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Preface

The sixth edition marks a transition in A Course in Phonetics. This is the first edi-
tion to appear since the death of Peter Ladefoged. When I was asked by his widow
Jenny Ladefoged and publisher Michael Rosenberg to produce this new edition of
the Course, I was honored but also quite daunted. Through five editions, this book
has been an almost ideal tool for teaching phonetics. When you start from such a
high point, there is a lot of room to go down and not much room to go up.

As in previous editions of this book, there is an introduction to how speech is
produced, a description of speech in acoustic terms, and instruction in practical
phonetic skills. These approaches all use phonetic transcription. Whether you are
a speech pathologist, an opera singer, a linguist, an actor, or any other student of
speech, you need to be able to represent the sounds of speech by using the symbols
of the International Phonetic Alphabet (IPA). This is the accepted way of recording
observations of what people say. Ordinary spelling does not allow you to represent
all the subtle variations that occur when different people talk. Learning to use the
IPA symbols is an essential part of phonetics.

One of the main changes in this new edition is that the sections on acoustic
phonetics and speech motor control go deeper than those in the fifth edition did.
The aim of the acoustic phonetics sections is to help students use widely available
tools for digitally inspecting and manipulating speech. However, instructors who
prefer the traditional system of teaching only articulatory phonetics to start will
still find it possible to do so by simply skipping the acoustics sections. Inclusion
of new material on speech motor control is meant to provide a firmer founda-
tion for the understanding of speech production, and the performance exercises
in each chapter provide a framework for students to practice the sounds of the
world’s languages.

In this edition, the discussion of phonetics as a subdiscipline of linguistics has
been reframed to focus on how speech style impacts linguistic description and on
the types of knowledge that we encounter in studying phonetics. Although some
instructors will not wish to emphasize a general theoretical framework for phonet-
ics, we all (including our students) adopt a framework of some sort either implicitly
or explicitly. This book has always included, in Chapter 11, an explicit discussion
of how phonetics relates to general linguistics, and I’ve updated that discussion to
include the difference between private phonetic knowledge (the more cognitive as-
pects of phonetics) and public phonetic knowledge (aspects of phonetics that are
shared in a speech community). In this context, we can separate phonetic observa-
tions that are relevant for linguistic description from phonetic observations that may
have only an indirect bearing on language.

The text has also been updated and clarified in numerous other ways. For in-
stance, the glottal stop is introduced earlier, Canadian raising is mentioned in
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connection with flapping in English, the phonological status of [ n ] in English is
placed in historical context, MRI images of vocal tracts are used to illustrate some
speech sounds (where the previous edition relied exclusively on x-ray tracings), and
examples of real conversational speech are used to illustrate English sentences. You
will find many other such small changes.

Part of what makes the Course such a great book is its authoritativeness. During
his lifetime, Peter Ladefoged was rightfully described as the world’s greatest liv-
ing phonetician, and now it can be safely said that he was one of the greatest and
most important phoneticians ever. The authoritativeness of the Course derives from
Peter’s extensive fieldwork around the world. Almost all of the examples that you
will find in this book were recorded by him personally as he worked with native
speakers of the languages illustrated. His rigorously scientific approach to studying
the phonetic properties of speech sounds (see his book Phonetic Data Analysis: An
Introduction to Fieldwork and Instrumental Techniques) provides a foundation for
the observations presented in the book and greatly enriched our understanding of
phonetics around the world. All of this information is retained in this edition and,
where appropriate, I have updated and expanded it.

The second main ingredient that makes this such a great book is that it is student-
friendly. Peter and Jenny Ladefoged worked as a team to ensure that the esoteric
material of sagittal sections, gestures, and sound waves was presented in a way that
is both engaging and understandable. A key student-friendly feature of the book that
has been retained for this edition is the accompanying CD of recorded audio files.
Icons in the margins of this book indicate corresponding material on the CD.

A COURSE IN PHONETICS CD-ROM

The CD that accompanies A Course in Phonetics, which was originally produced
mainly by Jenny Ladefoged for the fifth edition, contains recorded examples of
speech sounds and intonation patterns that are keyed to discussion in the book. It is
an essential tool for studying phonetics. I have added a few new examples to the CD
and converted the audio files into the more widely used WAV format.

The CD has a wealth of material that is integral to a good understanding of pho-
netics, and it is easy to navigate. Clicking on the title A Course in Phonetics on the
title page of the CD leads to the list of contents. Clicking on the first entry, “IPA,”
leads to the chart of the complete International Phonetic Alphabet and to pronuncia-
tions that are associated with every sound. Every chapter of this book has links to
sections that provide data for that chapter (corresponding to CD icons in the margins
of the book). Clicking the chapter title leads to recordings of nearly all the words in
the tables and many of the examples cited in the text. Clicking the other links leads
to the exercises in the book, including the performance exercises that afford prac-
tice in making the sounds of language. The CD also includes an index of languages
(nearly 100) so that you can look up a language and hear its sounds. The index of
sounds lists sounds by name (e.g., creaky voice, clicks in Zulu) that lead to record-
ings of those sounds. Clicking ‘“Map Index” leads to a world map with links to maps
of individual regions that indicate the languages spoken there and lead to recordings
of the sounds of those languages.

Xi
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INTRODUCTORY CONCEPTS
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Articulation and Acoustics

Phonetics is concerned with describing speech. There are many different reasons
for wanting to do this, which means that there are many kinds of phoneticians.
Some are interested in the different sounds that occur in languages. Some are
more concerned with pathological speech. Others are trying to help people speak
a particular form of English. Still others are looking for ways to make computers
talk more intelligibly or to get computers to recognize speech. For all these pur-
poses, phoneticians need to find out what people are doing when they are talking
and how the sounds of speech can be described.

SPEECH PRODUCTION

We will begin by describing how speech sounds are made. Most of them are
the result of movements of the tongue and the lips. We can think of these move-
ments as gestures forming particular sounds. We can convey information by ges-
tures of our hands that people can see, but in making speech that people can
hear, humans have found a marvelously efficient way to impart information. The
gestures of the tongue and lips are made audible so that they can be heard and
recognized.

Making speech gestures audible involves pushing air out of the lungs while
producing a noise in the throat or mouth. These basic noises are changed by
the actions of the tongue and lips. Later, we will study how the tongue and lips
make about twenty-five different gestures to form the sounds of English. We can
see some of these gestures by looking at an x-ray movie (which you can watch
on the CD that accompanies this book). Figure 1.1 shows a series of frames
from an x-ray movie of the phrase on top of his deck. In this sequence of twelve
frames (one in every four frames of the movie), the tongue has been outlined to
make it clearer. The lettering to the right of the frames shows, very roughly, the
sounds being produced. The individual frames in the figure show that the tongue
and lips move rapidly from one position to another. To appreciate how rapidly
the gestures are being made, however, you should watch the movie on the CD.
Demonstration 1.1 plays the sounds and shows the movements involved in the
phrase on top of his deck. Even in this phrase, spoken at a normal speed, the
tongue is moving quickly. The actions of the tongue are among the fastest and
most precise physical movements that people can make.
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Figure 1.1 Frames from an x-ray movie of a speaker saying on top of his deck.




1.2

1.3

CHAPTER 1 Articulation and Acoustics

Producing any sound requires energy. In nearly all speech sounds, the basic
source of power is the respiratory system pushing air out of the lungs. Try to talk
while breathing in instead of out. You will find that you can do it, but it is much
harder than talking when breathing out. When you talk, air from the lungs goes up
the windpipe (the trachea, to use the more technical term) and into the larynx, at
which point it must pass between two small muscular folds called the vocal folds. If
the vocal folds are apart (as yours probably are right now while you are breathing in
and out), the air from the lungs will have a relatively free passage into the pharynx
and the mouth. But if the vocal folds are adjusted so that there is only a narrow pas-
sage between them, the airstream from the lungs will set them vibrating. Sounds
produced when the vocal folds are vibrating are said to be voiced, as opposed to
those in which the vocal folds are apart, which are said to be voiceless.

In order to hear the difference between a voiced and a voiceless sound,
try saying a long ‘v’ sound, which we will symbolize as [ vvvvv ]. Now
compare this with a long ‘f” sound [ fffff], saying each of them alternately—
[fifffvvvvviffffvvvvy]. (As indicated by the symbol in the margin, this sequence
is on the accompanying CD.) Both of these sounds are formed in the same way
in the mouth. The difference between them is that [ v] is voiced and [f] is voice-
less. You can feel the vocal fold vibrations in [ v] if you put your fingertips
against your larynx. You can also hear the buzzing of the vibrations in [ v ] more
easily if you stop up your ears while contrasting [ fffffvvvvv].

The difference between voiced and voiceless sounds is often important in dis-
tinguishing sounds. In each of the pairs of words fat, vat; thigh, thy; Sue, zoo,
the first consonant in the first word of each pair is voiceless; in the second word,
it is voiced. To check this for yourself, say just the consonant at the beginning of
each of these words and try to feel and hear the voicing as suggested above. Try
to find other pairs of words that are distinguished by one having a voiced and the
other having a voiceless consonant.

The air passages above the larynx are known as the vocal tract. Figure 1.2
shows their location within the head (actually, within Peter Ladefoged’s head, in
a photograph taken many years ago). The shape of the vocal tract is a very im-
portant factor in the production of speech, and we will often refer to a diagram
of the kind that has been superimposed on the photograph in Figure 1.2. Learn
to draw the vocal tract by tracing the diagram in this figure. Note that the air
passages that make up the vocal tract may be divided into the oral tract, within
the mouth and pharynx, and the nasal tract, within the nose. When the flap at the
back of the mouth is lowered (as it probably is for you now, if you are breath-
ing with your mouth shut), air goes in and out through the nose. Speech sounds
such as [m ] and [n] are produced with the vocal folds vibrating and air going
out through the nose. The upper limit of the nasal tract has been marked with a
dotted line since the exact boundaries of the air passages within the nose depend
on soft tissues of variable size.

The parts of the vocal tract that can be used to form sounds, such as the tongue
and the lips, are called articulators. Before we discuss them, let’s summarize
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Figure 1.2 The vocal tract.

the speech production mechanism as a whole. Figure 1.3 shows the four main
components—the airstream process, the phonation process, the oro-nasal pro-
cess, and the articulatory process. The airstream process includes all the ways of
pushing air out (and, as we will see later, of sucking it in) that provide the power
for speech. For the moment, we have considered just the respiratory system, the
lungs pushing out air, as the prime mover in this process. The phonation process
is the name given to the actions of the vocal folds. Only two possibilities have
been mentioned: voiced sounds in which the vocal folds are vibrating and voice-
less sounds in which they are apart. The possibility of the airstream going out
through the mouth, as in [v] or [z], or the nose, as in [m] and [n ], is determined
by the oro-nasal process. The movements of the tongue and lips interacting with
the roof of the mouth and the pharynx are part of the articulatory process.
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CHAPTER 1 Articulation and Acoustics

Figure 1.3  The four main components of the speech mechanism.

—————

,
1
1
1
1
1
1
—
\

articulatory
process k
phonation
process
airstream
process
SOUND WAVES

So far, we have been describing speech sounds by stating how they are made,
but it is also possible to describe them in terms of what we can hear. The way in
which we hear a sound depends on its acoustic structure. We want to be able to
describe the acoustics of speech for many reasons (for more on acoustic phonet-
ics, see Keith Johnson’s book Acoustic and Auditory Phonetics). Linguists and
speech pathologists need to understand how certain sounds become confused
with one another. We can give better descriptions of some sounds (such as vow-
els) by describing their acoustic structures rather than by describing the articu-
latory movements involved. A knowledge of acoustic phonetics is also helpful
for understanding how computers synthesize speech and how speech recognition
works (topics that are addressed more fully in Peter Ladefoged’s book Vowels
and Consonants). Furthermore, often the only permanent data that we can get of
a speech event is an audio recording, as it is often impossible to obtain movies or
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x-rays showing what the speaker is doing. Accordingly, if we want permanent data
that we can study, it will often have to come from analyzing an audio recording.

Speech sounds, like other sounds, can differ from one another in three ways.
They can be the same or different in (1) pitch, (2) loudness, and (3) quality. Thus,
two vowel sounds may have exactly the same pitch in the sense that they are said
on the same note on the musical scale, and they may have the same loudness, yet
still may differ in that one might be the vowel in bad and the other the vowel in
bud. On the other hand, they might have the same vowel quality but differ in that
one was said on a higher pitch or that one of them was spoken more loudly.

Sound consists of small variations in air pressure that occur very rapidly one
after another. These variations are caused by actions of the speaker’s vocal or-
gans that are (for the most part) superimposed on the outgoing flow of lung
air. Thus, in the case of voiced sounds, the vibrating vocal folds chop up the
stream of lung air so that pulses of relatively high pressure alternate with mo-
ments of lower pressure. Variations in air pressure in the form of sound waves
move through the air somewhat like the ripples on a pond. When they reach the
ear of a listener, they cause the eardrum to vibrate. A graph of a sound wave is
very similar to a graph of the movements of the eardrum.

The upper part of Figure 1.4 shows the variations in air pressure that occur
during Peter Ladefoged’s pronunciation of the word father. The ordinate (the
vertical axis) represents air pressure (relative to the normal surrounding air pres-
sure), and the abscissa (the horizontal axis) represents time (relative to an arbi-
trary starting point). As you can see, this particular word took about 0.6 seconds
to say. The lower part of the figure shows part of the first vowel in father. The
major peaks in air pressure recur about every 0.01 seconds (that is, every one-
hundredth of a second). This is because the vocal folds were vibrating approxi-
mately one hundred times a second, producing a pulse of air every hundredth of
a second. This part of the diagram shows the air pressure corresponding to four
vibrations of the vocal folds. The smaller variations in air pressure that occur
within each period of one-hundredth of a second are due to the way air vibrates
when the vocal tract has the particular shape required for this vowel.

In the upper part of Figure 1.4, which shows the waveform for the whole
word father, the details of the variations in air pressure are not visible because
the time scale is too compressed. All that can be seen are the near-vertical lines
corresponding to the individual pulses of the vocal folds. The sound [f] at
the beginning of the word father has a low amplitude (it is not very loud, so the
pressure fluctuation is not much different from zero) in comparison with the fol-
lowing vowel, and the variations in air pressure are smaller and more nearly ran-
dom. There are no regular pulses because the vocal folds are not vibrating. We
will be considering waveforms and their acoustic analysis in more detail later
in this book. For the moment, we will simply notice the obvious difference be-
tween sounds in which the vocal folds are vibrating (which have comparatively
large regular pulses of air pressure) and sounds without vocal fold vibration
(which have a smaller amplitude and irregular variations in air pressure).
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Figure 1.4  The variations in air pressure that occur during Peter Ladefoged’s
pronunciation of the vowel in father.
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PLACES OF ARTICULATORY GESTURES

The parts of the vocal tract that can be used to form sounds are called
articulators. The articulators that form the lower surface of the vocal tract are
highly mobile. They make the gestures required for speech by moving toward
the articulators that form the upper surface. Try saying the word capital and
note the major movements of your tongue and lips. You will find that the back
of the tongue moves up to make contact with the roof of the mouth for the first
sound and then comes down for the following vowel. The lips come together
in the formation of p and then come apart again in the vowel. The tongue tip
comes up for the ¢ and again, for most people, for the final /.

The names of the principal parts of the upper surface of the vocal tract are
given in Figure 1.5. The upper lip and the upper teeth (notably the frontal inci-
sors) are familiar-enough structures. Just behind the upper teeth is a small pro-
tuberance that you can feel with the tip of the tongue. This is called the alveolar
ridge. You can also feel that the front part of the roof of the mouth is formed
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Figure 1.5  The principal parts of the upper surface of the vocal tract.
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by a bony structure. This is the hard palate. You will probably have to use a
fingertip to feel farther back. Most people cannot curl the tongue up far enough
to touch the soft palate, or velum, at the back of the mouth. The soft palate is a
muscular flap that can be raised to press against the back wall of the pharynx and
shut off the nasal tract, preventing air from going out through the nose. In this
case, there is said to be a velic closure. This action separates the nasal tract from
the oral tract so that the air can go out only through the mouth. At the lower end
of the soft palate is a small appendage hanging down that is known as the uvula.
The part of the vocal tract between the uvula and the larynx is the pharynx.
The back wall of the pharynx may be considered one of the articulators on the
upper surface of the vocal tract.

Figure 1.6 shows the lower lip and the specific names for the parts of the
tongue that form the lower surface of the vocal tract. The tip and blade of the
tongue are the most mobile parts. Behind the blade is what is technically called
the front of the tongue; it is actually the forward part of the body of the tongue
and lies underneath the hard palate when the tongue is at rest. The remainder of
the body of the tongue may be divided into the center, which is partly beneath
the hard palate and partly beneath the soft palate; the back, which is beneath the
soft palate; and the root, which is opposite the back wall of the pharynx. The
epiglottis is attached to the lower part of the root of the tongue.

Bearing all these terms in mind, say the word peculiar and try to give a rough
description of the gestures made by the vocal organs during the consonant
sounds. You should find that the lips come together for the first sound. Then the
back and center of the tongue are raised. But is the contact on the hard palate or
on the velum? (For most people, it is centered between the two.) Then note the
position in the formation of the /. Most people make this sound with the tip of
the tongue on the alveolar ridge.

9
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Figure 1.6  The principal parts of the lower surface of the vocal tract.
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Now compare the words frue and tea. In which word does the tongue move-
ment involve a contact farther forward in the mouth? Most people make contact
with the tip or blade of the tongue on the alveolar ridge when saying tea, but
slightly farther back in true. Try to distinguish the differences in other conso-
nant sounds, such as those in sigh and shy and those at the beginning of fee and
thief.

When considering diagrams such as those we have been discussing, it is im-
portant to remember that they show only two dimensions. The vocal tract is a
tube, and the positions of the sides of the tongue may be very different from the
position of the center. In saying sigh, for example, there is a deep hollow in the
center of the tongue that is not present when saying shy. We cannot represent
this difference in a two-dimensional diagram that shows just the midline of the
tongue—a so-called mid-sagittal view. We will be relying on mid-sagittal dia-
grams of the vocal organs to a considerable extent in this book. But we should
never let this simplified view become the sole basis for our conceptualization of
speech sounds.

In order to form consonants, the airstream through the vocal tract must be ob-
structed in some way. Consonants can be classified according to the place and
manner of this obstruction. The primary articulators that can cause an obstruction
in most languages are the lips, the tongue tip and blade, and the back of the
tongue. Speech gestures using the lips are called labial articulations; those
using the tip or blade of the tongue are called coronal articulations; and
those using the back of the tongue are called dorsal articulations.

If we do not need to specify the place of articulation in great detail, then the
articulators for the consonants of English (and of many other languages) can be
described using these terms. The word fopic, for example, begins with a coronal
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consonant; in the middle is a labial consonant; and at the end a dorsal conso-
nant. Check this by feeling that the tip or blade of your tongue is raised for the
first (coronal) consonant, your lips close for the second (labial) consonant, and
the back of your tongue is raised for the final (dorsal) consonant.

These terms, however, do not specify articulatory gestures in sufficient de-
tail for many phonetic purposes. We need to know more than which articulator
is making the gesture, which is what the terms labial, coronal, and dorsal tell
us. We also need to know what part of the upper vocal tract is involved. More
specific places of articulation are indicated by the arrows going from one of the
lower articulators to one of the upper articulators in Figure 1.7. Because there
are so many possibilities in the coronal region, this area is shown in more detail
at the right of the figure. The principal terms for the particular types of obstruc-
tion required in the description of English are as follows.

1. Bilabial

(Made with the two lips.) Say words such as pie, buy, my and note how
the lips come together for the first sound in each of these words. Find
a comparable set of words with bilabial sounds at the end.

2. Labiodental

(Lower lip and upper front teeth.) Most people, when saying words such as
fie and vie, raise the lower lip until it nearly touches the upper front teeth.

Figure 1.7 A sagittal section of the vocal tract, showing the places of articulation that
occur in English. The coronal region is shown in more detail at the right.

Labiodental

Bilabial

Coronal

Alveolar

Palato-Alveolar
Dental

* Retroflex
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3.

4.

5.

6.

Dental

(Tongue tip or blade and upper front teeth.) Say the words thigh, thy. Some
people (most speakers of American English as spoken in the Midwest and
on the West Coast) have the tip of the tongue protruding between the up-
per and lower front teeth; others (most speakers of British English) have
it close behind the upper front teeth. Both sounds are normal in English,
and both may be called dental. If a distinction is needed, sounds in which
the tongue protrudes between the teeth may be called interdental.

Alveolar

(Tongue tip or blade and the alveolar ridge.) Again there are two pos-
sibilities in English, and you should find out which you use. You may
pronounce words such as tie, die, nigh, sigh, zeal, lie using the tip of the
tongue or the blade of the tongue. You may use the tip of the tongue for
some of these words and the blade for others. For example, some people
pronounce [s ] with the tongue tip tucked behind the lower teeth, produc-
ing the constriction at the alveolar ridge with the blade of the tongue;
others have the tongue tip up for [ s ]. Feel how you normally make the
alveolar consonants in each of these words, and then try to make them
in the other way. A good way to appreciate the difference between dental
and alveolar sounds is to say ten and tenth (or n and nth). Which n is far-
ther back? (Most people make the one in ten on the alveolar ridge and the
one in fenth as a dental sound with the tongue touching the upper front
teeth.)

Retroflex

(Tongue tip and the back of the alveolar ridge.) Many speakers of English
do not use retroflex sounds at all. But some speakers begin words such as
rye, row, ray with retroflex sounds. Note the position of the tip of your
tongue in these words. Speakers who pronounce r at the ends of words
may also have retroflex sounds with the tip of the tongue raised in ire,
hour, air.

Palato-Alveolar

(Tongue blade and the back of the alveolar ridge.) Say words such as shy,
she, show. During the consonants, the tip of your tongue may be down
behind the lower front teeth or up near the alveolar ridge, but the blade of
the tongue is always close to the back part of the alveolar ridge. Because
these sounds are made farther back in the mouth than those in sigh, sea,
sew, they can also be called post-alveolar. You should be able to pro-
nounce them with the tip or blade of the tongue. Try saying shipshape
with your tongue tip up on one occasion and down on another. Note that
the blade of the tongue will always be raised. You may be able to feel the
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place of articulation more distinctly if you hold the position while taking
in a breath through the mouth. The incoming air cools the region where
there is greatest narrowing, the blade of the tongue and the back part of
the alveolar ridge.

7. Palatal

(Front of the tongue and hard palate.) Say the word you very slowly so
that you can isolate the consonant at the beginning. If you say this con-
sonant by itself, you should be able to feel that it begins with the front
of the tongue raised toward the hard palate. Try to hold the beginning
consonant position and breathe in through the mouth. You will probably
be able to feel the rush of cold air between the front of the tongue and the
hard palate.

8. Velar

(Back of the tongue and soft palate.) The consonants that have the place
of articulation farthest back in English are those that occur at the end of
hack, hag, hang. In all these sounds, the back of the tongue is raised so
that it touches the velum.

As you can tell from the descriptions of these articulatory gestures, the first
two, bilabial and labiodental, can be classified as labial, involving at least the
lower lip; the next four—dental, alveolar, retroflex, and palato-alveolar (post-
alveolar)—are coronal articulations, with the tip or blade of the tongue raised;
and the last, velar, is a dorsal articulation, using the back of the tongue. Palatal
sounds are sometimes classified as coronal articulations and sometimes as dor-
sal articulations, a point to which we shall return.

To get the feeling of different places of articulation, consider the consonant
at the beginning of each of the following words: fee, theme, see, she. Say these
consonants by themselves. Are they voiced or voiceless? Now note that the place
of articulation moves back in the mouth in making this series of voiceless conso-
nants, going from labiodental, through dental and alveolar, to palato-alveolar.

THE ORO-NASAL PROCESS

Consider the consonants at the ends of rang, ran, ram. When you say these con-
sonants by themselves, note that the air is coming out through the nose. In the
formation of these sounds in sequence, the point of articulatory closure moves
forward, from velar in rang, through alveolar in ran, to bilabial in ram. In each
case, the air is prevented from going out through the mouth but is able to go out
through the nose because the soft palate, or velum, is lowered.

In most speech, the soft palate is raised so that there is a velic closure. When
it is lowered and there is an obstruction in the mouth, we say that there is a nasal
consonant. Raising or lowering the velum controls the oro-nasal process, the
distinguishing factor between oral and nasal sounds.

13
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MANNERS OF ARTICULATION

At most places of articulation, there are several basic ways in which articulatory
gestures can be accomplished. The articulators may close off the oral tract for an
instant or a relatively long period; they may narrow the space considerably; or
they may simply modify the shape of the tract by approaching each other.

Stop

(Complete closure of the articulators involved so that the airstream cannot escape
through the mouth.) There are two possible types of stop.

Oral stop 1If, in addition to the articulatory closure in the mouth, the soft pal-
ate is raised so that the nasal tract is blocked off, then the airstream will be
completely obstructed. Pressure in the mouth will build up and an oral stop will
be formed. When the articulators come apart, the airstream will be released in a
small burst of sound. This kind of sound occurs in the consonants in the words
pie, buy (bilabial closure), tie, dye (alveolar closure), and kye, guy (velar clo-
sure). Figure 1.8 shows the positions of the vocal organs in the bilabial stop in
buy. These sounds are called plosives in the International Phonetic Association’s
(IPA’s) alphabet (see inside the front cover of this book).

Nasal stop If the air is stopped in the oral cavity but the soft palate is down so
that air can go out through the nose, the sound produced is a nasal stop. Sounds
of this kind occur at the beginning of the words my (bilabial closure) and nigh
(alveolar closure), and at the end of the word sang (velar closure). Figure 1.9
shows the position of the vocal organs during the bilabial nasal stop in my. Apart
from the presence of a velic opening, there is no difference between this stop
and the one in buy shown in Figure 1.8. Although both the nasal sounds and the
oral sounds can be classified as stops, the term stop by itself is almost always
used by phoneticians to indicate an oral stop, and the term nasal to indicate a
nasal stop. Thus, the consonants at the beginnings of the words day and neigh
would be called an alveolar stop and an alveolar nasal, respectively. Although
the term stop may be defined so that it applies only to the prevention of air es-
caping through the mouth, it is commonly used to imply a complete stoppage of
the airflow through both the nose and the mouth.

Fricative

(Close approximation of two articulators so that the airstream is partially ob-
structed and turbulent airflow is produced.) The mechanism involved in making
these slightly hissing sounds may be likened to that involved when the wind
whistles around a corner. The consonants in fie, vie (labiodental), thigh, thy
(dental), sigh, zoo (alveolar), and shy (palato-alveolar) are examples of fricative
sounds. Figure 1.10 illustrates one pronunciation of the palato-alveolar fricative
consonant in shy. Note the narrowing of the vocal tract between the blade of the
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tongue and the back part of the alveolar ridge. The higher-pitched sounds with a
more obvious hiss, such as those in sigh, shy, are sometimes called sibilants.

Approximant

(A gesture in which one articulator is close to another, but without the vocal tract
being narrowed to such an extent that a turbulent airstream is produced.) In say-
ing the first sound in yacht, the front of the tongue is raised toward the palatal area
of the roof of the mouth, but it does not come close enough for a fricative sound
to be produced. The consonants in the word we (approximation between the lips
and in the velar region) and, for some people, in the word raw (approximation
in the alveolar region) are also examples of approximants.

Lateral (Approximant)

(Obstruction of the airstream at a point along the center of the oral tract, with
incomplete closure between one or both sides of the tongue and the roof of
the mouth.) Say the word lie and note how the tongue touches near the center
of the alveolar ridge. Prolong the initial consonant and note how, despite the
closure formed by the tongue, air flows out freely, over the side of the tongue.
Because there is no stoppage of the air, and not even any fricative noises, these
sounds are classified as approximants. The consonants in words such as lie,
laugh are alveolar lateral approximants, but they are usually called just alveo-
lar laterals, their approximant status being assumed. You may be able to find
out which side of the tongue is not in contact with the roof of the mouth by
holding the consonant position while you breathe inward. The tongue will feel
colder on the side that is not in contact with the roof of the mouth.

Additional Consonantal Gestures

In this preliminary chapter, it is not necessary to discuss all of the manners of
articulation used in the various languages of the world—nor, for that matter,
in English. But it might be useful to know the terms trill (sometimes called
roll) and tap (sometimes called flap). Tongue-tip trills occur in some forms of
Scottish English in words such as rye and raw. Taps, in which the tongue makes
a single tap against the alveolar ridge, occur in the middle of a word such as pity
in many forms of American English.

The production of some sounds involves more than one of these manners of
articulation. Say the word cheap and think about how you make the first sound. At
the beginning, the tongue comes up to make contact with the back part of the al-
veolar ridge to form a stop closure. This contact is then slackened so that there is a
fricative at the same place of articulation. This kind of combination of a stop imme-
diately followed by a fricative is called an affricate, in this case a palato-alveolar
(or post-alveolar) affricate. There is a voiceless affricate at the beginning and end
of the word church. The corresponding voiced affricate occurs at the beginning and
end of judge. In all these sounds the articulators (tongue tip or blade and alveolar
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Figure 1.8  The positions of the vocal organs in the bilabial stop in buy.

Figure 1.9  The positions of the vocal organs in the bilabial nasal (stop) in my.

ridge) come together for the stop and then, instead of coming fully apart, separate
only slightly, so that a fricative is made at approximately the same place of articula-
tion. Try to feel these movements in your own pronunciation of these words.

