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ABSTRACT

Pulsereflectometrywith improvedaccurag hasbeenusedto studythe acoustically-significarfea-
turesof theboreprofilesof brassnstrumentsTherefinementsn thetechniquewvhich have permit-
ted measurementsuficiently accurateto allow subtlediscriminationbetweenapparentlysimilar
instrumentsareoutlined.

Thecommonly-heldiiew thatthecornetandthevalvedtrumpethave evolvedto becomdesseasily
distinguisheds showvn to be over-simplified, althoughbroadlycorrect.It is alsodemonstratethat
themoderntrumpethasmary resemblance® somemodelsof earlycornet.

1. INTRODUCTION

The characteristic®f brassmusicalinstrumentsas experiencedy playersandasheardby audi-
enceglependntheboreprofile. A varietyof instrumentf approximatelyl.25metretubelength
(4ftC and4%ft Bb) have beenregularly used:bugles,cornetsflugelhornstrumpetsandothers.Of

the commontypes,buglesandflugelhornsarereadily distinguishedoy their bell flare shapeshput

trumpetsandcornetsarenot[1]. Mouthpiececupshapedgor cornetandtrumpetweredistinctin the
19th century but present-daynouthpiecesre madewith exactly the samecup shapedor cornet
andtrumpet.lt is thereforeusefulto examinethe boreprofilesof theseinstrumentsonsideringhe
overall topographyof thetube. This canhave practicalapplicationin the performanceof original

cornetpartsby Berlioz, Elgarandothers. To approaclthe originally intendedsound,shouldthey

be performedon moderncornetsor trumpetsor areantiquecornetanecessary?

Pulsereflectometryhasbeenusedfor sometime in the measuremenaf musicalwind instrument
boreprofiles[2,3], andthetechniquehasrecentlybeenmprovedto give significantlymoreaccurate
results[4,5]. The techniquecan readily be appliedto musicalinstrumentsvheredirectinternal
measuremens difficult, suchascoiled posthornsThe accurag of the boreprofile measurements
allows discriminationbetweendifferentmodelsof similar instruments.

For the purpose®f comparisorbetweeninstrumentsyve treata coiledinstrumentasbeingequi-
alentto a perfectlystraightinstrumentwith the samecross-sectionareaat eachpointalongaline
drawn throughthe geometriccentreof the bore,the ‘mid-line’. Thebendsencountereth thegreat
majority of actualinstrumentggive rise only to second-ordediscrepancies.Pulsereflectometry
givesthereconstructiorof the boreprofile in this straightenedorm.
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Figurel: Schematidiagramof pulsereflectometer

2. EXPERIMENTAL METHOD

Figurel shavs a schematiaiagramof the pulsereflectometeusedin the presentstudy An elec-

trical pulseis producedamplifiedandusedto drive a loudspeakerThe resultantsoundpressure
pulsetravelsalonga 6.19mlong coppersourcetube (of internalradius4.8mmandwall thickness
1.2mm)into the instrumentundertest. Theinstruments coupledto the far endof the sourcetube

usinga taperingadaptor A microphoneembeddegart of the way alongthe sourcetuberecords
the reflectionsreturningfrom the instrument. The microphonesignalis low-passfiltered (to pre-

ventaliasing),amplifiedandsampled.This procedurds repeated.000timesandthe samplesare

averagedo improve the signal-to-noiseatio.

For anidealdeltafunctionsoundpressureulse thereflectionameasuredby the microphonevould
betheinputimpulseresponsef theinstrument.However, the soundpressurgulseis notideal;to
obtaintheinputimpulseresponsethereflectionsaredecowolvedwith theinputpulseshapewhich
is measuredby terminatingthe sourcetubewith aflat plateandrecordingthereflectedpulse. This
ensureghatboththeinstrumentreflectionsandtheinput pulsehave travelled the samepathin the
sourcetubeandhave thereforeexperiencedhe samesourcetubelosses.

Thereflectionsreturningfrom the instrumentoccurat changesn impedancesuchasexpansions
or contractionsalong the object’s bore. A suitablealgorithm (suchasthe algorithm developed
by Amir, Rosenhousand Shimory [6], which compensatefr attenuatiordueto losses)allows
the reflectioncoeficients arising from theseimpedancechangedo be evaluatedfrom the input
impulseresponse Assumingcylindrical symmetry the changesn radiusalongthe borecanthen
be calculated. However, DC offsetsin the input pulse and instrumentreflectionmeasurements
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generallycausea small DC offsetin the input impulseresponse.This offset manifestsitself by
causingthe reconstructiorto expandor contracttoo rapidly. For accuratereconstructionthe DC
offsetmustberemoved from the input impulseresponserior to applicationof the reconstruction
algorithm. This is doneby introducinga precisely-profiledsectionof cylindrical tubebetweerthe
sourcetubeandtheinstrument.Thereshouldbe no signalreflectedbackfrom this cylindrical tube
andthe input impulseresponseshouldbe zero. The averagevalue of the inputimpulseresponse
overthisrangethusgivesthe DC offsetvalue.

The bore reconstructiondreakdown at the final bell flare, but direct measurementereis not
difficult: by usinggaugesf a sizewherethe boreradiusdeterminatiorby pulsereflectometryis
still valid (10mmto 20mmboreradius)andmeasuringhe depthof insertionof thegaugegrom the
bell end,theoverall tubelengthcanbe ascertained.

