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Abstract: The effect of the crook on the bassoon’s playing characteristicshaslong beenconsideredpar-
ticularly significant. In this paper, acousticpulsereflectometryis usedto obtaininternalboreprofilesof a
selectionof bassooncrooksmanufacturedthroughoutthis century. The accuracy of the techniqueenables
differencesof theorderof 0.1mmin the internalradii of differentcrooksto bemeasured.In anattemptto
understandhow thecrook’sprofileaffectstheacousticalpropertiesof thebassoon,impedancemeasurements
have beencarriedouton four bassoon/crookcombinations.Theresultsarepresentedanddiscussed.

INTR ODUCTION

Datingfrom themid-17thcentury, thebassoonis a conicalboreinstrumentwhich usesa doublereed.
The length of the bassoon’s air column is just over two and a half metresbut the instrumentstandsat
approximatelyhalf thisheightsincetheair columnis bentbackon itself. Theair columnis madeupof five
sections:thecrook,thewing joint, thebutt joint, thelong joint andthebell. In this paper, theevolution of
thecrookis examinedandits contributionto theacousticalcharacteristicsof thebassoonis investigated.

The paperis split into two main sections.In the first section,the non-invasive techniqueof acoustic
pulsereflectometryis usedto measurethe internalboreprofilesof a selectionof crooksmanufacturedat
different times throughoutthe 20th century. The profiles arecomparedand similaritiesand differences
arediscussed.In thesecondsection,impedancecurvesfor four bassoon/crookcombinationsaremeasured
usinga sweptsinewave method. The impedancecurvesareexaminedandrelatedto the crook profiles.

MEASUREMENT OF BASSOONCROOK DIMENSIONS
USING ACOUSTIC PULSE REFLECTOMETRY

To examinethedevelopmentof theshapeof thebassooncrook,the techniqueof acousticpulsereflec-
tometryhasbeenappliedto crooksof variousages.Acousticpulsereflectometrywasoriginally developed
asa seismologicaltechniquefor the observationof stratificationsin the earth’s crust. More recently, the
techniquehasbeenappliedto themeasurementof ductsof varyingcross-section,suchashumanairways(1)
andmusicalinstruments(2,3,4).In thissection,thebasictechniqueis describedandthecrookmeasurements
arepresentedanddiscussed.

MeasurementTechnique

Figure1 showsa schematicdiagramof thepulsereflectometerusedin thepresentstudy. An electrical
pulseproducedby a D/A converteris amplifiedandusedto drive a loudspeaker. Theresultantsoundpres-
surepulsetravelsalonga coppersourcetubeinto thebassooncrookundertest. A microphoneembedded
part of the way alongthe sourcetube recordsthe reflectionsreturningfrom the crook. The microphone
output is amplifiedandlow-passfiltered to prevent aliasing. The resultantsignal is thensampledby an
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FIGURE 1. Schematicdiagramof pulsereflectometer

A/D converterandstoredon a PC.This procedureis repeated1000timesandthesamplesareaveragedto
improve thesignal-to-noiseratio. To obtaintheinput impulseresponseof thecrook,thesampledreflections
aredeconvolvedwith theinputpulseshape.

Thesourcetubeseparatesthe forwardandbackwardtravelling waves. The sectionl2 ensuresthat the
inputpulsefully passesthemicrophonebeforethefirst of thereturningcrookreflectionsreachesit. After the
crookreflectionspassthemicrophonethey arefurtherreflectedby theloudspeaker. Thesectionl1 enables
thecrookreflectionsto be recordedfor up to 2l1

�
c seconds(the time takento travel thedistancefrom the

microphoneto the loudspeakerand back,given that c is the speedof soundin air) beforethesesource
reflectionsreturnandcontaminatethesignal.

Oncetheinputimpulseresponseof acrookhasbeenmeasured,theapplicationof asuitablealgorithm(5)
allowsthechangesin areaalongthecrook’sboreto beevaluated.If thecrookis assumedto havecylindrical
symmetry, thechangesin radiuscanalsobecalculated.

Bassooncrook profiles

Figure2 showssixbassooncrookprofilesmeasuredusingacousticpulsereflectometry;aHeckelGNW2
crookdatingbackto thestartof the20thcentury, aHeckelOldCC1crookfromthe1930s,aHeckel/Schneider
CC crook madein the late 1950s/early1960s,a SchreiberF1 crook from the sameperiod,a post-1970s
HeckelCCE2crookandaFox CVX1 crookmanufacturedin 1997.Thecrooksareall productionexamples
by therespective manufacturersapartfrom the Heckel/Schneidercrook which is unique. ErnstSchneider
(whowasoneof themakersatHeckel)madethiscrookfor useby William Waterhouse.

It is appearsfrom theprofilesthatthecrooksfall into two groups.Althoughthecrooksall have approx-
imately the sameinitial andfinal radii, the two older Heckelcrooksandthe Heckel/Schneidercrook are
all wider in themiddlesectionof thecrook thanthenewer Heckelcrook, theSchreibercrookandtheFox
crook.