Words in English that start with a vowel in the spelling (like eek, oak, ark,
etc.) are pronounced with a glottal stop at the beginning of the vowel. This
“glottal catch” sound isn’t written in these words and is easy to overlook; but in
a sequence of two words in which the first word ends with a vowel and the sec-
ond starts with a vowel, the glottal stop is sometimes obvious. For example, the
phrase flee east is different from the word fleeced in that the first has a glottal
stop at the beginning of east.
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Figure 1.10 The positions of the vocal organs in the palato-alveolar (post-alveolar)
fricative in shy.

To summarize, the consonants we have been discussing so far may be
described in terms of five factors:

1. state of the vocal folds (voiced or voiceless);
2. place of articulation;

3. central or lateral articulation;

4

. soft palate raised to form a velic closure (oral sounds) or lowered (nasal
sounds); and

5. manner of articulatory action.

Thus, the consonant at the beginning of the word sing is a (1) voiceless,
(2) alveolar, (3) central, (4) oral, (5) fricative; and the consonant at the end of
sing is a (1) voiced, (2) velar, (3) central, (4) nasal, (5) stop.

On most occasions, it is not necessary to state all five points. Unless a spe-
cific statement to the contrary is made, consonants are usually presumed to be
central, not lateral, and oral rather than nasal. Consequently, points (3) and (4)
may often be left out, so the consonant at the beginning of sing is simply called
a voiceless alveolar fricative. When describing nasals, point (4) has to be
specifically mentioned and point (5) can be left out, so the consonant at the end
of sing is simply called a voiced velar nasal.

THE WAVEFORMS OF CONSONANTS

At this stage, we will not go too deeply into the acoustics of consonants, simply
noting a few distinctive points about their waveforms. The places of articulation
are not obvious in any waveform, but the differences in some of the principal
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manners of articulation—stop, nasal, fricative, and approximant—are usually
apparent. Furthermore, as already pointed out, you can also see the differences
between voiced and voiceless sounds.

The top half of Figure 1.11 shows the waveform of the phrase My two boys
know how to fish, labeled roughly in ordinary spelling. The lower part shows the
same waveform with labels pointing out the different manners of articulation. The
time scale at the bottom shows that this phrase took about two and a half seconds.

Looking mainly at the labeled version in the lower part of the figure, you can
see in the waveform where the lips open after the nasal consonant in my so that
the amplitude gets larger for the vowel. The vowel is ended by the voiceless
stop consonant at the beginning of fwo, for which there is a very short silence
followed by a burst of noise as the stop closure is released. This burst is why the
oral stop consonants are called “plosives” in the International Phonetic Alphabet
chart. The vowel in two is followed by the voiced stop at the beginning of boys.
The voicing for the stop makes this closure different from the one at the begin-
ning of two, producing small voicing vibrations instead of a flat line. After the
vowel in boys, there is a fricative with a more nearly random waveform pattern,
although there are some voicing vibrations intermingled with the noise.

The waveform of the [n] in know is very like that of the [ m] at the begin-
ning of the utterance. It shows regular glottal pulses, but they are smaller (have

Figure 1.11 The waveform of the phrase My two boys know how to fish.
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less amplitude) than those in the following vowel. The [ h] that follows this vowel
is very short, with hardly any voiceless interval. After the vowel in how, there are
some further very short actions. There is hardly any closure for the [t], and the
vowel in o has only a few vocal fold pulses, making it much shorter than any of the
other vowels in the sentence. The fricative [ f] at the beginning of fish is a little less
loud (has a slightly smaller amplitude) than the fricative at the end of this word.

THE ARTICULATION OF VOWEL SOUNDS

In the production of vowel sounds, the articulators do not come very close to-
gether, and the passage of the airstream is relatively unobstructed. We can describe
vowel sounds roughly in terms of the position of the highest point of the tongue
and the position of the lips. (As we will see later, more accurate descriptions can
be made in acoustic terms.) Figure 1.12 shows the articulatory position for the
vowels in heed, hid, head, had, father, good, food. Of course, in saying these
words, the tongue and lips are in continuous motion throughout the vowels, as we
saw in the x-ray movie in demonstration 1.1 on the CD. The positions shown in
the figure are best considered as the targets of the gestures for the vowels.

Figure 1.12 The positions of the vocal organs for the vowels in the words 1 heed, 2 hid,
3 head, 4 had, 5 father, 6 good, 7 food. The lip positions for vowels 2, 3, and 4
are between those shown for 1 and 5. The lip position for vowel 6 is between
those shown for 1 and 7.
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As you can see, in all these vowel gestures, the tongue tip is down behind the
lower front teeth, and the body of the tongue is domed upward. Check that this
is so in your own pronunciation. You will notice that you can prolong the [h]
sound and that there is no mouth movement between the [ h] and the following
vowel; the [ h] is like a voiceless version of the vowel that comes after it. In the
first four vowels, the highest point of the tongue is in the front of the mouth. Ac-
cordingly, these vowels are called front vowels. The tongue is fairly close to the
roof of the mouth for the vowel in heed (you can feel that this is so by breathing
inward while holding the target position for this vowel), slightly less close for
the vowel in hid (for this and most other vowels it is difficult to localize the po-
sition by breathing inward; the articulators are too far apart), and lower still for
the vowels in head and had. If you look in a mirror while saying the vowels in
these four words, you will find that the mouth becomes progressively more open
while the tongue remains in the front of the mouth. The vowel in heed is classi-
fied as a high front vowel, and the vowel in had as a low front vowel. The height
of the tongue for the vowels in the other words is between these two extremes,
and they are therefore called mid-front vowels. The vowel in hid is a mid-high
vowel, and the vowel in head is a mid-low vowel.

Now try saying the vowels in father, good, food. Figure 1.12 also shows the
articulatory targets for these vowels. In all three, the tongue is close to the back
surface of the vocal tract. These vowels are classified as back vowels. The body
of the tongue is highest in the vowel in food (which is therefore called a high
back vowel) and lowest in the first vowel in father (which is therefore called a
low back vowel). The vowel in good is a mid-high back vowel. The tongue may
be near enough to the roof of the mouth for you to be able to feel the rush of cold
air when you breathe inward while holding the position for the vowel in food.

Lip gestures vary considerably in different vowels. They are generally closer
together in the mid-high and high back vowels (as in good, food), though in
some forms of American English this is not so. Look at the position of your
lips in a mirror while you say just the vowels in heed, hid, head, had, father,
good, food. You will probably find that in the last two words, there is a move-
ment of the lips in addition to the movement that occurs because of the lowering
and raising of the jaw. This movement is called lip rounding. It is usually most
noticeable in the inward movement of the corners of the lips. Vowels may be
described as being rounded (as in who’d) or unrounded (as in heed).

In summary, the targets for vowel gestures can be described in terms of three
factors: (1) the height of the body of the tongue; (2) the front—back position
of the tongue; and (3) the degree of lip rounding. The relative positions of the
highest points of the tongue are given in Figure 1.13. Say just the vowels in the
words given in the figure caption and check that your tongue moves in the pat-
tern described by the points. It is very difficult to become aware of the position
of the tongue in vowels, but you can probably get some impression of tongue
height by observing the position of your jaw while saying just the vowels in the
four words heed, hid, head, had. You should also be able to feel the difference
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Figure 1.13 The relative positions of the highest points of the tongue in the vowels in
1 heed, 2 hid, 3 head, 4 had, 5 father, 6 good, 7 food.
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between front and back vowels by contrasting words such as ke and who. Say
these words silently and concentrate on the sensations involved. You should feel
the tongue going from front to back as you say he, who. You can also feel your
lips becoming more rounded.

As you can see from Figure 1.13, the specification of vowels in terms of the
position of the highest point of the tongue is not entirely satisfactory for a number
of reasons. First, the vowels classified as high do not have the same tongue height.
The back high vowel (point 7) is nowhere near as high as the front vowel (point 1).
Second, the so-called back vowels vary considerably in their degree of backness.
Third, as you can see by looking at Figure 1.12, this kind of specification disre-
gards considerable differences in the shape of the tongue in front vowels and in
back vowels. Nor does it take into account the width of the pharynx, which varies
considerably and is not entirely dependent on the height of the tongue in different
vowels. We will discuss better ways of describing vowels in Chapters 4 and 9.

THE SOUNDS OF VOWELS

Studying the sounds of vowels requires a greater knowledge of acoustics than
we can handle at this stage of the book. We can, however, note some compara-
tively straightforward facts about vowel sounds. Vowels, like all sounds except
the pure tone of a tuning fork, have complex structures. We can think of them
as containing a number of different pitches simultaneously. There is the pitch at
which the vowel is actually spoken, which depends on the pulses being produced
by the vibrating vocal folds; and, quite separate from this, there are overtone
pitches that depend on the shape of the resonating cavities of the vocal tract.
These overtone pitches give the vowel its distinctive quality. We will enlarge on
this notion in Chapter 8; here, we will consider briefly how one vowel is distin-
guished from another by the pitches of the overtones.

Normally, one cannot hear the separate overtones of a vowel as distinguish-
able pitches. The only sensation of pitch is the note on which the vowel is said,
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which depends on the rate of vibration of the vocal folds. But there are circum-
stances in which the overtones of each vowel can be heard. Try saying just the
vowels in the words heed, hid, head, had, hod, hawed, hood, who’d, making all
of them long vowels. Now whisper these vowels. When you whisper, the vocal
folds are not vibrating, and there is no regular pitch of the voice. Nevertheless,
you can hear that this set of vowels forms a series of sounds on a continuously
descending pitch. What you are hearing corresponds to a group of overtones that
characterize the vowels. These overtones are highest for the vowel in heed and
lowest for the vowel in either hawed, hood, or who’d. Which of the three vowels
is the lowest depends on your regional accent. Accents of English differ slightly
in the pronunciation of these vowels. You can hear Peter Ladefoged whispering
these vowels on the CD.

There is another way to produce something similar to this whispered pitch.
Try whistling a very high note, and then the lowest note that you can. You will
find that for the high note you have to have your tongue in the position for the
vowel in heed, and for the low note your tongue is in the position for one of the
vowels in hawed, hood, who’d. From this, it seems as if there is some kind of
high pitch associated with the high front vowel in heed and a low pitch associ-
ated with one of the back vowels. The lowest whistled note corresponds to the
tongue and lip gestures very much like those used for the vowel in who. A good
way to learn how to make a high back vowel is to whistle your lowest note pos-
sible, and then add voicing.

Another way of minimizing the sound of the vocal fold vibrations is to say
the vowels in a very low, creaky voice. It is easiest to produce this kind of voice
with a vowel such as that in had or hod. Some people can produce a creaky-
voice sound in which the rate of vibration of the vocal folds is so low you can
hear the individual pulsations.

Try saying just the vowels in had, head, hid, heed in a creaky voice. You
should be able to hear a change in pitch, although, in one sense, the pitch of all
of them is just that of the low, creaky voice. When saying the vowels in the order
heed, hid, head, had, you can hear a sound that steadily increases in pitch by
approximately equal steps with each vowel. Now say the vowels in hod, hood,
who’d in a creaky voice. These three vowels have overtones with a steadily de-
creasing pitch. You can hear Peter Ladefoged saying the vowels in the words
heed, hid, head, had, hod, hawed, hood, who’d in his British accent on the CD.
The first four of these vowels have a quality that clearly goes up in pitch, and the
last four have a declining pitch.

In summary, vowel sounds may be said on a variety of notes (voice pitches),
but they are distinguished from one another by two characteristic vocal tract
pitches associated with their overtones. One of them (actually the higher of the
two) goes downward throughout most of the series heed, hid, head, had, hod,
hawed, hood, who’d and corresponds roughly to the difference between front
and back vowels. The other is low for vowels in which the tongue position is
high and high for vowels in which the tongue position is low. It corresponds
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(inversely) to what we called vowel height in articulatory terms. These charac-
teristic overtones are called the formants of the vowels, the one with the lower
pitch (distinguishable in creaky voice) being called the first formant and the
higher one (the one heard when whispering) the second formant.

The notion of a formant (actually the second formant) distinguishing vow-
els has been known for a long time. It was observed by Isaac Newton, who, in
about 1665, wrote in his notebook: “The filling of a very deepe flaggon with a
constant streame of beere or water sounds ye vowells in this order w, u, ®, o, a,
e, i, y.” He was about twelve years old at the time. (The symbols used here are
the best matches to the letters in Newton’s handwriting in his notebook, which is
in the British Museum. They probably refer to the vowels in words such as woo,
hoot, foot, coat, cot, bait, bee, ye.) Fill a deep narrow glass with water (or beer!)
and see if you can hear something like the second formant in the vowels in these
words as the glass fills up.

SUPRASEGMENTALS

Vowels and consonants can be thought of as the segments of which speech is
composed. Together they form the syllables that make up utterances. Super-
imposed on the syllables are other features known as suprasegmentals. These
include variations in stress and pitch. Variations in length are also usually con-
sidered to be suprasegmental features, although they can affect single segments
as well as whole syllables. We will defer detailed descriptions of the articulation
and the corresponding acoustics of these aspects of speech till later in this book.

Variations in stress are used in English to distinguish between a noun and
a verb, as in (an) insult versus (to) insult. Say these words yourself, and check
which syllable has the greater stress. Then compare similar pairs, such as
(a) pervert, (to) pervert or (an) overflow, (to) overflow. (Peter Ladefoged’s pro-
nunciation of these words can be found on the CD.) You should find that in the
nouns, the stress is on the first syllable, but in the verbs, it is on the last. Thus,
stress can have a grammatical function in English. It can also be used for con-
trastive emphasis (as in [ want a red pen, not a black one). Stress in English is
produced by (1) increased activity of the respiratory muscles, producing greater
loudness, as well as by (2) exaggeration of consonant and vowel properties, such
as vowel height and stop aspiration, and (3) exaggeration of pitch so that low
pitches are lower and high pitches are higher.

You can usually find where the stress occurs on a word by trying to tap with
your finger in time with each syllable. It is much easier to tap on the stressed
syllable. Try saying abominable and tapping first on the first syllable, then on
the second, then on the third, and so on. If you say the word in your normal way,
you will find it easiest to tap on the second syllable. Many people cannot tap on
the first syllable without altering their normal pronunciation.

Pitch changes due to variations in laryngeal activity can occur independently
of stress changes. They are associated with the rate of vibration of the vocal
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folds. Earlier in the chapter, we called this the “voice pitch” to distinguish be-
tween the characteristic overtones of vowels (“vocal tract pitches”) and the rate
of vocal fold vibration. Pitch of the voice is what you alter to sing different notes
in a song. Because each opening and closing of the vocal folds causes a peak of
air pressure in the sound wave, we can estimate the pitch of a sound by observ-
ing the rate of occurrence of the peaks in the waveform. To be more exact, we
can measure the frequency of the sound in this way. Frequency is a technical
term for an acoustic property of a sound—namely, the number of complete rep-
etitions (cycles) of a pattern of air pressure variation occurring in a second. The
unit of frequency measurement is the hertz, usually abbreviated Hz. If the vocal
folds make 220 complete opening and closing movements in a second, we say
that the frequency of the sound is 220 Hz. The frequency of the vowel [ a]shown
in Figure 1.4 was 100 Hz, as the vocal fold pulses occurred every 10 ms (one-
hundredth of a second).

The pitch of a sound is an auditory property that enables a listener to place it
on a scale going from low to high, without considering its acoustic properties. In
practice, when a speech sound goes up in frequency, it also goes up in pitch. For
the most part, at an introductory level of the subject, the pitch of a sound may be
equated with its fundamental frequency, and, indeed, some books do not distin-
guish between the two terms, using pitch for both the auditory property and the
physical attribute.

The pitch pattern in a sentence is known as the intonation. Listen to the
intonation (the variations in the pitch of the voice) when someone says the sen-
tence This is my father. (You can either say the sentences yourself, or listen to
the recordings of it on the CD.) Try to find out which syllable has the highest
pitch and which the lowest. In most people’s speech, the highest pitch will oc-
cur on the first syllable of father and the lowest on the second, the last syllable
in the sentence. Now observe the pitch changes in the question Is this your
father? In this sentence, the first syllable of father is usually on a lower pitch
than the last syllable. In English, it is even possible to change the meaning of
a sentence such as That’s a cat from a statement to a question without altering
the order of the words. If you substitute a mainly rising for a mainly falling
intonation, you will produce a question spoken with an air of astonishment:
That’s a cat?

All the suprasegmental features are characterized by the fact that they must
be described in relation to other items in the same utterance. It is the relative
values of pitch, length, or degree of stress of an item that are significant. You
can stress one syllable as opposed to another irrespective of whether you are
shouting or talking softly. Children can also use the same intonation patterns
as adults, although their voices have a higher pitch. The absolute values are
never linguistically important. But they do, of course, convey information about
the speaker’s age, sex, emotional state, and attitude toward the topic under
discussion.
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EXERCISES
(Printable versions of all the exercises are available on the CD.)
A. Fill in the names of the vocal organs numbered in Figure 1.14.
8.
O.
10.
11.
12.
13.
14.

NS A WD =

Figure 1.14




26  CHAPTER1 Articulation and Acoustics

B.

Describe the consonants in the word skinflint using the chart below. Fill in
all five columns, and put parentheses around the terms that may be left out,
as shown for the first consonant.

1 2 3 4 5
Voiced or Place of Central or Oral or Articulatory
voiceless articulation lateral nasal action
s voiceless alveolar (central) (oral) fricative

t

C. Figure 1.15 a—g illustrates all the places for articulatory gestures that we

have discussed so far, except for retroflex sounds (which will be illustrated
in Chapter 7). In the spaces provided below, (1) state the place of articula-
tion and (2) state the manner of articulation of each sound, and (3) give an
example of an English word beginning with the sound illustrated.

(1) Place of (2) Manner of (3) Example
articulation articulation
a
b
c
d
e
f
g

D. Studying a new subject often involves learning a large number of techni-

cal terms. Phonetics is particularly challenging in this respect. Read over
the definitions of the terms in this chapter before completing the exercises
below. Say each of the words, and listen to the sounds. Be careful not to be
confused by spellings. Using a mirror may be helpful.
1. Circle the words that begin with a bilabial consonant:
met net set bet let pet

2. Circle the words that begin with a velar consonant:
knot got lot cot hot pot
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Figure 1.15 Sounds illustrating all the places of articulation discussed so far, except for
retroflex sounds.

(a)@ (b) i— é !
(©) i é } () i S
(e) i g ? ) j

(&
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Articulation and Acoustics

. Circle the words that begin with a labiodental consonant:

fat cat that mat chat vat

. Circle the words that begin with an alveolar consonant:

zip nip lip sip tip dip

. Circle the words that begin with a dental consonant:

pie guy shy thigh thy high

. Circle the words that begin with a palato-alveolar consonant:

sigh shy tie thigh thy lie

. Circle the words that end with a fricative:

race wreath bush bring breathe bang

rave real ray rose rough

. Circle the words that end with a nasal:

rain rang dumb deaf

. Circle the words that end with a stop:

pill lip lit graph crab dog hide
laugh back

Circle the words that begin with a lateral:
nut lull bar rob one

Circle the words that begin with an approximant:
we you one run

Circle the words that end with an affricate:
much back edge 0oze

Circle the words in which the consonant in the middle is voiced:
tracking mother robber leisure massive

stomach razor

Circle the words that contain a high vowel:
sat suit got meet mud

Circle the words that contain a low vowel:
weed wad load lad rude

Circle the words that contain a front vowel:
gate caught cat kit put
Circle the words that contain a back vowel:

maid weep coop cop good

Circle the words that contain a rounded vowel:
who me us but him
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F.

Exercises

Define the consonant sounds in the middle of each of the following words as
indicated in the example:

Voiced or Place of Manner of
voiceless articulation articulation

adder voiced alveolar stop
father

singing

etching

robber

ether

pleasure

hopper

selling

sunny

lodger

Complete the diagrams in Figure 1.16 so as to illustrate the target for the
gesture of the vocal organs for the first consonants in each of the following
words. If the sound is voiced, schematize the vibrating vocal folds by draw-
ing a wavy line at the glottis. If it is voiceless, use a straight line.

Figure 1.17 shows the waveform of the phrase Tom saw nine wasps.
Mark this figure in a way similar to that in Figure 1.11. Using just ordi-
nary spelling, show the center of each sound. Also indicate the manner of
articulation.

. Make your own waveform of a sentence that will illustrate different manners

of articulation. You can use the WaveSurfer application that is available on
the CD or download it at http://www.speech.kth.se/wavesurfer/

Recall the pitch of the first formant (heard best in a creaky voice) and the
second formant (heard best when whispering) in the vowels in the words
heed, hid, head, had, hod, hawed, hood, who’d. Compare their formants to
those in the first parts of the vowels in the following words:

First formant similar to Second formant similar
that in the vowel in: to that in the vowel in:

bite

bait

boat
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Figure 1.16

Example:
mat

day
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Figure 1.17 The waveform of the phrase Tom saw nine wasps.

L | | |
0 0.5 1.0 1.5 seconds

J. In the next chapter, we will start using phonetic transcriptions. The following
exercises prepare for this by pointing out the differences between sounds and
spelling.

How many distinct sounds are there in each of the following words? Circle
the correct number.

1. laugh 1 2 3 4 5 6 7
2. begged 1 2 3 4 5 6 7
3. graphic 1 2 3 4 5 6 7
4. fish 1 2 3 4 5 6 7
5. fishes 1 2 3 4 5 6 7
6. fished 1 2 3 4 5 6 7
7. batting 1 2 3 4 5 6 7
8. quick 1 2 3 4 5 6 7
9. these 1 2 3 4 5 6 7
10. physics 1 2 3 4 5 6 7
11.  knock 1 2 3 4 5 6 7
12.  axis 1 2 3 4 5 6 7

K. In the following sets of words, the sound of the vowel is the same in every
case but one. Circle the word that has a different vowel sound.

1. pen said death mess mean
2. meat steak weak theme green
3. sane paid eight lace mast
4. ton toast both note toes
5. hoot good moon grew suit
6. dud died mine eye guy
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Phonology and Phonetic
Transcription

Many people think that learning phonetics means simply learning to use pho-
netic transcription. But there is really much more to the subject than learning to
use a set of symbols. A phonetician is a person who can describe speech, who
understands the mechanisms of speech production and speech perception, and
who knows how languages use these mechanisms. Phonetic transcription is no
more than a useful tool that phoneticians use in the description of speech. It is,
however, a very important tool.

In this chapter, we will be concerned with the phonetic transcription of care-
ful speech—the style of speech you use to show someone how to pronounce a
word. This is called the citation style of speech. Transcriptions of citation style
are particularly useful in language documentation and lexicography, and also
serve as the basic phonetic observations described in phonology. In Chapter 5, we
will discuss phonetic transcription of connected speech—the style that used in
normal conversation.When phoneticians transcribe a citation speech utterance,
we are usually concerned with how the sounds convey differences in meaning.
For the most part, we describe only the significant articulations rather than the
details of the sounds. For example, when saying the English word fie, some peo-
ple pronounce the consonant with the blade of the tongue against the alveolar
ridge, others with the tip of the tongue. This kind of difference in articulation
does not affect the meaning of the word and is not usually transcribed. We will
begin by considering just this simplest form of transcription, sometimes called a
broad transcription.

In order to understand what we transcribe and what we don’t, it is necessary
to understand the basic principles of phonology. Phonology is the description of
the systems and patterns of sounds that occur in a language. It involves studying
a language to determine its distinctive sounds, that is, those sounds that convey a
difference in meaning. Children have to do this when they are learning to speak.
They may not realize at first that, for example, there is a difference between the
consonants at the beginnings of words such as white and right. They laterrealize that
these words begin with two distinct sounds. Eventually, they learn to distinguish
all the sounds that can change the meanings of words.
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When two sounds can be used to differentiate words, they are said to
belong to different phonemes. There must be a phonemic difference if two words
(such as white and right or cat and bat) differ in only a single sound. There are,
however, phonetic variations that cannot be used to distinguish words, such as
the differences between the consonants at the beginning and end of the word pop.
For the first of these sounds, the lips must open and there must be a puff of air
before the vowel begins. After the final consonant, there may be a puff of air, but
it is not necessary. In fact, you could say pop and not open your lips for hours, if
it happened to be the last word you said before going to sleep. The sound at the
end would still be a p. Both consonants in this word are voiceless bilabial stops.
They are different, but the differences between them cannot be used to change
the meaning of a word in English. They both belong to the same phoneme.

We cannot rely on the spelling to tell us whether two sounds are members
of different phonemes. For example, the words phone and foam begin with the
same sounds, although they have different spellings. To take a more complex ex-
ample, the words key and car begin with what we can regard as the same sound,
despite the fact that one is spelled with the letter k and the other with c¢. But in
this case, the two sounds are not exactly the same. The words key and car begin
with slightly different sounds. If you whisper just the first consonants in these
two words, you can probably hear the difference, and you may be able to feel
that your tongue touches the roof of the mouth in a different place for each word.
This example shows that there may be very subtle differences between members
of a phoneme. The sounds at the beginning of key and car are slightly different,
but it is not a difference that changes the meaning of a word in English. They are
both members of the same phoneme.

We noted other small changes in sounds that do not affect the meaning in
Chapter 1, where we saw that the tongue is farther back in frue than in fea, and
the n in tenth is likely to be dental, whereas the 7 in ten is usually alveolar. In
some cases, the members of a phoneme are more different from one another. For
example, most Americans (and some younger speakers of British English) have
a t in the middle of pity that is very different from the ¢ at the end of the word
pit. The one in pity sounds more like a d. Consider also the / in play. You can say
just the first two consonants in this word without any voicing, but still hear the /
(try doing this). When you say the whole word play, the [ is typically voiceless,
and very different from the / in lay. Say the / at the beginning of /ay, and you’ll
hear that it is definitely voiced.

It follows from these examples that a phoneme is not a single sound, but a
name for a group of sounds. There is a group of ¢ sounds and a group of / sounds
that occur in English. It is as if you had in your mind an ideal 7 or /, and the
ones that are actually produced are variations that differ in small ways that do
not affect the meaning. These groups of sounds—the phonemes—are abstract
units that form the basis for writing down a language systematically and un-
ambiguously. (Peter Ladefoged’s book Vowels and Consonants has an extended
discussion of the relationship between written language and phonology in which
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he speculates that the development of phonemic analysis was partly due to the
writing systems used by European linguists.)

We often want to record all—and only—the variations between sounds that
cause a difference in meaning. Transcriptions of this kind are called phonemic
transcriptions. Languages that have been written down only comparatively
recently (such as Swahili and most of the other languages of Africa) have a
fairly phonemic spelling system. There is very little difference between a written
version of a Swabhili sentence and a phonemic transcription of that sentence.
But because English pronunciation has changed over the centuries while the
spelling has remained basically the same, phonemic transcriptions of English
are different from written texts.

THE TRANSCRIPTION OF CONSONANTS

We can begin searching for phonemes by considering the contrasting consonant
sounds in English. A good way is to find sets of words that rhyme. Take, for
example, all the words that rhyme with pie and have only a single consonant at
the beginning. A set of words in which each differs from all the others by only
one sound is called a minimal set. The second column of Table 2.1 lists a set of
this kind. There are obviously many other words that rhyme with pie, such as
spy, try, spry, but these words begin with sequences of two or more of the sounds
already in the minimal set. Some of the words in the list begin with two conso-
nant letters (thigh, thy, shy), but they each begin with a single consonant sound.
Shy, for example, does not contain a sequence of two consonant sounds in the
way that spy and try do. You can record these words and see the sequences in spy
and try for yourself.

Some consonants do not occur in words rthyming with pie. If we allow using
the names of the letters as words, then we can find another large set of conso-
nants beginning words rhyming with pea. A list of such words is shown in the
third column of Table 2.1. (Speakers of British English will have to remember
that in American English, the name of the last letter of the alphabet belongs in
this set rather than in the set of words rhyming with bed.)

Even in this set of words, we are still missing some consonant sounds that con-
trast with others only in the middles or at the ends of words. The letters ng often
represent a single consonant sound that does not occur at the beginning of a word.
You can hear this sound at the end of the word rang, where it contrasts with other
nasals in words such as ram and ran, though the vowel sound in rang is a little dif-
ferent in most varieties of English. There is also a contrast between the consonants
in the middles of mission and vision, although there are very few pairs of words
that are distinguished by this contrast in English. (One such pair for some speakers
involves the name of a chain of islands—Aleutian versus allusion.) Words illus-
trating these consonants are given in the fourth column of Table 2.1.

Most of the symbols in Table 2.1 are the same letters we use in spelling these
words, but there are a few differences. One difference between spelling and
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Symbols for transcribing English consonants. (Alternative symbols that may
be found in other books are given in parentheses.) The last column gives
the conventional names for the phonetic symbols in the first column.

p pie pea lowercase p

t tie tea lowercase t

k kye key lowercase k

b by bee lowercase b
d dye D lowercase d
g guy lowercase g
m my me ram lowercase m
n nigh knee ran lowercase n

n rang eng (or angma)
f fie fee lowercase f

v vie v lowercase v

0 thigh theta

o} thy thee eth

s sigh sea listen lowercase s

zZ z mizzen lowercase z

[ (®) shy she mission esh (or long s)
3 (2) vision long z (or yogh)
1 lie lee lowercase /
A4 why we lowercase w
r rye lowercase r
iy ye lowercase j

h high he lowercase h
Note also the following:

tf (65) chi(me) chea(p)

ds (d2) ji(ve) G

phonetic usage occurs with the letter ¢, which is sometimes used to represent
a [k] sound, as in cup or bacon, and sometimes to represent an [s] sound, as in
cellar or receive. Two ¢’s may even represent a sequence of [ k] and [s] sounds
in the same word, as in accent, access. A symbol that sometimes differs from
the corresponding letter is [ g ], which is used for the sound in guy and guess but
never for the sound in age or the sound in the name of the letter g.

