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1. INTRODUCTION

AmhmhcsemiImbowedsninghsmmmhasmdifimaflyhemmmMmlheviofln.
Inspiteofbeingamostimponmtsolonndorchcsmlinstrummgthcccllohasmcivcdmllfivciylinie

Inihispapa'yercpononsmdicsofthcvihnfiomlmodonof
acellc,usingTVholoyIphy. '

Normal modes are associated with structural rcsonanees. The normal modes of vibration or
eigaimndes of oeclloarcdfiuminedhyihcooupled motion ofIhctopplatc, beck plate. enclosed air, ribs,
neck, fingu'boaxd, ac. Thus one cannot pmpu'ly label modes as “air modes," “plate modcs.”or “
marks,”althoughiiismpfinglodosowhmthemofionofoncpmoflheswmnappmtodominflc.
Wecompareflicvibrlfiomimofimwhmitisexcinedhynfotcenppliedtothebfidge,mcscillatingsmmd
www.mflnsumdfiddfiomalmdspuka,andwhmitissupponedinvariousways.
Fmfllseobsa'vnicns,wcmptmdcscrihethcmmllmodesofvihmicnoftheinstrumm

mmofflicmcdesfoflowslhnusedinlnbelingmodcsoftheviolinULCVGJIiwughthis
WWinndifi'nmachofmodehqiminthceefloi Perhapswhmmndnlanalysesofotha

cdlmmrwmihkhbdhgwifldmogcinsuduwlyastcheitcrdcsuibcocllomodesoomparedwilh

violinmodes. mmfluitybawemmodcsobsavcdinthctwoinsumnmuisswfldnghowm.

2. SOUND SPECTRA

Room-ovmgod'sumd spectrawenremrdcdwhmthcocllo was suspalded fieelybymbbahands,

Whmpmmmdfiyflyclampednthccmmoflhcmk,thcmdphmdnnmkloorpus
john(acmditionwhid|wewillhueofizrcfcno as "clamped"). The similarity inthc peaks inthesc spawn,

show in Fig. l, idmlifics fiequmcics a! which the instrument radiates cfl‘icianly.

Fig l. Room-avalged sound spectra of n cello: a) freely supported on rubber bands; h) hand-held

in playing position; c) lighin clamped, as described above.
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3. CELLO CAVITY MODES .

Tohelpimdastandthenmnalmodesofvibmfimwesmdiedtheaircavitymodesoftheeellowith
the top, back, and ribs held nearly stationary by means of sand bags, An oscillating sound pressure was
introdtieedintunallybynwuofahmneompressiondrivaandalmgthofrubberuibinglaggedwitheotton
to damp mimic resonances of the tube and driver. Two small mimphones (approximately 5 mm in
dimm)wueusedtoprobetheintanalsoimdtield Whatwecallthe(m,n)cavitymodehasmu'ansverse
nodal planes andnlongitudinalnodalplanes.

The (0,0)01' Helmholtz mode was observed at 104 Hz The modes characterimd by longimdinal
motion oftheintanalairoeuuredat 226 Hz (0,l), 547 Hz(0,2), 742 Hz(0,3), and 1016 (0.4). Themodes ‘
dimindbymsveseairmofioninthelowubotnwueobsuvedm496Hz(l,0)and893 Hz(2,0). The
(Ll) mode, characterized by transverse air motion in both bouts (but stronger in the upper bout), was
observed at609 l-lz. Other modes are the (1,2) at 820 Hzthe(l,3) at 980 Hz, andthe (1,4) at1129 Hz.

4. MODAL ANALYSIS USING HOLOGRAPHIC INTERFEROMEI'RY

Holographic mtafa'omeu'y offers by far the best spatial resolution ofnormal modes and operating
deflection shapes. Whereas experimental modal testing, and various procedures for mechanical or optical
scanning may look at the motion at several hundred (or even thousand) selected points, optical holography
looksat almostanimlimitedmmiberofpoints [2]. Ondieomnhanditismmedifficultmuteertainlynot
impossible) to determine the phase of the motion at every point of interest. Furthmnore, recording
hologram on film'tmds to be ratha time consuming. Electronic TV holography, on the otha hand, offers
onetheoppommitytoobsavemmn'almotioninrealtime, mdafastoonvaiitwaytoreeordoperational
deflection shapes and to determine the nomial modes [3].

