouthpiece
recever onthe bodyof theinstrument.Thebell canalsobe physicallymeasuredor atleastenoughof it to
allow calculationof the hornfunctionin theregion of its peakvalue(in the caseof flaring bells). Much of
thesoundingengthof theinstrumentan,however, posesevereproblemsfor directphysicalmeasurement,
particularlyin instrumentsvith mary coils.



For the purposef comparisorbetweeninstrumentsa coiled instrumentcanbe treatedas equivalentto
a perfectlystraightinstrumentwith the samecross-sectionareaat eachpointalonga line dravn through
thegeometriccentreof thebore,the‘mid-line’. Theeffectsof bendsn thetubingof wind instrumentsvere
consideredheoreticallyby KeefeandBenadg1983)andits practicalimplicationsfor taxonomyconsidered
by MyersandParks(1995). Thebendsncountereéh thegreatmajority of actualinstrumentswill giverise
to second-ordediscrepanciesnly. Otherfactorswhich affect brasswindcharacteralthoughimportantin
performancehave to be regardedasbeingof secondor higher)orderfor taxonomicpurposes.Thesein-
cludethe propertiesof a particularplayers lips andvocaltract, wall thicknesseshore perturbationge.g.
waterkeys, dents valve misalignmentsjemperaturandhumidity gradientsn playing conditions,andun-
steadinesi theflow of air throughtheinstrument.

PULSEREFLECTANCE TECHNIQUES

The extensionof the pulsereflectanceechniquedor bore reconstructioralreadyin usein the medical
field (Marshall1990)to brassinstrumentds a potentially usefulmeansof investigatingbrassinstruments
for the purpose®f classification Existingapplicationdo musicalinstrumentgWatsonandBowsher1987)
have beendirectedto otherpurposes.A particularadvantagewould be in establishinghe bore profile of
instrumentswith substantiaportionsof coiled tubing without the difficulties of makinglarge numbersof
precisephysicalmeasurementsf curved tube: a smallernumberof direct physicalmeasurementsould
be madeandborereconstructiortechniqueaisedfor interpolation. Pulsereflectometryis a non-invasive
techniqueandhencds very usefulin themeasuremerdf instrumentwith a degreeof inaccessibility

In work carriedout at the departmentf Physicsat the University of Edinburgh, an electricalpulse(con-
tainingfrequenciesrom 0-12kHz) wasproducedamplifiedandusedto drive aloudspeakerTheresultant
soundpressurgulsewaspasse@longasourcetubeof diameted.6mm(of the sameorderof magnitudeas
thetubingof the narraver partsof brassmusicalinstruments)A microphoneembeddegbartwayalongthe
tube,recordedheinput pulseasit passedA shorttime later, it recordedhe reflectionsreturningfrom the
instrumentundertest,which (withoutits detachablenouthpiecewascoupledto the far endof the source
tube.

For anideal deltafunction soundpressurepulse, the reflectionsobtainedfrom the instrumentwould be
its input impulseresponse.However, the soundpressurepulse departsfrom a pure deltafunctionin an
arbitraryway, soto obtaintheinputimpulseresponsethereflectionsaredecowolvedwith theinput pulse
shapeusingatransformsizeof 1024.Thereflectionsoccurat changesn impedancesuchasat expansions
or contractionf the instrumentbore. A suitablealgorithmallows the reflectioncoeficientsarisingfrom
theseémpedancehangeso beevaluatedrom theinputimpulseresponselt is thenasmallstepto calculate
thechangesn areaalongthe boreand,assumingylindrical symmetry the changesn radius.

Watsonand Bowsher(1978,1988) appliedthe techniqueof pulsereflectometryto brassinstrumentsus-
ing the algorithmderived by WareandAki (1969)to reconstructhe boreprofiles. However, althoughthe
Ware-Aki algorithmtakesinto accounimultiple reflectionswithin theinstrumentjt doesnot consideratten-
uationof the signalalongthelengthof the instrument.Hence theaccurayg of the boreprofilesdecreased
with thelengthof theinstrumen{asattenuatiobecamenoresignificant).Morerecently Amir, Rosenhouse
and Shimory (1995, 1996) have developedan algorithmwhich compensatefor the attenuatioralongthe
instrumentresultingin significantlymoreaccurateeconstructionsWe have usedthis algorithmto exam-
inetheboreprofilesof brasswindrom the Edinburgh UniversityCollectionof HistoricMusicallInstruments.