A few other symbols are needed to supplement the regular alphabet. The pho-
netic symbols we will use are part of the set approved by the International Pho-
netic Association, a body founded in 1886 by a group of leading phoneticians
from France, Germany, Britain, and Denmark. The complete set of IPA symbols
is given in the chart on the inside covers of this book. It will be discussed in
detail later in this book. Because we often need to talk about the symbols, the
names that have been given to them are shown in the last column of Table 2.1.

The velar nasal at the end of rang is written with [n], a letter n combined
with the tail of the letter g descending below the line. Some people call this
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symbol eng; others pronounce it angma. The symbol [0], an upright version of
the Greek letter theta, is used for the voiceless dental fricative in words such as
thigh, thin, thimble, ether, breath, mouth. The symbol [8 ], called eth, is derived
from an Anglo-Saxon letter. It is used for the corresponding voiced sound in
words such as thy, then, them, breathe. Both these symbols are ascenders (letters
that go up from the line of writing rather than descending below it). The spelling
system of the English language does not distinguish between [0] and [3]. They
are both written with the letters ¢k in pairs such as thigh, thy.

The symbol for the voiceless palato-alveolar (post-alveolar) fricative [[] (long s)
in shy, sheep, rash is both an ascender and a descender. It is like a long, straight-
ened s going both above and below the line of writing. The corresponding voiced
symbol [ 3] is like a long z descending below the line. This sound occurs in the
middle of words such as vision, measure, leisure and at the beginning of foreign
words such as the French Jean, gendarme, and foreign names such as Zsa Zsa.

In earlier editions of this book, the sound at the beginning of the word rye
was symbolized by [ 1], an upside-down letter r. This is the correct IPA symbol
for this sound but as the two major dictionaries of American and British English
pronunciation (see ‘“Further Reading”) use a regular [ r] for this sound, we have
done so here.

It is unfortunate that different books on phonetics use different forms of
phonetic transcription. This is not because phoneticians cannot agree on which
symbols to use, but rather because different styles of transcription are more ap-
propriate in one circumstance than in another. Thus, in this book, where we are
concerned with general phonetics, we have used the IPA symbol [j] for the ini-
tial sound in yes, yet, yeast because the IPA reserves the symbol [y ] for another
sound, the vowel in the French word fu. Another reason for using [j] is that in
many languages (German, Dutch, Norwegian, Swedish, and others) this letter is
used in words such as ja, which are pronounced with a sound that in the English
spelling system would be written with the letter y. Books that are concerned
only with the phonetics of English often use [y ] where this one uses [j]. Some
books on phonetics also use [§] and [Z] in place of the IPA symbols [[] and [3 ],
respectively. The first and last sounds in both church and judge are transcribed
with the digraph symbols [t[] and [ d3 ]. These affricate sounds are phonetically
a sequence of a stop followed by a fricative (hence the IPA symbols for them are
digraphs), yet they function in English as if they are really a single unit, com-
parable in some ways to other stop consonants. You can see that a word such as
choose might be said to begin with [t[] if you compare your pronunciation of the
phrases white shoes and why choose. In the first phrase, the [t] is at the end of
one word and the [[] at the beginning of the next; but in the second phrase, these
two sounds occur together at the beginning of the second word. The difference
between the two phrases is one of the timing of the articulations involved. The af-
fricate in why choose has a more abrupt fricative onset, and the timing of the stop
and fricative is more rigid than is the timing of the sequence in white shoes.
Also, for some speakers, the final [t] of white may be said with simultaneous
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alveolar and glottal stops, while the [t] in the affricate [ t[] is never said with
glottal stop. Other pairs of phrases that demonstrate this point are heat sheets
versus he cheats and might shop versus my chop. There are no pairs of phrases
illustrating the same point for the voiced counterpart [ d3 | found in jar, gentle,
age, because no English word begins with [ 3 ].

Some other books on phonetics transcribe [t[] and [d3] (as in church and
judge) with single symbols, such as [¢] and [j]. These transcriptions highlight
the fact that affricates are single units by using a single letter to transcribe them.
We will see that some linguistic segments have two phonetic elements (for
example, vowel diphthongs) and it is usually helpful to represent both of the
elements in phonetic transcription. When we wish to make perfectly clear that
we are writing an affricate and not a consonant cluster, the ligature symbol [ ~]
is used to tie symbols together. Thus, the affricate in why choose can be written
[tT ] to distinguish it from the cluster [t[] in white shoes. The glottal stop that
begins words that are spelled with an initial vowel (recall the example from
Chapter 1 of the difference between flee east and fleeced) is written phoneti-
cally with [?], a symbol based on the question mark. So flee east is pronounced
[flivist], while fleeced is [ flist]. The status of glottal stop as a consonant phoneme
in English is questionable because its distribution is limited. Where other conso-
nants may appear in a variety of positions in words (e.g. note the [k] in cat, scab,
back, active, across, etc.), glottal stop only occurs word initially before vowels
in American English. In London Cockney, glottal stop also appears between
vowels in words like butter and button where other dialects have a variant of
[t]. In American casual speech, the final [t] in words like cat and bat can be
“glottalized”—replaced by glottal stop, or more usually pronounced with simul-
taneous glottal stop (e.g., [baf? ] and [ kaef? D.

There is one minor matter still to be considered in the transcription of the
consonant contrasts of English. In most forms of both British and American
English, which does not contrast with witch. Accordingly, both why and we in
Table 2.1 are said to begin simply with [ w ]. But some speakers of English con-
trast pairs of words such as which, witch; why, wye; whether, weather. These
speakers will have to transcribe the first consonants of each of these pairs of
words with [ hw ]. Note that, phonetically, the [ h] is transcribed before [w ] in
that it is the first part of each of these words that is voiceless.

THE TRANSCRIPTION OF VOWELS

The transcription of the contrasting vowels (the vowel phonemes) in English is
more difficult than the transcription of consonants for two reasons. First, accents
of English differ more in their use of vowels than in their use of consonants.
Second, authorities differ in their views of what constitutes an appropriate de-
scription of vowels.

Taking the same approach in looking for contrasting vowels as we did for
contrasting consonants, we might try to find a minimal set of words that differ
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only in the vowel sounds. We could, for example, look for monosyllables that
begin with [h] and end with [d] and supplement this minimal set with other lists
of monosyllables that contrast only in their vowel sounds. Table 2.2 shows five
such sets of words. You should listen to the recordings of these words on the CD
while reading the following discussion of the vowels.

We will consider one form of British and one form of American English. The
major difference between the two is that speakers of American English pronounce
[r] sounds after vowels, as well as before them, whereas in most forms of British
English, [r] can occur only before a vowel. American English speakers distin-
guish between words such as heart and hot not by making a difference in vowel
quality (as in Peter Ladefoged’s form of British English), but rather by pronounc-
ing heart with an [ ] and hot with the same vowel but without an [r] following
it. In here, hair, hire, these speakers may use vowels similar to those in he, head,
high respectively, but in each case with a following [r]. Most speakers of Brit-
ish English distinguish these words by using different diphthongs—movements
from one vowel to another within a single syllable.

LI.\:{ 1WA Symbols for transcribing contrasting vowels in English. Column 1 applies to

many speakers of American English, Column 2 to most speakers of British
English. The last column gives the conventional names for the phonetic
symbols in the first column unless otherwise noted.
1 2
i i heed he bead heat keyed lowercase i
I I hid bid hit kid small capital /
er el hayed hay bayed hate Cade lowercase e
3 3 head bed epsilon
® x had bad hat cad ash
a a hard bard heart card script a
a D hod bod hot cod turned script a
2 ) hawed haw bawd cawed open o
U U hood could upsilon
ou QU hoed hoe bode code lowercase o
u u who'd who booed hoot cooed lowercase u
A A Hudd bud hut cud turned v
3 3 herd her bird hurt curd reversed epsilon
ar ar hide high bide height lowercase a (+1)
av au how bowed cowed (as noted above)
a1 ) (a)hoy Boyd (as noted above)
Ir 19 here beard (as noted above)
er €d hair bared cared (as noted above)
arr as hired hire (as noted above)
Note also:
ju ju hued hue Bude cued (as noted above)
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Even within American English, there are variations in the number of con-
trasting vowels that occur. Many Midwestern speakers and most Far Western
speakers do not distinguish between the vowels in pairs of words such as odd,
awed and cot, caught. Some forms of American English make additional dis-
tinctions not shown in Table 2.2. For example, some speakers (mainly from the
East Coast) distinguish the auxiliary verb can from the noun can, the latter being
more diphthongal. But we will have to overlook these small differences in this
introductory textbook.

There are several possible ways of transcribing the contrasting vowels in
Table 2.2. The two principal forms that will be used in this book are shown in
the first and second columns. The first column is suitable for many forms of
American English and the second for many forms of British English. The two
columns have been kept as similar as possible; as you will see in Chapter 4, we
have tried to make the transcriptions reasonably similar to those of well-known
authorities on the phonetics of English.

As in the case of the consonant symbols, the vowel symbols in Table 2.2
are used in accordance with the principles of the IPA. Those symbols that have
the same shapes as ordinary letters of the alphabet represent sounds similar to the
sounds these letters have in French or Spanish or Italian. Actually, the IPA usage
of the vowel letters is that of the great majority of the world’s languages when
they are written with the Roman alphabet, including such diverse languages as
Swahili, Turkish, and Navajo. The present spelling of English reflects the way it
sounded many centuries ago when it still had vowel letters with values similar to
those of the corresponding letters in all these other languages.

One of the principal problems in transcribing English phonetically is that
there are more vowel sounds than there are vowel letters in the alphabet. In a
transcription of the English word sea as [si], the [1] represents a similar (but
not identical) sound to that in the Spanish or Italian si. But unlike Spanish and
Italian, English differentiates between vowels such as those in seat, sit, and
heed, hid. The vowels in seat, heed differ from those in sit, hid in two ways:
They have a slightly different quality and they are longer. Because the vowels in
sit, hid are somewhat like those in seat, heed, they are represented by the symbol
[1], a small capital /. In an earlier edition of this book, the difference in length
was also shown by adding the symbol [:], which, as we will see later, can be
used when it is necessary to distinguish sounds that differ in length. Adding this
symbol to some vowels shows additional phonetic detail, but it goes against the
principle of showing just the differences between phonemes and will not be used
when making phonemic transcriptions of English in this book.

The vowels in words such as hay, bait, they are transcribed with a sequence
of two symbols, [er], indicating that for most speakers of English, these words
contain a diphthong. The first element in this diphthong is similar to sounds in
Spanish or Italian that use the letter e, such as the Spanish word for ‘milk,” which
is written leche and pronounced [ letfe ]. The second element in the English words
hay, bait, they is [ 1], the symbol used for transcribing the vowel in hid.
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Two symbols that are not ordinary letters of the alphabet, [e] and [2 ], are
used for the vowels in head and had, respectively. The first is based on the Greek
letter epsilon and the second on the letters a and e joined together. They may be
referred to by the names epsilon and ash.

Most Americans use the same vowel sound in the words heart and hot and
can use one form of the letter a. They would transcribe these words as [ hart ]
and [ hat ]. But some East Coast Americans and speakers of British English who
do not pronounce [r] sounds after a vowel distinguish between these words by
the qualities of the vowels and have to use two different forms of the letter a.
They would transcribe these words as [ hat] and [hot ].

Most speakers of British forms of English, and many American speakers,
distinguish between pairs of words such as cot, caught; not, naught. The symbol
[0], an open letter 0, may be used in the second of each of these pairs of words
and in words such as bawd, bought, law. Many Midwestern and Far Western
American speakers do not need to use this symbol in any of these words, as they
do not distinguish between the vowels in words such as cot and caught. They
may have different vowels in words in which there is a following [r] sound,
such as horse, hoarse, but if there is no opposition between cot, caught or not,
naught, there is no need to mark this difference by using the symbol [ ]. Doing
so would simply be showing extra phonetic detail, straying from the principle of
showing just the differences between phonemes.

Another special symbol is used for the vowel in hood, could, good. This
symbol, [u], may be thought of as a letter u with the ends curled out.

The vowel in hoe, dough, code is a diphthong. For most American English
speakers, the first element is very similar to sounds that are written in Spanish
or Italian with the letter 0. Many speakers of English from the southern parts of
Britain use a different sound for the first element of the diphthong in these words,
which we will symbolize with [ 9], an upside-down letter e called schwa. We will
discuss this sound more fully in a later section. The final element of the diphthong
in words such as #oe and code is somewhat similar to the vowel [u] in hood.

An upside-down letter v, [ A ], is used for the vowel in words such as bud, hut.
This symbol is sometimes called wedge. Another symbol, [3], a reversed form
of the Greek letter epsilon, is used for the sound in pert, bird, curt as pronounced
by most speakers of British English and those speakers of American English
who do not have an [r] in these words. In most forms of American English, the
r is fully combined with the vowel, and the symbol [ 3-] is used. The little hook
[ ~] indicates the r-coloring of the vowel.

The next three words in Table 2.2 contain diphthongs composed of elements
that have been discussed already. The vowel in hide [ haid | begins with a sound
between that of the vowel in cat [ kaet | and that in hard [had ] or [ hard |, and
moves toward the vowel [1] as in hid [ hid ]. The symbol [a] is used for the first
part of this diphthong. The vowel in how [auv | begins with a similar sound but
moves toward [u] as in kood. The vowel in boy [bo1] is a combination of the
sound [o] as in bawd and [1] as in hid.
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Most Americans pronounce the remaining words in Table 2.2 with one of
the other vowels followed by [r], while most British English speakers have
additional diphthongs in these words. In each case, the end of the diphthong is
[2], the same symbol we used for the beginning of the diphthong in Ahoe for most
British English speakers. We will discuss this symbol further in the next para-
graph. Some (usually old-fashioned) British English speakers also use a diph-
thong in words like poor, cure that can be transcribed as [vo ]. Some people have
a diphthong [ao] in words such as fire, hire [ fas, has]. Others pronounce these
words as two syllables (like higher, liar), transcribing them as [ faro, haro].

The words in Table 2.2 are all monosyllables except for ahoy. Consequently,
none of them contains both stressed and unstressed vowels. By far, the most com-
mon unstressed vowel is [ 9], the one we noted at the end of some of the diph-
thongs in British English. It is often called by its German name, schwa. It occurs
at the ends of words such as sofa, soda ['souf9, 'souda ], in the middles of words
such as emphasis, demonstrate ['emfosis, 'demanstrett ], and at the beginnings of
words such as around, arise [ 9ravnd, o'raiz]. (In all these words, the symbol [']
is a stress mark that has been placed before the syllable carrying the main stress.
Stress should always be marked in words of more than one syllable.)

In British English, [ 2] is usually the sole component of the -er part of words
such as brother, brotherhood, simpler ['brads, 'bradshud, 'stmpls ]. In forms of
American English with r-colored vowels, these words are usually [ 'brads,
'bradahud, 'stmple ]. As with the symbol [ 3 ], the small hook on [ o] symbolizes
the r-coloring. Both [ o] and [ -] are very common vowels, [ 9] occurring very fre-
quently in unstressed monosyllables such as the grammatical function words the, a,
to, and, but. In connected speech, these words are usually [ 89, 9, to, oand, bat].

Some of the other vowels also occur in unstressed syllables, but because of
differences in accents of English, it is a little more difficult to say which vowel
occurs in which word. For example, nearly all speakers of English differentiate
between the last vowels in Sophie, sofa or pity, patter. But some accents have
the vowel [i] as in heed at the end of Sophie, pity. Others have [1] as in hid.
Similarly, most accents make the vowel in the second syllable of zaxis different
from that in Texas. Some have [ 1] and some have [1] in faxis. Nearly everybody
pronounces 7exas as ['teksos ]. (Note that in English, the letter x often represents
the sounds [ks ].) Compare your pronunciation of these words with the record-
ings on the CD and decide which unstressed vowels you use.

This is an appropriate moment to start doing some transcription exercises.
There are a large number of them at the end of this chapter. To ensure that you
have grasped the basic principles, you should try the first four sets of exercises.

CONSONANT AND VOWEL CHARTS

So far, we have been using the consonant and vowel symbols mainly as ways of
representing the contrasts that occur among words in English. But they can also
be thought of in a completely different way. We may regard them as shorthand
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descriptions of the articulations involved. Thus, [ p] is an abbreviation for voice-
less bilabial stop and [1] is equivalent to voiced alveolar lateral approximant.
The consonant symbols can then be arranged in the form of a chart as in
Figure 2.1. The places of articulation are shown across the top of the chart, start-
ing from the most forward articulation (bilabial) and going toward those sounds
made in the back of the mouth (velar) and in the throat (glottal). The manners
of articulation are shown on the vertical axis of the chart. By convention, the
voiced—voiceless distinction is shown by putting the voiceless symbols to the
left of the voiced symbols.

The symbol [ w ] is shown in two places in the consonant chart in Figure 2.1.
This is because it is articulated with both a narrowing of the lip aperture, which
makes it bilabial, and a raising of the back of the tongue toward the soft palate,
which makes it velar. The affricate symbols [t/ ] and [ d3 ] are not listed sepa-
rately in the table even though they are contrastive sounds in English. Note that
if we were to include them in the table, we would have the problem of deciding
whether to put them in the palato-alveolar column (the place of the fricative
element) or in the alveolar column (the place of the stop element). The interna-
tional phonetic alphabet avoids the inaccuracy that is inevitable when the stop
element and fricative element of the affricate have different place of articulation
by listing only stop and fricative symbols in the consonant chart.

Figure 2.1 A phonetic chart of the English consonants we have dealt with so far.
Whenever there are two symbols within a single cell, the one on the left
represents a voiceless sound. All other symbols represent voiced sounds. Note
also the consonant [ h], which is not on this chart, and the affricates [ tf, d3 ],
which are sequences of symbols on the chart.

Place of articulation

— — —
s = — = &= = =
2 2£ £ g8 =28 = 5 £
= =5} |5} > =2 = o) °
= 8 = =
<} — o =) < o o > &0
nasal (stop) m n I
g
Z stop p b t d k g|?
=
2
=
S frinat
o fricative f v|6 0o|s z | [ 3 h
—
=
S (central) .
]
= approximant (w) r J w
lateral 1
(approximant)
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Figure 2.2 A vowel chart showing the relative vowel qualities represented by some of the
symbols used in transcribing English. The symbols [e, a, o] occur as the first
elements of diphthongs.

front central back
\ T
high \ | u
\ |
\ [
\ |
mid-high ~ \ % \77777777|7 77777
|
\ o
\ 3 :
. \
mid \ |
\ |
mid-low \ I ?
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low \ | b
\ a a
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The symbols we have been using for the contrasting vowels may also be re-
garded as shorthand descriptions for different vowel qualities. There are prob-
lems in this respect in that we have been using these symbols somewhat loosely,
allowing them to have different values for different accents. But the general val-
ues can be indicated by a vowel chart as in Figure 2.2. The symbols have been
placed within a quadrilateral, which shows the range of possible vowel qualities.
Thus, [1] is used for a high front vowel, [u] for a high back one, [ 1] for a mid-
high front vowel, [ e ] for a raised mid-front vowel, [ € ] for a mid-low, and so on.

The simple vowel chart in Figure 2.2 shows only two of the dimensions of
vowel quality, and if they are taken to be descriptions of what the tongue is do-
ing, these dimensions are not represented very accurately (as we will see in later
chapters). Furthermore, Figure 2.2 does not show anything about the variations
in the degree of lip rounding in the different vowels, nor does it indicate anything
about vowel length. It does not show, for example, that in most circumstances,
[i] and [u] are longer than [1] and [U ].

The consonant and vowel charts enable us to understand the remark made
in Chapter 1, when we said that the sounds of English involve about twenty-
five different gestures of the tongue and lips. The consonant chart has twenty-
three different symbols, but only eleven basic gestures of the tongue and lips are
needed to make these different sounds. The sounds [ p, b, m ] are all made with
the same lip gesture, and [t, d, n] and [k, g, 5] with the same tongue gestures.
(There are slight differences in timing when these gestures are used for making
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the different sounds, but we will neglect them here.) Four more gestures are
required for the sounds in the fricative row, three more for the (central) approxi-
mants, and another one for the lateral approximant, making eleven in all. The
vowel chart has fourteen symbols, each of which may be considered to require a
separate gesture. But, as we have seen, accents of English vary in the number of
vowels that they distinguish, which is why we said that English requires about
twenty-five different gestures of the tongue and lips.

All these sounds will also require gestures of the other three main compo-
nents of the speech mechanism—the airstream process, the phonation process,
and the oro-nasal process. The airstream process involves pushing air out of the
lungs for all the sounds of English. The phonation process is responsible for
the gestures of the vocal folds that distinguish voiced and voiceless sounds, and
the oro-nasal process will be active in raising and lowering the velum so as to
distinguish nasal and oral sounds.

PHONOLOGY

At the beginning of this chapter, we discussed another reason why it is only
approximately true that in our transcriptions of English, the symbols have the
values shown in Figures 2.1 and 2.2. In the style of transcription we have been
using so far, we have used symbols that show just the contrasting sounds of
English, the phonemes. From this point on, we will use slash lines / / to mark off
symbols when we are explicitly using them to represent phonemes.

As we have noted, some of the phoneme symbols may represent different
sounds when they occur in different contexts. For example, the symbol /t/ may
represent a wide variety of sounds. In tap/taep/, it represents a voiceless alveolar
stop. But the /t/ in eighth/e1tB/ may be made on the teeth, because of the influ-
ence of the following voiceless dental fricative /6/. This /t/ is more accurately
called a voiceless dental stop, and we will later use a special symbol for tran-
scribing it. In most forms of both British and American English, the /t/ in bitten
is accompanied by a glottal stop, and we will also be using a special symbol
for this sound. As we saw, for most Americans and for many younger British
English speakers, the /t/ in catty /'kaeti/ symbolizes a voiced, not a voiceless,
sound. All these different sounds are part of the /t/ phoneme. Each of them oc-
curs in a specific place: /t/ before /6/ is a dental stop, /t/ before a word final /n/
is a glottal stop, and /t/ after a vowel and before an unstressed vowel is a voiced
stop. None of these variations is different enough to change the meaning of a
word in English. Note also that all of these variations occur in citation speech and
are not simply the result of failing to “hit the target” when speaking quickly.

Similarly, other symbols represent different sounds in different contexts. The
symbols /1/ and /r/ normally stand for voiced approximants. But in words such
as ply /plai/ and try /trai/, the influence of the preceding stops makes them
voiceless. Vowel sounds also vary. The /i/ in heed/ hid/ is usually very different
from the /i/ in heel/hil/, and much longer than the /i/ in heat.
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Many of the variations we have been discussing can be described in terms
of simple statements about regular sound patterns. Statements of this kind may
be considered rules that apply to English words. In most forms of American
English, for example, /t/ becomes voiced not only in catty, but on all occasions
when it occurs immediately after a vowel and before an unstressed vowel (for
example, in pity, matter, utter, divinity, etc.). In English of nearly all kinds, it
is also a rule that whenever /t/ occurs before a dental fricative, it is pronounced as
a dental stop. We can show that this is a different kind of /t/ by adding a small
mark [ _ ] under it, making it [t ]. (As this symbol is not representing a phoneme,
it is placed between [ ].) The same is true of /d/, as in width [widd ]; /n/, as
in tenth [ ten® |; and /1/, as in wealth [ wel0]. In all these cases, the mark
[. ] may be added under the symbol to indicate that it represents a dental
articulation. All these transcriptions are placed between square brackets, as they
are phonetic transcriptions rather than phonemic transcriptions.

Small marks that can be added to a symbol to modify its value are known
as diacritics. They provide a useful way of increasing the phonetic precision of
a transcription. Another diacritic, [, ], a small circle beneath a symbol, can be
used to indicate that the symbol represents a voiceless sound. Earlier, we noted
that the /1/ in play is voiceless. Accordingly, we can transcribe this word as
[ple1]. Similarly, ply and try can be written [pla1] and [ trar].

When we describe the sound patterns that occur in English, we want to be
able to say that in some sense there are always the same underlying sounds that
are changed because of the contexts in which they occur. The phonology of a
language is the set of rules or constraints that describe the relation between
the underlying sounds, the abstract units called phonemes described at the be-
ginning of this chapter, and the phonetic forms that can be observed. When
we transcribe a word in a way that shows none of the details of the pronun-
ciation that are predictable by phonological rules, we are making a phonemic
transcription.

The variants of the phonemes that occur in detailed phonetic transcriptions
are known as allophones. They can be described as a result of applying the pho-
nological rules to the underlying phonemes. We have now discussed some of the
rules for different allophones of the phoneme /t/. For example, we know that in
most varieties of American English, /t/ has a voiced allophone when it occurs
between a stressed vowel and an unstressed vowel. We have also illustrated rules
that make /r/ and /1/ voiceless when they occur after /p, t, k/. (These rules need
more refinement before they can be considered to be generally applicable.)

In addition to applying rules that describe particular allophones of the pho-
nemes in a transcription, there is another way we can show more phonetic detail.
We can use more specialized phonetic symbols. For example, we noted that the
vowel /i/ is longer than the vowel /1/, as in sheep versus ship. This difference in
length is always there as long as the two vowels are in the same phonetic context
(between the same sounds and with the same degree of stress, etc.). We could
transcribe this difference in length by adding a length mark to the longer of the
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two sounds. The IPA provides the symbol [ : ] to show that the preceding symbol
represents a longer sound. Accordingly, we could transcribe the two sounds as
/i:/ and /1/. We would still be representing only the underlying phonemes in
this particular accent of English, but doing so with greater phonetic precision.

Another example of using more precise phonetic symbols to show more
phonetic detail has to do with the transcription of English /r/. We mentioned
that in previous editions of this book, we used the upside-down r [1] to write
the r sound of English. This was done because the IPA symbol [r] indicates a
trilled r and not the approximant r of English. One principle of the International
Phonetic Alphabet is to use the most common form of the letter for the most
common phonetic property associated with that letter. Because trilled r is more
common in languages of the world than is approximant r, the IPA uses the un-
usual symbol [1] for the unusual r sound found in English. So, you can use [1]
to give a more precise transcription of the English /r/.

Students sometimes also make the mistake of thinking that allophones are
written with diacritics while phonemes are written with simple phonetic sym-
bols. Consider, though, the pronunciation of the word letter. For most speakers
of American English, there is no [t] sound in this word. Instead, the medial
consonant sounds like a very short [d]. It is different enough from [d] (compare
seedy and see Dee) that the IPA has a unique symbol for the tap allophone of /t
/ and /d/. The alveolar tap sound in letter is written with the symbol [r], a letter
derived from the letter r. Note, therefore, that transcription of allophones may
use simple phonetic symbols as well as symbols with diacritic marks.

The term broad transcription is often used to designate a transcription that
uses the simplest possible set of symbols. Conversely, a narrow transcription is
one that shows more phonetic detail, either by using more specific symbols or
by representing some allophonic differences. A broad transcription of please and
trip would be /pliz/ and /trip/. A narrow (but still phonemic) transcription could
be /pli:zz/ and /trip/. This transcription would be phonemic as long as we always
used /i:/ wherever we would otherwise have had /i/. In this way, we would not
be showing any allophones of the phonemes. A narrow allophonic transcription
would be [pliiz] and [trp ], in which []1] and [r]. are allophones of /1/ and /r/.

Every transcription should be considered as having two aspects, one of which
is often not explicit. There is the phonetic text itself and, at least implicitly, there
is a set of conventions for interpreting the text. These conventions are usually of
two kinds. First, there are the conventions that ascribe general phonetic values to
the symbols. It was these conventions we had in mind when we said earlier that
a symbol could be regarded as an approximate specification of the articulations
involved. If we want to remind people of the implicit statements accompany-
ing a transcription, we can make them explicit. We could, for instance, say that,
other things being equal, /i/ is longer than /1/, perhaps stating at the beginning
of the transcription /i/ =/i:/. We could also make explicit the rules that specify
the allophones that occur in different circumstances, a topic we will return to in
Chapter 4.
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On a few occasions, a transcription cannot be said to imply the existence of
rules accounting for allophones. This is at least theoretically possible in the case
of a narrow transcription so detailed that it shows all the rule-governed alterna-
tions among the sounds. A transcription that shows the allophones in this way
is called a completely systematic phonetic transcription. In practice, it is dif-
ficult to make a transcription so narrow that it shows every detail of the sounds
involved.

On some occasions, a transcription may not imply the existence of rules ac-
counting for allophones because, in the circumstances when the transcription
was made, nothing was known about the rules. When writing down an unknown
language or when transcribing the speech of a child or a patient not seen previ-
ously, one does not know what rules will apply. In these circumstances, the sym-
bols indicate only the phonetic value of the sounds. This kind of transcription is
called an impressionistic transcription.

We hope this brief survey of different kinds of transcription makes plain that
there is no such thing as the IPA transcription of a particular utterance. Some-
times, one wants to make a detailed phonetic transcription; at other times, it is
more convenient to make a phonemic transcription. Sometimes, one wants to
point out a particular phonetic feature, such as vowel length; at other times, the
vowels are not of concern and details of the consonants are more important. [PA
transcriptions take many forms.

EXERCISES

(Printable versions of all the exercises are available on the CD.)

A. Find the errors in the transcriptions of the consonant sounds in the following
words. In each word, there is one error, indicating an impossible pronun-
ciation of that word for a native speaker of English of any variety. Make a
correct transcription in the space provided after the word.