An optical system for TV holography is
shown in Fig, 2. A beam splitter BS divides the Optical
laser light to produce a reference and an object . Illumination
beam. The referenee beam illuminates the CCD _.
camera via a phasestepping mirror PS and an
optical fiber, while the object beam is reflected by
mirror PM so that it illuminates the object to be
studied. Reflected light fi'om the object reaches
the CCD camera, where it interferes with the
refeuiee beam to produce the holographic image.
The speckle-averaging mechanism SAM in the
object beam alters the illtn-nination angle in small
steps in order to reduce laser speckle noise in the
interfemgrams.

Fig. 2. Optical system for TV holography
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5. NORMAL MODES OF THE CELLO

TheClmodntSTI-izisnone-dimmiomlbmdingmbemnmoda Thismndendimalmstno

summnmnihncstodte“feel"oftimmmmm ThefirstndiafingmodnisthcAgmf-halemndeat

lO2HLWbid1isshpwninFi53.Tifismodecanbcexciwdbynhoflmnldfnrmonthebfidgqmoscinafing

intexnalprcsmorbythcsomdfwldofaloudspemt lnotherncllothnAnmodehnsbccnobsmodat

fieqinlcicslslowuHHzH]. Hummfmthismtheriatgedifi‘mismdeufiimwflobodium

allratlm' simiiurinsizeandshape

 

Fig 3.Aumndemfi1etopatxibndrplata. Thcdiagnmattlrriglttis a slice viewin fltebridgeplane

shawing the: amplitude and direction of motion at various points.

'l'heTl mode, shownin Fig. 4, is observedat 144Hz. 'I'hetop plate motionis quit: similarte that

abservedintheT. fidhmmfil motimoffliebadtis somewhat difme and it appearstomdiate less
efficiently than in the violin.

 

Fig 4111:1136“th Hzemited bya transverse bridge fore: Thediagrmn at therightis a slim: vicw

in the bridge plane showing the amplmlde and direction of motion at various points.
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mgmdwnctniudbyatutshulutwisfing motion,” shown inFig. 5. is ubsetvedat 170
Hz. Lmfikemcfiofimdfismodcowwsntahighufiequemythanflmnmde.

 

Fig. 5,Cimodelt l7!) Hz. Thediagmm utthcrightis asliocviewinthebridgeplmz showing the
Implimde and direction ofmotion at Various points.

Amotlewithting-altapedmdrshatltctopartdbackplates,sirnilartotheC4 modeinaviolin, is faund
at 195 Hz. This mode is shown inFig. 6,

 

Fig 6. C4t1mdeMfl1ring-shapedmdesi11tltetopmd back plates. Thzdlnyam atthc right is a slice
new in the bridge plane shawing the amplitude and direction of motion at various points.

_ In the».i mode at 203 Hz, the tum-ml air mnvcs longitudinally between the upper and lower bouts.
as m the (0,1)cavity mock. The plates more or less pivot on a nodal line near the bridge as shown in Fig, 77

153 Proc.l.D.A. Vol 19 Plrt 5 (199?)
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Fig. 7', A‘ mode excited with oscillating internal pIBSELIll. Th: him-mil Ii: maves longitudinally

hmflupwmhwbauls, Is inth:(0.l)uvitymod=.

mmmmmmmu inihcviolilg islth3mod: at 21] Haslwwn in Fig.

8, atnfi-equmcynbovelhnoflhcc.modc. Notcflmthebackvibmcsmcstmnglydmndwtopplatc.

lnmmrly lWWdhAimfdflSlobscvedflle , C,,de,Imdescluslcrvd closely Legallij!

below 2001-11.

