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Preface

I have three distinct, yet interwoven, professional
roles: teacher, research scientist, and clinician. This
book grew out of my clinical practice. How odd,
you might think, for this book is a basic science
textbook written primarily for students of speech-
language pathology. The role of teacher or research
scientist would appear to be a more likely candidate
as motivation for this book. Yet | have been struck
constantly by the realization of principles of physics
and physiology in my interactions with my patients.
In truth, the answers for many of the clinical ques-
tions raised by speech-language pathologists can
be found in the science of voice and speech pro-
duction and perception. How does one address a
deficit in a particular voice- or speech-disordered
individual? Why does a therapeutic technique work
for one patient and not for another?

A solid grounding in speech science makes a
speech-language pathologist a better clinician. This
book was motivated by my desire to provide stu-
dents of speech-language pathology with a strong
fund of knowledge in speech science—so that
they would have this part of the necessary tools
with which to become outstanding clinicians, and
so that they, too, could experience the delightful
process of clinical inquiry, problem-solving, and,
yes, clinical creativity. For it is only with a fund of
knowledge larger than the moment—qgreater than
one accesses on a day-to-day basis—that one can
truly have the freedom to be creative in therapeu-
tic approaches and techniques.

This book is intended primarily for undergrad-
uate and graduate students in speech-language
pathology. It should also be of interest to doctoral

students and to research scientists as a basic refer-
ence text. It is my hope that seasoned clinicians, too,
will find this book valuable as a reference source
when they encounter patients with speech and
voice disorders that present therapeutic challenges.

This book addresses the physics, acoustics,
and physiology of voice and speech production.
An effort is made to provide a sense of history
(remote and recent) and, thereby, a sense of the
future direction of the field. | have tried to incor-
porate some interesting and even amusing notes
in the shorter boxed text to help lighten some of
the admittedly dense material. Other sidebars are
central to understanding the content of the chap-
ter. Printed textbooks remain quite linear in their
presentation of material. Most college students,
however, have become acclimated to the nonlin-
ear information gathering style of the internet, and
so | suspect that they will enjoy the side boxes
without finding them distracting. With the excep-
tion of Chapter 1, key terms appear in the begin-
ning of each chapter and quite a large number of
review questions are placed at the end of each
chapter, all designed as aids to studying for the
inevitable examinations.

I have used “we” throughout this book in lieu
of “I” despite the fact that this is a sole-authored
work. The reason for the plural pronoun is that the
knowledge and authority with which | write these
chapters is drawn from a legion of speech and
voice scientists who have contributed the vast
amount of data upon which this book is based.
They have done all of the good cooking. | am just
carrying it to the table.

Vil
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Stiffness

Figure 2-8. Stiffness is the
degree to which an object resists

Elasticity

being deformed. Elasticity is the
ability of an object to spring

back to its resting shape when
deforming forces are removed.

rubber band, it stretches. Pull harder and it stretches
longer. The stretch response to the force of the
pulling tells us that the rubber band is not very stiff
at all. If you let go of the rubber band after stretch-
ing it, it will snap back to its original shape. That
response of the rubber band tells us that it is elastic.
Rubber bands are constructed to have a low stiff-
ness and a high elasticity, so they stretch easily—
but only to a point. If you pull too much, the rub-
ber band will snap. The elastic limit of the material
has been reached, and the bonds between the mol-
ecules are permanently altered. Steel is an example
of a stiff yet elastic medium. The George Washing-
ton Bridge is a suspension bridge over the Hudson
River, thus connecting New York City with New
Jersey. The cables sway in high winds and with the
flow of heavy traffic, all without breaking, a fact
that should be comforting to most commuters but
can sometimes feel a bit disconcerting. The proper-
ties of stiffness and elasticity, and the phenomenon
of swaying cables, are quite important to speech and
voice production. We shall revisit swaying bridge
cables in Chapter 3, and learn the disastrous conse-
guences of ignoring these physical properties.

Pressure

Recall that, in our discussion of gases, we said that
the force exerted by the collision of air molecules
against the sides of a container and the resulting
opposite force exerted by the container wall is
perceived as pressure. In general, when we talk
about pressure, we are really talking about two
pressures—one outward and one inward. Picturing
an inflated balloon may help clarify this concept.
The air molecules inside the balloon are colliding
with one another and the inner wall of the bal-
loon, and exerting an outward force, or pressure.
The air outside of the balloon—the atmosphere—
is exerting an inward pressure against the outer
wall of the balloon. As you blow more air into the
balloon, the number of molecules increases, caus-
ing an increase in the amount of collisions, thus
raising the pressure exerting an outward force.
If the force exerted becomes too great compared
to the inward force exerted by the atmosphere,
the balloon pops. It is important to emphasize that
everywhere inside the balloon the pressure is
equal. (In reality, situations might arise in which
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the pressure is not equal everywhere inside the
balloon, particularly when considering tempera-
ture. However, the purpose of this discussion is to
lay the foundation for the following chapters, in
which the aerodynamic forces in the lungs and
vocal tract are addressed. Therefore, we shall keep
things relatively simple here.) Remember that pres-
sure is related to collisions of molecules in a fluid.
The molecules move in all directions, colliding
with one another and with the walls of the con-
tainer. The forces exerted on the molecules and on
the walls of the container are equal. Unless the
force or the area changes, the pressure is the same
everywhere inside the fluid.