1. strength [ strengb ] should be [ ]
2. crime [cramm ] [ ]
3. wishing [ wishim | [ ]
4. wives [warvs ] [ ]
5. these [6iz] [ ]
6. hijacking [ harjaekim | [ ]
7. chipping [t/rppi | [ ]
8. yelling ['yelm] [ ]
9. sixteen ['sixtin] [ ]
10. thesis ['3iss | [ ]
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B. Now try another ten words in which the errors are all in the vowels. Again,

there is only one possible error, but because of differences in varieties of
English, there are sometimes alternative possible corrections.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

man-made
football
tea chest
tomcat
tiptoe
avoid
remain
bedroom
umbrella
manage

['manmeid ]
['futbol ]
['titfest]
['tomkaeet ]

[ 'tiptou]
[ee'vord]
[ro'man]
['bedrom]
[um'brels ]
['maenaeds ]

should be

[
[
[
[
[
[
[
[
[
[

C. Make a correct transcription of the following words. There is still only one
error per word, but it may be among the vowels, the consonants, or the stress

marks.

21.
22.
23.
24.
25.
26.
217.
28.
29.
30.

magnify
traffic
simplistic
irrigate
improvement
demonstrate
human being
appreciate
joyful
wondrous

[ 'maegnifar ]

[ 'traefic ]

[ 'stmplistik ]

[ rrigett |

[ im'provment ]
[ 'domanstrert ]
[ human 'bim |
[ o'prefiett ]
['d3zoyful ]

[ 'wondras |

should be

[
[
[
[
[
[
[
[
[
[

—_ e e e e e e e e

D. Transcribe the following words or phrases as they are pronounced by either
the British or the American speaker on the CD. Be careful to put in stress
marks at the proper places. Use a phonemic transcription, and note which
speaker you are transcribing.

31.
32.
33.
34.
35.
36.
37.
38.

languages
impossibility
boisterous
youngster
another
diabolical
nearly over

red riding hood
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39. inexcusable
40. chocolate pudding

. Which of the two transcriptions below is the narrower?

(For this exercise both transcriptions have been put between square
brackets.)
Betty cried as she left in the plane.

(a) ['beti 'krard oz [i 'left m 89 'plen ]
(b) ['beri 'kraid oz [i: 'left m 8o 'plem |

State rules for converting the transcription in (a) above into that in (b). Make
your rules as general as possible, so that they cover not only this pair of tran-
scriptions but also other similar sentences (for example, [t] — [ ] when it
occurs after a vowel and before an unstressed vowel).

. Pirahd, a language spoken by about 300 hunter-gatherers living in the

Amazonian rain forest, has only three vowels—i, a, o—and eight conso-
nants—p, t, k, 2, b, g, s, h. (2, the glottal stop, does not have any lip or
tongue action.) How many different gestures of the tongue and lips do the
speakers of this language have to make? Note which are vocalic (vowel) ges-
tures and which are consonantal gestures.

. Hawaiian, now undergoing a revival although spoken natively by only a few

hundred people, has the following vowels and consonants: i, e, a, o, u, p, K,
?, m, n, w, 1, h. How many different gestures of the tongue and lips do the
speakers of this language have to make? Note which are vocalic gestures and
which are consonantal gestures.

. Transcribe the following phrases as they are pronounced by either the British

English or the American English speaker on the CD. Say whether the British
or American English speaker is being transcribed.

—

We can see three real trees.

He still lives in the big city.

The waiter gave the lady stale cakes.
They sell ten red pens for a penny.

His pal packed his bag with jackets.
Father calmly parked the car in the yard.
The doll at the top costs lots.

He was always calling for more laws.

D A i

Don’t stroll slowly on a lonely road.

—_
e

The good-looking cook pulled sugar.

—
p—

. Sue threw the soup into the pool.

Ju—
[\

. He loved a dull muddy-colored rug.



Exercises

13. The girl with curls has furs and pearls.
14. Ilike miles of bright lights.

15. He howled out loud as the cow drowned.
16. The boy was annoyed by boiled oysters.

I. Transcribe the following phrases as they are pronounced by either the British
English or the American English speaker on the CD. Make both (a) a broad
transcription and (b) a narrower transcription. Say whether the British or
American English speaker is being transcribed.

Please come home.

(a)

(b)

He is going by train.

(a)

(b)

The tenth American.

(a)

(b)

His knowledge of the truth.
(a)

(b)

I prefer sugar and cream.
(a)

(b)

Sarah took pity on the young children.
(a)

(b)

J. Read the following passages in phonetic transcription. The first, which rep-
resents a form of British English of the kind spoken by Peter Ladefoged, is
a broad transcription. The second, which represents an American pronun-
ciation typical of a Midwestern or Far Western speaker, is slightly narrower,
showing a few allophones. By this time, you should be able to read tran-
scriptions of different forms of English, although you may have difficulty
pronouncing each word exactly as it is represented. Nevertheless, read each
passage several times and try to pronounce it as indicated. Take care to put
the stresses on the correct syllables, and say the unstressed syllables with the
vowels as shown. Now listen to these passages on the CD, and comment on
any problems with the transcriptions.
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British English

1t 1z '‘posobl to tren'skraib fo'netikln

'eni 'Atrons, 1 'ent 'laggwids,

m 'sevral 'difront 'weiz

'5] ov 8om ‘juziy 8i 'alfobot ond ken'ven|nz

ov Oi ‘a1 'pi ‘el

090 'serm 'O1y 1z 'posabl

wid 'maust 'Ade mto'nafonl fo'netik ‘elfobats.

o traen'skrip/n witf 1z 'meid bar 'juziy 'letoz ov 8o 'simplist 'posobl '[eps,
ond m 89 'stmplist ‘posabl nambo,

1z 'kold o 'stmpl founimik traen'skripfn.

American English

if 80 'nambeo- ov 'difront leraz 1z 'mor den 80 'mmomom
oz dofaind o'bav

0o traen'skrip/n wil 'nat bi o fo'nimik,

bor on ®lofanik wan.

'sam ov 3o founimz, 'Oar 1z to 'sel,

wil b1 repro'zentad bar 'mor dan 'wan 'difront 'stmbl.

m 'Ada 'w3-dz 'sam ‘'aelofounz av 'sam ‘founimz

wil br 'simgld 'aut for reprozen'teifn m 09 treen'skrip/n,
'hens 89 't3m 'alo'fanik.

(Both the above passages are adapted from David Abercrombie, English
Phonetic Texts [Salem, N.H.: Faber & Faber, 1964].)

PERFORMANCE EXERCISES

It is extremely important to develop practical phonetic skills as you learn the the-

oretical concepts. One way to do this is to learn to pronounce nonsense words.

You should also transcribe nonsense words that are dictated to you. By using

nonsense words, you are forced to listen to the sounds that are being spoken. All

©  the following words are on the CD.

A. Learn to say simple nonsense words. A good way is to start with a single
vowel, and then add consonants and vowels one by one at the beginning. In
this way, you are always reading toward familiar material, rather than having
new difficulties ahead of you. Make up sets of words such as:

a

za

1za
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tI'za
‘&etr'za
‘maetrza
A'maetrza

tA'maetr'za

B. Read the following words and listen to them as they appear on the CD. Ask

a partner to click on the words on the CD in a different order. Enter the order
in which the words are played.

pi'suz
pi'sus
pizus
pi'zuz
pi'zu3

. Repeat Exercise B with the following sets of words:
ta'Bed 'kipik leemaem 'malal
ta'0eb 'kipik leemaen 'maral
ta'd0e 'kipik 'laeneem 'mawal
ta'ded kipik 'laenaen 'nalal
ta'fed kipit leenzen 'naral

. There is a set of nonsense words on the CD numbered D 1-5. Play them one
at a time and try to transcribe them.

. After you have done Exercise D, look at the following nonsense words,
which are the answers to Exercise D. Now make up a set of similar words,
and say these to a partner. Your words can differ from the sample set in as
many sounds as you like. But we suggest that you should not make them
much longer at first. You will also find it advisable to write down your
words and practice saying them for some time by yourself so that you can
pronounce them fluently when you say them to your partner.
'skanzil

‘braigbluzd
'dzimsmaen)
flo1["Oraidz
pjutpertf
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When you have finished saying each word several times and your partner has
written the words down, compare notes. Try to decide whether any discrep-
ancies were due to errors in saying the words or in hearing them. If possible,
the speaker should try to illustrate discrepancies by pronouncing the word in
both ways, saying, for example, “I said [ 'skanzil ] but you wrote [ 'skansil ].”

There is no one best way of doing ear-training work of this kind. It is
helpful to look carefully at a person pronouncing an unknown word, then try
to say the word yourself immediately afterward, getting as much of it right
as possible but not worrying if you miss some things on first hearing. Then
write down all that you can, leaving blanks to be filled in when you hear the
word again. It seems important to get at least the number of syllables and the
placement of the stress correct on first hearing, so that you have a framework
in which to fit later observations. Repeat this kind of production and percep-
tion exercise as often as you can. You should do a few minutes’ work of this
kind every day, so that you spend at least an hour a week doing practical
exercises.
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The Consonants of English

We will begin this chapter by reviewing some of the gestures involved in
producing the consonants of English. In the materials for this chapter on the CD,
there are two movies. The first shows the pronunciation of consonants that have
different places of articulation. The stops [ p,t, k] are illustrated in the nonsense
utterances [ hopa, hota, hoka ]. These stops are said to be bilabial, alveolar, and
velar. But it is not just the different places on the roof of the mouth that distin-
guish these sounds. They are equally characterized by the movements of the lips
and different parts of the tongue. Look at the movie on the CD and note the
rapid movements of the lips for the first consonant, of the tip of the tongue for
the second, and of the back of the tongue for the third.

The second movie on the CD shows different manners of articulation, illus-
trating the consonants [d,n,s] in the nonsense words [ hade, hone, hase ]. Look
at the movie and then go through it slowly. You can use the right arrow key,
which is usually at the bottom right of the keyboard, to step through one frame
at a time. In [ hode ], note how, at the left of the picture, the soft palate rises to
form a velic closure in the first few frames, even before the tip of the tongue
moves up to form a closure on the alveolar ridge. Conversely, in [ hone ], note
that the soft palate moves up before the tongue moves, but this time only
slightly. The soft palate does not make a complete closure and thus allows air
to escape through the nose after the tongue tip has made a closure on the al-
veolar ridge for [n]. The third nonsense word in this movie, [ hase ], has tongue
and soft palate gestures very similar to those in [ hode ]. The small differences
in tongue shape are hard to see in this film, even when you step through it one
frame at a time. But if you superimpose tracings of the articulators at the [d ]
and [ s ] midpoints, you will find that in the [s], the center of the tongue is
slightly hollowed; the location of the constriction in [d] is slightly behind that
for [ s]. Also, during the [s], the teeth are closer together and slightly more
forward than during the [d]. Much of the sound of [s] is produced by a jet of
air striking the edges of the teeth. The rapidly moving airstream is formed by
the narrow gap between the tongue and the alveolar ridge. These requirements
of the [ s] sound may explain why this speaker has slightly different tongue
and jaw positions for [d] and [s].
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STOP CONSONANTS

Consider the difference between the words in the first column in Table 3.1 and
the corresponding words in the second column. This opposition may be said to
be between the set of voiceless stop consonants and the set of voiced stop con-
sonants. But the difference is really not just one of voicing during the consonant
closure, as you can see by saying these words yourself. Most people have very
little voicing going on while the lips are closed during either pie or buy. Both
stop consonants are essentially voiceless. But in pie, after the release of the lip
closure, there is a moment of aspiration, a period of voicelessness after the stop
articulation and before the start of the voicing for the vowel. If you put your
hand in front of your lips while saying pie, you can feel the burst of air that
comes out during the period of voicelessness after the release of the stop.

In a narrow transcription, aspiration may be indicated by a small raised A,
["]. Accordingly, these words may be transcribed as [ p"ai, t"ar, k"ar]. You may
not be able to feel the burst of air in tie and kye because these stop closures are
made well inside the mouth cavity. But listen carefully and notice that you can
hear the period of voicelessness after the release of the stop closure in each of
the words. It is this interval that indicates that the stop is aspirated. The major
difference between the words in the first two columns is not that one has voice-
less stops and the other voiced stops. It is that the first column has (voiceless)
aspirated stops and the second column has (perhaps voiced) unaspirated stops.
The amount of voicing in each of the stops [ b, d,g] depends on the context in
which it occurs. When it is in the middle of a word or phrase in which a voiced
sound occurs on either side (as in column 3 in Table 3.1), voicing usually oc-
curs throughout the stop closure. But most speakers of English have no voicing
during the closure of so-called voiced stops in sentence initial position, or when
they occur after a voiceless sound as in that boy.

One of the main objects of this book is to teach you to become a phonetician
by learning to listen very carefully. You should be able to hear these differences,
but you can also see them in acoustic waveforms. Figure 3.1 is a record of the
words tie and die. It is quite easy to see the different segments in the sound
wave. In the first word, tie, there is a spike indicating the burst of noise that
occurs when the stop closure is released, followed by a period of very small

LLUIAENI Words illustrating allophones of English stop consonants.

1 2 3 4 5 6
pie buy a buy spy nap nab
tie dye adye sty mat mad

kye guy a sky sky knack nag
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Figure 3.1 The waveforms of the words tie and die.

Noise Vowel onset

. Vowel onset
Noise |

burst

| |
0 200 400 ms

semi-random variations during the aspiration, and then a regular, repeating wave
as the vocal folds begin to vibrate for the vowel. In die, the noise burst is smaller,
and there is very little gap between the burst and the start of the wave for the
vowel. As you can see, the major difference between tie and die is the increase
in time between the release of the stop and the start of the vowel. We will dis-
cuss this distinction further in Chapter 6.

Now consider the words in the fourth column of Table 3.1. Are the sounds of
the stop consonants more like those in the first column or those in the second?
As in many cases, English spelling is misleading, and the sounds are in fact
more like those in the second column. There is no opposition in English be-
tween words beginning with / sp/and/sb/,or/st/and/sd/, or/sk/and/sg/.
English spelling has words beginning with sp, st, sc, or sk, and none that begin
with sb, sd, or sg, but the stops that occur after / s / are really somewhere be-
tween initial /p/and /b /,/t/and/d/,/k/and / g/, and usually more like the
so-called voiced stops / b, d, g / in that they are completely unaspirated. Figure
3.2 shows the acoustic waveform in szy. You can see the small variations in the
waveform corresponding to the fricative / s /, followed by a straight line during
the period in which there is no sound because there is a complete stop for the / t/.
This is followed by a sound wave very similar to that of the / d / in Figure 3.1.

If you have access to a computer that can record sounds and let you see the
waveforms of words, you can verify this for yourself. (The freeware program
WaveSurfer, included on the CD, will let you do this.) Record words such as
spy, sty, sky, spill, still, skill, each said as a separate word. Now find the be-
ginning and end of each /s /, and cut this part out. When you play the edited
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Figure 3.2 The waveform of the word sty.
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recordings to others and ask them to write down the words they hear, they will
almost certainly write buy, die, guy, bill, dill, gill.

What about the differences between the words in the fifth and sixth columns?
The consonants at the end of nap, mat, knack are certainly voiceless. But if you
listen carefully to the sounds at the end of the words nab, mad, nag, you may
find that the so-called voiced consonants / b, d, g / have very little voicing and
might also be called voiceless. Try saying these words separately. You can, of
course, say each of them with the final consonant released with a noise burst and
a short vowel-like sound afterward. But it would be more normal to say each of
them without releasing the final consonants, or at least without anything like a
vowel. You could even say cab and not open your lips for a considerable period
of time if it were the last word of an utterance. In such circumstances, it is quite
clear that the final consonants are not fully voiced throughout the closure.

There is, however, a clear distinction between the words in the fifth and sixth
columns. Say these words in pairs—nap, nab; mat, mad; knack, nag—and try to
decide which has the longer vowel. In these pairs, and in all similar pairs—such
as cap, cab; cat, cad; back, bag—the vowel is much shorter before the voiceless
consonants / p, t, k / than it is before the voiced consonants / b, d, g /. The major
difference between such pairs of words is in the vowel length, not in the voicing
of the final consonants.

You can hear that both speakers on the CD also distinguish these words by
vowel length. In these recordings, each of the speakers said the words nap,
nab; mat, mad; knack, nag in the same phonetic context, I’'ll say ___ again. By
saying each word in a separate sentence, it’s easier to give each of them the
same stress and intonation, and thus avoid the influence of these factors on the
length of a word.

This length difference is very evident in Figure 3.3, which shows the wave-
forms of the words mat and mad. In this occasion, the vowel in mad is almost
twice as long as the vowel in mat. You can see small voicing vibrations during
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Figure 3.3 The waveforms of the words mat and mad.
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the / d / in mad, but there is nothing noteworthy at the end of mat except the
slightly irregular voicing at the time of the closure. We will return to this point
later in this section.

Try comparing the length differences in short sentences such as Take a cap
now and Take a cab now. If you say these sentences with a regular rhythm, you
will find that the length of time between Take and now is about the same in both.
This is because the whole word cap is only slightly shorter than the whole word
cab. The vowel is much shorter in cap than in cab. But the consonant / p / makes
up for this by being slightly longer than the consonant / b /. It is a general rule
of English (and of most other languages) that syllable final voiceless consonants
are longer than the corresponding voiced consonants after the same vowel.

The phrases Take a cap now and Take a cab now also illustrate a further point
about English stop consonants at the end of a word (or, in fact, at the end of a
stressed syllable). Say each of these phrases without a pause before now. Do
your lips open before the [n] of now begins, or do they open during the [n]?
If they open before the [n], there will be a short burst of aspiration or a short
vowel-like sound between the two words. Releasing the stops produces a some-
what unnatural pronunciation. Generally, final stops are unreleased when the
next word begins with a nasal. The same is true if the next word begins with
a stop. The final [t] in cat is nearly always unexploded in phrases like the cat
pushed. In a narrow transcription, we can symbolize the fact that a consonant
is unreleased by adding a small raised mark [ "], which stands for “no audible
release.” We could therefore transcribe the phrase as [ 8o ket 'puft].
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The same phenomenon occurs even within a word such as apt [ep't] or act
[aek’t]. Furthermore, across a word boundary, the two consonants involved can
even be identical, as in the phrase white teeth. To convince yourself that there
are two examples of / t / in this phrase, try contrasting it with why teeth. Not
only is the vowel in white much shorter than the vowel in why (because the
vowel in white is in a syllable with a voiceless consonant at the end), but also the
stop closure in white teeth is much longer than the stop in the phrase with only
one / t /. In white teeth, there really are two examples of / t / involved, the first of
which is unreleased.

Other languages do not have this rule. For example, it is a mark of speakers
with an Italian accent (at least as caricatured in films and on television) that
they release all their final stop consonants, producing an extra vowel at the end,
as they normally would in their own language. Authors trying to indicate an
Italian speaking English will write the sentence It’s a big day as It’s a bigga
day. They are presumably trying to indicate the difference between the normal
[1ts o 'big’ 'de1] and the foreign accent [1ts o 'brg® 'de1].

It is interesting that words such as rap, rat, rack are all distinguishable, even
when the final consonants are unreleased. The difference in the sounds must
therefore be in the way that the vowels end—after all, the rest is silence. The
consonants before and after a vowel always affect it, so there is a slight but no-
ticeable difference in its quality. Compare your pronunciation of words such as
pip, tit, kick. Your tongue tip is up throughout the word tit, whereas in pip and
kick it stays behind the lower front teeth. In kick, it is the back of the tongue that
is raised throughout the word, and in pip, the lip gestures affect the entire vowel.
The same is true for words with voiced consonants, such as bib, did, gig. The
consonant gestures are superimposed on the vowel in such a way that their effect
is audible throughout much of the syllable.

The sounds [p, t, k] are not the only voiceless stops that occur in English.
Many people also pronounce a glottal stop in some words. A glottal stop is the
sound (or, to be more exact, the lack of sound) that occurs when the vocal folds
are held tightly together. As we have seen, the symbol for a glottal stop is [?],
resembling a question mark without the dot.

Glottal stops occur whenever one coughs. You should be able to get the sensa-
tion of the vocal folds being pressed together by making small coughing noises.
Next, take a deep breath and hold it with your mouth open. Listen to the small
plosive sound that occurs when you let the breath go. Now, while breathing out
through your mouth, try to check and then release the breath by making and re-
leasing a short glottal stop. Then do the same while making a voiced sound such
as the vowel [ a]. Practice producing glottal stops between vowels, saying [ a?a]
or [i?i], so that you get to know what they feel like.

One of the most common occurrences of a glottal stop is in the utterance
meaning no, often spelled uh-uh. If someone asks you a question, you can reply
no by saying [ '?A?A] (usually with a nasalized vowel, which we will symbolize
later). Note that there is a contrast between the utterance meaning no and that
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meaning yes that is dependent on the presence of the glottal stop. If you had
meant to say yes, you might well have said ['Aha ]. We can tell that it is the glot-
tal stop that is important in conveying the meaning by the fact that one could be
understood equally well by using a syllabic consonant (shown by putting the
mark [, ] under the consonant) instead of a vowel, and saying [ 'mhm] for yes and
["?m?m] for no. As long as there is a glottal stop between the two syllables, the
utterance will mean no, irrespective of what vowel or nasal is used.

Glottal stops frequently occur as allophones of / t /. Probably most Americans
and many British speakers have a glottal stop followed by a syllabic nasal in
words such as beaten, kitten, fatten ['bi?n, 'ki?n, 'fae?n]. London Cockney and
many forms of Estuary English also have a glottal stop between vowels, as in but-
ter, kitty, fatter ['ba?9, 'ki?1, 'fae?o]. Many speakers in both Britain and America
have a glottal stop just before final voiceless stops in words such as rap, rat,
rack. Usually, the articulatory gesture for the other stop is still audible, so these
words could be transcribed [ rae?p, rae?t, rae?k ]. When Peter Ladefoged recorded
the word mat for Figure 3.3, he pronounced it as [ mae?t ], with the glottal stop
and the closure for [t] occurring almost simultaneously.

Practice producing words with and without a glottal stop. After you have
some awareness of what a glottal stop feels like, try saying the words rap, rat,
rack in several different ways. Begin by saying them with a glottal stop and a fi-
nal release [rae?p, rae?th, ree?kh ]. Next, say them without a glottal stop and with
the final stops unexploded [raep’, raet’, raek’]. Then, say them with a glottal stop
and a final unexploded consonant [r&?p“, rett, rerk . Finally, say them with a
glottal stop and no other final consonant [rae?, rae?, rae?].

When a voiced stop and a nasal occur in the same word, as in hidden, the
stop is not released in the usual way. Both the [d] and the [n] are alveolar con-
sonants. The tongue comes up and contacts the alveolar ridge for [d ] and stays
there for the nasal, which becomes syllabic [ 'hidn ]. Consequently, as shown in
Figure 3.4, the air pressure built up behind the stop closure is released through
the nose by the lowering of the soft palate (the velum) for the nasal consonant.
This phenomenon, known as nasal plosion, is normally used in pronouncing
words such as sadden, sudden, leaden ['saedn, 'sadn, ledn]. It is considered a
mark of a foreign accent to add a vowel [ 'saedon, 'sadon, 'ledon]. Nasal plosion
also occurs in the pronunciation of words with [ t ] followed by [n], as in kitten
['kitn ], for those people who do not have a glottal stop instead of the [t], but the
majority of speakers of English pronounce this word with a glottal stop ['ki?n].

It is worth spending some time thinking exactly how you and others pro-
nounce words such as kitten and button, in that it enables you to practice mak-
ing detailed phonetic observations. There are a number of different possibilities.
Most British and American English speakers make a glottal stop at the end of the
vowel, before making an alveolar closure. Then, while still maintaining the glot-
tal stop, they lower the velum and raise the tongue for the alveolar closure. But
which comes first? If they lower the velum before making the alveolar closure,
there is only [?n] and no [t]. If they make the alveolar closure first, we could
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Figure 3.4 Nasal plosion.
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say that there is [ ?tn], but there would not be any nasal plosion, as there would
be no pressure built up behind the [t] closure. Nasal plosion occurs only if there
is no glottal stop, or if the glottal stop is released after the alveolar closure has
been made and before the velum is lowered.

These are fairly difficult sequences to determine, but there are some simple
things you can do to help you find out what articulations you use. First of all,
find a drinking straw and something to drink. Put one end of the straw between
your lips and hold the other end just (and only just) below the surface of the
liquid. Now say [apa], and note how bubbles form during [ p]. This is because
pressure is built up behind your closed lips. Now push the straw slightly farther
into your mouth and say [ata]. It will not sound quite right because the straw
gets in the way of your tongue when it makes the alveolar closure. You may have
to try different positions of the straw. Go on until you can see bubbles coming
out, and convince yourself that pressure builds up behind the [t]. Now try say-
ing button. Of course there will be bubbles during the [b], but are there any at
the end of the word, or do you have a glottal stop and no [t] behind which pres-
sure builds up?

When two sounds have the same place of articulation, they are said to be
homorganic. Thus, the consonants [d] and [n], which are both articulated on the
alveolar ridge, are homorganic. For nasal plosion to occur within a word, there
must be a stop followed by a homorganic nasal. Only in these circumstances can
there be pressure first built up in the mouth during the stop and then released
through the nose by lowering the soft palate. Many forms of English do not have
any words with a bilabial stop [p] or [b] followed by the homorganic nasal
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[m] at the end of the word. Nor in most forms of English are there any words
in which the velar stops [ k] or [ g] are normally followed by the velar nasal [1].
Consequently, both bilabial and velar nasal plosion are less common than alveo-
lar nasal plosion in English. But when talking in a rapid conversational style,
many people pronounce the word open as ['oupm ], particularly if the next word
begins with [m], as in open my door, please. Quite frequently, when counting,
people will pronounce seven as ['sebm |, and something, captain, bacon are some-
times pronounced ['sampm ksepm, 'beiky]. You should try to pronounce all these
words in these ways yourself. '

A phenomenon similar to nasal plosion may take place when an alveolar stop
[t] or [d] occurs before a homorganic lateral [1], as in little, ladle [lit], lexd]].
The air pressure built up during the stop can be released by lowering the sides
of the tongue; this effect is called lateral plosion. Say the word middle and note
the action of the tongue. Many people (particularly British speakers) maintain
the tongue contact on the alveolar ridge through both the stop and the lateral,
releasing it only at the end of the word. Others (most Americans) pronounce a
very short vowel in the second syllable. For those who have lateral plosion, no
vowel sound occurs in the second syllables of little, ladle. The final consonants
in all these words are syllabic. There may also be lateral plosion in words such
as Atlantic, in which the [ t] may be resyllabified so that it is at the beginning
of the stressed (second) syllable. We should also note that most Americans, ir-
respective of whether they have lateral plosion, do not have a voiceless stop in
little. There is a general rule in American English that whenever / t / occurs after
a stressed vowel and before an unstressed syllable other than [n], it is changed
into a voiced sound. For those Americans who have lateral plosion, this will be
the stop [d].

This brings us to another important point about coronal stops and nasals. For
many speakers, including most Americans, the consonant between the vow-
els in words such as city, better, writer is not really a stop but a quick tap in
which the tongue tip is thrown against the alveolar ridge. This sound is written
in the TPA with the symbol [ r] so that city can be transcribed as ['siri]. Many
Americans also make this kind of tap when / d / occurs after a stressed vowel and
before an unstressed vowel. As a result, they do not distinguish between pairs
of words such as latter and ladder. But some maintain a distinction by having
a shorter vowel in words such as latter that have a voiceless consonant in their
underlying form. It is as if the statement that vowels are shorter before voice-
less consonants had applied first, and then a later rule was applied changing [t]
into [ r] when it occurred between a stressed and an unstressed syllable. Some
dialects of North American English, particularly from central Canada, also dis-
tinguish between word pairs like writer and rider which are both said with a tap
[r] with an additional vowel quality difference that is redundant with the vowel
length difference found in other dialects. So, where a Midwesterner in the U.S.
would say [raire. ] and [rairra. ], with a length difference in the diphthong, in
Canadian vowel “raising” we hear [roiro. ] and [ra:iro. | with a short “schwa.”
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Figure 3.5 Stop consonant releases.

stops

released unreleased

oral nasal

central lateral

We can summarize the discussion of stop consonants by thinking of the pos-
sibilities there are in the form of a branching diagram, as shown in Figure 3.5.
The first question to consider is whether the gesture for the stop is released
(exploded) or not. If it is released, then is it oral plosion, or is the release due to
the lowering of the velum, with air escaping through the nose, making it nasal
plosion? If it is oral plosion, then is the closure in the mouth entirely removed,
or is the articulation in the midline retained and one or both sides of the tongue
lowered so that air escapes laterally? You should be able to produce words illus-
trating all these possibilities. For coronal stops, there is an additional point not
shown in Figure 3.5; namely, is the [t] or [d ] sound produced as a tap [ r]?

FRICATIVES

The fricatives of English vary less than the stop consonants, yet the major allo-
phonic variations that do occur are in many ways similar to those of the stops. Ear-
lier we saw that when a vowel occurs before one of the voiceless stops / p, t, k /, it
is shorter than it would be before one of the voiced stops / b, d, g /. The same kind
of difference in vowel length occurs before voiceless and voiced fricatives. The
vowel is shorter in the first word of each of the pairs strife, strive [ stratf, strarv J;
teeth, teethe [ tiB, tid |; rice, rise [ rais, raiz |; mission, vision ['mifn, 'vizn].