WithdmA-suiugdmnped,flae€,modeoocursat211flz. WhentlnA-su'ingisnotdnmped,
how,apnirafmmgmodgwilhidanfialphtcmmianmobsu-vedlim?deZOHz. Inbetween,ai
219Hz,weobsuvelshtmminimmhmsponsgwhimindicatesth-tlhevibnflngm'ingnpposcsme

horimnlfnrcclppliedlolhcbfidge.

  
Fig. I. C, mod: Ii. 21 1 Hz (ll-siting damped).

“Ichmm 302Hzisdunctu'imdbykmgimdimi (0,1) motion ofthz inlc_rnn| air, similar to the
A, “EWGSDflhB A1 IndA. modes in the oello havethe ratio 1.5,
compared In a ruin of[.75 (or 7:4)1'11 Hie violin. Tilt pllte motion, shown in F1g. 9, is quite similar to that
ofthe A, mode.
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between the upper and lower bums, as in the A, made but will] the opposite phase.

In the AG mode at 277 Hz, the internal air appears to move masversel in the lower.
(1,0)cav1ty mode. The plates vibrate in accord with the ehangm'g internal pressurey . bout, as m the

 

Fig. 10. A, mode It 277 Hz excited with oscillating internal pressure. The internal air moves
lmnsversely in the lower bout, and the plates vibrate accordingly

6. DISCUSSION

In tremble below, we have tabulated the model frequencies observed in this cello, alang with those
wewere able to find in the published literature. A eornparisun is difficiflt, since medal shapes are not given
in most ofthe publicalions. Nevertheless, the agreement appeals to be satisfactory in most‘cascs. If one
interchanges Askenleit‘s C‘ and Q mode frequencies, the agreement is even better. In at least three of the
cellos, there is an octave spacing between the A. and A" modes. which appears to be the casein most cellos

Fig. 9. Ag mode excited with oscillating internal pressure. The inlema] air moves longimdinally
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[6]. Fnflt[7]dlso1bsambaofmodesmtnp-plmmodumabaokpmemodes(3). hnghofl'[8]lists
sevallmodesaftheaeekandtailpieoehutonlythreemodesoflhebody.

CI 571-12 033
A0 102 0.36 90Hz 851-11 90H: 104111 821-11
'rl 144 0.32 Stronger in top than back 168 146 165 135 132
C, 170 0.42 Torsional motion [63 ' 186']
C. 195 0.29 Ring-shaped node 202
AI 203 0.43 longitudinal air motion [88 203
C, 219 0.39 185 218?
A, 277 0.25 Transverse ailmntion 260
A, 302 0.37 Longitudinal airmotion 312

T2 290 292
T, 380 330
'1. 440
13, 173 205
132 295 283
B, 320 308
B. 390 390
B, 460

In the table above, we give the ratios ot'the cello mode fi'equeneies oompated to those obsu'ved in
the Hutchins violin SUS 295 [l]. The mioot'oello string fi'equeneies to violin string fiequencies is 0.33, but
theirbody lengths audwidlhsmmmeneaxlyinIheralioofO.5.Theoelloisnotmeanttobeasealedub
violin, of comse, but the comparisons are intaesfing. A good discussion of simularity laws is found in

Cmner [9].

7, CONCLUSIONS

Holoyaphie inlafuometry is an aecnnate and convaimt way to do modal analysis ofthe cello and
a valuable aid in determining the normal modes of vibration Electmnic TV holography is especially

convening since the mode shapes can be displayed senn'ally in real time.

Themoihsofacella are foundto be quite sinulartotheconespondiag modes ofaviolin, although
theymay appearirudifi‘aunmdain fiequnxy. Modal fiequmcies in this cello mat about 0.29to 0.43
times hmponding mode fiequencies in a violin, Although the cello is oenainly not a scaled-11p violin,
itd belong to the “violin family" of instrumts.
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