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For a singer, lrained in th~ ' bel canto' 

tr~dilion , vibralO is defined as a periodic 

'''ria!ionofth~fumJaIIlcntal~uencyofthc 

sung n\lle, acc\lmpanied by a perio<lic 
\".,;.tioo of intensity with t~e same period. 

The maximum of th e intensi ty usually 
ooincidcswiththatofthcpiteh,butcan bein 

antipha>c in SQnlc .in~'CN. Tremolo is a 
periodic ,,,riation in intoll>ilyOllly, 

Tho locking of vibrato frequcncie.in unillOn 

!oprauochoinhashceureponooandstudicd 

by Sacerdole I II 

Lnarevi~'3T!iclconthephysicsofthe 

~ingin.g vnice [21, pnblished in 1982. the 

follO\'oing surmise occurs: ']tmay weUhe 

Ihat the pleasing or le~s pl~asing quality of 

harmony in a vocal duet. for namplc. 
depends 00 whether or not the vibratos of the 

• ingcrs.)nchrunise. This does nolappearlo 

~&rChappy!Qrepon"""kinl"ogrc .. 

whiehagr= "'ith this frurmise: recordingBof 

Dame Joan Sumeriand singjng the same duct 
with each of ,h'e<: different singers wetC 
ur,cd. The '~' lnw<:r lloct' from the opera 

'Lakhmc' was the pic.:e in"estigated: tt... 

~ .ingers""reJanc Berbic,Marilyn 

Hbme, and Huguetle Tourangeau, NarurnJly, 

in cac:h ca."" Sutr.crland was tt... soprano! 
n.. duet has a numt..., <lfltll3ccnmpanied 

~. S<llhat thew'i<:eJc~nbocanalyied 

without ;nt~rf=nce f.nm tbe on:hC.!tra l 

music, Then",,·and""')·I'm>,'.rful·Spcctra 

Pro' ~nftware. downloadable from the 

intemclandf",eofcostforonemonth..was 

uscd fnrthe analysis. In fact, 'Spectra Pro' 

pnl\'eIl sn l""'",rfulth3ltheworkdidnotnecd 

tn be restricted to the unacoompanied 

Ow- initial ",.ults show tl\a( Herbie;" lhe 

closest to locLin~ in phase in me vibrato 

frequclICyv.natiun furlt\QSloflhe~nts 

stU<!iw: Tountng~au Icnds to lock in 

amiphasc, and Home tcnds 10 wander 

without loct;ng. It scentS quile remarkablo 

th;!t s"",h a complicaledly coupled sySlem., 

two singers singing a duet (and therefore 

often"'ithdifferemfundameotalfi'equcncies) 

bcha,·c. '0 like a classic.al coupled 2· 
oseillat", sy.km as far as the "ibrato j,j 

OOllcerned (presu mably Ihe coupling is 
p,ychophysical as well., ph)'>'i""l). In the 

s;mplcclassical systcm,dcpcn<Jingoolhc 

OOIlplingllndthcDlllural f""'luel>Cyofeach 

nscillatnr,"""""get an in-jIilas<: modo, or an 
QUt-of.l'!uLsemode,orMjointmodoeat all 

(", .. ndenng). The ~nalysi, of tbe ra~ of 

~ing.rs<""",.t~ o ha""'teristi<:.. 

H shOlUd be clear that. for the vibr4to, the in· 

ploase modc will give maximulUOOUS<)nancc 

(or minimum dissonance), "hilcthenut-ot: 

phase mode will, on the average. givc 
ma~imum dissonQnee. Wandering, or Ia.:k o f 

lock, will prod""" noi .... , and th ... efo ... 
incn:a)Ctheperuived di,wnan<:e.bm'Cthc 

minimwn dissonance of an in ph3se lock . 

Cle..-ly, a nwnbc:rof factUfS can aff«tphase 
lock,a",jmon: claril)' inKworl:isunderw~y. 

The vibralo rrequency of each singer lies in 

Iherangc5tn6 I1z.,so thelockingfailu",i5 
not due to the freq...,ncies t...ing too farapan. 

It manife,ts its<:lfas a chang<> in fIntu~'IlC)' 
with lime,a;c ir'hunling 'i~occurring 

Rumour has il thaI the SntherlDnd· l:lerl>ie 

rttordingis rcgarded as the 'definitivc' 

vef'jion. A carefully p!'CpaJ'CdqucSlionnairc 

ha~beensenlto noted ,i n~e!!landtc:JChm 

aho ut lhis.Of theninen:pl icssofar re«i",,<l, 

"">'en "lIn'C"'ith'ru",our'.Agaj", aplea~illg 

The nnt project is Ihe maie due( 'I n the 

depths o f the temple', from 'The Pearl 
r ishc'f!l·. The Jussi lljorling· Robcrt Merrill 

version i • • "W'rded M the 'ocfiniti,,,' one, 

but the,e an: problc m$. It appears tru.t 

Bjorling",corded 'hi$,,~th no other baritone, 

and "'" ha,-e had diffitulty lracing a Merrill 
re«mling with annthe, tenor. Any "",j,unce 

in this regard would he most wdcome! 

I I] Saecrdnte, G.G" Researches on the 
.inging ,,,ioe, ACWIICII 7,61-68 (1957). 

[21 Troup, G.1.. The: ph,.ics oflhc !;inging 
voice . Plry.<ic.< Report. 74, 319·401 
(l~gl). 

I ~~ .. ·I 
'Thc following two l'C$tarchcr& are emplO)'oo 
unlil the eod of AuguS! 3' Teaching .1Id 
Research Assis(ants 31 the Un;versity of t e 

~l:~l~~l<l ;ore interested in positions in 

lIelcnBaiiUet(28) has expericna in rnuskal 
acoustic" th. rmoacou,tics, phys ical 
acouslie"spee<:h,andnoniinearaco",tic •. 
She h~! 5 published P"rcra r lus t t 
con ference pape,.". Her th.,is (Otl 

Ihermoacoustic engines) rccc i,'ed "Ie, 
f.licilatioru;dujury~ , Sbe also has am .. len; 
dcgn'C in musical acoustics from the 
Uni,'en;ilynf WaJesand a graduatedipl"",. 
in <olid·<tatephysicscnginccring. 

Vi""""t Vale:lu (2~) 11$ Cllperi~nce in ~ignaI 
proce's ing,m~sicalacoustia., lru.erDopple. 
anemomcrry. rtlell'Olngy. aeroocou<tics .• od 
fluid mecbanics. lie has I published paper 
(2 in preparatinn),7conferencc paper,; and 3 
",porn, liealsohasnncngino.:cringdiplom. 
in sea ~ydrodyn:unies aod spenl ~ yC:lr Qt tt.c 
Ifnh'crsity nfl",landin Duhlin 
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