3. RESULTS

Theinstrumentgxaminedhave all beendravn from the Edinburgh UniversityCollectionof Historic
Musical Instrument§EUCHMI), andthe profilesare shavn without mouthpieceandwithout arny
valvesoperated.In the figures,the boreradius(y axis)is exaggeratedelative to the longitudinal
distancg(z axis)for purpose®f comparisonandthefinal flare of thebell (boreradiusgreaterthan
16mm)hasbeenomitted.
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Figure 2 shaws the bore profile of atrumpetin B> by Boosg and Havkes (EUCHMI 3212), not
significantlydifferentfrom the standardnodernBb trumpet. Theundulationdbetweer880mmand
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600mmfrom the mouthpipeendaretheirregularitiesin the windway at the waterkey andthrough
thetuning-slideandvalves. Thereis adip in theborenearthe beginning: the minimumboreradius
occursafter the taperof the mouthpiecerecever (which doesnot represenpart of the sounding
borewhena mouthpiecas inserted)andis followed by a shortexpandingportion, known asthe
leadpipe.
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Figure3 shavs a 20th-centurycornetin By by Couturier(EUCHMI 3694). Thereis along tapered
leadpipebetweerthe pointof minimumboreandthevalveswhichis afeatureof themoderncornet
with fixedmouthpipe.

To underlinethe similarity betweera trumpetanda cornet,we shav in Figure4 the boreprofile of
aflugelhorn(EUCHMI 3959)to the samescale.

Thecornetwidely usedoveralong periodwastheFrenchmodel,developedby Parismakerssuchas
BessormandCourtoiscircal850andstill in usequiterecently This modelhaddetachablshanksor
crooksof differentlengthwhich wereinsertedbetweerthe mouthpieceandthe body of theinstru-
mentto puttheinstrumeninto differentkeys. Figure5 shavsacornetby Courtois(EUCHMI 3710)
with a shankfor By. The shankis not significantlytaperedandthereis a ratherabruptincreasdn

borewherethe shankis insertedinto the body of the instrument,in turn followed by a tapering
section.

Finally, in figure6 we shav theboreprofile of anearlyBritish cornetof themodelsometimeg&nown
asa “cornopean”.This employedanearlierform of valve (the Stolzel valve) which hasnoticeably
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moreirregularitiesin the windway dueto the abruptbendsin the valve passagesThe significant
featureis the lack of ary taperedeadpipe.Thetubing of the crooksis of approximatelythe same
radiusasthe tubing of the body of the instrument. The overall topographyis thusvery similar to
thatof themoderntrumpet.

It shouldbe pointedout thatin the mid-nineteenttcenturythe trumpetwasof a longerbasictube
length,andis thusnot comparablevith theinstrumentsve have beendiscussingAlso, the mouth-
piecedor cornetandtrumpetwereof markedlydifferentdesignssothesimilarity betweertrumpet
andcornetthatwe now obsere would not have beenapparenat thattime.

4. INTERPRETATION OF RESULTS

Thevariationof thecross-sectionalreaof thetubeS z) with axialdistancezis of criticalimportance
to the acousticabehaiour of a brassinstrument.Clearlyfor afull consideratiorof aninstrument
design,adetaileddescriptionof thewhole boreprofile is neededhowever, to facilitate quantitatve

comparisonsorrespondingp thequalitatve comparisonsf theinstrumentsn the previoussection,
it is usefulto definethe simpleparameter

_ Shid

K=
Shin

(1)

where Sy is the cross-sectionadreaof the bore at its minimum (which occursat or nearthe
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mouthpieceecever) and Syq is the cross-sectionareaof the boreat the point mid-waybetween
thetwo ends(ignoringlocalirregularities).

In cornetsaandtrumpetsthemid-pointof theair columnoccurgowardstheendof theapproximately
cylindrical part of the tube,beforethe markedexpansionof the bell flare. The extentto which K
differsfrom unity canberegardedasa measuref the extentto which the bore of the instrument
departdrom a purecylinder over thefirst half of its length. We proposethis parameteasa simple,
widely applicableand readily determinablemeasurewxhich can be usefulin the classificationof
instrumentimodels.

For the five instrumentgliscusse@bove, which furthermeasurementsave shavn to betypical of
theirmodelsthevaluesof K areasfollows:

(215) Cornopearin Bb (Glen,c 1840) 1.13
(3212) Trumpetin By (Boosg & Hawkes,c 1931) 1.22
(3694) Cornetin Bb (Couturierc 1920) 1.75
(3710) Cornetin By (Courtois,1862-71) 1.98
(3592) Flugelhornin Bh (Bessong 1900) 2.70

It is certainlytrue thatin termsof theinitial bore profile the twentiethcenturycornet(K = 1.75)
bearsa closerresemblancéo the twentiethcenturytrumpet(K = 1.22) thandoesthe cornetfrom
thesecondhalf of thenineteentltentury(K = 1.98). Theinstrumentwith thesmallesinitial taper
however, is thecornopearfK = 1.13),whichis generallytakento beanearlymemberof thecornet
family. The commonly-heldview that the first membersof the cornetfamily hada muchmore
strongly taperingconical bore thandid the trumpets,and that this distinction diminishedas the
instrumentsvolved,is thusevidently anoversimplification.

5. CONCLUSION

Pulsereflectometrycanquickly andaccuratelyprovide ‘inside information’aboutbrassnstruments
andrevealthe hiddendifferencesandsimilarities. It is a non-irnvasve techniqueandhences very
usefulin themeasuremerdf instrumentsvith a degreeof inaccessibilityandcanbesafelyusedon
museuninstruments.

A parameteK hasbeendefinedwhichis usefulin comparingnstrumentdesignsandwhich allows
aquantitatve approacho discussion®f the evolution of instruments.
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