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1. PressuteWavesintheBassoantube
fluebassaanisaomucalmmstnmmtplayaiwnhadoublereed.htyp-
icalintemalpmessummvefomisslnmmfig. 1.11uswavefomhascharacter
istic sharpspikes wimint‘ervmingquasi-acpunmtial regime. Aninportant
feamreofthewavefonnistlut,mlethepeziodlctmeisthatoftheplayed
note,unepulselaqthofthespikesislargelyinvariant.1hisisoartahfly
mesaseuptoafreqmofammmflzmeretheperiodisaboutdouble
the pulse length. ’lhisphexmemnseatstoiniicate that while, of amuse, the
periodoftheplayednoteisgovernedbywavereflectimsfmntheerdsofthe
tube,thepulselmgm15detennmaibyd1ereedamitsms.lhepulse
effectismtdependmtmthepresmceofadoublereed;asmallsingle—reed
mouthpiece of the Clarke: type gives a similar result (and the characteristic
bassoon sound is obtained).

The shape of the ptessne waveform changes drastically as the point of observ-
ationisvaried,butthepulsesarea1wayspresent. firedrangeinshapeismt
surprising since die observed tine-varying pressuxe profile is that of a stami-
ing wave - the sum of two oppositelrtravellkg pressure waves. By ajudicious
emanation of the standing-ware pressure patterns at diffemt locations, the
outward-gomgwavefmthereedcanbedisentangled Emntheretuminnge
fmnflxeouter 'open' elflofthe instrment. Itthmagaears thatthepulses
are always negative-going in the outmd vave and are reflected, as acpecrad,
aspositive-goingmes. Gaservedinthereed, thepzueurewvefomeems
simplicity itself (fig. 3a). m negative pluses are the outstanding feature
with but afewmimr actra excresoenaes (see also £11). It is clear that
reflectionatdxereaizesulteinacamellatimo pressurebetweentl'leother
features of the outward and inward waxes.

Itnaybeappmpriatetoxecallthesalientfeatuxesofvavepmpagatimma
wucaltube.Attheautez-(apm) afi,apressuxewaveiszeflectaiwifl1
earpletephasereversal.m,atfl1eomerafl,theamecamtcmtinwto
apomt,itmstbetnmtedatthereedlocatim. (Intmeaseofthebasscon,
flustnmcatimisamezsomnfimnuuetheoreticalpointoftheeme.)mthe

t1mlaqfi.hemplea¢vuveccntabfingmnyfreqmlswfll
haveitsshapealtafior'mearedout'bysuchareflectim.fi,m,

amallcavityofamiatewlme-smhasthexeedhas-isprovidedattm
www.mtmdelaycanbenadehmltivetomlagthuptoa
1mtirngrequ.nusfga;misunmtfieqmyoftmm
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fouledbytheacwstieeapaeitameofflereedwlmeandflmmofme

canicale-Itraneetotheinstrumttube. (Thisresanantfrequencyhasother

WW.)A3U§1C10US selecticm ofthereedcavity volune thus

resultsmanunimmofsnearingofareflectimatthereedetfloftheinst-

menusmisesuiemportaneeofmecorrectreedvolmeamue

facilityfarifs adjusumrtmderplaying carditims. Smhanadjusment is

possiblewithadoublereedwherenpforcecanaitetthevolme;itisnotso

easywlthaclarinet-typemxmpiece.

Mmflectimoffliewaveatmauterafloftheinsmmtdeservesa
mum. Heretherenaybemelytheqaenerfi (forthelowestmte) ormeor

more open tone-holes. The filtering pmperties of this tenninatim will give a

frequaqrdeperdent reflect-Jan. Again, the wave reflected is a nodified or

smeared version of the incident one and the instnmt's tone quality and.

intmatim will depend on the nature of this reflection.

Whatisflieshapeofflxepmgressivewave?lmkfirstatthebeginningofa

note (fig. ,1a) . The player blows into the open reed attached to the oonically—

tube. There is an initial sharp pressure build—lip followed by a more

gradual decay. This pressure profile propagates down the tube and is inverted

mreflection. manivhgbadcatthereeditismvertedoneeagainandtime-

delayed. ‘meeonbinationofthesetwomvesatthereedwiflithetinedelay

resultsmanegative-goingprasurepulse.Allflustinethereeihashem

starriingvopen, but non, under the influa‘lce of the negative pressure, it begins

toshnt. Inshutting, theflowofairintotheconicaltube is intermpted.