Units of Measurement of Pressure

Measurement of pressure is quite important in
speech and voice science. Speech production is,
after all, the manipulation of airflows and air pres-
sures. The unfortunate truth, however, is that pres-
sure is measured using a host of different units,
depending upon the normal range of pressure one
would expect for a given situation (and also de-
pending a bit on conventional habits and historical
politics and oddities; see History of Measurement
on page 9). In the English system of measurement,
pressure is measured in pounds per square inch.
This might be familiar to those who inflate car or
bicycle tires. In SI, using the MKS system—meter,
kilogram, second—the unit of measurement for
pressure is the pascal (Pa), named in honor of
Blaise Pascal (1623-1662), a French scientist and
philosopher who pioneered the field of fluid
mechanics. One pascal is equal to the force of
one newton exerted over an area of 1 square
meter. The pascal was added to the units of mea-
surement in 1971. Before that, pressure in SI was
expressed in units of newtons per meter squared
(N/m?). In the SI CGS system, however (remem-
ber—centimeter, gram, second), instead of the
pascal, the microbar is used to measure pressure.
A microbar is equivalent to 1 dyne/cm?. (Dynes
are still used in hearing science.) To complicate
matters further, medicine and physiology tradi-
tionally use measures based upon manometry, a
system employing its own special instruments for

—p—
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Pressure Defined
In words: Pressure is a force divided by
the area over which the force is exerted.

The equation using words: Pressure
equals force divided by area.

The equation using symbols: P = F/A

measuring pressure. In this system, the pressure is
measured by the force required to displace a col-
umn of some liquid in a tube. Blood pressure is
still measured in millimeters of mercury. Lung
pressure (most relevant for aerodynamic measures
of speech) was and still is, to some extent, mea-
sured in cm H,0. For example, if you blow into a
tube containing a column of water, the force re-
quired to elevate the column of water by 5 cm
would be considered 5 cm H,O pressure. (The
instrument used to measure pressure in this way is
called a U-tube manometer, because the tube of
water is shaped like the letter U.) Weather pres-
sure was traditionally measured by the force
required to move a column of mercury in an
instrument called a barometer. If the mercury is
rising, it signifies that the atmospheric pressure is
increasing, and, conversely, falling mercury means
the barometric pressure is decreasing. Under-
standably, the multitude of terms is enough to
make any student of speech science a bit frus-
trated! It is sufficient to say that air pressure in the
vocal tract traditionally has been measured in cm
H,O, but currently it is increasingly being meas-
ured in kilopascals (kPa). The amount of pressure
represented by one pascal is too small to be of
much practical use for speech production, how-
ever, and so we do not use the pascal. Further-
more, dynes/cm? is still used, but now is called the
microbar, and the newton remains a measure of
force. See Table 2-2 for the conversions. Of some
interest, the Kilopascal is actually a convenient
measure in regard to conversions. One kPa is
equal to 10 cm H,O and normal barometric pres-
sure at sea level is approximately 100 kPa.
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Table 2-2. Conversion of Pressure Measurements

1 kilopascal (kPa) = 10.197 cm H,O = 10* dyn/cm? (microbars)
1 dyn/cm? (microbar) =1.0 X 104 kPa=1.0197 x 103 cm H,0

1 cm H,O = 0.098 kPa = 980.68 dyn/cm? (microbar)

Review Questions

. Distinguish speed, velocity, acceler-
ation, and deceleration from one
another.

. Distinguish mass and weight from each
other.

. The three states of matter are:

a. Fahrenheit, Celsius, and Kelvin

b. hypobarometric, barometric, and
hyperbarometric

c. solid, liquid, and gas

d. animal, vegetable, mineral

Very few people know Lincoln
(1809-1865), Einstein (1879-1955),
Hitler (1889-1945), and there is no
very good reason why you should.
However, you should certainly know
that the lives of Einstein and Hitler

overlapped with each other but did not
overlap with Lincoln, who was born
almost a century earlier. We sometimes
ask you questions to determine that
you know the relative chronology of
major scientists and scientific advances.
The life of James Watt overlapped with
that of:

Chaucer (1343-1400)

Michelangelo (1475-1564)
Shakespeare (1564-1616)

George Washington (1732-1799)
Pavlov (1849-1936)

P00 o

8. Watt invented the:
e. gtmosphere, stratosphere, a. hot air balloon
ionosphere b. electric light bulb
. Define fluids. c. electric toaster
. d. steam engine
5. SI, MKS, an(_j CGS refer to: e. hearing aid
a. the Kelvin scale
b. the metric system 9. Distinguish solids, liquids, and gases
c. the solar system from one another.
d. the vocal folds 10. Distinguish density from weight.
2 Ell e Ao 11. In the MKS system, the unit of pressure
. The unit of force is called the: is the:
a. watt a. falling apple
b. kelvin b. einstein
c. pascal C. newton
d. newton d. pascal
e. kilofoot e. watt
. It is not important to know exact dates. 12. 100 kPa =

a. normal barometric pressure at sea
level

b. atmospheric pressure at the summit
of Mount Everest

c. barometric pressure on the ocean
floor
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d. the electric power needed for a
town of ten thousand people

e. the force released by the atom
bomb at Hiroshima

13. During the French Revolution, the
meter was defined as what fraction of
the distance at sea level from the
equator to the North Pole:

one ten-thousandth

one hundred-thousandth

one millionth

one ten-millionth

one hundred-millionth

P00 o

14. Power is what divided by what?
work divided by time

force divided by area
pressure microbars

length divided by watts

e. watts divided by kilograms

0o

15. Pressure equals what divided by what?
a. work divided by time
b. force divided by area
c. pressure divided by microbars

DESCRIBING AND EXPLAINING MOTION 23

d. length divided by watts
e. watts kilograms

16. Arrange from lowest density to highest:
air

gold

iron

lead

water

P00 o
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