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Objectives

Registers in singing voice: scales of tones which are in the perception of a listener as
well as in the self-perception and in the production of the singer separated by
discontinuities from other scales (acc. to Garcia, 1840).

Modal register of the male singer’s voice can be subdivided into a lower part

(‘chest’) and an upper part (‘full head’, voce piena in testa) (Miller & Schutte, 1994)

Passaggio: transition between both registers, series of pitches at the
upper part of the male frequency range

1) transition itself

2) the pitches just below, where the transition is prepared

3) strategy for register equalization to manage a smooth transition

As this register transition from ‘chest’ to ‘full head’ is essential to all male
operatic singers to reach the higher pitches, the passaggio is well known by
singers and singing teachers as one of the main problems to be solved during
the training of singing.
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But: no generally accepted objective definition of the transition from ‘chest’
to ‘full head’ register basing on generally measurable parameters

Miller & Schutte (1994): suggested a definition of this register transition and
the passaggio basing on spectrographic, electroglottographic, supra-
and subglottal pressure measurements

Salient feature: rising f, = F1 cannot follow the rising H2 anymore
new resonance mode by adjusting F2 to H3

However: study of Miller and Schutte refers mainly to the phonation of two
singers and some historical recordings

Aim of the study

(1) detect typical changes of the acoustical parameters which characterize the male
passaggio, based on a sample of singers of each male voice category, and

(2) thus provide generalizable knowledge for a definition of the chest-to-head
register on the basis of objective parameters.

Neumann et al. (2005) The interplay between glottis and vocal tract during the male
passaggio. Folia Phoniat Logop 57, 308-327, 2005.
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Method
eSubjects

- evaluation of 43 register transitions of 11 male professional operatic
singers of the Opera House of Frankfurt

- 4 tenors, 4 baritons, 3 basses

eData acquisition

- singing scales on the open back vowels /a:/ and /o:/, passing the register
transition

- control conditions: same scales sung in a very open style without register
transition

- recordings of audio, electroglottographic, and equivalent subglottal
pressure signals (jugular microphon at the outer neck)

- spectral analysis: FFT real time analysis with Cool Edit pro® (Syntrillium)
and Voce Vista (D.G. Miller & G. Nair)

- temporal anaéysis: Glottal Segmentation of Voice and Speech® (V. Gall)
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Results

In all singers the register transition from “chest” to "head” depending in pitch on the
voice category was marked by characteristic frequency pattern caused by the first
four harmonics and the first and second vowel formants.
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Results

Passaggio of a bariton on /a:/ within a scale from F3-F4
a) D4 (light stripe): H2 supported by F1, H4 by F2 (chest)

b) F4: H3 supported by F2 (full head)
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Register violation (remaining in ‘chest’, no register transition)
a) D4: H2 supported by F1, H4 by F2 (chest)

b) F4: F1 keeps resonanting H2

open phonation without the
chance to reach the high pitches of the full head register anymore
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Passaggio of a baritone sung on [a:] within the scale D4 - E4 - F4-sharp - G4-sharp - A4
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Scale similar to that in the preceding figure but sung without register transition
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Typical frequency course of the harmonics H1 to H4 during a passaggio
within a diatonic scale from B3-flat to F4 sung on [a:] by a tenor.

For each of the four harmonics successive data points correspond to the successive
tone steps
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H2 courses of each male voice category during Passaggios within diatonic

scales
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H3 courses of each male voice category during Passaggios within diatonic

scales
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H4 courses of each male voice category during Passaggios within diatonic

scales
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Intraindividual comparisons between the frequency courses of the
harmonics of several phonations
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Acoustical parameters of the main changes in H2, H3, and H4 courses during
the register transition: H2 and H4 maxima before drop; H3 maxima of rise

Acoustical Parameters Partials Tenors Baritones Basses

H2 617-757 562-656 453-570
Frequency range of maxima (Hz) HS3 1039-1234 945-1117 789-1015
H4 1039-1312 992-1117 812-1039

H2 D#4 - F#4 C#4 -E4 Bb3 - C#4

Pitch range of maxima H3 F4 - G4 E4 - F#4 C4-E4
H4 C4-D4 B3 -C#4 A3 -C4
H2 672 608 523

Mean of maxima (Hz) H3 1118 1030 900
H4 1136 1048 913
H2 E4 D4 C4

Mean maximum tone H3 F#4 E4 D4
H4 D4 C4 Bb3
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Intraindividual comparisons of the Closed Quotient courses