Becameoftminertanceflere, anudxnamifiedammednegauvepressure

is gaerated. The reed tens to close ampletely and an oscillation of the

trapped air (empliame) against the inertanee can take place. If the reed

volume has been properly dnse'n,the half-period of this oscillation will

appzmdnatewfleUnedflaybetwethreummgandre-reflectedpressure

signals..'me negative pulse that ttIy have already manned is nagnified and

sharpened; therisinqtrailingedgereapmsmereedardtheprooessm

sees. 13» negative half-tycle of oscillation is added to the progressive wave

arflisadlazacteristicfeatureoftheregmatimprocess. mimtheplayer

ceases to blew, the sharp negative pulse disappears; the ire-sharpening ceases

mastitisuteuavedecays, beoaningprogressivelymremmiedinthepmc-

ess (£19. . '

2. an
mfizfvarimsfeamresofthereedmatimpmeessardflmpuse
gamtimveteeamunei.1baidflxis,m'ardficialmuth“wasemstructed

aublingthereedmtimtobeeimhnd(fig.2).hplasticreedhadtobeused

ford'eseshxiiasmceitaauldoperatedry.mrneasmingdxemtenalzeed

pressueaerallcapacitornfiemphmevasplaeedinatnledriuedinme

mhnarkm-vihratumpartofuaereeifiadireedbladecarriedasmll

pieceofalmnmimfoilacdrgasanelectmde.m&sememectedwapre

anpliflerandpolarising supply usuallyusedwith capacitor mm. By

thismaansfllereednbtimmtransionmdintoanelectrical signal.Ahot-

mmwdaevasplaeedaemvmientdistarne (aboutSmn) infrmt

ofttereaiopming.mile-itvasmpossibletoneasueflielmaarvelocity

offlieairinthezeedopemm, itwaspossibletoebrainasignalapproodnately

mlataltod'ievolme velocityoftheairmtering.

illuminatimms also used. mis socmdisclosed that, as expected,
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diemedsmodopenfcrthemajorpartofthecycleifalwmbeuasbamg
played. Its closure cox-rm Wrale to the negative pressure pulse
axflforpartofthismitvascmpletelysmt.

Mammvasdifflcultmsetw!mlyalmdtedmmtofadjmwas
possiblecalparedtoflatofmchaskinedhassoaustvascapable.m
oertamteststheversatilityofmehmanplayerwasessenualgofcmnsehe
wfldnotbeasfullyinstnmentaiasthaartiflcmane.

3. Variatim of
If HE Ease is a $ivyc§e of free oscillatim of the £883 cavity resaIamr,
Hmitshmfldbepossibletoalta:itbyvarjatimofulevoluleorflxe‘rate
oftapersincememertmmedepaflsmtmmwgle.mtlyanmst-
mutofbassounpmporummthavingadifimmaglevassought.
Formtelyaheckelmhas available. Thisisatypeof baritnneoboe
sharmgasunilarzeedsizeaxitubemtramediamtermmmebassom.lts
cone sent-angle 150.013 rad. mnpareitoflxebassocn's 0.007 :ad. Asaqaected,
unpressuepzlsesmsmuunwiflxflmebassom.suoboscopicvievdng
ofthereednntionofbothhsmmmtsomflnedaslmmpedodofclome
wim’d'lehetielptme. Attanptstoquantifythepulse laigt'handtozelate it,
forum,-mdlesqlamtofflmmme,mmtverymful.
Thiswas largely because itmsdifficulttodecide preciselyuflutfl'ze pulse
lengflxvasmexpatmmvaredmvduaabassomreedattadxedto
conical cubes of varying angles. Varying pulse lengths (and aftermth
qualitiesottheamttedmds)wareobtalm,mtnotmavayflmtsumort-
edasinplephysicallaw.

L'me atian s-u‘ ofthe .
Itfifiseqncfigtgfimssffinmagmvenmgmm'mm
med'ardthepulsega'matedistriggered-offbyfllepmssuxedwtgemflie
reedbzmqhtabwtbythemtmingmvmfbuevanmedemusofthisamits
preciseumngreqmredfurflxermvestigatim.mmmgisotfmflanmtal
practicalinpommesmceitdetemimsumbmingofthemteplayedam
mutbemflerflxecmtmlofmeplayar.mflmeecunesofflganayshed
mughtmflus.mmnostcuwe(a)stwsthepressuremmerqed. It
issuppdsedflutmeleadingedgeofachpusetsmstrmentalmsettmgoff
medoazeofmerea.oxve (b)shadsfliecomr$porli1ngvolmevelocityo£
a1:fladani(c)diezeaidisplacamt. ‘

