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Abstract: The effect of the crook on the bassoors playing characteristichaslong beenconsiderechar
ticularly significant. In this paper acousticpulsereflectometryis usedto obtaininternalbore profilesof a
selectionof bassoorcrooksmanufacturedhroughoutthis century The accurag of the techniqueenables
differencesf the orderof 0.1mmin the internalradii of differentcrooksto be measuredln anattemptto
understandhow the crook’s profile affectsthe acousticapropertieof thebassoonimpedanceneasurements
have beencarriedout on four bassoon/crookombinationsTheresultsarepresenteénddiscussed.

INTRODUCTION

Dating from the mid-17thcentury the bassoons a conicalboreinstrumentwhich usesa doublereed.
The length of the bassoors air columnis just over two and a half metresbut the instrumentstandsat
approximatelyhalf this heightsincetheair columnis bentbackonitself. Theair columnis madeup of five
sectionsithe crook,thewing joint, the butt joint, thelong joint andthe bell. In this paper the evolution of
thecrookis examinedandits contritutionto theacousticatharacteristicef the bassooris investigated.

The paperis split into two main sections. In thefirst section,the non-invasive techniqueof acoustic
pulsereflectometryis usedto measurdhe internalbore profiles of a selectionof crooksmanufacturect
differenttimesthroughoutthe 20th century The profiles are comparedand similarities and differences
arediscussedIn the secondsection,impedanceurvesfor four bassoon/crookombinationsaaremeasured
usinga sweptsine wave method. The impedancecurves are examinedand relatedto the crook profiles.

MEASUREMENT OF BASSOONCROOK DIMENSIONS
USING ACOUSTIC PULSE REFLECTOMETRY

To examinethe developmentof the shapeof the bassoorcrook, the techniqueof acousticpulsereflec-
tometryhasbeenappliedto crooksof variousages.Acousticpulsereflectometrywasoriginally developed
asa seismologicatechniquefor the obsenation of stratificationsn the earths crust. More recently the
techniquehasbeenappliedto themeasuremerdf ductsof varyingcross-sectiorsuchashumanairways(1)
andmusicalinstruments(2,3,4)n this sectionthebasictechniques describedndthecrookmeasurements
arepresenteé@nddiscussed.

MeasurementTechnique

Figurel shavs a schematiadiagramof the pulsereflectometeusedin the presenstudy An electrical
pulseproducedoy a D/A corverteris amplifiedandusedto drive a loudspeakerTheresultantsoundpres-
surepulsetravels alonga coppersourcetubeinto the bassoorcrook undertest. A microphoneembedded
part of the way alongthe sourcetube recordsthe reflectionsreturningfrom the crook. The microphone
outputis amplified andlow-passfiltered to prevent aliasing. The resultantsignalis thensampledby an
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FIGURE 1. Schematidiagramof pulsereflectometer

A/D cornverterandstoredon a PC. This procedurds repeated.000timesandthe samplesareaveragedo
improve thesignal-to-noiseatio. To obtaintheinputimpulseresponsef thecrook,the sampledeflections
aredecowolvedwith theinput pulseshape.

The sourcetubeseparateshe forward andbackwardtravelling waves. The sectionl, ensureghatthe
inputpulsefully passeshemicrophoneeforethefirst of thereturningcrookreflectiongeachest. After the
crookreflectiongpassthe microphonethey arefurtherreflectedby theloudspeakerThe sectionl, enables
the crookreflectionsto be recordedor up to 2|1 /c secondgthe time takento travel the distancefrom the
microphoneto the loudspeakeand back, given that ¢ is the speedof soundin air) beforethesesource
reflectionsreturnandcontaminatehesignal.

Oncetheinputimpulseresponsef acrookhasbeenmeasuredheapplicationof asuitablealgorithm(5)
allowsthechanges$n areaalongthecrook’s boreto beevaluated.If thecrookis assumedo have cylindrical
symmetrythechangesn radiuscanalsobe calculated.

Bassoorcrook profiles

Figure2 shawvssix bassoorrookprofilesmeasuredsingacoustiqulsereflectometryaHeckelGNW 2
crookdatingbackto thestartof the20thcentury aHeckelOld CC1crookfromthe1930saHeckel/Schneider
CC crook madein the late 1950s/earlyl960s,a SchreiberF1 crook from the sameperiod, a post-1970s
HeckelCCE2crookandaFox CVX1 crookmanufactured 1997. Thecrooksareall productionexamples
by the respectre manufacturergpartfrom the Heckel/Schneidecrook which is unique. ErnstSchneider
(whowasoneof themakersat Heckel)madethis crookfor useby William Waterhouse.

It is appeardrom theprofilesthatthe crooksfall into two groups.Althoughthe crooksall have approx-
imately the sameinitial andfinal radii, the two older Heckelcrooksandthe Heckel/Schneidecrook are
all wider in the middle sectionof the crook thanthe newver Heckelcrook, the Schreibercrook andthe Fox
crook.

