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ABSTRACT

Pulsereflectometrywith improvedaccuracy hasbeenusedto studytheacoustically-significantfea-
turesof theboreprofilesof brassinstruments.Therefinementsin thetechniquewhichhavepermit-
ted measurementssufficiently accurateto allow subtlediscriminationbetweenapparentlysimilar
instrumentsareoutlined.

Thecommonly-heldview thatthecornetandthevalvedtrumpethaveevolvedto becomelesseasily
distinguishedis shown to beover-simplified,althoughbroadlycorrect.It is alsodemonstratedthat
themoderntrumpethasmany resemblancesto somemodelsof earlycornet.

1. INTRODUCTION

The characteristicsof brassmusicalinstrumentsasexperiencedby playersandasheardby audi-
encesdependon theboreprofile. A varietyof instrumentsof approximately1.25metretubelength
(4ft C and41

2ft B
�
) have beenregularlyused:bugles,cornets,flugelhorns,trumpetsandothers.Of

thecommontypes,buglesandflugelhornsarereadilydistinguishedby their bell flareshapes,but
trumpetsandcornetsarenot [1]. Mouthpiececupshapesfor cornetandtrumpetweredistinctin the
19th century, but present-daymouthpiecesaremadewith exactly the samecup shapesfor cornet
andtrumpet.It is thereforeusefulto examinetheboreprofilesof theseinstrumentsconsideringthe
overall topographyof the tube. This canhave practicalapplicationin theperformanceof original
cornetpartsby Berlioz, Elgarandothers.To approachtheoriginally intendedsound,shouldthey
beperformedon moderncornetsor trumpets,or areantiquecornetsnecessary?

Pulsereflectometryhasbeenusedfor sometime in the measurementof musicalwind instrument
boreprofiles[2,3], andthetechniquehasrecentlybeenimprovedto givesignificantlymoreaccurate
results[4,5]. The techniquecan readily be appliedto musicalinstrumentswheredirect internal
measurementis difficult, suchascoiledposthorns.Theaccuracy of theboreprofilemeasurements
allowsdiscriminationbetweendifferentmodelsof similar instruments.

For thepurposesof comparisonbetweeninstruments,we treata coiledinstrumentasbeingequiv-
alentto a perfectlystraightinstrumentwith thesamecross-sectionalareaateachpointalonga line
drawn throughthegeometriccentreof thebore,the‘mid-line’. Thebendsencounteredin thegreat
majority of actual instrumentsgive rise only to second-orderdiscrepancies.Pulsereflectometry
givesthereconstructionof theboreprofile in this straightenedform.
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Figure1: Schematicdiagramof pulsereflectometer

2. EXPERIMENTAL METHOD

Figure1 shows a schematicdiagramof thepulsereflectometerusedin thepresentstudy. An elec-
trical pulseis produced,amplifiedandusedto drive a loudspeaker. The resultantsoundpressure
pulsetravelsalonga 6.19mlong coppersourcetube(of internalradius4.8mmandwall thickness
1.2mm)into the instrumentundertest. Theinstrumentis coupledto thefar endof thesourcetube
usinga taperingadaptor. A microphoneembeddedpartof theway alongthe sourcetuberecords
the reflectionsreturningfrom the instrument.The microphonesignalis low-passfiltered (to pre-
ventaliasing),amplifiedandsampled.This procedureis repeated1000timesandthesamplesare
averagedto improve thesignal-to-noiseratio.

For anidealdeltafunctionsoundpressurepulse,thereflectionsmeasuredby themicrophonewould
betheinput impulseresponseof theinstrument.However, thesoundpressurepulseis not ideal;to
obtaintheinputimpulseresponse,thereflectionsaredeconvolvedwith theinputpulseshape,which
is measuredby terminatingthesourcetubewith a flat plateandrecordingthereflectedpulse.This
ensuresthatboth theinstrumentreflectionsandtheinput pulsehave travelledthesamepathin the
sourcetubeandhave thereforeexperiencedthesamesourcetubelosses.