Astmpzessureinfllereedfalls,thereedbladasnavewgeflm,bxtflxeak
flwgoesflnghanaadmm. Wampmiaflxeflow-conml dmacteristics
bfareedsystensmmctlydescribdinref. 2).Start1ngwiththereed
fullyopm,afallo£prasmewifluncauses airflmmhmeasesmce
Uaezeedtasmtyetchsedsigxiflcdnuy.m,afirmermwessme
causesmereedtobegmtocloseanughmraiwedaemflw.mepeakm
duflqrflnemmvesigralstheinsfantatmeflmismtobe
restricmdbyreedclm.mflaetapaedentrametofl1embeeflub1ts
acmsttcinerrance;apramdzopmllreanchmamyrateofmfimof
volmewJocicy.Ifflaerateofmdmiacausedbymclosmgzead-
rafllerthanbyarisirgpmessm-flbmsultmtpcesmdmpuinaddwfln
aneadyfalungmmmuoaethemedmragidlmneafidmwm
dxupmdmmhgreaiclmwesitsmfmflemtumfle
volume velpcitypassedflumxghitsnmdmn.mdamtary analysis ofthis
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Msleadstoflaeresmtdzatflreradpresmpmfordustomis:

pm=P-xs/ZS Pisdleblmdngpramxre
xflestattcopmmgofthereedbefctefle
plumb-applied

athereedstiffrms
sflxeareaofeachreedblade

Wmfliereedisabouttobeclosedflxemtemalpresswepisfallmgbecause
offlxeremmgpressmesigul.mrmmgtlwvaluepmatmaflaereed

closure is triggered will advance this point, shorten the periodic tine and
raise the pitch. Flatwdng will result from a lowered value of pm. Fran the

aboverelafimitcanbesemflwatflaepitchmyberaisedby:
(1) raising thg blowing pressure P -

(ii) reducing the blade sepamtion x - possibly by increasing the lip force
(iii) {aiming the blade stiffngss; probably this is also achievable by

hwreasingflwlipfozcesfiwethebladeshapenakesflmereeda
'waakening' spring.

neseummadjusmentsareaddimltoanyacmevedbyaltermgmeslope
offlemhurungpressure signalresflt‘lng, for instance, franachangeindxe
nature of the reflection at the tube end.

mageideasaremgezural confmnitywifli playingexpa‘ieme,butmanysubtle
details havebeen left out. meffect oftheBernouilli forcebetweenthe
blamhasbeenconsideraimrmthemertiaofthebladesorflatofme
airflowmgbetweenthan. Salehint ofmeeffect oftheBemauilli foreein
Biggermgareedclosweinflxeabsemeofapressuzerpducumisgivan
below.

5. Gerda-nodes of oscillation - "over " .
'n'aemstcmaitsrangeisuse yextafledby alploynmtofhighermdes
ofosciuadmofthetube.1hereedmstbemdewope:atetw,umeeor

unretulesdln-ingasinglemtrmsit offl'tetuhe. Stroboscopic mum
offlxeredshafifliat, 1ffl1eblm1ngptamorllpforcelshmeasei,the
med'fluttexs"atmpomtbemm1tsclosurepnsesformmm-
ecteduiflxflzemtemalpzessue.1ffleblaumgpzessueorlipfomeis
hmeasedfurchar, this flutberdeepmsintoafulkblam closmeaccqnpanled
byflegamumofpressmpnsesandcaushaguiepitdmmjmpbyanoctaw
«heliumAthmlymflgefxunaptusmereflectimretwnmgfmanopm
Inlanayhelpuoinitiateorstabinsemings,mtduslsmt1neverycase
muslflmereasmforflemidaumvmldseantobeflxeaanmilliforce.
Iffluakflwhasmltlxpsxffmimdymmgflnquiesoartpermdbem
wlses,flena1nuimfomemystartmpnlflzebladatogeueragam.fllgh
bladimpram—nemmghigh
gapwidfla-uillmagedfls.
ismtcrittcal,ascmbeseminthedevelapmto£flnhighernndeoscill—
atiminfigJ. mfltemllhigherh'equaqoscillatimhashnlt up, the
mammmnmmmwmmummm—mmed

-mmewave.mesllghtmnfnctcratmsuesatmesettingwpofahlghet-
nodeoscifladmiapmbablyflrereasmforflaeduracterisucmnsimtthat
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[1124. Iahihashiand'l‘. Idogaua, 'vmraumotéereedaduemafizasm
at the bowl extreme in the hasscm', .
Jamal of the Accusbu'al Society of Japan, Vol. 41, 110.11, 752-758 (1985)

[2] M. E. mmtyxe, a. L'Sdmadm and .1. Mouse, 'm the «bum-Jam of
musical may
J.A.S.A.,’Vol. 74, no.5, 1325-1345 (1983)

 

fir.) 1510 mm - 791m Read, StartaanM : Bk: , 583 Hz

FIG. 1 PIISSUI'e Wauflrln in Ema!»

Flue-IDA. Vol 9 "at! (1987'
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dis‘plaunut. T5 -

216.4 'mree stages in the transit-Jan Az-E‘

lower txaces: reed displacarait)(upper traces: reedpmssure,
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