Recipe No. 194

Yocal Vowels

Description

A bellows is compressed to produce
a flow of air which is ditected into a
duck-call, making it quack—just as air
from your lungs makes your vocal cords
vibrate. Like your vocal cords, the reed
of the duck-czll produces a complex
sound made up of many different fre-
quencies. When the duck-call is placed at
the end of one of five plastic models, on-
ly some of the frequencies resonate
within the contours of the model, and a
particular vowel sound is produced. Each
of these models mimics the shape of our
vocal tract when we make one of the
vowel sounds ee, eh, oh, oo, or ah.

Construction

The exhibit centers around the five plastic vocal tract models. Unfor-
tunately, these models are very difficult to make. If you have experience
in casting plastics, we used the “‘lost wax’’ method of casting our blocks.
If you don’t know what “‘lost wax’’ casting is and wish to try anyway,
be prepared to spend several months refining your craft. (Give us a call
and we’ll be happy to pass along some pointers.) We have included the cross
sections of the molds if you want to make them yourself. Sce the Critique
and Speculation section of this recipe for other methods (untested) of
fabricating the models. By far the casiest way to obtain these models is to
buy them from:

Miami Science Museum
Attn; Eric Speyer, Director
3280 South Miami Ave.
Miami, FL. 33129
telephone: (305) 854-4242

The Miami Science Museum sells the models for $#200.00 each
($1000.00 for the set of five),

The vocal cord end of each plastic model has a steel plate and plastic
positioner into which the duck-call fits. A ring magnet on the duck-call
holds it firmly in place on the, steel plate.

We have mounted our models on a light-box. The top of the lightbox
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is blacked out except for the area under the models, making for a rather
attractive display. The written vowel sound and a cutaway profile of the
vocal tract for that vowel sound are shown next to each model.

The exhibit’s lungs are a heavy rubber bellows (Gortiflex CI:6) available
from:

A & A Manufacturing
2300 South Calhoun Rd.
New Berlin, WI 53131
telephone: (414) 786-1500

A & A Manufacturing will make a customized bellows for your special
needs at a reasonable cost. Our bellows is mounted on an aluminum back
plate, with a piece of 3/8" plexiglas hinged to the aluminum and attach-
ed to the front end of the bellows for squeezing (see diagram). Air enters
the bellows through a standard automotive air filter which sticks out the
back of the exhibit; a simple flap-vaive provides the one-way action here,
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We've put a spring (hand wound from stiff 1/8’° diameter wire) inside the
bellows to make it bounce back after being compressed. Both ends of this
spring are fixed in place with cable tie-downs. The back end of the bellows
slips over a ring welded to the aluminum back plate and is hose-clamped
in place, The front end of the bellows is passed through an aluminum ring
which is bolted to the plexiglas plate. We have found that the life of the
bellows is substantially lengthened if you coat the inside of the first few
pleats at both ends with Duro “Black Plastic Rubber”, This is available
at most automotive supply houses. This coating keeps the bellows from
cracking at these stress points. Two steel cables run from the lower cor-
ners of the plastic plate to the aluminum back, and are crimped in place,
so that the bellows can’t be pulled open too far.

The hose to the “‘quacker’’ fits over 2 machined plastic nipple on the
front plastic plate and is held in place with a split-ring clamp. OQur hoses
are corrugated flexible EV.A. tubing 3/4”’ ID and 72"’ long, available from:

Inspiron

Division of C. R. Bard, Inc
161 North Mountain Ave,
Upland, CA 91786

You can probably order this tubing through your local medical supply
house, Order #001520.

The plastic tubing leads to a specially built duck-call (see cut-away). We
buy the reeds from:

Black Duck

1737 Davis Avenue
Whiting, IN 46394
telephone: (219) 659-2997

We use the reed from the W-1010 duck call. If you wish to buy the
reeds only, contact the president of the company, Mrs. Mehok. Since we
have two quackers on our exhibit we made a higher (female) and lower
{male) quacker.

On the right-hand side of the exhibit is a variable vocal tract. The con-
struction details of this would be extremely difficult to describe since it
is the result of many remakes and modifications. But here’s the general
idea: The cavity is made by sandwiching two 1/2"' thick pieces of glass
(the glass must be thick to keep it from radiating sound) with 2 cm. thick
spacers between them. Stacked plastic slats, 1/4™ thick and 2 ¢m, wide,
are used to vary the contour of the cavity. These slats have small screws
for handles at one end, and are made from strips of plexiglas and delrin,
alternated to reduce friction. The vocal cord end has the same ‘‘quacker
holder’” as the plastic blocks. We have provided templates, made from
1/4”’ aluminum, which can be placed against the plastic sliders and act
as guides to position the strips for various sounds. By putting a handle
on the face of each template, and a notch in one corner (which matches
a corresponding protrusion in the space where the template fits), we assist
the user in positioning the template properly. The plastic slats can be slid
against a template to match its profile; or you can move them without
template guidance, testing various shapes and their corresponding sounds.
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Critique and Speculation

Here are two other possible (but untested) ways to make the vocal tract

models:

1) Clay: Using the dimensions of the vocal tracts, make a series of clay
doughnuts of the appropriate diameters and assemble them into a

tube of (approximately) the correct contours

2) Plexiglas stack: Machine a stack of 1/4’’ thick plexiglas squares with
holes whose diameters match the varying widths of the needed pro-

Related Exploratorium Exhibits

Voice and Speech

Pitch Switch; Variable Speech Control; Vocal
Mirror; Delayed Speech; Voice Trace; Voice Trom-
bone; Speech Dissector.

Resonance

Coupled Pendulums; High & Low Q; Resonant
Rings; Resonator; Visible Effects of the Invisibie;
Voice Trombone; Aeolian Harp; Scund Column;
Pipes of Pan; Pendulums.

file. Solvent cement the stack together, and you’ve made your clear

model a lot faster than we made ours.

Exploratorium Exhibit Graphics

into vowel sounds.
To do and notice

Press on the bellows. The sound you hear is
made by the reed from a duck call.

Insert the end of the hose into the hole in one of
the clear plastic vocal tract models. Press on the
bellows again. Try the other models and compare the
sounds.

Compare the shapes inside these models with
the pictures at the left. The pictures show the shape
of your vocal tract, the cavity formed by your mouth
and throat, when you say different vowels.

You can adjust the model at the right to make dif-
ferent sounds. Insert the hose in the model, move the
individual slats up or down, press the bellows and
listen to the sound. Change the position of the slats
and notice how that affects the scund.

Use the aluminum templates to arrange the slats
and make spec1ﬁc vowel sounds. Or try shapes like
these:

EIIUDHI“III\W“"""""H,.§.

Vocal Vowels

These plastic models turn the squawk of a duck call

What is going on

The chamber of each plastic model is shaped
like the human vocal tract. When you say different
vowels, you change the shape of your vocal tract.
That's why each model is a little different from the
others.

A puff of air from the bellows makes the reed in
the end of the hose vibrate, just as the air from vour
lungs make your vocal cords vibrate. Like your
vocal cords, the vibrating reed produces a complex
sound composed of many different pitches.

Like your vocal tract, the plastic models shape
these complex sounds to make particular vowel
sounds. When the complex sound echoes from the
walls of the plastic cavity, some pitches are reinforced
and some are not. The process of reinforcement and
cancellation of certain pitches changes the squawk of
the duck call into a recognizable vowel sound.
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