Stops and fricatives are the only English consonants that can be either voiced
or voiceless. Consequently, we can revise our statement that vowels are shorter
before voiceless stops than before voiced stops. Instead, we can say that vowels
are shorter before all voiceless consonants than before all voiced consonants. In
this way, we can capture a linguistically significant generalization that would
have been missed if our statements about English had included two separate
statements, one dealing with stops and the other dealing with fricatives.
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We also saw that a voiceless stop at the end of a syllable (as in Air) is longer
than the corresponding voiced stop (as in hid). Similarly, the voiceless frica-
tives are longer than their voiced counterparts in each of the pairs safe, save
[setf, serv], lace, laze [lers, le1z], and all the other pairs of words we have been
discussing in this section. Again, because fricatives behave like stops, a linguis-
tically significant generalization would have been missed if we had regarded
each class of consonants completely separately.

Fricatives are also like stops in another way. Consider the degree of voicing
that occurs in the fricative at the end of the word ooze, pronounced by itself.
In most pronunciations, the voicing that occurs during the final [ z] does not
last throughout the articulation but changes in the last part to a voiceless sound
like [ s]. In general, voiced fricatives at the end of a word, as in prove, smooth,
choose, rouge [ pruv, smud, tfuz, ruz], are voiced throughout their articulation
only when they are followed by another voiced sound. In a phrase such as prove
it, the [ v] is fully voiced because it is followed by a vowel. But in prove two
times two is four or try to improve, where the [ v] is followed by a voiceless
sound [t] or by a pause at the end of the phrase, it is not fully voiced.

Briefly stated, then, fricatives are like stops in three ways. First, stops and
fricatives influence vowel length in similar ways—vowels before voiceless stops
or fricatives are shorter than before voiced stops or fricatives. Second, final
voiceless stops and fricatives are longer than final voiced stops and fricatives.
Third, the final stops and fricatives classified as voiced are not actually voiced
throughout the articulation unless the adjacent sounds are also voiced. In addi-
tion, both these types of articulation involve an obstruction of the airstream. Be-
cause they have an articulatory feature in common and because they act together
in phonological statements, we refer to fricatives and stops together as a natural
class of sounds called obstruents.

However, fricatives do differ from stops in that they sometimes involve
actions of the lips that are not immediately obvious. Try saying fin, thin, sin, shin
[fin, B1n, sin, [in]. There is clearly a lip action in the first word as it involves
the labiodental sound [ f]. But do your lips move in any of the other three
words? Most people find that their lips move slightly in any word containing /s/
(sin, kiss) and quite considerably in any word containing / [ / (shin, quiche), but
that there is no lip action in words containing / 0 / (thin, teeth). There is also lip
movement in the voiced sounds corresponding to /s /and / [ /, namely / z / as in
zeal, zest and / 3/ in leisure, treasure, but none in / 8 / as in that, teethe.

The primary articulatory gesture in these fricatives is the close approxima-
tion of two articulators so that friction can be heard. The lip rounding is a lesser
articulation in that the two articulators (the lower lip and the upper lip) approach
one another but not sufficiently to cause friction. A lesser degree of closure by
two articulators not involved in the primary articulation is called a secondary
articulation. This particular one, in which the action of the lips is added to
another articulation, is called labialization. The English fricatives /[, 3 / are
strongly labialized, and the fricatives / s, z / are slightly labialized.
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AFFRICATES

This is a convenient place to review the status of affricates in English. An affricate
is simply a sequence of a stop followed by a homorganic fricative. Some such se-
quences, for example the dental affricate [tO] as in eighth or the alveolar affricate
[ ts ] as in cats, have been given no special status in English phonology. They have
been regarded just as consonant clusters comparable with those at the end of lapse
and sacks (which are not affricates, as the stops and the fricatives are not homor-
ganic). But, as we noted in the discussion of symbols for transcribing English, it is
appropriate to regard the sequences [t[] and [ d3] as different from other sequences
of consonants. They are the only affricates in English that can occur at both the
beginning and the end of words. In fact, even the other affricates that can occur at
the end of words will usually do so only as the result of the formation of a plural or
some other suffix, as in eighth. From the point of view of a phonologist consider-
ing the sound pattern of English, the palato-alveolar affricates are plainly single
units, but [ ts] as in cats is simply a sequence of two consonants. One way to con-
vince yourself that the affricates [t[] and [d3 ] are phonetic sequences of stop fol-
lowed by fricative is to record yourself saying itch and badge and then play them
backwards (use the WaveSurfer “reverse” function to do this). The fricative stop
sequence is usually pretty easy to hear in the backwards versions.

NASALS

The nasal consonants of English vary even less than the fricatives. Nasals, to-
gether with [r, 1], can be syllabic when they occur at the end of words. As we
have seen, the mark [ ] under a consonant indicates that it is syllabic. (Vowels,
of course, are always syllabic and therefore need no special mark.) In a nar-
row transcription, we may transcribe the words sadden, table as ['sedn, 'tetbl ].
In most pronunciations, prism, prison can be transcribed [ 'prizm, ‘prizn], as these
words do not usually have a vowel between the last two consonants. Syllabic
consonants can also occur in phrases such as Jack and Kate ['dzak 1 keit].

The nasal [1] differs from the other nasals in a number of ways.' No English
word can begin with [1)]. This sound can occur only within or at the end of a
word, and even in these circumstances it does not behave like the other nasals.
It can be preceded only by the vowels /1, €, &, A / and / a / (American English)
or / o / (British English), and it cannot be syllabic (except in slightly unusual
pronunciations, such as bacon ['beiky], and phrases such as Jack and Kate men-
tioned above). ‘

One way to consider the different status of [11] is that in the history of English,
it was derived from a sequence of the phonemes /n / and / g /. Looking at it
this way, sing was at an earlier time in history / sing /, and sink was / sink /.
There was then a sound change in which / n / became the new phoneme / 1 /
in those words where it occurred before / g / and / k /, turning / sing / into /
sing / and / sik / into / sik /. Another change resulted in the deletion of / g /
(but not of / k /) whenever it occurred after / 1 / at the end of either a word
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(as in sing) or a stem followed by a suffix such as -er or -ing. In this way, the
/ g / would be dropped in singer, which contains a suffix -er, but is retained
in finger, in which the -er is not a suffix. The second change has been undone
in the case of some speakers from the New York area who make singer rhyme
with finger.

APPROXIMANTS

The voiced approximants are / w, 1, j, | / as in whack, rack, yak, lack. The
first three of these sounds are central approximants, and the last is a lateral
approximant. The articulation of each of them varies slightly depending on the
articulation of the following vowel. You can feel that the tongue is in a differ-
ent position in the first sounds of we and water. The same is true for reap and
raw, lee and law, and ye and yaw. Try to feel where your tongue is in each of
these words.

These consonants also share the possibility of occurring in consonant clus-
ters with stop consonants. The approximants / r, w, | / combine with stops in
words such as pray, bray, tray, dray, Cray, gray, twin, dwell, quell, Gwen, play,
blade, clay, glaze. The approximants are largely voiceless when they follow one
of the voiceless stops / p, t, k / as in play, twice, clay. This voicelessness is a
manifestation of the aspiration that occurs after voiceless stops, which we dis-
cussed at the beginning of this chapter. At that time, we introduced a small raised
h symbol, 1], which can be used to show that the first part of the vowel is
voiceless. When there is no immediately following vowel, we can use the
diacritic [, ] to indicate a voiceless sound. We can transcribe the words play,
twice, clay, in which there are approximants after initial voiceless plosives, as
[pler, twars, kler]. The approximant/ j / as in you [ju] can occur in similar con-
sonant clusters, as in pew, cue [ pju, kju], and, for speakers of British English,
tune [ tjun ]. We will discuss the soeque;lce [ju] again when we consider vowels
in more detail.

In most forms of British English, there is a considerable difference in the
articulation of /1 / before a vowel or between vowels, as in leaf or feeling, as
compared with /1 / before a consonant or at the end of a word, as in field or
feel. In most forms of American English, there is less distinction between these
two kinds of /1 /. Note the articulation of /1 / in your own pronunciation. Try to
feel where the tongue is during the / 1 / in leaf. You will probably find that the
tip is touching the alveolar ridge, and one or both sides are near the upper side
teeth, but not quite touching. Now compare this articulation with the /1 / in feel.
Try playing leaf backwards to see if it sounds like feel. Does feel backwards
sound like /eaf? Most (but not all) speakers make /1 / with the tongue tip touch-
ing the alveolar ridge. But in both British and American English, the center of
the tongue is pulled down and the back is arched upward as in a back vowel. If
there is contact on the alveolar ridge, it is the primary articulation. The arch-
ing upward of the back of the tongue forms a secondary articulation, which we
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will call velarization. In most forms of American English, all examples of /1 /
are comparatively velarized, except, perhaps, those that are syllable initial and
between high front vowels, as in freely. In British English, /1 / is usually not
velarized when it is before a vowel, as in lamb or swelling, but it is velarized
when word final or before a consonant, as in ball or filled. Also, compare the
velarized / 1 / in Don’t kill dogs with the one in Don’t kill it. Most people don’t
have a velarized / 1/ in kill it, despite the fact that it is seemingly at the end of a
word. This is because the it in kill it acts like a suffix (technically a clitic), just
like the suffix -ing in killing. (Note: The differences between the two types of
/ 1/ are more noticeable in British English. American English examples of the
phenomena cited above are not included on the CD.)

One symbol for velarization is the mark [~] through the middle of the symbol.
Accordingly, a narrow transcription of feel would be [ fit ]. For many speakers,
the whole body of the tongue is drawn up and back in the mouth so that the tip
of the tongue no longer makes contact with the alveolar ridge. Strictly speaking,
therefore, this sound is not an alveolar consonant but more like some kind of
back vowel.

Finally, we must consider the status of / h /. Earlier we suggested that the
English / h / is the voiceless counterpart of the surrounding sounds. At the
beginning of a sentence, / h / is like a voiceless vowel, but / h / can also occur
between vowels in words or phrases like behind the head. As you move from
one vowel through / h / to another, the articulatory movement is continuous, and
the / h / is signaled by a weakening of the voicing, which may not even result in
a completely voiceless sound.

In many accents of English, / h / can occur only before stressed vowels or
before the approximant / j /, as in hue [ hju]. Some speakers of English also
sound / h / before / w /, so that they contrast which [hwit[] and witch [ wit[]. The
symbol [s ] (an inverted w) is sometimes used for this voiceless approximant.
The contrast between / w / and / s / is disappearing in most forms of English.
In those dialects in which it occurs, [ s ] is more likely to be found only in the
less common words such as whether rather than in frequently used words such
as what.

OVERLAPPING GESTURES

All the sounds we have been considering involve movements of the articulators.
They are often described in terms of the articulatory positions that characterize
these movements. But, rather than thinking in terms of static positions, we should
really consider each sound as a movement. This makes it easier to understand the
overlapping of consonant and vowel gestures in words such as bib, did, gig, men-
tioned earlier in this chapter. As we noted, in the first word, bib, the tongue tip is
behind the lower front teeth throughout the word. In the second word, did, the tip
of the tongue goes up for the first / d / and remains close to the alveolar ridge dur-
ing the vowel so that it is ready for the second / d /. In the third word, gig, the back
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of the tongue is raised for the first / g / and remains near the soft palate during the
vowel. In all these cases, the gestures for the vowels and consonants overlap.

The same kind of thing happens with respect to gestures of the lips. Lip
rounding is an essential part of / w /. Because there is a tendency for gestures
to overlap with those for adjacent sounds, stops are slightly rounded when they
occur in clusters in which / w / is the second element, as in twice, dwindle, quick
[ twars, 'dwindl, kwik ]. This kind of gestural overlapping, in which a second
gesture starts during the first gesture, is sometimes called anticipatory coarticu-
lation. The gesture for the approximant is anticipated during the gesture for the
stop. In many people’s speech, / r / also has some degree of lip rounding. Try
saying words such as reed and heed. Do you get some movement of the lips in
the first word but not in the second? Use a mirror to see whether you get antici-
patory lip rounding for the stops [t, d] so that they are slightly rounded in words
such as tree and dream, as opposed to tee and deem.

We can often think of the gestures for different articulations as movements
towards certain targets. A target is something that one aims at but does not nec-
essarily hit, perhaps because one is drawn off by having to aim at a second tar-
get. Ideally, the description of an utterance might consist of the specification
of a string of target gestures that must be made one after another. The data in
Figure 3.6 are traces of the vocal tract during [b], [d], and [g] in a variety
of vowel contexts in French; similar observations have been made for English
as well. The patterns of stability and variation are interesting. For instance, the
traces for [ b] show that the lips, jaw, and soft palate have about the same posi-
tion no matter what the vowel context is, while the tongue position and larynx
height varies quite a bit. If you look at the tongue traces closely, you can see
tongue positions during [b ] for the French vowels [i],[u],[ a], and the umlaut u,
which is transcribed [y ] in the IPA. In the traces for [ d ], we see again that some
parts of the vocal tract take the same position in all of the vowel contexts (the
tongue tip, soft palate, and jaw are the least variable). Interestingly, tongue body
variation is much smaller in [ d ], which requires a tongue tip or blade gesture,
than it is in [b], while in [d] the lip position is more variable. We also see a
good deal of variation in the lip positions for [g], as well as a good deal of varia-
tion in the front/back location of the tongue—unlike [b] and [ d ], the place of
articulation of [ g] varies a good deal as a function of the neighboring vowel.
The increased coarticulation of [ g] with surrounding vowels, as compared with
[d], suggests that the specifications of the consonant and vowel gestures are
competing with each other for control of the tongue body. The vowel [u] wants
the tongue body to go quite far back in the mouth, as you can see it does in the
[b] traces, while the [ g] wants the tongue body to be located a bit farther toward
the front than this. Similarly, the vowel [i] wants the tongue body to be further
front than is required or specified for [ g]. What we see in the figure is that the
exact location of the [ g] stop closure is more variable than are the locations of
the stop closures in [b] or [d]. This is probably because [ g] requires significant
tongue body movement, just as do vowels.
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Figure 3.6 Mid-sagittal sections of [b], [d], and [g] adjacent to different vowels.

Coarticulation between sounds will always result in the positions of some
parts of the vocal tract being influenced quite a lot, whereas others will not be so
much affected by neighboring targets. The extent to which anticipatory coarticu-
lation occurs depends on the extent to which the position of that part of the vocal
tract is specified in the two gestures. The degree of coarticulation also depends on
the interval between them. For example, a considerable amount of lip rounding
occurs during [ k ] when the next sound is rounded, as in coo [ku]. Slightly less lip
rounding occurs if the [ k] and the [u] are separated by another sound, as in clue
[klu], and even less occurs if there is also a word boundary between the two
sounds, as in the phrase sack Lou [ saeklu]. Nevertheless, some rounding may
occur, and sometimes anticipatory coarticulations can be observed over even
longer sequences. In the phrase tackle Lou [ takllu ], the lip rounding for the
[u] may start in the [ k], which is separated from it by two segments and a word
boundary.

There is no simple relationship between the description of a language in
terms of phonemes and the description of utterances in terms of gestural targets.
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A phoneme is an abstract unit that may be realized in several different ways.
Sometimes, the differences between the different allophones of a phoneme can
be explained in terms of targets and overlapping gestures. The difference be-
tween the [k] in key and the [k] in caw may be simply due to their overlapping
with different vowels. Similarly, we do not have to specify separate targets for
the alveolar [n] in fen and the dental [n] in fenth. Both are the result of aiming at
the same target, but in fenth, the realization of the phoneme / n / is influenced by
the dental target required for the following sound. However, the differences be-
tween some allophones are actually the result of aiming at different targets. For
many American English speakers, the initial [r] in reed is made with a tongue
gesture that is very different from that for the final [r] in deer. In most forms of
British English, the [1] in leaf and the [1] in feel differ in ways that cannot be
ascribed to coarticulation. Perhaps the most extreme example of the difference
between phonemes and gestures is in the realization of the / t / phoneme in ten
[then] and in button [ba?n], in which the one phoneme is realized by two com-
pletely different gestures, [t"] and [?]. Sometimes, the differences between al-
lophones are the result of overlapping gestures, producing what have been called
intrinsic allophones; sometimes, they involve different gestures, which may be
called extrinsic allophones. Because phonemes are composed of these two types
of allophones, they cannot be equated with gestures.

To summarize, gestural targets are units that can be used in descriptions of
how a speaker produces utterances. Phonemes are more abstract units that can
be used in descriptions of languages to show how words contrast with one an-
other. Virtually all the gestures for neighboring sounds overlap. Differences in
the timing of one gesture with respect to another account for a wide range of the
phenomena that we observe in speech. The next section provides a number of
additional examples.

RULES FOR ENGLISH CONSONANT ALLOPHONES

A good way of summarizing (and slightly extending) all that we have said about
English consonants so far is to list a set of formal statements or rules describing
the allophones. These rules are simply descriptions of language behavior. They
are not the kind of rules that prescribe what people ought to do. Like most pho-
neticians, we would not presume to be arbiters of fashion who can declare what
constitutes “good” speech. But phonetics is part of an exact scientific discipline,
and that means we should be able to formalize descriptions of speech in terms of
a set of precise statements.

Given the discussion of consonant allophones in this chapter, we can give a
number of descriptive rules. One of these deals with consonant length.

(1) Consonants are longer when at the end of a phrase.

You can see the application of this statement by comparing the consonants
in words such as bib, did, don, nod. Use WaveSurfer (on the CD) to make
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a recording of these words, and then play the recording backward. Are the first
two words the same backward and forward? Do the third and fourth words sound
like each other when played in reverse?

Most of the allophonic rules apply to only selected groups of consonants.
(2) Voiceless stops (i.e., / p, t, k /) are aspirated when they are syllable initial,
as in words such as pip, test, kick [ p"ip, thest, kMk ].

(3) Obstruents—stops and fricatives—classified as voiced (that is, / b, d, g,
v, 0, z, 3 /) are voiced through only a small part of the articulation when
they occur at the end of an utterance or before a voiceless sound. Listen to
the / v / when you say try to improve, and the / d / when you say add two.

(4) So-called voiced stops and affricates / b, d, g, d3 / are voiceless when syl-
lable initial, except when immediately preceded by a voiced sound (as in
a day as compared with this day). Use WaveSurfer to listen to the sday
part of this day. Does it sound like stay?

(5) Voiceless stops / p, t, k / are unaspirated after / s / in words such as spew,
stew, skew.

(6) Voiceless obstruents / p, t, k, tf, f, 0, s, [/ are longer than the corre-
sponding voiced obstruents / b, d, g, d3, v, 8, z, 3/ when at the end of a
syllable.

Words exemplifying this rule are cap as opposed to cab and back as opposed
to bag. Try contrasting these words in sentences, and you may be able to hear
the differences more clearly.

(7) The approximants /w, r, j, 1 / are at least partially voiceless when they oc-
cur after initial / p, t, k /, as in play, twin, cue [ ple1, twin, kju].

This is due to the overlapping of the gesture required for aspiration with the
voicing gesture required for the approximants. (Note that the formal statement
says at least partially voiceless, but the transcription marks the approximants as
being completely voiceless. Conflicts between statements and transcriptions of
this kind will be discussed further below.)

(8) The gestures for consecutive stops overlap, so that stops are unexploded
when they occur before another stop in words such as apt [ap’t] and
rubbed [rab'd].

(9) In many accents of English, syllable final / p, t, k / are accompanied by
an overlapping glottal stop gesture, as in pronunciations of tip, pit, kick
as [tl?p, plﬁ, ki?k ]. (This is another case where transcription cannot fully
describe what is going on.)

This rule does not apply to all varieties of English. Some people do not have
any glottal stops in these circumstances, and others have glottal stops completely
replacing some or all of the voiceless stops. In any case, even for those who sim-
ply add a glottal stop, the statement is not completely accurate. Many people
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will have a glottal stop at the end of cat in phrases such as that’s a cat or the cat
sat on the mat, but they will not have this allophone of / t / in the cat eats fish.

(10) In many accents of English, / t / is replaced by a glottal stop when it
occurs before an alveolar nasal in the same word, as in beaten ['bi?n].

(11) Nasals are syllabic at the end of a word when immediately after an ob-
struent, as in leaden, chasm ['ledn, 'kaezm].

Note that we cannot say that nasals become syllabic whenever they occur at
the end of a word and after a consonant. The nasals in kiln, film are not syllabic
in most accents of English. We can, however, state a rule describing the syllabic-
ity of /1 / by saying simply:

(12) The lateral /1/is syllabic at the end of a word when immediately after a
consonant.

This statement summarizes the fact that /1 / is syllabic not only after stops
and fricatives (as in paddle, whistle ['paedl, 'wisl]), but also after nasals (as in
kennel, channel [ ken], 'tfeen]]). The only problem with this rule is what happens
after / r /. It is correct for words such as barrel ['beer]] but does not work in most
forms of American English in words such as snarl [ snarl ], when / r / has to be
considered as part of the vowel.

When it is not part of the vowel, / r / is like / 1 / in most forms of American
English in that it, too, can be syllabic when it occurs at the end of a word and
after a consonant, as in saber, razor, hammer, tailor ['seibr, 'reizr, 'haemr, 'te1lr].
If we introduce a new term, liquid, which is used simply as a cover term for the
consonants / I, r /, we may rephrase the statement in (12) and say:

(12a) The liquids / 1, r / are syllabic at the end of a word when immediately
after a consonant.

The next statement also applies more to American English than to British
English. It accounts for the / t / in fatty, data [ 'feeri, 'deirs ]. But note that these
are not the only contexts in which these changes occur. This is not simply a
change that affects / t / after a stressed vowel and before an unstressed one, in
that / t / between two unstressed vowels (as in divinity) is also affected. How-
ever, not all cases of / t / between vowels change in this way. The / t / in attack
(i.e., before a stressed syllable) is voiceless, and / t / after another consonant (for
example, in hasty and captive) is also voiceless. Note also that most American
English speakers have a very similar articulatory gesture in words containing
/d /and / n /in similar circumstances, such as daddy and many. The first of
these two words could well be transcribed ['daeri |. The second has the same
sound, except that it is nasalized, so it could be transcribed ['mefi] in a narrow
transcription. Nasalization is shown by the diacritic [7] over a symbol. The fol-
lowing statement accounts for all these facts:

(13) Alveolar stops become voiced taps when they occur between two
vowels the second of which is unstressed.
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Many speakers of American English require a similar rule to describe a se-
quence of an alveolar nasal followed by a stop. In words such as painter and
splinter, the / t / is lost and a nasal tap occurs. This has resulted in winter and
winner and panting and panning being pronounced in the same way. For these
speakers, we can restate (13), making it:

(13a) Alveolar stops and alveolar nasal plus stop sequences become voiced
taps when they occur between two vowels the second of which is
unstressed.

There is a great deal of variation among speakers with respect to this state-
ment. Some make taps in familiar words such as auntie, but not in less common
words such as Dante. Some make them only in fast speech. Try to formulate a
statement in a way that describes your own speech.

(14) Alveolar consonants become dentals before dental consonants, as in
eighth, tenth, wealth [ e1t0, tenB, wel0]. Note that this statement ap-
plies to all alveolar consonants, not just stops, and often applies across
word boundaries, as in at this [ st O1s]. This is a statement in which, in
English, the gestures for these two consonants overlap so much that the
place of articulation for the first consonant is changed.

In a more rapid style of speech, some of these dental consonants tend to be
omitted altogether. Say these words first slowly and then more rapidly, and see
what you do yourself. It is difficult to make precise statements about when con-
sonants get deleted, because this depends so much on the style of speech being
used. Alveolar stops often appear to get dropped in phrases such as fact finding.
Most people say most people as [ 'mous 'pipl ] with no audible [t], and they
produce phrases such as send papers with no audible [ d ]. We could state this as
follows:

(15) Alveolar stops are reduced or omitted when between two consonants.

Rule (15) raises an interesting point of phonetic theory. Note that we said “al-
veolar stops often appear to get dropped,” and there may be “no audible [d]”.
However, the tongue tip gesture for the alveolar stop in most people
may be present but just not audible because it is completely overlapped by the
labial stop following. More commonly, it is partially omitted; that is to say,
the tongue tip moves up for the alveolar stop but does not make a complete clo-
sure. When we think in terms of phonetic symbols, we can write ['mous 'pipl ]
or ['moust 'pipl]. This makes it a question of whether the [t] is there or not. But
that is not really the issue. Part of the tongue tip gesture may have been made, a
fact that we have no way of symbolizing.

Check how you say phrases such as best game and grand master. Say these
and similar phrases with and without the alveolar stop. You may find it difficult
to formulate a statement that takes into account all the contexts where alveolar
stops may not appear in your speech.
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We must state not only where consonants get dropped, but also where they
get added. Words such as something and youngster often get pronounced as
['samp®in ] and ['jagksta. ]. In a similar way, many people do not distinguish be-
tween prince and prints, or tense and tents. All these words may be pronounced
with a short voiceless stop between the nasal and the voiceless fricative. But the
stop is not really an added gesture. It is simply the result of changing the timing
of the nasal gesture with respect to the oral gesture. By rushing the raising of
the velum for the nasal, a moment of complete closure—a stop—occurs. The
apparent insertion of a stop into the middle of a word in this way is known as
epenthesis. If we wanted to make a formal statement of this phenomenon, we
could say:

(16) A homorganic voiceless stop may occur after a nasal before a voiceless
fricative followed by an unstressed vowel in the same word.

Note that it is necessary to mention that the following vowel must be un-
stressed. Speakers who have an epenthetic stop in the noun concert do not usually
have one in verbal derivatives such as concerted, or in words such as concern.
Nothing need be said about the vowel before the nasal. Epenthesis may—Ilike
the [ t]-to-[ r] change in statement (13)—occur between unstressed vowels. It is
possible to hear an inserted [ t ] in both agency and grievances.

Statement (16) raises a theoretical point similar to that discussed in connec-
tion with (15), where we were concerned with whether a segment had been de-
leted. Now we are concerned with whether a segment has been added. In each
case, it is better to treat these as misleading questions and to think about the
gestures involved rather than worry about the symbols that might or might not
represent separate segments. It may be convenient to transcribe something as
['sampBin ], but transcription is only a tool and should not be thought of as nec-
essarily portraying the units used in the production of speech.

The next statement accounts for the shortening effects that occur when two
identical consonants come next to one another, as in big game and top post. It
is usually not accurate to say that one of these consonants is dropped. There
are two consonantal gestures, but they overlap considerably. Even in casual
speech, most people would distinguish between stray tissue, straight issue,
and straight tissue. (Try saying these in sentences such as That’s a stray tissue
and see for yourself.) But there clearly is a shortening effect that we can state
as follows:

(17) A consonant is shortened when it is before an identical consonant.

We can describe the overlapping gestures that result in more advanced arti-
culations of / k / in cap, kept, kit, key [ kteep, ktept, khit, kti ] and of / g / in
gap, get, give, geese [ g&p, get, giv, gis]. You should be able to feel the
fronted position of your tongue contact in the latter words of these series. We
can say:
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LL:IREW Some diacritics that modify the value of a symbol.
N Voiceless w 1 kwik, plers quick, place

h Aspirated th kb thaep, kMis tap, kiss
. Dental t d €109, hald at the, health
- Nasalized F & mé&n man

u Velarized 1 phit pill

Syllabic n 1 'mren mitten

(18) Velar stops become more front before more front vowels.

Finally, we need to note the difference in the quality of /1 / in [ife [larf ] and
file [fart ], or clap [ klaep] and talc [taetk ], or feeling [fili] and feel [ fit].

(19) The lateral / 1/ is velarized when after a vowel or before a consonant at
the end of a word.

Note that there are clearly distinct gestures required for /1 / in the differ-
ent circumstances. These are not differences that can be ascribed to overlapping
gestures.

DIACRITICS

In this and the previous chapter, we have seen how the transcription of English
can be made more detailed by the use of diacritics, small marks added to a sym-
bol to narrow its meaning. The six diacritics we have introduced so far are shown
in Table 3.2. You should learn the use of these diacritics before you attempt any
further detailed transcription exercises. Note that the nasalization diacritic is a
small wavy line above a symbol (the “tilde” symbol), and the velarization dia-
critic is a tilde through the middle of a symbol. Nasalization is more common
among vowels, which will be discussed in the next chapter.

EXERCISES

(Printable versions of all the exercises are available on the CD.)

A. The sequence of the following annotated diagrams illustrates the actions
that take place during the consonants at the end of the word bench. Fill in
the blanks.
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\ Before the vowel ends the soft palate
e . sothatair—_
e
——— At the end of the vowel the blade of the
tongue is raised to make contact with
preventing
air from

The lips remain

The vocal folds continue____ .

\

~g——= Then the is raised

——and the_____________of the tongue

is raised,

™ while the____________of the tongue
remains in the same place.

The lips become more.

The vocal folds

_ e _remains

throughout the end of the word.

After a short period the.
moves downward, but the

remains close

enough to the alveolar ridge to.

The are

The vocal folds
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B. Annotate the diagram below so as to describe the actions required for the
consonants in the middle of the word implant. Make sure that your annota-
tions mention the action of the lips, the different parts of the tongue, the soft
palate, and the vocal folds in each diagram. Try to make clear which of the
vocal organs moves first in going from one consonant to another. The pro-
nunciation illustrated is that of a normal conversational utterance; note the
position of the tongue during the bilabial nasal.
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C.

Draw and annotate diagrams similar to those in the previous exercises, but
this time illustrate the actions that occur in pronouncing the consonants in the
middle of the phrase thick snow. Make sure you show clearly the sequence
of events, noting what the lips, tongue, soft palate, and vocal folds do at each
moment. Before you begin, say the phrase over to yourself several times at
a normal speed. Note especially whether the back of your tongue lowers
before or after the tip of the tongue forms the articulation for subsequent
consonants.