RESULTS FORCERTAIN HISTORICAL MODELSOF INSTRUMENT
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Figurel: Bore profile of RudallCartecornet(EUCHMI 2988),no valvesoperated.

Fig. 1 shows the bore profile of a Bb cornetby Rudall Carte (without mouthpiece)without ary valves
operated.The directly measuregrofile andthe profile reconstructedrom reflectancemeasurementare
superimposedTheinitial dip is the mouthpiecaecevertaper anddoesnot represenpartof the sounding
borewhena mouthpieces inserted.The small-scaldluctuationsin the reconstructedbore are mostly ac-
countedfor by featuressuchaswaterkeys and small discontinuitesat the endsof tuning slidesandat the
valves;no attemptwasmadeto measurghe cross-sectionareaat thesefeatures.

In Fig. 2 we seethereconstructegbrofile of the sameinstrumentwith all threevalvesoperatedthereare
more small-scaldfluctuationsin the centralpart of the bore wherethe windway passesn andout of the

valves. Whenthe measurementaerefirst taken,the irregular (solid line) ‘profile’ wasplotted, deviating

substantiallyfrom themeasuregrofile beyondthethird valve. Closeexaminationof theinstrumenshaved

aleakin the tubing of the third valve tuning-slide- a leak too smallto be perceptibleto a playerof the

instrumentput ‘seen’by thepulseasanenlagemenf theeffective cross-sectionf thetube. With theleak

sealeda goodagreementvith the actualbore of the instrumentwasobtained(brokenline). The question
of musicallyinconsequentideakshaving a disproportionateffect of the borereconstructions a potential
problem.Thebandwidthof thepulsespectrumutilisedin reflectometrydoesnot, of coursematchtherange
of frequencieemployedn musicaluseof theinstrument.lt is proposedo distinguishsuchsmallleaksby

comparingheresultsobtainedrom ‘tailored’ pulseswith differentlyshapedpectra.

Carefulinspectionof the centralpart of the borein the previous figure indicatesthat the borethroughthe
valvesis not cylindrical, but expandsgradually This is indeedthe case: the Rudall Cartecornetis the
‘PatentConicalBore’ modelwith incrementaborecross-sectiofn the windwaysthroughthe pistonsand
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Figure2: Bore profile of RudallCartecornet(EUCHMI 2988),all threevalvesoperated.
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Figure3: Bore profilesof Rudall Cartecornet(EUCHMI 2988)and Booseg cornet(EUCHMI 2704),all
threevalvesoperated.



in thetuning-slidebows. Fig 3 shavs a comparisorof the Rudall Carte*Conical Bore’ cornetwith a stan-
dardcornetby Boose which hasthe usualcylindrical profile. The Booseg cornethasat sometime hadits
playingpitch loweredby extensionof eachleg of its tuning-slidethis accountdothfor the greateroverall
lengthandfor the two peaksaround0.5 metres.
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Figure4: Boreprofile of Honsuybuglein C (EUCHMI 2343).

Themethodof pulsereflectances of potentialvaluefor coiledtubeswith boresinaccessibl¢o directmea-
surementFig. 4 shavsthe successfuteconstructiorof a Spanishbugle. Only the mouthpipe(sliding for
tuning purposesandthe bell flarecouldbereachedor directmeasurement.

CONCLUSIONS

For purpose®f comparisorof boreprofile betweerinstrumentsborereconstructionsf the accurag now
possiblewith correctiondor attenuatioroffer a usefultool for the taxonomist.The problemsof measuring
themid-linein coils areavoided,sincetheuseof soundwavesin measuremergnsureshattheacoustically
definedpathis whatis measuredTheinterpretatiorof the resultsfor the greatvariety of instrumentypes
is our next goal.
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