The reflectionsreturningfrom the instrumentoccurat changesin impedance,suchasexpansions
or contractionsalong the object’s bore. A suitablealgorithm (suchas the algorithm developed
by Amir, RosenhouseandShimony [6], which compensatesfor attenuationdueto losses)allows
the reflectioncoefficients arising from theseimpedancechangesto be evaluatedfrom the input
impulseresponse.Assumingcylindrical symmetry, thechangesin radiusalongtheborecanthen
be calculated. However, DC offsetsin the input pulseand instrumentreflectionmeasurements



PULSEREFLECTOMETRY

generallycausea small DC offset in the input impulseresponse.This offset manifestsitself by
causingthe reconstructionto expandor contracttoo rapidly. For accuratereconstruction,theDC
offsetmustberemoved from theinput impulseresponseprior to applicationof thereconstruction
algorithm.This is doneby introducinga precisely-profiledsectionof cylindrical tubebetweenthe
sourcetubeandtheinstrument.Thereshouldbeno signalreflectedbackfrom this cylindrical tube
andthe input impulseresponseshouldbe zero. The averagevalueof the input impulseresponse
over this rangethusgivestheDC offsetvalue.

The bore reconstructionsbreakdown at the final bell flare, but direct measurementhereis not
difficult: by usinggaugesof a sizewheretheboreradiusdeterminationby pulsereflectometryis
still valid (10mmto 20mmboreradius)andmeasuringthedepthof insertionof thegaugesfrom the
bell end,theoverall tubelengthcanbeascertained.

3. RESULTS

Theinstrumentsexaminedhaveall beendrawnfrom theEdinburghUniversityCollectionof Historic
Musical Instruments(EUCHMI), andtheprofilesareshown without mouthpieceandwithout any
valvesoperated.In the figures,theboreradius(y axis) is exaggeratedrelative to the longitudinal
distance(z axis)for purposesof comparison,andthefinal flareof thebell (boreradiusgreaterthan
16mm)hasbeenomitted.

Figure2: Trumpetin B � (Boosey andHawkes,c 1931)

Figure2 shows theboreprofile of a trumpetin B � by Boosey andHawkes(EUCHMI 3212),not
significantlydifferentfrom thestandardmodernB � trumpet.Theundulationsbetween380mmand
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600mmfrom themouthpipeendaretheirregularitiesin thewindwayat thewater-key andthrough
thetuning-slideandvalves.Thereis a dip in theborenearthebeginning: theminimumboreradius
occursafter the taperof the mouthpiecereceiver (which doesnot representpart of the sounding
borewhena mouthpieceis inserted)andis followedby a shortexpandingportion,known asthe
leadpipe.

Figure3: Cornetin B � (Couturier, c 1920)

Figure3 showsa 20th-centurycornetin B � by Couturier(EUCHMI 3694).Thereis a long tapered
leadpipebetweenthepointof minimumboreandthevalveswhich is a featureof themoderncornet
with fixedmouthpipe.

To underlinethesimilarity betweena trumpetanda cornet,we show in Figure4 theboreprofileof
a flugelhorn(EUCHMI 3959)to thesamescale.

Thecornetwidely usedoveralongperiodwastheFrenchmodel,developedby Parismakerssuchas
BessonandCourtoiscirca1850andstill in usequiterecently. Thismodelhaddetachableshanksor
crooksof differentlengthwhich wereinsertedbetweenthemouthpieceandthebodyof theinstru-
mentto puttheinstrumentinto differentkeys. Figure5 showsacornetby Courtois(EUCHMI 3710)
with a shankfor B � . Theshankis not significantlytaperedandthereis a ratherabruptincreasein
borewherethe shankis insertedinto the body of the instrument,in turn followed by a tapering
section.