In figure 3, the crook profilesarereplottedin termsof the deviation in radiusfrom a standardaper
Thetaperchoserwas0.007:1with a startingradiusof 2mm (i.e. for every Immincreasen distancealong
the axis, theradiusincreasedy 0.007mm).This methodof plotting boreprofileswasoriginally proposed
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FIGURE 2. Six bassoortrookprofiles
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FIGURE 3. Six bassoomrookprofilesplottedin termsof the deviationin crookradiusfrom 0.007:1taper



— T T T T T T T T T
0.5 I — Yamaha PN2 'Super Bocal’ (1997) .
[ - Heckel Old CC1 (1930s)

- Schreiber F1 (1950s/60s)

Deviation of crook radius from 0.007:1 taper/mm

Distance/m

FIGURE 4. Comparisorof modernyamahacrookwith HeckelOld CC1crookandSchreibeiF1 crook

by Burton(6)andlater appliedto bassoorcrooksby Ring. The groupingof the crooksappearsven more
distinctwith the two older Heckelcrooksandthe Heckel/Schneidecrook shoving a maximumdeviation
of approximately0.38mmfrom the 0.007: 1taper comparedvith the maximumdeviation of approximately
0.2mmshawn by the HeckelCCE2,the SchreibeiF1 andthe Fox CVX1 crooks.

Furthermeasurement@nadeon otherearly Heckelcrooksand on morerecentcrooksby both Heckel
andothermanufacturersippeato confirmthistrend. All of theolderHeckelcrooksmeasurethave awider
borewhilst almostall of the newer crooksexhibit the narraver bore. The oneexceptionfound canbe seen
in figure4, wherethe profile of a YamahaPN2'SuperBocal’ crookmanufacturedéh 1997is plottedagainst
the HeckelOld CC1 crookandthe Schreiber~1 crook. It is clearthatthe Yamahaprofile is very closeto
theearlyHeckelcrookandnotto themoremodernSchreibeicrook.

MEASUREMENT OF BASSOON/CROOK IMPED ANCE CURVES

In an attemptto understandchow the profile of the crook affectsthe bassoors playing characteristics,
inputimpedanceneasurementsere madeon four bassoon/crookombinations.The measurementsere
madeusinga standardrequeng domainmethod;the sweptsinewave method(7).As the namesuggests,
thebassoon/crookombinatiorunderinvestigatioris excitedatits inputby asinusoidapressuravave. The
frequeng of the excitationwave is increasedndthe pressuregesponseat eachfrequeny is recorded Pro-
videdthe excitationwave hasa constanwolumevelocity, the pressureesponsés proportionalto theinput
impedancef the bassoonNo phasdanformationis gainedusingthis techniquepnly the magnitudeof the
inputimpedances measured.

Bassoon/cook impedancecurves

Figure 5 shaws input impedancemeasurementmadeon a modernT.W.Howarth bassoorwith the
HeckelOld CC1 crook andwith the Schreiber1 crook. The bassoorwassetto the F3 fingering. The
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FIGURE 5. Inputimpedanceurve of HeckelOld CClandSchreibef1 crooks
with T.W.HowarthbassoonFingering=F3.
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FIGURE 6. Inputimpedanceunesof HeckelOld CC1landSchreibeiF1 crooks
with SchreibetbassoonFingering=F3.



two curvesshaw similar featuresandexhibit only very subtledifferencesOnesuchdifference mostnotice-
ableabove 1300Hz,is thatthe averageimpedanceof the bassoorwith Schreibercrookis greaterthanthat
of thebassoomith Heckelcrook. This canberelatedto the profilesof thetwo crooks;the Schreibeicrook
hasa narraver boreso providesslightly moreresistanceo the air flow. Despitethe differencein average
impedancetheamplitudesf theimpedanceeaksappeaapproximatelythe sameon bothcurves.

Figure6 shavsinputimpedanceneasurement®adeon a Schreibebassoomwith theHeckelOld CC1
crookandwith the SchreibeF1 crook. Thebassoomwasagainsetto the F3 fingering. With thisinstrument,
thechoiceof crookseemdo have amuchmoresignificanteffectontheinputimpedanceAgain,theaverage
impedancef thebassoomith Schreibercrookis greatethanthatof thebassoonvith Heckelcrookbut now
the differenceis noticeableat frequenciesislow as800Hz. With the Schreibetbassoonthe amplitudesof
theimpedanceeaksareaffectedby thetypeof crook. With theHeckelcrook,thereis a 27dBdifferencebe-
tweenthepeakat 190Hzandthetroughat270Hz.With theSchreibecrook,thisdifferencenasbeerreduced
t021.6dB.

CONCLUSIONS

Theresultspresentedn this papershav anapparenthangedn crookprofile from thewider boreexhib-
ited by the Heckelcrooksmanufacturedn thefirst half of this century to the narraver boreof the crooks
made(bothby Heckelandby othermanufacturersin thelatterpartof the century

This evolutionin shapehasled to a changen theacousticapropertiesof the crook. Someof the subtle
acousticathangesanbeseerin theimpedanceurvespresentedh the paper Themostobviousdifference
is thelower averageimpedancef the older Heckelcrookscomparedvith themoremodernones.

As afinal commentijt is interestingo notethatmary playersprefertheplayingqualitiesof thetheolder
Heckelcrooksto thoseof moremoderncrooks. Furtherwork, in conjunctionwith professionabassonists,
is requiredto establishthe significanceof the wider boreto the playing characteristicef the older Heckel
crooks.
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