As a transcription exercise, give a number of examples for each of State-
ments (2) through (19) by making a narrow transcription of some additional
words that fit the rules. Your examples should not include any words that
have been transcribed in this book so far. Remember to mark the stress on
words of more than one syllable.

Statement (2) three examples (one for each voiceless stop)

Statement (3) seven examples (one for each voiced obstruent)
Statement (4) eight examples (two for each voiced stop or affricate)
Statement (5) four examples (one for each approximant)

Statement (6) three examples (one for each voiceless stop)

Statement (7) four contrasting pairs (one for each place of articulation)

Statement (8) six examples (one for each voiced and voiceless stop)




Statement (9)

Statement (10)

Statement (11)

Statement (12a)

Statement (13a)

Statement (14)

Statement (15)

Statement (16)

Statement (17)

Statement (18)

Statement (19)

Exercises

three examples (not necessarily from your own speech)

three examples (use three different vowels)

three examples (use at least two different nasals)

six examples (three each with /1/ and /1 /)

six examples (two each with / t, d, n /, one being after an
unstressed vowel)

three examples (one each for /t, d, n /)

three examples (any kind)

two examples (use two different nasals)

three examples (any kind)

four examples (use four different vowels)

two contrasting pairs (try to make them reversible words)

E. As a more challenging exercise, try to list two exceptions to some of these

statements.
Statement ( )
Statement ( )

F. Write a statement that describes the allophones of / h /.
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G. Transcribe both the British and the American speaker saying the following.

British English speaker

Once there was a young rat named Arthur,
who could never make up his mind.
Whenever his friends asked him

if he would like to go out with them,
he would only answer, “I don’t know.”
He wouldn’t say “yes” or “no” either.
He would always shirk making a choice.

American English speaker

Once there was a young rat named Arthur,
who could never make up his mind.
Whenever his friends asked him

if he would like to go out with them,
he would only answer, “I don’t know.”
He wouldn’t say “yes” or “no” either.
He would always shirk making a choice.

PERFORMANCE EXERCISES

A. Learn to produce some non-English sounds. First, in order to recall the sen-
sation of adding and subtracting voicing while maintaining a constant articu-
lation, repeat the exercise saying [ ssszzzssszzz]. Now try a similar exercise,
saying [ mmmmmmmmmmmm ]. Make sure that your lips remain together all
the time. During [m ], you should be producing exactly the same action as
when breathing out through the nose. Now say [ m] between vowels, produc-
ing sequences such as [ama, imi], etc. Try not to have any gap between the
consonant and the vowels.

B. Repeat this exercise with [n, g, I, r, w, j], learning to produce [ ana, agna,
ala, ara, awa, aja] and similar sequences with other vowels.

C. Make sure that you can differentiate between the English words whether,
weather; which, witch, even if you do not normally do so.

Say:

[ hwedo(1)] whether
[weda(r) ] weather
[hwit[] which

[ wit] ] witch



D.

Performance Exercises

Learn to produce the following Burmese words. (You may for the moment
neglect the tones, indicated by accents above the vowels.)

Voiced nasals Voiceless nasals

ma ‘lift up’ ma ‘from’

na ‘pain’ na ‘nose’

na ‘fish’ na ‘borrow’

. Working with a partner, produce and transcribe several sets of nonsense

words. You should use slightly more complicated sets than previously. Make
up your own sets on the basis of the illustrative set given below, including
glottal stops, nasal and lateral plosion, and some combinations of English
sounds that could not occur in English. Remember to mark the stress.

'klantfups’kwe1d3

3i3m'spobm

'tsi?rbe?id]

mbu'trign

'twaibre?ip

To increase your memory span in perceiving sounds, include some simpler
but longer words in your production—perception exercises. A set of possible
words is given below. Words such as the last two, which have eight sylla-
bles each, may be too difficult for you at the moment. But try to push your
hearing ability to its limit. When you are listening to your partner dictating
words, remember to try to (1) look at the articulatory movements; (2) repeat,

to yourself, as much as you can immediately afterward; and (3) write down
as much as you can, including the stress, as soon as possible.

'kiputu'pikitu
'begrgide'dedr
tri'tf1?itfu'drudzi
rile'tole'manu'duli

'fa10idi'voiduvu'Oifi

83






4

English Vowels

TRANSCRIPTION AND PHONETIC DICTIONARIES

The vowels of English can be transcribed in many different ways, partly because
accents of English differ greatly in the vowels they use, and partly because there
is no one right way of transcribing even a single accent of English. The set of
symbols used depends on the reason for making the transcription. If one is aim-
ing to reduce English to the smallest possible set of symbols, then sheep and
ship, Luke and look, and all the other pairs of vowels that differ in length could
be transcribed using one symbol per pair plus a length mark [:], as [ [itp, [ip],
[ 1wk, luk], and so on. In this way, one could reduce the number of vowel sym-
bols considerably, but at the expense of making the reader remember that the
vowel pairs that differed by the use of the length mark also differed in quality.
A different approach would be to emphasize all the differences between English
vowels. This would require noting that both length and quality differences occur,
making [ [itp, [ip ] the preferable transcription. Using this kind of transcription
would hide the fact that vowel quality and vowel length are linked, and there is
no need to mark both. In this book, we have chosen to use the transcription that
most phonetics instructors prefer and write [ [ip, [ip], leaving the reader to infer
the difference in length.

Using this simple style of transcription, which was introduced in Chapter 2,
carries a small penalty. There are some widely accepted reference books that
specify pronunciations in both British and American English, none of which use
exactly this style. One is an updated version of the dictionary produced by the
English phonetician Daniel Jones, whose acute observations of English dom-
inated British phonetics in the first half of the twentieth century. The current
edition, English Pronouncing Dictionary, 16th edition (Cambridge: Cambridge
University Press, 2003), is familiarly known as “EPD 16.” It still bears Daniel
Jones’s name but has been completely revised by the new editors, Peter Roach,
James Hartman, and Jane Setter. It now shows both British and American pro-
nunciations. One version is accompanied by a CD so that you can hear both the
British and American pronunciations.

Another authoritative work is the Longman Pronunciation Dictionary,
2nd edition (Harlow, U.K.: Pearson, 2000), by John Wells. This dictionary,
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known as “LPD 2,” also gives the British and American pronunciations. Professor
Wells holds the chair in phonetics at University College, London, that Daniel
Jones previously held. He is clearly the leading authority on contemporary Eng-
lish pronunciation in all its forms—British, American, and other variants of the
worldwide language. Both these dictionaries, EPD 16 and LPD 2, use transcrip-
tions in which the length differences in vowels are marked, not just the qual-
ity differences as in this book. They write [ [i:p, [1p ] where we have [ [ip, [ip].
A third dictionary, Oxford Dictionary of Pronunciation for Current English
(Oxford: Oxford University Press, 2003) by Clive Upton, William Kretzschmar,
and Rafal Konopka, is slightly different from the other two dictionaries in that it
gives a wider range of both British and American pronunciations. To show more
detail, it also uses a larger set of symbols and a more allophonic transcription
than either of the other two dictionaries.

Everyone seriously interested in English pronunciation should be using one
of these dictionaries. Each of them shows the pronunciations typically used
by national newscasters—what we may regard as “Standard American News-
caster English” and “Standard BBC English” (often shortened to just “American
English” and “British English” in this book). Of course, in neither country is
there really a standard accent. Some newscasters in both countries have notable
local accents. The dictionaries give what would be accepted as reasonable pro-
nunciations for communicating in the two countries. They allow one to compare
British and American pronunciations in great detail, noting, for example, that
most British speakers pronounce Caribbean as [ keerrbion ], with the stress on
the third syllable, whereas Americans typically say [ ka'ribion ], with the stress
on the second syllable.

Ordinary American college dictionaries also provide pronunciations, but the
symbols they use are not in accordance with the principles of the IPA and are of
little use for comparative phonetic purposes. American dictionary makers some-
times say that they deliberately do not use IPA symbols because their dictionaries
are used by speakers with different regional accents, and they want readers to be
able to learn how to pronounce an unfamiliar word correctly in their own accent.
But, as we have been observing, IPA symbols are often used to represent broad
regions of sounds, and there is no reason why dictionary makers should not assign
them values in terms of key words, just as they do for their ad hoc symbols.

Two of the three dictionaries we have been discussing, LPD 2 and EPD 16,
use virtually the same set of symbols, differing only in the way they transcribe
the vowel in American English bird: LPD 2 has [ 3+ ], whereas EPD 16 has [ 3r].
Oxford Dictionary of Pronunciation for Current English uses a slightly different
set of symbols, but they are readily interpretable within the IPA tradition. This
book keeps to the style of transcription used in Wells’s LPD 2 except for the
omission of the length mark and a simple typographical change. We use [ €] in
words such as head, bed instead of [ e ]. In later chapters, we will be comparing
vowels in other languages such as French and German, and we will need to use
both [e]and [¢].



Vowel Quality

VOWEL QUALITY

In the discussion so far, we have deliberately avoided making precise remarks
about the quality of the different vowels. This is because, as we said in Chapter 1,
the traditional articulatory descriptions of vowels are not very satisfactory. Try
asking people who know as much about phonetics as you do to describe where
the tongue is at the beginning of the vowel in boy, and you will get a variety of
responses. Can you describe where your own tongue is in a set of vowels?

It is difficult to describe the tongue position of a vowel in one’s own speech.
Very often, people can only repeat what the books have told them—they cannot
determine for themselves where their tongues are. It is quite easy for a book to
build up a set of terms that are not really descriptive but are in fact only labels.
We started introducing terms of this kind for vowel qualities in Chapters 1 and 2
and will continue with this procedure here. But it is important for you to remem-
ber that the terms we are using are simply labels that describe how vowels sound
in relation to one another. They are not absolute descriptions of the position of
the body of the tongue.

Part of the problem in describing vowels is that there are no distinct bound-
aries between one type of vowel and another. When talking about consonants,
the categories are much more distinct. A sound may be a stop or a fricative, or
a sequence of the two. But it cannot be halfway between a stop and a fricative.
Vowels are different. It is perfectly possible to make a vowel that is halfway be-
tween a high vowel and a mid vowel. In theory (as opposed to what a particular
individual can do in practice), it is possible to make a vowel at any specified
distance between any two other vowels. In order to appreciate the fact that vowel
sounds form a continuum, try gliding from one vowel to another. Say [a&] as in
had and then try to move gradually to [1] as in se. Do not say just [ &—i |, but try
to spend as long as possible on the sounds between them. If you do this correctly,
you should pass through sounds that are something like [ €] as in head and [ e1]
as in hay. If you have not achieved this effect already, try saying [ &e—e—e1—i ]
again, slurring slowly from one vowel to another.

Now do the same in the reverse direction, going slowly and smoothly from [i]
as in he to [ 2] as in had. Take as long as possible over the in-between sounds.
You should learn to stop at any point in this continuum so that you can make,
for example, a vowel like [ €] as in head, but slightly closer to [a] as in had.
Next, try going from [a] as in had slowly toward [ a] as in father. When you say
[ae—a], you probably will not pass through any other vowel of your own speech.
But there is a continuum of possible vowel sounds between these two vowels.
You may be able to hear sounds between [ @] and [ a] that are more like those
used by people with other accents in had and father. Some forms of Scottish
English, for example, do not distinguish between the vowels in these words (or
between cam and calm). Speakers with these accents pronounce both had and
father with a vowel about halfway between the usual Midwestern American
pronunciation of these two vowels. Some speakers of American English in the
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Boston area pronounce words such as car and park with a vowel between the
more usual American vowels in cam and calm. They do, however, also distin-
guish the latter two words.

Last, in order to appreciate the notion of a continuum of vowel sounds, glide
from [a] as in father to [u] as in who. In this case, it is difficult to be specific
as to the vowels that you will go through on the way, because English accents
differ considerably in this respect. But you should be able to hear that the move-
ment from one of these sounds to the other covers a range of vowel qualities that
have not been discussed so far in this section.

THE AUDITORY VOWEL SPACE

When you move from one vowel to another, you are changing the auditory
quality of the vowel. You are, of course, doing this by moving your tongue and
your lips, but, as we have noted, it is very difficult to say exactly how your
tongue is moving. Consequently, because phoneticians cannot be very precise
about the positions of the vocal organs in the vowels unless we use x-ray or
MRI to monitor the tongue, we often simply use labels for the auditory qualities
of the different vowels. The vowel [1] as in heed is called high front, meaning,
roughly, that the tongue is high and in the front of the mouth but, more pre-
cisely, that it has the auditory quality we will call high, and the auditory quality
front. Similarly, the vowel [ & ] as in had has a low tongue position and, more
important, an auditory quality that may be called low front. The vowel [ €] as in
head sounds somewhere between [i] and [ & ], but a little nearer to [ & ], so we
call it mid-low front. (Say the series [i, €, & ] and check for yourself that this is
true.) The vowel [a] as in father has a tongue position that is low and back in
the mouth and auditory qualities that we will call low back. Last, the vowel [u]
in who is a high, fairly back vowel. The four vowels [1i, &, a, u], therefore, give
us something like the four corners of a space showing the auditory qualities of
vowels, which may be drawn as in Figure 4.1.

Figure 4.1 The vowel space.

high front high back

1 u

a
low front low back
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None of the vowels has been put in an extreme corner of the space in Figure 4.1.
It is possible to make a vowel that sounds more back than the vowel [u] that most
people use in who. You should be able to find this fully back vowel for yourself.
Start by making a long [u], then round and protrude your lips a bit more. Now try
to move your tongue back in your mouth, while still keeping it raised toward the
soft palate. The result should be a fully back [ u]. Another way of making
this sound is to whistle the lowest note that you can and then, while retaining
the same tongue and lip position, voice this sound. Again, the result will be an
[u] sound that is farther back than the vowel in who. Try saying [i] as in heed, [u]
as in who, and then this new sound, which we may symbolize with an added
underline [u]. If you say the series [1i, u, u], you should be able to hear that [u] is
intermediate between [i] and [u ], but—for most speakers—much nearer [u ].

Similarly, it is possible to make vowels with a more extreme quality than the
usual English vowels [1i, @, a]. If, for example, while saying [a] as in had, you
lower your tongue or open your jaw slightly farther, you will produce a vowel
that sounds relatively farther from [i] as in heed. It will probably also sound a
little more like [ a] as in father.

Given a notion of an auditory vowel space of this kind, we can plot the rela-
tive quality of the different vowels. Remember that the labels high/low and front/
back should not be taken as descriptions of tongue positions. They are simply in-
dicators of the way one vowel sounds relative to another. The labels describe the
relative auditory qualities, not the articulations.

Students of phonetics often ask why we use terms like high, low, back, and front
if we are simply labeling auditory qualities and not describing tongue positions.
The answer is that it is largely a matter of tradition. For many years, phoneticians
thought they were describing tongue positions when they used these terms to spec-
ify vowel quality. But there is only a rough correspondence between the traditional
descriptions in terms of tongue positions and the actual auditory qualities of vow-
els. If you could take x-ray pictures showing the position of your tongue while
you were saying the vowels [ i, g, a, u], you would find that the relative positions
were not as indicated in Figure 4.1. But, as we will see in Chapter 8, if you use
acoustic phonetic techniques to establish the auditory qualities, you will find that
these vowels do have the relationships indicated in this figure.

Indeed, linguists have used terms such as acute and grave instead of front and
back in the description of vowels. But, for a variety of reasons, these terms did
not become widely used. It seems preferable to stick with the old terms high,
low, front, and back, even though they are being used to describe auditory quali-
ties rather than tongue positions.

AMERICAN AND BRITISH VOWELS

Most of the vowels of a form of Standard American Newscaster English typical
of many Midwestern speakers are shown in the upper part of Figure 4.2. A com-
parable diagram of the vowels of British English as spoken by BBC newscasters
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Figure 4.2 The relative auditory qualities of some of the vowels of Standard American
Newscaster English and British (BBC newscaster) English.

high

back
American
(national newscaster)
low
high
front back

British
(BBC newscaster)

is shown in the lower part of Figure 4.2. In both diagrams, the solid points repre-
sent the vowels that we are treating as monophthongs, and the lines represent the
movements involved in the diphthongs. The symbols labeling the diphthongs are
placed near their origins. There is a good scientific basis for placing the vowels
as shown here. The positions of both monophthongs and diphthongs are not just
the result of auditory impressions. The data are taken from the acoustic analy-
ses of a number of authorities, a point we will return to in Chapter 8 when we
discuss acoustic phonetics. Meanwhile, if you are able to listen to a speaker of
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Midwestern American English or BBC English, you should be able to hear that
the relative vowel qualities are as indicated. Other varieties of English will differ
in some respects, but you should find that in most accents, the majority of the
relationships are the same. We will note the cases in which there are substantial
differences as we discuss the individual vowels.

Listen first of all to your pronunciation of the vowels [1i, 1, €, & ] as in heed,
hid, head, had. (If you are not a native speaker of English, you can listen to
recordings of these words, which are on the CD in Chapter 2.) Do these vow-
els sound as if they differ by a series of equal steps? Make each vowel about
the same length (although in actual words they differ considerably), saying just
[i, 1, €, & ]. Now say them in pairs, first [, 1], then [1, €], then [ €, @& ]. In many
forms of English, [i] sounds about the same distance from [1] as [1] is from
[e], and as [e] is from [ & ]. Some Eastern American speakers make a distinct
diphthong in heed so that their [1i] is really a glide starting from almost the
same vowel as that in hid. Other forms of English, for example as spoken in
the Midlands and the North of England, make a lower and more back vowel
in had, making it sound a little more like the [ a] in father. This may result
in the distance between [ € ] and [ & ] being greater than that between [ € ] and
[1]. But speakers who have a lower [ & ] may also have a slightly lower [ ],
thus keeping the distances between the four vowels [1i, 1, €, & ] approximately
the same.

The remaining front vowel in English is [e1] as in hay. We will discuss this
vowel after we have discussed some of the back vowels. The back vowels vary
considerably in different forms of English, but no form of English has them
evenly spaced like the front vowels. Say for yourself [a, o, u, u] as in father,
author, good, food. As before, make each vowel about the same length, and say
just [a, 9, u, u]. (If, like many Californians, you do not distinguish between the
vowels in father and author; just say the three vowels [ a, u, u].) Consider pairs
of vowels as you did the front vowels. Estimate the distances between each of
these vowels, and compare them with those shown in Figure 4.2.

We noted that many Midwestern and Californian speakers do not distin-
guish [a] and [o] as in cot and caught. They usually have a vowel intermediate
in quality between the two points shown on the chart but closer to [a]. On
the other hand, most speakers of British English have an additional vowel in
this area. They distinguish between the vowels [ a, o, o] as in balm, bomb,
bought. This results in a different number of vowel qualities, as shown in
the lower diagram in Figure 4.2. The additional vowel [p] is more back and
slightly more rounded than [a].

The vowels [u, u] as in good, food also vary considerably. Many speakers
have a very unrounded vowel in good and a rounded but central vowel in food.
Look in a mirror and observe your own lip positions in these two vowels.

Both British and American English speakers have a mid-low central vowel
[A] as in bud. In many forms of British English, this vowel may be a little lower
than in American English. In this way, it is distinct from the British English
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central vowel [ 3] in bird. The vowel in American English bird is not shown in
the upper part of Figure 4.2 because it is distinguished from the vowel in bud by
having r-coloring, which we will discuss later.

DIPHTHONGS

We will now consider the diphthongs shown in Figure 4.2. Each of these sounds
involves a change in quality within the one vowel. As a matter of convenience,
they can be described as movements from one vowel to another. In English, the
first part of the diphthong is usually more prominent than the last. In fact, the
last part is often so brief and transitory that it is difficult to determine its exact
quality. Furthermore, the diphthongs often do not begin and end with any of the
sounds that occur in simple vowels.

For maximum clarity, the difference in the prominence of the two vowel
qualities of a diphthong can be indicated by writing the “nonsyllabic” diacritic
symbol under the less prominent portion, as in [ ar]. This makes explicit the
distinction between a two-syllable vowel sequence (gnaw it [ nart ]) and a
single-syllable vowel sequence (night [ nait ]). It is also common among phone-
ticians to use another method to mark diphthongs: with the nonsyllabic element
printed as a superscript letter (e.g., [a']).

As you can see from Figure 4.2, both of the diphthongs [a1, au], as in high,
how, start from more or less the same low central vowel position, midway be-
tween [2 ] and [ a] and, in BBC English, closer to [ A] than to any of the other
vowels. (The Oxford Dictionary of Pronunciation for Current English tran-
scribes the American [ar] as [ a1] in British English.) Say the word eye very
slowly and try to isolate the first part of it. Compare this sound with the vowels
[, A, a] as in bad, bud, father. Now make a long [a] as in father, and then say
the word eye as if it began with this sound. The result should be something like
some forms of New York or London Cockney English pronunciations of eye. Try
some other pronunciations, starting, for example, with the vowel [ 2 ] as in bad.
In this case, the result is a somewhat affected pronunciation.

The diphthong [a1], as in high, buy, moves toward a high front vowel, but
in most forms of English, it does not go much beyond a mid-front vowel. Say
a word such as buy, making it end with the vowel [ €] as in bed (as if you were
saying [ bae ]). A diphthong of this kind probably has a smaller change in qual-
ity than occurs in your normal pronunciation (unless you are one of the speakers
from Texas or elsewhere in the South and Southwest who make such words as
by, die into long monophthongs—{ ba:, da:]). Then say buy, deliberately making
it end with the vowel [1] as in bid. This vowel is usually slightly higher than the
ending of this diphthong for many speakers of English. Finally, say buy with the
vowel [1] as in heed at the end. This is a much larger change in quality than nor-
mally occurs in this word. But some speakers of Scottish English and Canadian
English have a diphthong of this kind in words such as sight, which is different
from the diphthong that they have in side.
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The diphthong [au] in how usually starts with a quality very similar to that
at the beginning of high. Try to say owl as if it started with [a] as in had, and
note the difference from your usual pronunciation. Some speakers of the type
of English spoken around London and the Thames estuary (often called Estuary
English) have a complicated movement in this diphthong, making a sequence
of qualities like those of [€] as in bed, [ A] as in bud, and [u] as in food. Say
[ e=A—u ] in quick succession. Now say the phrase how now brown cow using
a diphthong of this type.

The diphthong [e1] as in hay varies considerably in different forms of
English. Some American English speakers have a diphthong starting with a
vowel very like [ €] in head (as shown in the upper part of Figure 4.2). Most
BBC English speakers and many Midwestern Americans have a smaller diph-
thong, starting closer to [1] as in hid. Estuary English, as described above, has a
larger diphthong, so that words such as mate, take sound somewhat like might,
tyke. Conversely, others (including many Scots) have a higher vowel, a monoph-
thong that can be written [ e ]. Check your own pronunciation of say and try to
decide how it should be represented on a chart as in Figure 4.2.

The diphthong [ ou] as in hoe may be regarded as the back counterpart of
[e1]. For many speakers of American English, it is principally a movement in
the high—low dimension, but in most forms of British English, the movement is
more in the front—back dimension, as you can see in Figure 4.2. Some British
English speakers make this vowel start near [ € ] and end a little higher than [uU].
Say each part of this diphthong and compare it with other vowels.

The remaining diphthong moving in the upward direction is [ o1] as in boy.
Again, this diphthong does not end in a very high vowel. It often ends with a
vowel similar to that in bed. We might well have transcribed boy as [ boe ] if we
had not been trying to keep the style of transcription used in this book as similar
as possible to other widely used transcriptions.

The last diphthong, [ju] as in cue, differs from all the other diphthongs in that
the more prominent part occurs at the end. Because it is the only vowel of this
kind, many books on English phonetics do not even consider it a diphthong; they
treat it as a sequence of a consonant followed by a vowel. We have considered it
to be a diphthong because of the way it patterns in English. Historically, it is a
vowel, just like the other vowels we have been considering. Furthermore, if it is
not a vowel, then we have to say that there is a whole series of consonant clusters
in English that can occur before only one vowel. The sounds at the beginning of
pew, beauty, cue, spew, skew and (for most speakers of British English) fune, due,
sue, Zeus, new, lieu, stew occur only before /u/. (Note that in British English, do
and due are pronounced differently, the one being [ du ] and the other [ dju].) There
are no English words beginning with /pje/ or /kjese/, or any combination of stop
plus [j] before any other vowel. In stating the distributional properties of English
sounds, it seems much simpler to recognize /ju/ as a diphthong and thus reduce
the complexity of the statements one has to make about the English consonant
clusters.
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RHOTIC VOWELS

The only common stressed vowel of American English not shown in Figure 4.2
is [ 3-] as in sir;, herd, fur. This vowel does not fit on the chart because it cannot
be described simply in terms of the features high—low, front-back, and rounded—
unrounded. The vowel [ 3+ ] can be said to be r-colored. It involves an additional
feature called rhotacization. Just like high-low and front-back, the feature
rhotacization describes an auditory property, the r-coloring, of a vowel. When
we describe the height of a vowel, we are saying something about how it sounds
rather than something about the tongue gesture necessary to produce it. Simi-
larly, when we describe a sound as a rhotacized vowel, we are saying something
about how it sounds. In most forms of American English, there are both stressed
and unstressed rhotacized vowels. The transcription for the phrase my sister’s
bird in most forms of American English would be [ mar 'sistors 'b3d ].

Rhotacized vowels are often called retroflex vowels, but there are at least two
distinct ways in which the r-coloring can be produced (see Figure 4.3). Some
speakers have the tip of the tongue raised, as in a retroflex consonant. The
speaker shown in the top panel of Figure 4.3 has this type of tongue configura-
tion in [ 3+ ]. Others (such as the speaker in the bottom panel) keep the tip down
and produce a high bunched tongue position. These two gestures produce a very
similar auditory effect. X-ray studies of speech have shown that in both these
ways of producing a rhotacized quality, there is usually a constriction in the
pharynx caused by retraction of the part of the tongue near the epiglottis.

The most noticeable difference among accents of English is in whether they
have r-colored vowels. In many forms of American English, rhotacization oc-
curs when vowels are followed by [r], as in beard, bared, bard, board, poor, tire,
hour. Accents that permit some form of [r] after a vowel are said to be rhotic.
The rhotacization of the vowel is often not so evident at the beginning of the
vowel, and something of the quality of the individual vowel remains. But in sir,
herd, fur the whole vowel is rhotacized (which is why LPD 2 [ 3] is preferable
to EPD 16 [3r]). Insofar as the quality of this vowel can be described in terms of
the features high—low and front—back, it appears to be a mid-central vowel such
as [ 3] with added rhotacization.

Rhotic accents are the norm in most parts of North America. They were
prevalent throughout Britain in Shakespeare’s time, and still occur in the West
Country, Scotland, and other regions distant from London. Shortly after it
became fashionable in the Southeast of England to drop the post-vocalic /r/, this
habit spread to areas of the United States in New England and parts of the South.
These regions are now non-rhotic to various degrees. Try to find a speaker of
English with an accent that is the opposite of yours—rhotic or non-rhotic, as the
case may be. Listen to their vowels in words such as mirror, fairer, surer, poorer,
purer and compare them with your own.

Standard BBC English is not rhotic and has diphthongs (not shown in
Figure 4.2) going from a vowel near the outside of the vowel space toward the
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Figure 4.3 Magnetic resonance imaging (MRI) scans of two American English speakers
producing [ 3+ ] (data from Zhou, Espy-Wilson, Tiede, & Boyce, 2007).

central vowel [ 2]. In words such as here and there, these are transcribed
[10] and [eo]. Some speakers have a long [ € ] instead of [ €2 ], particularly
before [r] as in fairy and bearing. Some people have a centering diphthong
[ua] in words such as poor, but this is probably being replaced by [0 ] in most
non-rhotic accents of British English. We also noticed in Chapter 2 that some
speakers have a centering diphthong (though we did not call it that at the time)
in hire, fire, which are [ hao, fas].

As a conclusion to this section, we will consider the ways in which the vow-
els of different accents (or, indeed, of different languages) can differ. Each accent
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(or language) contrasts a certain number of vowels. The first difference between
two accents may be in the number of vowels they contrast. Californian English,
for example, differs from many Midwestern accents of English in having lost
the contrast between [a] and [0], as in cot versus caught, so there is one fewer
vowel in the Californian system. Similarly, most British English accents have
systemic differences from most American English accents in that they have
additional vowels, distinguishing cart, cot, court by vowels that we can repre-
sent by /a, o, o/. Another way in which accents can differ is in the vowels that
occur in certain words. Both BBC English and American Newscaster English
have vowels that can be symbolized by /a&/ and /a/ as in fat and father, but BBC
English has /a/ in glass and last, while American English has /& /. An even
more pointed comparison of this kind of difference is that between some Stan-
dard Northern accents of British English and BBC English. Both these accents
have the same number of vowel contrasts (the same vowel systems), but they use
/@& / and /a/ in different words, Standard Northern having /a/ in castle, glass,
and much the same words as those for which this vowel is used in American
English. This kind of difference between accents is known as a difference in dis-
tribution (of vowel qualities) as opposed to a difference in system (the number
of distinct vowels). Finally, some differences between accents are simply a mat-
ter of vowel quality. Two accents can have exactly the same vowel systems and
the same vowel distributions, but the vowels can differ in quality. Thus, Texans
and Midwestern Americans have similar vowel systems and distributions but use
different ways of distinguishing the vowels in words such as pie and the word
for ‘father,” pa. Texans are likely to have a long monophthong in each of these
words, making them best symbolized as [ pa:] and [ pa: ], whereas Midwestern
Americans are more likely to say [par] and [ pa]. Or, to take a British English
example, an old-fashioned Cockney English and a modern Estuary English ac-
cent may have the same vowel distinctions (the same systems) and use them
in the same words (the same distributions), but use different vowel qualities.
Cockney will have vowels best represented as [ A1] and [ a1 ] in mate and might;
Estuary English pronounces these words more like [ merit ] and [ mait].