In figure 3, the crook profilesarereplottedin termsof the deviation in radiusfrom a standardtaper.
Thetaperchosenwas0.007:1with a startingradiusof 2mm(i.e. for every 1mmincreasein distancealong
theaxis,theradiusincreasesby 0.007mm).This methodof plotting boreprofileswasoriginally proposed
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FIGURE 2. Six bassooncrookprofiles
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FIGURE 3. Six bassooncrookprofilesplottedin termsof thedeviation in crookradiusfrom 0.007:1taper
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Yamaha PN2 ‘Super Bocal’ (1997)
�

Heckel Old CC1 (1930s)
Schreiber F1 (1950s/60s)

FIGURE 4. Comparisonof modernYamahacrookwith HeckelOld CC1crookandSchreiberF1crook

by Burton(6)andlaterappliedto bassooncrooksby Ring. Thegroupingof thecrooksappearsevenmore
distinctwith the two olderHeckelcrooksandtheHeckel/Schneidercrookshowing a maximumdeviation
of approximately0.38mmfrom the0.007:1taper, comparedwith themaximumdeviationof approximately
0.2mmshown by theHeckelCCE2,theSchreiberF1 andtheFox CVX1 crooks.

Furthermeasurements(madeon otherearlyHeckelcrooksandon morerecentcrooksby bothHeckel
andothermanufacturers)appearto confirmthistrend.All of theolderHeckelcrooksmeasuredhaveawider
borewhilst almostall of thenewer crooksexhibit thenarrower bore.Theoneexceptionfoundcanbeseen
in figure4, wheretheprofileof aYamahaPN2‘SuperBocal’ crookmanufacturedin 1997is plottedagainst
theHeckelOld CC1crookandtheSchreiberF1 crook. It is clearthat the Yamahaprofile is very closeto
theearlyHeckelcrookandnot to themoremodernSchreibercrook.

MEASUREMENT OF BASSOON/CROOK IMPEDANCE CURVES

In an attemptto understandhow the profile of the crook affectsthe bassoon’s playing characteristics,
input impedancemeasurementsweremadeon four bassoon/crookcombinations.Themeasurementswere
madeusinga standardfrequency domainmethod;thesweptsinewave method(7).As thenamesuggests,
thebassoon/crookcombinationunderinvestigationis excitedat its inputby asinusoidalpressurewave. The
frequency of theexcitationwave is increasedandthepressureresponseat eachfrequency is recorded.Pro-
videdtheexcitationwave hasa constantvolumevelocity, thepressureresponseis proportionalto theinput
impedanceof thebassoon.No phaseinformationis gainedusingthis technique;only themagnitudeof the
input impedanceis measured.

Bassoon/crook impedancecurves

Figure 5 shows input impedancemeasurementsmadeon a modernT.W.Howarth bassoonwith the
HeckelOld CC1 crook andwith the SchreiberF1 crook. The bassoonwasset to the F3 fingering. The
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FIGURE 5. Input impedancecurve of HeckelOld CC1andSchreiberF1 crooks
with T.W.Howarthbassoon.Fingering=F3.
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FIGURE 6. Input impedancecurvesof HeckelOld CC1andSchreiberF1 crooks
with Schreiberbassoon.Fingering=F3.



two curvesshow similar featuresandexhibit only verysubtledifferences.Onesuchdifference,mostnotice-
ableabove 1300Hz,is that theaverageimpedanceof thebassoonwith Schreibercrookis greaterthanthat
of thebassoonwith Heckelcrook.This canberelatedto theprofilesof thetwo crooks;theSchreibercrook
hasa narrower boresoprovidesslightly moreresistanceto the air flow. Despitethedifferencein average
impedance,theamplitudesof theimpedancepeaksappearapproximatelythesameonbothcurves.

Figure6 showsinput impedancemeasurementsmadeona Schreiberbassoonwith theHeckelOld CC1
crookandwith theSchreiberF1crook.Thebassoonwasagainsetto theF3fingering.With this instrument,
thechoiceof crookseemsto haveamuchmoresignificanteffectontheinputimpedance.Again,theaverage
impedanceof thebassoonwith Schreibercrookis greaterthanthatof thebassoonwith Heckelcrookbutnow
thedifferenceis noticeableat frequenciesaslow as800Hz. With theSchreiberbassoon,theamplitudesof
theimpedancepeaksareaffectedby thetypeof crook.With theHeckelcrook,thereis a27dBdifferencebe-
tweenthepeakat190Hzandthetroughat270Hz.With theSchreibercrook,thisdifferencehasbeenreduced
to21.6dB.

CONCLUSIONS

Theresultspresentedin thispapershow anapparentchangein crookprofile from thewiderboreexhib-
ited by theHeckelcrooksmanufacturedin thefirst half of this century, to thenarrower boreof thecrooks
made(bothby Heckelandby othermanufacturers)in thelatterpartof thecentury.

Thisevolution in shapehasled to a changein theacousticalpropertiesof thecrook.Someof thesubtle
acousticalchangescanbeseenin theimpedancecurvespresentedin thepaper. Themostobviousdifference
is theloweraverageimpedanceof theolderHeckelcrookscomparedwith themoremodernones.

As afinal comment,it is interestingto notethatmany playersprefertheplayingqualitiesof thetheolder
Heckelcrooksto thoseof moremoderncrooks.Furtherwork, in conjunctionwith professionalbassonists,
is requiredto establishthesignificanceof thewider boreto theplayingcharacteristicsof theolderHeckel
crooks.
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