Arrows: register transitions

Repeated intraindividual recordings of several phonations and vowels
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Discussion

changes characterized register transition even if not audible or if singers were not
certain whether they had performed it (register ‘equalization’)

self-estimation of a singer does not reveal highly reliable information
Also judgment by musically trained persons is the less reliable the more the
transition is hidden behind a well-performed passaggio
consistent results for each partial H2 to H4 in each recorded register transition in
spectrum analysis  most reliable and robust information

Some singers need intermediate steps to manage the F2 tuning, others do not
tenors need fewer steps (one to three) than basses and baritones (two to three) or
manage the transition without intermediate steps (confirms Miller & Schutte 1994)
during intermediate tones F1 has already left H2, and F2 is not yet adjusted to H3
nearly equal levels of the first three or four harmonics and amorphous audio
signals  poor resonance (confirms Miller & Schutte 1994)

technigue to manage the passaggio,
employs lowering of F1 (extending length of pharynx and supralarynx by lowering
the larynx) + lowering of F2 (protrusion the lips and reduced mouth opening)
To prevent register violation these processes have to happen early enough in an
ascending scale. Thereby [a:] is modified toward [0:].
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Titze (1988)

singing registers might result from subglottal resonances which interfere with the
vocal fold driving pressure, and may have a constructive or destructive influence
on the vibrational amplitude of the vocal folds, depending on f,

Postulate: maximal constructive influence between D3 and D4  richer timbre
higher frequencies: vibrational amplitude of the vocal folds should decrease
quickly increase of glottal abduction quotient and register shift to a poorer
timbre. Therefore, notes of about 400-800 Hz (G4 to G5) should be less suitable
for ‘chest’ production. For notes higher than D4 the inhibitory influence of the
subglottal resonances on the vocal fold vibration becomes increasingly effective.

register shifts based on subglottal formant influence, abrupt quality changes
which result from either loss or gain of high-frequency sound energy at the source

Our findings of frequently increased closed quotients during the passaggio even if
formant tuning is the most appropriate way of register equalization, increased
adductory control may also contribute to the maintenance of resonance in ‘head’
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Closed Quotients

no general rule apparent, inconsistent patterns of closed quotients confirm that the

glottal source
In general remains the same in ‘head’ as in ‘chest’

remarkable inter-individual differences rather indicate that the glottal adjustment to
the new resonances might be due to individually employed techniques

increase: 16 recordings (majority; 3 of 4 tenors, strongest increase: 32% in chest
to 47 %)

same level: 3 recordings

decrease: 5 recordings

recent source-filter model (Titze 2004): dependence of vocal fold vibration on the
vocal tract, the latter assisting the vibration under certain circumstances
retrograde effect on the glottis, which may also play a role in register equalization
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Conclusion

%
| & ' & |

‘chest’: H2 and H4 dominate  resonated by F1 and F2

during passaggio: spectral energy of H2 reduced because it loses the resonance of
F1, whereas now F2 is tuned to H3. Simultaneously, H4 decreases its amplitude
because it is not supported by F2 any longer

pattern provide objective parameters for the definition of the two registers
changing patterns of the closed quotients:
indicate that the ‘chest’ source remains essentially the same in the transition
variable glottal adduction might be employed to manage the register transition

This transition, however, is mainly caused by supraglottal resonance adjustments
rather than by laryngeal ones as the fundamental ascends and the interference of
subglottal resonances with the vocal fold vibration changes
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Female Voice: Transition from ,chest’ to ‘middle’

Female voice: four registers: ‘chest’, ‘middle’, ‘head’, ‘flageolett’

Primary register transition (PT) in the same range across males and females:
around D4 (300 Hz) difference between ‘chest’ and ‘falsetto’ adjustment

Source: below PT — higher closed quotient, more vibrating VF mass
above PT — lower closed quotient, less vibrating VF mass

Subjects: 10 female singers (7 sopranos, 3 mezzo-sopranos) who sung ascending
scales on [a:], [e:], [i:], [o:], and [u:]
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Female Voice: Transition from ,chest’ to ‘middle’
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Typical frequency course of the
harmonics H1 to H4 during a
passaggio within a diatonic
scale from B3-flat to F4 sung on
[a:]] by a

Typical frequency course of the
harmonics H1 to H7 during a
register transition from ‘chest’ to
‘middle’ within a diatonic scale
from F3 sharp to G4 sharp sung
on [a:] by a



Female Voice: Register transition between ,chest’ and ,middle

Mezzo-Soprano 3,

Mezzo-Soprano 3, Vowel [a:}4
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Soprano: Transition from ,chest’ to ‘middle

Soprano 3, Vowel [a:]2
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Female Voice: Transition from ,chest’ to ‘middle’
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Female Voice: Resonance changes within ,chest’
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