Try to compare your own accent of English with another accent and say
which of the vowel differences are best described as differences in the system
of vowels, which are differences of distribution, and which involve just differ-
ences in vowel quality. Often all three of these factors—systemic differences,
distributional differences, and vowel quality differences—distinguish one accent
from another. Nevertheless, considering the three factors provides a useful way
of looking at differences between accents.

UNSTRESSED SYLLABLES

In all forms of English, the symbol [ 2], not shown in Figure 2.2, may be used
to specify a range of mid-central vowel qualities. As we saw in Chapter 2, this
vowel occurs in grammatical function words, such as to, the, at [to, 89, ot].
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It also occurs at the end of the words sofa, China ['soufs, 'tfams ], and, for most
British speakers, better, farmer ['beta, fama]. In American English, the vowel
at the end of words with the -er spelling is usually [ o], a very similar quality,
but with added r-coloring. As the vowel chart in Figure 4.2 represents a kind
of auditory space, vowels near the outside of the chart are more distinct from
one another than vowels in the middle, and differences in vowel quality become
progressively reduced among vowels nearer the center. The symbol [ 2] may be
used to designate many vowels that have a central, reduced vowel quality.

We will be considering the nature of stress in English in the next chapter, but
we can note here that vowels in unstressed syllables do not necessarily have a
completely reduced quality. All the English vowels can occur in unstressed syl-
lables in their full, unreduced forms. Many of them can occur in three forms, as
shown in Table 4.1. In this table, the vowel to be considered is in the first column.
The words in the second column illustrate the full forms of the vowels. The third
column gives an example of the same unreduced vowel in an unstressed syllable.
The fourth column illustrates the same underlying vowel as a reduced vowel. For
many people, the reduced vowels in this last column are all very similar. Some ac-
cents have slightly different qualities in some of these words, but all are still within
the range of a mid-central vowel that can be symbolized by [ 2]. Others have [1]
in some of these words, such as recitation, or a high-central vowel, which may be
symbolized by [#]—a symbol that is sometimes called ‘barred i.” Yet others, par-
ticularly speakers of various forms of American English, do not reduce the vowels
in the fourth column appreciably, keeping them with much the same vowel quality
as in the third column. The transcription of vowels with one symbol or another
sometimes disguises the fact that the vowel in question might have an intermediate
quality, neither that of the unstressed vowel nor that of a vowel fully reduced to [9].
Say all the words in Table 4.1 yourself and find out which vowels you have.

There are some widely applicable rules of English relating the pronunciation
of the words in the second column to that of the words in the fourth column.

LLGILE N Examples of vowels in stressed and unstressed syllables and in
reduced syllables. The boldface type shows the vowel under consideration.

Vowels Stressed Syllable Unstressed Syllable Reduced Syllable
i appreciate creation deprecate
I implicit simplistic implication
b) cause causality
U hoodwink neighborhood
A confront umbrella confrontation
3, 3 confirm verbose confirmation
ar recite citation recitation
) exploit exploitation

ju compute computation circular
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Consequently, we are able to say that the same underlying vowels occur in the
words in the second and fourth columns. If we were making a high-level phono-
logical transcription, we could transcribe the vowels in the different columns with
the same symbols and allow the rules to make it clear that different allophones
occurred. Thus, we could transcribe emphatic as /emfaetik/ and emphasis as /
emfaesis/, as long as we also have a rule that assigns the stress and makes /a/
into [ o] in the second word.

The rules accounting for the allophones are very general in the sense that they
account for thousands of similar alternations among English words. But they are
also very complicated. They have to account for the blanks in the fourth column,
which show that some vowels can be completely reduced but others cannot.
There is, for example, a completely reduced vowel in explanation, demonstra-
tion, recitation, but not, for most people, in the very similar words exploitation,
computation. As you can also see from an examination of Table 4.1, some vow-
els, such as [ o0, U, u, au, o1], do not fit into this scheme of alternations in the
same way as the other vowels. Because the rules are so complicated, we will not
use transcriptions showing the underlying forms of English in this elementary
textbook. Instead, we will continue to use [ o] or [1] in reduced syllables.

Most British and some American English speakers have a vowel more like [1]
in suffixes such as -ed, -(e)s at the ends of words with alveolar consonants such
as hunted, houses ['hantid, 'havziz]. For these speakers, both vowels in pitted
['prtrd ] have much the same quality. A reduced vowel more like [ U] may occur
in the suffix -ful as in dreadful [ 'dredful ], but for many people, this is just
a syllabic [1], ['dredfl].

TENSE AND LAX VOWELS

The vowels of English can be divided into what may be called tense and lax
sets. These terms are really just labels used to designate two groups of vowels
that behave differently in English words. There are phonetic differences between
the two groups, but they are not simply a matter of muscular tenseness versus
laxness. To some extent, the differences between the two sets are due to devel-
opments in the history of the English language that are still represented in the
spelling. The tense vowels occur in the words with a final, so-called silent e in
the spelling, e.g., mate, mete, kite, cute. The lax vowels occur in the correspond-
ing words without a silent e: mat, met, kit, cut. In addition, the vowel in good,
which, for reasons connected with the history of English, has no silent e partner,
is also a member of the lax set. This spelling-based distinction is, however, only
a rough indication of the difference between the two sets. It is better exemplified
by the data in Table 4.2.

The difference between the two sets can be discussed in terms of the different
kinds of syllables in which they can occur. Table 4.2 shows some of the restric-
tions for one form of American English. The first column of words illustrates a
set of closed syllables—those that have a consonant at the end. All of the vowels
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LLCIRE WA The distribution of tense and lax vowels in stressed syllables in American

English.
Tense Lax Most Closed Open Syllables Syllables  Syllables
Vowels Vowels Syllables Syllables Closed By Closed By Closed By
[r] [n] [f1
i beat bee beer (leash)
I bit sing wish
er bait bay
€ bet bare length fresh
oU boat low (boar)
U good push
u boot boo tour
o/A but burr hung crush
ar bite buy fire
o1 void boy (coir)
ju cute cue pure

can occur in these circumstances. The next column shows that in open syllables—
those without a consonant at the end—only a restricted set of vowels can occur.

None of the vowels [1, €, &, U, A] as in bid, bed, bad, good, bud can appear in
stressed open syllables. This is the set of vowels that may be called lax vowels,
as opposed to the tense vowels in the other words. To characterize the differ-
ences between tense and lax vowels, we can consider some of them in pairs,
each pair consisting of a tense vowel and the lax vowel that is nearest to it in
quality. Three pairs of this kind are [ i, 1] as in beat, bit; [ e1, €] as in bait, bet;
and [u, u] as in boot, foot. In each of these pairs, the lax vowel is shorter, lower,
and slightly more centralized than the corresponding tense vowel. There are no
vowels that are very similar in quality to the remaining two lax vowels in most
forms of American English, [a] as in hat, cam and [ A] as in hut, come. But
both of these low lax vowels are shorter than the low tense vowel [a] as in spa.
Speakers of most forms of British English have an additional lax vowel. They
have the tense vowel [a] as in calm, car, card in both open and closed syllables,
and they also have a lax vowel [D] as in cod, common, con [ kod, 'komen, kon ],
which occurs only in closed syllables.

The fifth column in Table 4.2 shows the vowels that can occur in syllables closed
by /r/ in American English. In a syllable closed by /r/, there is no contrast in qual-
ity between a tense vowel and the lax vowel nearest to it. Consequently, as often
happens in contexts in which there is no opposition between two sounds, the actual
sound produced is somewhere between the two. (We have already observed another
example of this tendency. We saw that after /s/ at the beginning of a word, there is
no contrast between /p/ and /b/, or /t/ and /d/, or /k/ and /g/. Consequently, the
stops that occur in words such as spy, sty, sky are between the corresponding voiced
and voiceless stops; they are unaspirated, but they are never voiced.)
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The words boar and coir are in parentheses in this column because for many peo-
ple, [ou] and [o1] do not occur before /r/. The word coir [ koir ], perhaps the only
word in English pronounced with [o1r], is not in many people’s vocabularies, and
many people make no difference between bore and boar. But some speakers do con-
trast [0] and [ ou ] in these two words, or in other pairs such as horse and hoarse.

The next column shows the vowels that occur before [1]. In these circum-
stances, again, there is no possible contrast between tense and lax vowels. But,
generally speaking, it is the lax vowels that occur. However, many younger
Americans pronounce sing with a vowel closer to that in scene rather than that in
sin. And in some accents, length is regularly pronounced with virtually the same
vowel as that in bait rather than that in bet; in others, it is pronounced with the
vowel in bit. The pronunciation of long varies. It is [lan ] or [ lor) ] in most forms
of American English and [lon ] in most forms of British English. Several other
changes are true of vowels before all nasals in many forms of American English.
For example, [ & ] may be considerably raised in ban, lamb as compared with
bad, lab. In many accents, pin, pen and gym, gem are not distinguished.

The last column shows that there are similar restrictions in the vowels that can
occur before [ []. By far, the majority of words ending in /[/ have lax vowels for most
speakers, although some accents (e.g., that used in parts of Appalachia) have [i] in
fish (making it like fiche) and [u] in push and bush. In Peter Ladefoged’s speech,
the only words containing the tense vowel /i/ before / [/ are leash, fiche, quiche.
Some speakers have tense vowels in a few new or unusual words such as creche,
gauche, which may be [ kreif, gou[]. The pronunciation of wash varies in much the
same way as that of long. Both [ wa[ ] and [ wo[] occur in American English.

RULES FOR ENGLISH VOWEL ALLOPHONES

As we did in the previous chapter in discussing consonant allophones, we can
conclude this chapter by considering a set of formal statements that apply to
vowels. The first concerns vowel length:

(1) Other things being equal, a given vowel is longest in an open syllable,
next longest in a syllable closed by a voiced consonant, and shortest in a
syllable closed by a voiceless consonant.

If you compare words such as sea, seed, seat or sigh, side, site, you will hear
that the vowel is longest in the first word in each set, next longest in the sec-
ond, and shortest in the last. You can see an example of part of this statement in
Figure 3.3, which showed the waveforms of the words mat and mad. Because
some vowels (particularly the tense vowels) are inherently longer than others
(the lax vowels), we have to restrict statement (1) to a vowel of a given quality.
Although it is in a syllable closed by a voiced consonant, the lax vowel in bid is
often shorter than the tense vowel in beat, which is a syllable closed by a voice-
less consonant. We also have to note “other things being equal” because, as we
will see in the next statement, there are other things that affect vowel length.
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Even when we are considering the same vowel in syllables with the same
consonants, there may be a difference in vowel length. Stressed syllables are
longer than the corresponding unstressed syllables. Compare words such as
below and billow. You will find that the vowel [ ou] in the stressed syllable in the
first word is longer than the same vowel in the second word, where it occurs in
an unstressed syllable. We therefore have the following formal statement:

(2) Other things being equal, vowels are longer in stressed syllables.

We still have to hedge this statement with the phrase “other things being
equal,” as there are other causes of variation in vowel length. Another kind of
length variation is exemplified by sets of words such as speed, speedy, speed-
ily. Here, the vowel in the stressed syllable gets progressively shorter as extra
syllables are added to the same word. The reasons for this phenomenon will be
dealt with in the next chapter. Here, we will simply state:

(3) Other things being equal, vowels are longest in monosyllabic words, next
longest in words with two syllables, and shortest in words with more than
two syllables.

We should also add a statement about unstressed vowels, which may become
voiceless in words such as potato, catastrophe. For some people, this happens
only if the following syllable begins with a voiceless stop, but for many, it also
happens in a normal conversational style in words such as permission, tomato,
compare. In terms of the gestures involved, this is simply a case of the voiceless
gesture for the glottis associated with the initial voiceless stops overlapping with
the voicing gesture normally associated with the vowels. One wording of an
appropriate statement would be:

(4) A reduced vowel may be voiceless when after a voiceless stop (and before
a voiceless stop).

The parenthesized phrase can be omitted for many people.
(5) Vowels are nasalized in syllables closed by a nasal consonant.

The degree of nasalization in a vowel varies extensively. Many people will
have the velum lowered throughout a syllable beginning and ending with a nasal,
such as man, making the vowel fully nasalized.

Finally, we must note the allophones produced when vowels occur in syl-
lables closed by /1/. Compare your pronunciation of /i/ in heed and heel, of
/e1/ in paid and pail, and [ & ] in pad and pal. In each case, you should be able
to hear a noticeably different vowel quality before the velarized [ 1]. All the front
vowels become considerably retracted in these circumstances. It is almost as if
they became diphthongs with an unrounded form of [u] as the last element. In
a narrow transcription, we could transcribe this element so that peel, pail, pal
would be [phivt, pPeut, pheeut ]. Note that we omitted the usual second element
of the diphthong [er] in order to show that in these circumstances, the vowel
moved from a mid-front to a mid-central (rather than to a high front) quality.
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-

Back vowels, as in haul, pull, pool, are usually less affected by the final [t]
because they already have a tongue position similar to that of [1]. But there is
often a great difference in quality in the vowels in hoe and hole. As we have
seen, many speakers of British English have a fairly front vowel as the first ele-
ment in the diphthong [ au ]. This vowel becomes considerably retracted before
/1/ at the end of the syllable. You can observe the change by comparing words
such as holy, where there is no syllable final [ t], and wholly, where the first syl-
lable is closed by [1].

The change of vowel quality before [1] is yet another example of overlap-
ping gestures. The exact form of the statement for specifying vowel allophones
before [ 1] will vary from speaker to speaker. But, so that we can include a state-
ment in our set summarizing some of the main allophones of vowels in English,
we may say:

(6) Vowels are retracted before syllable final [1].

Some speakers have a similar rule that applies to vowels before /r/, as in hear,
there, which might be [ hi°r, de°r]. Note again how /1, r/ act in similar ways, as
we found in the preceding chapter when discussing consonants.

Again, it is important to understand that these statements specify roughly
only some of the major aspects of the pronunciation of English. They do not
state everything about English vowels that is rule-governed, nor are they formu-
lated with complete accuracy. There are problems, for example, in saying ex-
actly what is meant by word or syllable, and it is possible to find both exceptions
to these statements and additional generalizations that can be made.

EXERCISES

(Printable versions of all the exercises are available on the CD.)

A. Put your own vowels in this chart, using a set of words such as that given in
Table 2.2. Listen to each vowel carefully and try to judge how it sounds rela-
tive to the other vowels. You will probably find it best to say each vowel as the
middle vowel of a three-member series, with the vowels in the words above
and below forming the first and last vowels in the series. In the case of the
diphthongs, you should do this with both the beginning and the ending points.

high

front back

low



Exercises

B. Try to find a speaker with an accent different from your own (or perhaps a
foreigner who speaks English with an accent) and repeat Exercise A, using

this blank chart.

high

front

low

accent:

back

C. List words illustrating the occurrence of vowels in monosyllables closed by
/p/. Do not include names or words of recent foreign origin. You will find
that some vowels cannot occur in these circumstances.

i
I

€1

(016]
6]
UA
al
ao

o) §

D. Considering only the vowels that cannot occur in monosyllables closed by
/p/ as in Exercise C, give words, if possible, illustrating their occurrence in

syllables closed by the following consonants.

b
m
f

1

S

z
k
g
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E. Which vowel occurs before the smallest number of consonants? Also, which
class of consonants occurs after the largest number of vowels? (Define the
class in terms of the place of articulation at which these consonants are made.)

. Look at Table 4.1. Find additional examples illustrating the relationship be-
tween the words in the second and fourth columns. Transcribe each pair of
words as shown below for the vowel /i/.

Vowel Stressed Syllable Reduced Syllable
1 secrete [ so'krit | secretive [ 'sikrotiv |
1

el

€

®

aoro

ou

al

. Make up and transcribe a sentence containing at least eight different vowels.

. Give a number of examples for each of statements (1) through (6) by mak-
ing a transcription of some additional words that fit the rules. Your examples
should not include any words that have been transcribed in this book so far.
Remember to mark the stress on words of more than one syllable.

(1) three examples (one for each syllable type)

(2) two pairs of examples (each showing words differing principally in
stress)

(3) two sets of examples (each containing a one-syllable, a two-syllable,
and a three-syllable word, with the first stressed syllable remaining
constant)




Performance Exercises

(4) four examples

(5) four examples (use different vowels and different nasals)

(6) two sets of examples, each containing a contrasting pair of words

I. Transcribe the following sentences as recorded by the British and American
speakers on the CD.

(1) T’'ve called several times, but never found you there.

(2) Someone, somewhere, wants a letter from you.

(3) We were away a year ago.

(4) We all heard a yellow lion roar.

(5) What did you say before that?

(6) Never kill a snake with your bare hands.

(7) It’s easy to tell the depth of a well.

(8) Ienjoy the simple life.
As instructors vary in the kinds of transcription exercises they wish to assign,
additional exercises will not be given at the end of this and subsequent chapters.
Instead, more exercises may be found at the end of Chapter 11, in the appen-

dix “Additional Material for Transcription,” and on the CD in a special section
called “Additional Resources.”

PERFORMANCE EXERCISES

A. Learn to produce only the first part of the vowel [e1] as in hay. Try saying
this sound in place of your normal diphthong in words such as they came late.
Similarly, learn to produce a mid-high back vowel [ 0], and say it in words that
you have been transcribing with the diphthong [ou], such as Don’t go home.

B. Incorporate [e] and [ 0] in nonsense words for production and perception
exercises. These words might also now include the voiceless sounds [m, 1,
1, W, j . Remember to practice saying the words by yourself so that you can
say them fluently to your partner. Start with easy words such as:

mafja
neme
'Hale
'mo’i

lele
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Then go on to more difficult words like:
he'mane
'gambmbe]
'sporetn?ol
'wobforesfi
'tlepridzikus
C. Again working with a partner, write the numbers 1 through 5 somewhere on
a vowel chart as, for example, shown here.

Now say vowels corresponding to these numbered positions in nonsense
monosyllables, saying, for example, something like [ dub ]. Your partner
should try to plot these vowels on a blank chart. When you have pronounced
five words, compare notes and then discuss the reasons for any discrepancies
between the two charts. Then reverse roles and repeat the exercise.

D. Repeat Exercise C with as many different partners as you can. It is diffi-
cult to make perceptual judgments of the differences among vowels, but you
should be able to find a rough consensus.

E. In addition to nonsense words of the kind given in Exercise B, continue prac-
ticing with words to increase your auditory memory span. Say each word
only two or three times. Remember that you should be spending at least one
hour a week on production and perception exercises.

Be'mife'dime
'serapo'sapofi'pos
mo'preteplete'ki
nakoto'takpoto

lakimiti'none?re



5

English Words
and Sentences

WORDS IN CONNECTED SPEECH

In previous chapters, we considered lists of words that illustrated the contrasts
between consonants and the contrasts between vowels. This is a good way of
starting to look at the gestures that make up the words of English (or, indeed, of
any language, as we will see later). But speech is not really composed of a series
of distinct gestures, and, anyway, we don’t usually speak using isolated words.
As we saw in Chapter 1, when looking at the short movie clip of on top of his
deck, all the actions run together, making it very hard to see separate gestures.
It’s useful to look at short, specially constructed phrases so as to be able to see
the main aspects of individual vowels and consonants, as we did using x-ray
clips in Chapters 2 and 3. But now we must look at how pronunciations of indi-
vidual words compare with what happens in more normal, connected speech.

The form of a word that occurs when you say it by itself is called the citation
form. At least one syllable is fully stressed and there is no reduction of the vowel
quality. But in connected speech, many changes may take place. Consider, for
example, the spectrogram in Figure 5.1. This is our first spectrogram of speech,
so you shouldn’t expect to get much out of it at first, but even with only a little
explanation of how to “read” a spectrogram, you should be able to tell that the
word opposite was said in two different ways in this utterance. The speaker was
being interviewed, and the topic of life choices came up. He was talking about
choosing between a life of crime or a life in a religious discipline, and he said,
“or I was going to go in the opposite direction, and I went in the opposite di-
rection.” Before reading on, listen to this utterance on the CD. Can you hear
any differences in the word opposite between the first time he says it and the
second? They both seem to be perfectly acceptable (American) pronunciations
of the word, but the spectrogram shows some differences. The second opposite
is phonetically reduced. There are arrows under the portions of the spectrogram
that correspond to vowel sounds. The first opposite has three arrows correspond-
ing to the three vowels that we expect in the citation form of the word, while in
the second production we can only identify two vowel segments.
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In reading spectrograms, the first and most basic observation to make is that
there are three basic types of sounds. A stop appears as a white gap (silence)
followed by a very thin vertical stripe (the release burst). You can see this pat-
tern in the [p] of both productions of opposite in Figure 5.1. Fricatives appear
as dark patches near the top of the spectrogram. The [ s | of opposite is visible
in both productions, as is the [ [] of direction [ diek/n]. The third basic type of
sound includes vowels, approximants, and nasals and has anywhere from two to
five roughly parallel horizontal bands, generally with one band below a thousand
Hertz (Hz on the vertical scale), one between one thousand and two thousand Hz,
and another between two thousand and three thousand Hz. You can see that the
unstressed vowels of the first opposite are quite short in duration—Iess than 0.05
seconds on the horizontal scale—and one of the two has completely vanished in
the second opposite so that it is now pronounced ['apsit]. There are other indi-
cations of reduced pronunciation in the second production of this word—all of
the segments are shorter, the first vowel has no steady-state portion (see how the
second highest dark band goes down in frequency throughout the vowel, where
in the first production there was a plateau), and the [s] is lighter at the top of the
spectrogram.

When words are said in connected speech, they may be pronounced with
varying degrees of emphasis, and this results in varying degrees of deviation
from the citation form (which can be taken as the most emphatic, phonetically
full form of the word). In Chapters 3 and 4, we discussed rules for consonant
and vowel allophones that help us describe the patterns of pronunciation found
in citation forms. The range of phonetic variability found in connected speech is
a good deal greater and more subtle than the variability found in citation forms,
and this makes it difficult to describe the sound patterns of conversational speech
as alternations among phonetic symbols; quantitative measurement of duration,

Figure 5.1 A spectrogram of the utterance “the opposite direction, and | went in the opposite
direction.”

direction
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Words in Connected Speech

amplitude, and frequency is often a more insightful ways to proceed. Neverthe-
less, some useful observations about phonetic reduction in conversational speech
can be based on careful phonetic transcription.

The key difference between citation speech and connected speech is the vari-
able degree of emphasis placed on words in connected speech. This “degree of
emphasis” is probably related to the amount of information that a word conveys
in a particular utterance in conversation—for example, repetitions such as the
second opposite in Figure 5.1 are almost always reduced compared to the first
mention of the word—but here we will focus on the phonetics of reduction, not
its semantics. The citation speech/conversational speech difference is particu-
larly noticeable for one class of words. Closed-class words such as determiners
(a, an, the), conjunctions (and, or), and prepositions (of, in, with)—the gram-
matical words—are very rarely emphasized in connected speech, and thus their
normal pronunciation in connected speech is quite different from their citation
speech forms.

As with other words, closed-class words show a strong form, which occurs
when the word is emphasized, as in sentences such as He wanted pie and ice
cream, not pie or ice cream. There is also a weak form, which occurs when
the word is in an unstressed position. Table 5.1 lists strong and weak forms of a
number of common English words.

Several of the words in Table 5.1 have more than one weak form. Sometimes,
as in the case of and, there are no clear rules as to when one as opposed to
another of these forms is likely to occur. After a word ending with an alveolar
consonant, most speakers of English have a tendency to drop the vowel and say
[n ] or [nd] in phrases such as cat and dog or his and hers. But this is far from
invariable.

Strong and weak forms of some common English words. Over five times as
many could easily have been listed.
Word Strong form Weak form Example of a Weak Form
a er =) acup[s kap]
and end ond, nd, on, n you and me ['ju on 'mi ]
as ®z oz as good as [ oz 'gud oz]
at aet at at home [ ot 'houm |
can keen kon, kn I can go [ ar ky 'gou |
has haez hoz, oz, z, s he’s left [ hiz 'left ]
he hi i, hr, 1 will he go? [ wil 1 'gou ]
must mAst most, mos, ms I must sell [ a1 ms 'sel ]
she fi Ji did she go? ['did |1 'gou]
that Oaet dot he said that it did [ hr 'sed dot 1t 'did ]
to tu tu, to to Mexico [t o 'meksikou ]
would wud wad, od, d it would do ['1 t od 'du]
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For some words, however, there are rules that are nearly always applicable.
The alternation between a [ o] before a consonant and an [ on] before a vowel
is even recognized in the spelling. Similar alternations occur with the words the
and ro, which are [ 09, to] before consonants and are often [3i, tu] or [ 01, tu]
before vowels. Listen to your own pronunciation of these words in the sentence
The [ 53] man and the [ 01] old woman went to [to] Britain and to [tu] America.
The two examples of the will often be pronounced differently. It should be noted,
however, that there is a growing tendency for younger American English speak-
ers to use the form [ 9] in all circumstances, even before a vowel. If a glottal
stop is inserted before words beginning with a vowel (another growing tendency
in American English), then the form [d9] is even more likely to be used.

Some of the words in Table 5.1 are confusing in that the same spelling rep-
resents two words with different meanings (two homonyms). Thus, the spelling
that represents a demonstrative pronoun in a phrase such as “that boy and the
man,” but it represents a subordinate conjunction in ke said that women were
better. The conjunction is much more likely to have a weak form. The demon-
strative that is always pronounced [ daet ]. Similarly, when has is an auxiliary
verb, it may be [z], as in she’s gone, but it is [hoz] or [ 9z ] when it indicates
possession, as in she has nice eyes.

Atthis point, we should note a weakness in the above discussionand in Table 5.1.
We have been using phonetic transcription to note changes that occur. But
although transcription is a wonderful tool for phoneticians to use (please go on
practicing it), it is not a perfect one. All transcriptions use a limited set of sym-
bols, giving the impression that a sound is one thing or another. The word has,
for example, has been transcribed as [haez] or [oz] or [z], but there are really
lots of intermediate gestures. The word fo has more possibilities than [ tu, tu, ta].
Similarly, in the previous chapter, we discussed the first syllable in words such
as potato, noting that the vowel can be there or not. But it’s really not as absolute
as that. There may be anything from just the [p"], through a single glottal pulse
of a vowel, to (rather unusually) a full vowel [ou]. Speech is a continuum of
gestures that may be produced fully or in a reduced form, or may be virtually
not present at all.

These considerations also apply to another way in which words can be
affected when they occur in connected speech. As you already know, sounds are
often affected by adjacent sounds—for example, the [n] in fenth is articulated
on the teeth (or nearer to them) because of the following dental fricative [0].
Similar effects commonly occur across word boundaries, so that in phrases such
as in the and on the, the [n] is realized as a dental [n] because of the following
[0]. But it isn’t a simple choice of the nasal being either dental or alveolar.
Using phonetic transcription, we have only those two possibilities. Transcription
puts things in one category or another, but in fact there is a continuum of pos-
sibilities between the two possible transcriptions.

Finally, in this discussion of the limitations of transcription, think how you
say phrases like fact finding. Do you pronounce the [t ] at the end of fact?



Stress

Most people don’t say ['feekfaindin ] with no [t] gesture, nor do they say
['feektfarndi ] with a complete [t] gesture. Instead, there is probably a small [t]
gesture in which the tip of the tongue moves up slightly. A similar partial gesture
probably occurs in phrases like apt motto and wrapped parcel. You cannot say
that there is or is not a [t].

When one sound is changed into another because of the influence of a neigh-
boring sound, there is said to be a process of assimilation. There is an assimi-
lation of [n] to [n] because of the [ 8] in the phrase in the. The assimilation
may be complete if the nasal becomes absolutely dental, or partial if it is some-
where between dental and alveolar, a form we cannot symbolize in transcription.
Anticipatory coarticulation is by far the most common cause of assimilations in
English. In this process, the gesture for one sound is affected by anticipating the
gesture for the next sound. But there are also perseverative assimilations, in which
the gesture for one sound perseveres into the gesture for the next sound. The pronun-
ciation of the phrase it is [1t 1z] as it’s [1ts ] is a result of the perseveration of the
voicelessness of [t].

There is, of course, nothing slovenly or lazy about using weak forms and as-
similations. Only people with artificial notions about what constitutes so-called
good speech could use adjectives such as these to label the kind of speech we have
been describing. Rather than being labeled lazy, it could be described as being more
efficient, in that it conveys the same meaning with less effort. Weak forms and
assimilations are common in the speech of every sort of speaker in both Britain and
America. Foreigners who make insufficient use of them sound stilted.

STRESS

Stress is most easily identified in citation forms. In conversational speech, words
can be unemphasized, and when this happens, some of the properties of stressed
syllables may not be realized. In citation forms, a stressed syllable is usually
produced by pushing more air out of the lungs in one syllable relative to others.
A stressed syllable thus has greater respiratory energy than neighboring
unstressed syllables. It may also have an increase in laryngeal activity. Stress
can always be defined in terms of something a speaker does in one part of an
utterance relative to another.

