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Figure 1. Spectrogram of simulated to] vowel with noise excitation at thc glottis. 
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The F0-F1 Crossover Exercise 

Ingo R. Titze 

It has become a long term goal of 
this writer to understand and appre-
ciate proven exercises and vocalises 
used by singing teachers. One such 
exercise is the downward glide in pitch 
on a vowel Jul or [o], beginning on 
about D 5 (around 600 Hz) and ending 
one to two octaves lower. This exer-
cise dictates a crossover between the 
fundamental frequency F1) and the 
first formant frequency F 1 of the vocal 
tract. Because F 1 is low for a vowel 
with nearly closed lips (around 300 
Hz), and because the second formant 
F2 is also low (around 800-100 Hz), 
there is ample opportunity for F() and 
its harmonics (2F(, and 3F, in partic-
ular) to be momentarily located on 
either side of a formant. This pro-
duces a variety of constructive and 
destructive interferences between the 
source of sound and the vocal tract 
(the filter). 
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Figure 1 shows a spectrogram of 
an Jul vowel, simulated by computer, 
with noise excitation at the glottis. 
The two (lark bands represent for-
niants F 1 and F2 , located at 370 Hz 
and 800 Hz, respectively. The top of 
the vertical axis is 2000 Hz. The hor-
izontal axis is time; from 0 to 8 s. 
Everything remains steady over the 

s, in the form of a hiss that has a bit 
of an Jul quality. 

Now consider a case where the 
source of sound is a downward glid-
ing pitch, with F0 and all its harmon-
ics changing linearly from 600 Hz to 
100 Hz. This is shown in Figure 2. 
The formants are in exactly the same 
place as in Figure 1, but they are less 
easily seen because acoustic energy 
is available only at the harmonics and 
not at all frequencies, as with the noise 
excitation. In this F0 glide, the com-
puter simulation is designed so that 
the vocal tract is not allowed to change 
the harmonics at the source, but only

as they are transmitted to the mouth. 
We call this a linear (noninteractive) 
source-filter model. Note the slightly 
darker regions (shown by arrows) 
where the 2F,,, 3F0, 4F0 and higher 
harmonics are boosted in energy as 
they pass through the second forniant 
at 800 Hz. F0 (the lowest line) passes 
through the first formant, but the tran-
sit-ion is so gradual that the whole line 
is darkened. 

What we have discussed so far is 
not remarkable and would be expected 
by most speech and voice scientists. 
The linear source-filter theory of 
vowel production is deeply embed-
ded in all our minds. If it always held 
true in human phonation, the glid-
ing F0 exercise would have little ped-
agogic value other than controlling a 
smooth glissando. A different story 
emerges, however, when the acoustic 
pressures in the vocal tract are allowed 
to interact (and interface) with vocal 
fold movement. This is known as the 
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nonlinear source-filter theory. Figure 
3 shows the pitch glide under these 
interactive conditions. The beginning 
and the end of the glide are similar to 
what we saw in Figure 2, but in the 
middle there are abrupt changes 
known as bifurcations (sudden qual-
itative changes in the vibrational 
behavior of the source-filter system). 
The first bifurcation (addition of noise 
between the harmonics) occurs when 
F> ) approaches the first formant from

above. Here, when F0 > F1 , the vibra-
tion of the vocal folds becomes un-
steady, which creates the noise. An-
other bifurcation occurs when F>> = 
F 1 . Here F>> and 2F0 suddenly jump to 
a higher value. Noise due to unsteady 
vibration re-occurs shortly thereafter, 
ending with a short segment of pure 
descending harmonics. After another 
brief episode of noise and yet another 
F0 jump (downward this time), a final 
stead y pattern emerges. In this sec-

ond half of the glide, where F>> is in 
the speaking range, the linear source-
filter theory seems to hold. 

What does this mean to us peda-
gogically? Some singers have tuned 
their source-filter system to be highly 
interactive. A primary mechanism 
for this is narrowing the epilarynx 
tube just above the vocal folds, which 
I have discussed often in previous 
Journal of Sinqinq contributions. 
Strong interaction can increase the 
sound output and provide a greater 

variety of voice qualities. But the price 
that is paid for strong interaction is 
an occasional instability at pitches 
where harmonics interfere with for-
mants. The F0-F 1 crossover exercise 
makes us aware of these instabilities 
and allows our muscles to adjust 
appropriatel y. The more we learn to 
live in this unstable region, not label-
ing it a pathology or faulty technique, 
the better off we are. In fact, we can 
learn to control instability and noise 
in the voice, using it to an artistic 
advantage rather than being embar-
rassed by it. But it dues take practice 
to reach any level of consistency. 
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Figure 2. F> glide from fiOO Hz to 100 Hz for a linear source-filter model. 
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Figure 3. F,, glide from about (iOO 1 1 to about lO() Hz for a nonlinear source-filter 
model showing multiple bifurcations. 
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Get serious 
about the 

business of 
singing. 

Are your personal and business skills as well 
honed as your vocal technique? It not, let Carol 
Kirkpatrick's book, "ARIA READY" The Business 

of Sing/ag, show you in a clear, practical, step-
by-step manner how to successfully get into the 
game and move forward with confidence.

it a professional caw is 
vena remote possibility, 

Carol Kirkpatrick's 'ARIA 

HEAVY" The Business of 

5Yipigis a must have." 

- -- -. - "A large chasm separates 
the world of a college voice student and that of a 
professional singer.... This book is indispensable 
for the singer planning to make the transition to the 
professional arena." 

Purchase ARIA READY" The Bus,ni's.s of Singing  

online at www.AilaReady.net . 

ISBN 187861750-8	 If you would like information about CaroI 
U.S. 520.00	 series of workshops, please visit 
(shippingeiru) 	 www.ArlaReady.net 	 • 

SD and Other Hopeless Voice Cases 

Got You Do? 

Do you have patients 'with Spasmodic Dysphonia (SD)? 

I invite you to listen to mv before and after audio dips 

to seefhear what Direct Voice Rehabilitation can do for 

all tes of SD (on my website at 

'w.sice-doctor,com), I also base SD cures on 

sideo and audio tapes which can Ile purehased 

through my office. 

My Direct Voice Rehabilitation for SD, unilateral cord 

-s, kwed vod cords, and papillomatosis 

report effective normal voices and ongohig cures of 

these condition.s. 

I seepatients with all es of voice disorders 

in my E.os Angeles office and do accept referrak 

DR. MORTON COOPER 

Call: 310.208.6047 website: www,voicedoctor.com 

11661 San Vicente Bh'd. 1301 Los Angles, CA 90049 
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In rest ja tin?? A no nil, the Claude Pepper 

Au'ard, the Quinlana Au'ard, and the 

American  La nj nqolorjical Association 

Award. He is a Fellow of the Acoustical Soci-

rt1J of A mericu and the A inerican Speech - 
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has served on a number of national advi-

sorij hoards and scientific revien' groups. 

including the Scientific Advisojj Board of 

the Voice Foundation and the Division of 

Research Grants of the National Institutes 

of Health. In addition to his scientific 

endeavors, Dr Titze continues to be active 

as a sintier He is married to Kath,zj Tite 

and has four children. Mail should bead-

dressed to 1;uio R. Tite, National Center 

for Voice and Speech. 330 WJSHC, Iowa 

City, IA 52242. Telephone (319) 335-6600.
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