Finally, in figure6 weshow theboreprofileof anearlyBritishcornetof themodelsometimesknown
asa “cornopean”.This employedanearlierform of valve (theStölzel valve) which hasnoticeably
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Figure4: Flugelhornin B � (Besson,c 1900)

Figure5: Cornetin B � (Courtois,1862-71)
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Figure6: Cornopeanin B � (Glen,c 1840)

moreirregularitiesin thewindwaydueto the abruptbendsin thevalve passages.Thesignificant
featureis the lack of any taperedleadpipe.Thetubingof thecrooksis of approximatelythesame
radiusasthe tubingof the bodyof the instrument.Theoverall topographyis thusvery similar to
thatof themoderntrumpet.

It shouldbepointedout that in themid-nineteenthcenturythe trumpetwasof a longerbasictube
length,andis thusnotcomparablewith theinstrumentswe have beendiscussing.Also, themouth-
piecesfor cornetandtrumpetwereof markedlydifferentdesigns,sothesimilarity betweentrumpet
andcornetthatwe now observe wouldnothave beenapparentat thattime.

4. INTERPRETATION OF RESULTS

Thevariationof thecross-sectionalareaof thetubeS � z � with axialdistancez is of critical importance
to theacousticalbehaviour of a brassinstrument.Clearlyfor a full considerationof aninstrument
design,adetaileddescriptionof thewholeboreprofile is needed;however, to facilitatequantitative
comparisonscorrespondingto thequalitativecomparisonsof theinstrumentsin theprevioussection,
it is usefulto definethesimpleparameter

K � Smid

Smin
(1)

whereSmin is the cross-sectionalareaof the bore at its minimum (which occursat or near the
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mouthpiecereceiver)andSmid is thecross-sectionalareaof theboreat thepoint mid-waybetween
thetwo ends(ignoringlocal irregularities).

In cornetsandtrumpets,themid-pointof theair columnoccurstowardstheendof theapproximately
cylindrical part of the tube,beforethemarkedexpansionof thebell flare. Theextent to which K
differs from unity canberegardedasa measureof theextent to which theboreof the instrument
departsfrom apurecylinderover thefirst half of its length.Weproposethisparameterasasimple,
widely applicableandreadily determinablemeasurewhich canbe useful in the classificationof
instrumentmodels.

For thefive instrumentsdiscussedabove,which furthermeasurementshave shown to betypical of
theirmodels,thevaluesof K areasfollows:

(215) Cornopeanin B � (Glen,c 1840) 1.13
(3212) Trumpetin B � (Boosey & Hawkes,c 1931) 1.22
(3694) Cornetin B � (Couturier, c 1920) 1.75
(3710) Cornetin B � (Courtois,1862-71) 1.98
(3592) Flugelhornin B � (Besson,c 1900) 2.70

It is certainlytrue that in termsof the initial boreprofile the twentiethcenturycornet(K 	 1 
 75)
bearsa closerresemblanceto the twentiethcenturytrumpet(K 	 1 
 22) thandoesthecornetfrom
thesecondhalf of thenineteenthcentury(K 	 1 
 98). Theinstrumentwith thesmallestinitial taper,
however, is thecornopean(K 	 1 
 13),which is generallytakento beanearlymemberof thecornet
family. The commonly-heldview that the first membersof the cornetfamily hada muchmore
strongly taperingconical bore thandid the trumpets,and that this distinctiondiminishedas the
instrumentsevolved,is thusevidentlyanoversimplification.

5. CONCLUSION

Pulsereflectometrycanquickly andaccuratelyprovide‘insideinformation’aboutbrassinstruments
andreveal thehiddendifferencesandsimilarities. It is a non-invasive techniqueandhenceis very
usefulin themeasurementof instrumentswith adegreeof inaccessibility, andcanbesafelyusedon
museuminstruments.

A parameterK hasbeendefinedwhichis usefulin comparinginstrumentdesigns,andwhichallows
a quantitativeapproachto discussionsof theevolutionof instruments.
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