It is difficult to define stress from a listener’s point of view. A stressed syllable
is often, but not always, louder than an unstressed syllable. In declarative utter-
ances it is usually, but not always, on a higher pitch. The most reliable thing for
a listener to detect is that a stressed syllable frequently has a longer vowel than
it would have if it were unstressed. But this does not mean that all long vowels
are necessarily stressed. The second and third vowels in radio, for example, are
comparatively long, but they do not have the extra push of air from the lungs that
occurs on the first vowel. Conversely, the vowels in the first syllables of cupcake
and hit man are comparatively short, but they have extra respiratory energy and
so are felt to be stressed.
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D 5.3

Stress can always be correlated with something a speaker does rather than
with some particular acoustic attribute of the sounds. Consequently, you will
find that the best way to decide whether a syllable is stressed is to try to tap out
the beat as a word is said. This is because it is always easier to produce one in-
crease in muscular activity—a tap—in time with an existing increase in activity.
When as listeners we perceive the stresses that other people are making, we are
probably putting together all the cues available in a particular utterance in order
to deduce the motor activity (principally the respiratory gestures) we would use
to produce those same stresses. It seems as if listeners sometimes perceive an
utterance by reference to their own motor activities. When we listen to speech,
we may be considering, in some way, what we would have to do in order to
make similar sounds. We will return to this point when we discuss phonetic the-
ories in a later chapter.

Stress has several different functions in English. In the first place, it can be
used in sentences to give special emphasis to a word or to contrast one word
with another. As we have seen, even a word such as and can be given a con-
trastive stress. The contrast can be implicit rather than explicit. For example, if
someone else says, or if you even thought that someone else might possibly say
(using stress marks within regular orthography):

‘John or 'Mary should 'go.

You might, without any prior context actually spoken, say:

'[ think 'John 'and 'Mary should 'go.

Another major function of stress in English is to indicate the syntactic cat-
egory of a words. There are many noun—verb oppositions, such as an 'insult, to
in'sult; an 'overflow, to over'flow; an ‘increase, to in'crease. In these three pairs
of words, the noun has the stress on the first syllable and the verb has it on the
last. The placement of the stress indicates the syntactic category of the word.
(Of course, there are nouns with second-syllable stress—like gui'tar, piano, and
trom'bone—and verbs with first-syllable stress—Ilike to 'tremble, to 'flutter, and
to 'simper—so stress placement is not determined by syntactic category but is
simply a cue in certain noun—verb pairs as to the identity of the word.)

Similar oppositions occur in cases where two-word phrases form compounds,
such as a 'walkout, to 'walk 'out; a'put-on, to 'put 'on; a 'pushover, to 'push 'over.
In these cases, there is a stress only on the first element of the compound for
the nouns but on both elements for the verbs. Stress also has a syntactic func-
tion in distinguishing between a compound noun, such as a 'hot dog (a form of
food), and an adjective followed by a noun, as in the phrase a 'hot 'dog (an over-
heated animal). Compound nouns have a single stress on the first element, and
the adjective-plus-noun phrases have stresses on both elements.

Many other variations in stress can be associated with the grammatical struc-
ture of the words. Table 5.2 exemplifies the kinds of alternations that can occur.
All the words in the first column have the main stress on the first syllable. When
the noun-forming suffix “-y” occurs, the stress in these words shifts to the sec-
ond syllable. But as you can see in the third column, the adjectival suffix “-ic”
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English word stress alternations.

diplomat diplomacy diplomatic
photograph photography photographic
monotone monotony monotonic

moves the stress to the syllable immediately preceding it, which in these words
is the third syllable. If you make a sufficiently complex set of rules, it is possible
to predict the location of the stress in the majority of English words. There are
very few examples of lexical items such as differ and defer that have the same
syntactic function (they are both verbs) but different stress patterns. Billow and
below are another pair of words illustrating that differences in stress are not al-
ways differences between nouns and verbs.

DEGREES OF STRESS

In some longer words, it may seem as if there is more than one stressed syllable.
For example, say the word multiplication and try to tap on the stressed syllables.
You will find that you can tap on the first and the fourth syllables—multipli'cation.
The fourth syllable seems to have a higher degree of stress. The same is true
of other long words, such as 'magnifi'cation and 'psycholin'guistics. But this
apparently higher degree of stress on the later syllable occurs only when the
word is said in isolation or at the end of a phrase. Try saying a sentence such
as The 'psycholin'guistics 'course was 'fun. If you tap on each stressed syllable,
you will find that there is no difference between the first and fourth syllables of
psycholinguistics. If you have a higher degree of stress on the fourth syllable
in psycholinguistics, this word will be given a special emphasis, as though you
were contrasting some other psychology course with a psycholinguistics course.
The same is true of the word magnification in a sentence such as The de'gree
of 'magnifi'cation de'pends on the 'lens. The word magnification will not have a
larger stress on the fourth syllable as long as you do not break the sentence into
two parts and leave this word at the end of a phrase.

Why does it seem as if there are two degrees of stress in a word when it oc-
curs at the end of a phrase or when it is said alone—which is, of course, at the
end of a phrase? The answer is that in these circumstances, another factor is
present. As we will see in the next section, the last stressed syllable in a phrase
often accompanies a special peak in the intonation (the “tonic accent”). In lon-
ger words containing two stresses, the apparent difference in the levels of the
first and the second stress is really due to the superimposition of an intonation
pattern. When these words occur within a sentence in a position where the word
does not receive tonic accent, then there are no differences in the stress levels.
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LGN Three-syllable words exemplifying the difference between an unreduced
vowel in the final syllable (first column) and a reduced vowel in the final
syllable (second column).

'‘multiply 'multiple
‘regulate ‘regular
‘copulate 'copula
‘circulate ‘circular
‘criticize ‘critical
'minimize 'minimal

A lower level of stress may also seem to occur in some English words. Com-
pare the words in the two columns in Table 5.3. The words in both columns have
the stress on the first syllable. The words in the first column might seem to have
a second, weaker, stress on the last syllable as well, but this is not so. The words
in the first column differ from those in the second by having a full vowel in
the final syllable. This vowel is always longer than the reduced vowel—usually
[ o ]—in the final syllable of the words in the second column. The result is that
there is a difference in the rhythm of the two sets of words. This is due to a dif-
ference in the vowels that are present; it is not a difference in stress. There is not
a strong increase in respiratory activity on the last syllable of the words in the
first column. Both sets of words have increases in respiratory activity only on
the first syllable.

In summary, we can note that the syllables in an utterance vary in their de-
grees of prominence, but these variations are not all associated with what we
want to call stress. A syllable may be especially prominent because it accompa-
nies the final peak in the intonation. We will say that syllables of this kind have a
tonic accent. Given this, we can note that English syllables are either stressed or
unstressed. If they are stressed, they may or may not be the tonic stress syllables
that carry the major pitch changes in the phrase. If they are unstressed, they may
or may not have a reduced vowel. These relationships are shown in Figure 5.2.

As an aid to understanding the difference between these processes, consider
the set of words explain, explanation, exploit, exploitation. If each of these words
is said in its citation form, as a separate tone group, the set will be pronounced
as shown below (using a schematic representation of the intonation peak).

Intonation peak T T T T
Stress ex'plain ‘explanation ex'ploit ‘exploi'tation
Segments 1ks'plein ‘eksplo'nerfon 1ks'plott ‘eksplorterfon

Another way of representing some of these same facts is shown in Table 5.4.
This table shows just the presence (+) or absence (—) of an intonation peak
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Figure 5.2 Degrees of prominence of different syllables in a sentence.

syllables

stressed unstressed

tonic non-tonic unreduced reduced
stress stress vowel vowel

(a tonic accent), a stress, and a full vowel in each syllable in these four words.
Considering first the stress (in the middle row), note that the two-syllable words
are marked [+ stress ] on the second syllable, and the four-syllable words are
marked [+ stress ] on both the first and the third syllables.

As you can see by comparing the middle row with the top row, the last
[+ stress] syllable in each word has been marked [+ tonic accent]. There is a
[+] in the third row if the vowel is not reduced. Note that the difference in thythm
between explanation and exploitation is that the second syllable of explanation
has a reduced vowel, but this syllable in exploitation has a full vowel. As we
saw in the previous chapter, there are a number of vowels that do not occur in
reduced syllables. Furthermore, the actual phonetic quality of the vowel in a
reduced syllable varies considerably from accent to accent. We have transcribed
the first vowel in explain as [1] because that is the form Peter Ladefoged used.
But other accents (such as Keith Johnson’s) have [e].

Some other books do not make the distinctions described here, maintaining
instead that there are several levels of stress in English. The greatest degree of
stress is called stress level one, the next is level two, the next level three, a lower
level still is level four, and so on. Note that in this system, a smaller degree of
stress has a larger number.

You can easily convert our system into a multilevel stress system by adding the
number of [ + ] marks on a syllable in a table of the sort just used and subtracting
this number from four. If there are three [ + ] marks, it is stress level one; if two,
stress level two; if one, stress level three; and if none, stress level four. Try this for
yourself with the data in Table 5.4. Writing the stress levels as superscripts after
the vowels, you will find that explanation and exploitation are e’xpla*na‘tio*n
(a pattern of 2—4—1-4) and e?xploi®ta*tio®n (a pattern of 2-3—-1-4).

We do not consider it useful to think of stress in terms of a multilevel system,
feeling that descriptions of this sort are not in accord with the phonological facts.
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/-ILEX' W The combination of stress, intonation, and vowel reduction
in a number of words.

Explain Explanation Exploit Exploitation
tonic accent -+ - 4 - S -4
stress -+ + -+ - -+ + -+ —
full vowel -+ + -+ - -+ + o+ + -

But as it is so commonly said that there are many levels of stress in English, we
thought we should explain how these terms are used. In this book, however, we
will continue to regard stress as something that either does or does not occur on
a syllable in English, and we will view vowel reduction and intonation as sepa-
rate processes.

We can sometimes predict by rules whether a vowel will be reduced to [o] or
not. For example, we can formalize a rule stating that [ o1] never reduces. But
other cases seem to be a matter of how recently the word came into common
use. Factors of this sort seem to be the reason why there should be reduced vow-
els at the end of postman, bacon, and gentleman, but not at the end of mailman,
moron, and superman.

SENTENCE RHYTHM

The stresses that can occur on words sometimes become modified when the
words are part of sentences. The most frequent modification is the dropping of
some of the stresses. There is a stress on the first syllable of each of the words
Mary, younger, brother, wanted, fifty, chocolate, peanuts when these words
are said in isolation. But there are normally fewer stresses when they occur
in a sentence such as Mary’s younger brother wanted fifty chocolate peanuts.
Tap with your finger at each stressed syllable while you say this phrase in
a normal conversational style. You will probably find it quite natural to tap
on the first syllables marked with a preceding stress mark in 'Mary’s younger
‘brother wanted 'fifty chocolate 'peanuts. Thus, the first syllables of younger,
wanted, and chocolate are pronounced without stresses (but with their full
vowel qualities).

The same kind of phenomenon can be demonstrated with monosyllabic
words. Say the sentence The big brown bear bit ten white mice. It sounds un-
natural if you put a stress on every word. Most people will say The 'big brown
‘bear bit 'ten white 'mice. As a general rule, English does not have stresses too
close together. Very often, stresses on alternate words are dropped in sentences
where they would otherwise come too near one another.

The tendency to avoid having stresses too close together may cause the stress
on a polysyllabic word to be on one syllable in one sentence and on another
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syllable in another. Consider the word clarinet in He had a 'clarinet 'solo and
in He 'plays the clari'net. The stress is on the first or the third syllable, depend-
ing on the position of the other stresses in the sentence. Similar shifts occur in
phrases such as 'Vice-president 'Jones versus ‘Jones, the vice-president. Numbers
such as 'fourteen, 'fifteen, 'sixteen are stressed on the first syllable when count-
ing, but sometimes not in phrases such as She’s 'only six'teen. Read all these
phrases with the stresses as indicated and check that it is natural to tap on the
stressed syllables. Then try tapping on the indicated syllables while you read the
next paragraph.

‘Stresses in 'English 'tend to re'cur at 'regular 'intervals of 'time. (') It’s 'often
‘perfectly 'possible to 'tap on the 'stresses in 'time with a 'metronome. (') The
‘rhythm can 'even be 'said to de'termine the 'length of the 'pause between 'phrases.
(')An'extra'tap can be'put in the 'silence, (' ) as 'shown by the 'marks with'in the
pd'rentheses. (')

Figure 5.3 shows another example of speech rhythm. This musical notation
of the rthythm of the first forty-seven seconds of Barack Obama’s victory speech
after the Iowa primary election of 2008 shows that he came in “on the beat”

Figure 5.3 The first forty-seven seconds of Barack Obama’s lowa victory speech.

Obama lowa Victory Speech
(First 47 seconds)

tempo = 150
Thank you, lowa. [joa] they said - they said - they said this day would never  come.

cheers (exactly 16 beats)

N LR FEER P B IR LS P PN P R A

7 They said  our  sights were set too high.

v bl Aviey DLOS  JJJ 1300 ¢y 001G Jhev1 )]0
They said this  country was too di- vided; too dis- il - lusioned 1o ever

300 2 2PI2DDADIGD e

come to- geth- er a- round a common pur- pose.

IEI.“.ngJ?TJ‘HJ}Ig}?i-'{.ﬁlJ -'N JJ\ JJ‘ 7a§¢§\‘_|.;}71"|

Buton this  Jan-u-ar-y night— at this de- fining moment in his-  tory -

you have done what the  cynics said we  couldn't do. 9

cheers
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after interruptions by a cheering crowd of supporters—even a long interruption
of sixteen beats. This and other instances of public speaking are so noticeably
rhythmic that some artists have set them to music, dubbing rhythm tracks under
the spoken word.

Of course, not all sentences are as regular as those discussed in the preceding
paragraphs. Stresses fend to recur at regular intervals. It would be quite untrue
to say that there is always an equal interval between stresses in English. It is
just that English has a number of processes that act together to maintain the
rhythm. We have already mentioned two of these processes. First, we saw that
some words that might have been stressed are nevertheless often unstressed, thus
preventing too many stresses coming together. To give another example, both
wanted and pretty can be stressed in She 'wanted a 'pretty 'parrot, but they may
not be in My 'aunt wanted 'ten pretty 'parrots. Second, we saw that some words
have variable stress; compare the 'unknown 'man with the 'man is un'known.

We can also consider some of the facts mentioned in the previous chapter
as part of this same tendency to reduce the variation in the interval between
stresses. We saw that the vowel in speed is longer than the first vowel in speedy,
and this in turn is longer than the first vowel in speedily. This can be interpreted
as a tendency to minimize the variation in the length of words containing only a
single stress, so that adjacent stresses remain much the same distance apart.

Taking all these facts together, along with others that will not be dealt with
here, it is as if there were a conspiracy in English to maintain a regular rhythm.
However, this conspiracy is not strong enough to completely override the irregu-
larities caused by variations in the number and type of unstressed syllables. In a
sentence such as The 'red 'bird flew 'speedily 'home, the interval between the first
and second stresses will be far shorter than that between the third and fourth.
Stresses tend to recur at regular intervals. But the sound pattern of English does
not make it an overriding necessity to adjust the lengths of syllables so as to en-
force complete regularity. The interval between stresses is affected by the num-
ber of syllables within the stress group, by the number and type of vowels and
consonants within each syllable, and by other factors such as the variations in
emphasis that are given to each word.

INTONATION

Listen to the pitch of the voice while someone says a sentence. You will find that
it is changing continuously. The difference between speaking and singing is that
in singing, you hold a given note for a noticeable length of time and then jump
to the pitch of the next note. But when one is speaking, there are no steady-
state pitches. Throughout every syllable in a normal conversational utterance,
the pitch is going up or down. (Try talking with steady-state pitches and notice
how odd it sounds.)

The intonation of a sentence is its pattern of pitch changes. The part of a sen-
tence over which a particular pattern extends is called an intonational phrase.
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A short sentence forming a single intonational phrase is shown in sentence (1)
below. In this and all the subsequent illustrations of different intonations in this
chapter, two curves are shown. The top one always represents the changes in
pitch for a British English speaker, and the lower one for an American English
speaker. They are not completely smooth curves because they show the actual
pitches of the utterances on the CD. The irregularities reflect how the vocal folds
vibrated when producing these sentences. In most cases, there is no pitch scale
indicated, as it is usually the relative pitches within a phrase that are important.
The time scale varies from utterance to utterance, allowing the graphs to fit the
dimensions of the page. Below the American speaker, there is always a thin line
representing a duration of 500 ms (half a second).

The sentence spoken is shown below the pitch curve in ordinary spelling, but
with IPA stress marks added, and one syllable preceded by an asterisk. Within
an intonational phrase, stressed syllables usually have a pitch change; but there
is also a single syllable that stands out because it carries the major pitch change.
This syllable, which carries the tonic accent, will be marked in this section by an
asterisk. In sentence (1), the first syllable of mayor has the tonic accent, and, as
you can see, this word is the last one with a large overall pitch change. There is a
pitch peak on the stressed syllable know, indicating that this syllable also had an
accent, though the tonic accent on mayor is more prominent.

know
We the new ma
yor

(1) We 'know the new *mayor.

The tonic accent usually occurs on the last stressed syllable in a tone group in
neutral intonation. But it may occur earlier, if some word requires emphasis. If we
want to emphasize that we know the new mayor but not the old one, then we can put
the tonic accent on new, as in sentence (2). There are no further accents after new.

new

We know the

mayor

(2) We 'know the *new 'mayor.
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Sometimes, there are two or more intonational phrases within an utterance.
When this happens, the first one ends in a small rise, which we may call a con-
tinuation rise. It indicates that there is more to come and the speaker has not
yet completed the utterance. The break between two intonational phrases may
be marked, as in sentence (3), by a single vertical stroke. The British English
speaker in (3) signals that there is more to come by having a fall on in, the
last word in the phrase, followed by a marked continuation rise. The American
speaker does this by prolonging the word in (which starts at the peak of the
pitch contour) and making a very large fall followed by a more slight continu-
ation rise. In this way of showing there is more to come (which occurs quite
frequently), it is not that there is much of a continuation rise, it’s more that there
is no sentence final fall. Note also that the British speaker put a high accent on
when, while the American speaker didn’t.

When
we

/\we
came in
._\____

When we came n
e had

(3) 'When we came 'in, | we had *dinner.

In (3), the two intonational phrases can be associated with the two syntactic
clauses within the sentence, but the clause structure does not always determine
the intonation. An intonational phrase is a unit of information rather than a syn-
tactically defined unit. Because it is the information that matters, it is difficult
to tell not only where the intonation breaks occur but also where the tonic ac-
cent will fall. As one linguist put it, “Intonation is predictable (if you are a mind
reader).” You have to know what is in the speaker’s mind before you can say ex-
actly what will be accented. The intonation is also considerably affected by the
speaker’s style. When speaking slowly in a formal style, a speaker may choose
to break a sentence up. Obamian oratory will produce a large number of intona-
tional phrases, but in a rapid conversational style, there is likely to be only one
per sentence.

Although one cannot entirely predict which syllable will be the tonic syl-
lable in an intonational phrase, some general statements can be made. New
information is more likely to receive a tonic accent than material that has
already been mentioned. The topic of a sentence is less likely to receive the
tonic accent than the comment that is made on that topic. Thus, if you were
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telling someone a number of facts about lions, you might say the sentence
shown in (4). The topic of the discussion is lions, and the comment on that
topic is that a lion is a mammal. The two speakers in (4) differ slightly in
that the American English speaker puts accents on both lion and mammal.
Nevertheless, even for this speaker, the tonic accent is the last accent of the
intonational phrase; for both speakers, this is on the last word, mammal,
making it clear that this is the comment, the new information that is being
given about an already known topic.

A ' i on is a mam

(4) A'lionis a *mammal.

In a discussion of mammals, and considering all the animals that fit into that
category, the comment, the new information, is that a lion fits into the category,
as illustrated in (5). Here, for both speakers, the tonic accent is on lion.

(5) A *lion is a'mammal.

Various pitch changes are possible within the tonic accent. In sentences
(1) through (5), the intonation may be simply described as having a falling con-
tour, except for the continuation rise in the middle of (3). Another possibility is
that the tonic syllable is marked by a low target followed by a rise. This kind of
pitch change, which we will refer to as a rising contour, is typical in questions
requiring the answer yes or no, as exemplified in (6). For the British speaker (the
upper pitch curve), the first part of the sentence is on a fairly level pitch, with
most of the rise on the last word. The American speaker has a rising pitch for
much of the last two-thirds of the sentence.
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money?

(6) Will you 'mail me my *money?

As with falling contours, the syllable that has the prominent rising contour is
not necessarily the last stressed syllable in an intonational phrase. If the question
in (6) is really about whether the money will be mailed or whether it has to be
picked up, then emphasis will be on an earlier word, and the pitch will start go-
ing up at that point, as illustrated in (7). For the British speaker, there is a major
rise on mail, and then, after a comparatively level piece, a further rise on money.
The American speaker, who says this sentence considerably faster, has a rise
starting on mail, and a fall on the first syllable of money, followed by a small
rise on the last syllable in the sentence.

ey?

ma il m e my
Will you ‘/

(7) Will you *mail me my 'money?

Now consider what you do in questions that cannot be answered by yes or no,
such as that in (8). Of course, there are many possible ways of saying this sen-
tence, but probably the most neutral is with a falling contour starting on the final
stressed syllable. Apparently, the British English speaker has instead put the
tonic accent very early in the question—on when. Questions that begin with wh-
question words, such as where, when, who, why, what, are usually pronounced
with a falling intonation. The American English speaker, however, has chosen
to say this sentence with two rising phrases, the second one with a considerable
pitch increase. This makes it a much more argumentative question. Listen to the
recordings on the CD and see if you agree.
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When
will
you mail me my money?
\
ey?
mon
you me my

mail

(8) 'When will you 'mail me my *money?

As we saw in (3), a small rising intonation occurs in the middle of sentences,
typically at the end of an intonational phrase. Another example is given in (9).
Again, there is a difference between the British and the American English
speaker. The British English speaker has a fall followed by a rise in the word
winning. The American English speaker has a sharp rise followed by a large fall
that levels off at the end.

When
winning
When yoy are I will run away

M

(9) 'When you are *winning, | I will run a*way.

A list of items also has a continuation rise, as in sentence (10). The first three
names in this list have much higher pitches on their second syllables. The fourth
name, the last, falls—as is usual—at the end of a sentence.

nie
and N o
We knew] / / N

nie
Nknew AT Len/

(10) We knew 'Anna, 'Lenny, 'Mary, and *Nora.
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Note that yes/no questions can often be reworded so that they fit into this
rising pattern, signaling that there is more to come. The British speaker has a
rise on money, followed by a regular sentence ending with a fall on or not. The
American English speaker has a rise starting on money and continuing through
the or not, which again drops rapidly into a creaky voice at the end. This final
fall is not very evident on the recording (but it’s there), so the general impression
is of rising intonation at the end.

m ail mone y

(12) Will you 'mail me my 'money or *not?

It is useful to distinguish between two kinds of rising intonation. In one,
which typically occurs in yes/no questions, there is a large upward movement of
pitch. In the other, the continuation rise that usually occurs in the middle of sen-
tences, there is a smaller upward movement. These two intonations are often used
contrastively. Thus, a low rising intonation on an utterance means that there is
something more to come. There is a slightly rising intonation in the utterances in
(12) and (13). These are the kinds of utterances one makes when listening to
someone telling a story. They are equivalent to I hear you; please continue. In the
center of this illustration are two vertical lines, indicating the normal voice ranges
of the two speakers. The British English speaker (the upper pair of graphs) uses
about half his pitch range in these words. The American English speaker (the
lower pair of graphs) uses a slightly wider range.

Y e s G o on

P

250 ms

(12) Yes. (13) Goon.
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If there is a larger rise in pitch, as in illustrations (14) and (15), there is a
change in meaning to something more like Did you say “Yes”? or Did you say
“Go on”? The British English speaker uses more than 75 percent of his full
range, and the American English speaker uses an even greater range. It should
be noted, however, that people are not entirely consistent in the way they use
this difference in intonation.

Y e s G o on

A

250 ms

(14) Yes? (15) Goon?

Both rising and falling intonations can occur within the same tonic accent.
If someone tells you something that surprises you, you might have a distinct
fall-rise on the tonic syllable followed by a further rise on the remainder of the
intonational phrase. Both speakers in (16) follow this pattern.

(16) Your *mom will marry a'lawyer?

There are also distinct intonation patterns one can use when answering, ad-
dressing, or calling someone. The answer to a question such as Who is that over
there? is shown in (17). The British English speaker has a falling intonation
over the lower half of his pitch range. The American English speaker has a rise
and then a fall to nearly the bottom of his range. When addressing someone,
perhaps indicating that it is their turn to speak, as in (18), there is a smaller
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fall or, in the case of the American English speaker, a pitch change with half
the range of the answer to a question. Calling to someone normally involves a
fall over a larger interval than that in the response to a question. There is also a
stereotypical way of calling to someone not in sight with comparatively steady
pitches after the first rise, as in (19).

(17) (18) (19)

(17) Laura (statement (18) Laura (addressing (19) Laura (calling
of the name); Laura); from a distance)

We can sum up many differences in intonation by referring to the dif-
ferent ways in which a name can be said, particularly if the name is long
enough to show the pitch curve reasonably fully. Curves (20) through (24)
show different pronunciations of the name Amelia. (20) is a simple state-
ment, equivalent to Her name is Amelia. (21) is the question, equivalent to
Did you say Amelia? (22) is the form with the continuation rise, which might
be used when addressing Amelia, indicating that it is her turn to speak. (23)
is a question expressing surprise, equivalent to Was it really Amelia who did
that? The British English speaker does this by an initial fall followed by a
high rise. The American English speaker follows the reverse procedure, a
sharp rise followed by a deep fall. Last, (24) is the form for a strong reac-
tion, reprimanding Amelia.

(20) (21) (22) (23) (24)

Several considerations emerge from this look at the intonation patterns of a
British and an American speaker. Many of them apply to other accents of English,
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and to other languages. One of the most important points is that intonation can-
not be as neatly specified as other aspects of speech. In the first four chapters
of this book, English has been described mainly by considering phonemic con-
trasts. We have noted that there are 22 consonants in most forms of English and
a specific number of vowels in each accent. Each of the contrasting vowels and
consonants has certain phonetic properties. Contrasts in intonation are more dif-
ficult to pin down. Usually, in an intonational phrase, the last stressed syllable
that conveys new information is the tonic syllable. It has a falling pitch, unless
it is part of a sentence in which there is another intonational phrase to follow, in
which case there may be a continuation rise (or, at least, a lack of a final fall) in
the pitch. Questions that can be answered by yes or no usually have a rising into-
nation, one that is larger than the continuation rise. Questions beginning with a
question word such as where, when, what, why, how usually have a falling pitch.
But intonation is highly colored by individual variation. It is much more affected
by the speaker’s mood and attitude to the topic being discussed than are the
vowels and consonants that make up words in the discussion.

TARGET TONES

We have been considering intonation in terms of tunes that apply over whole
sentences or phrases, but there are a number of other ways in which intonation
can be described. Instead of considering the shape of the pitch curve over a
whole phrase, we could describe the intonation in terms of a sequence of high
(H) and low (L) target pitches. When people talk, they aim to make either a
high or a low pitch on a stressed syllable and to move upward or downward as
they go into or come away from this target. One system for representing pitch
changes of this kind is known as ToBl, standing for tone and break indices.
In this system, target tones H* and L* (called H star and L star) are typically
written on a line (called a tier) above the segmental symbols that represent
stressed syllables. A high tone, H*, can be preceded by a closely attached low
pitch, written L+H*, so that the listener hears a sharply rising pitch. Simi-
larly, L* can be followed by a closely attached high pitch, L*+H, so that the
listener hears a scoop upward in pitch after the low pitch at the beginning of
the stressed syllable. Sometimes, a stressed syllable can be high but never-
theless can contain a small step-down of the pitch. This, known as high plus
downstepped high, is written H+!H*, with the exclamation mark indicating the
small downstep in pitch. In special circumstances, to be discussed at the end
of this section, a downstepped high syllable, !H*, can itself be a pitch accent.
There are therefore six possibilities, shown in Table 5.5, that can be regarded
as the possible pitch accents that occur in English.

The last pitch accent in a phrase is called the nuclear pitch accent. The
ToBI system allows the phrase to be marked by an additional tone af-
ter the nuclear pitch accent. This tone, called the phrase accent, is written
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The ToBI system for characterizing English intonations. Each intonational
phrase (tone group) must have one item from each of the last three
columns, and may also have additional pitch accents marked on other
stressed syllables, as shown in the first column. The parenthesized accent,
(!H*), will be explained at the end of this section.

Optional

Pre-nuclear

Pitch Accents on Nuclear Phrase Boundary
Stressed Syllables Pitch Accent Accent Tone

H-k H*

L* L*

L+ H* L+ H* - H%

L* + H L* + H

H+ IH* H+ IH* H- L%

(H¥) (H¥)

H- (H minus) or L- (L minus). Finally, there is a boundary tone, which is
marked H% or L%, depending on whether the phrase ends on a rising or a
falling pitch. In this framework, all English intonations consist of a sequence
of tones formed as shown in Table 5.5. As you can see exemplified by the first
column, there may or may not be a number of pitch accents on stressed syl-
lables before the nuclear pitch accent. The second column shows the nuclear
pitch accents, one of which must always be present in a phrase. The part of
the intonational phrase after the nuclear pitch accent must be high or low, and

there must be a high or low boundary tone.

The ToBI system also allows us to transcribe the strength of the boundary be-
tween words by means of a number called a break index. If there is no break, as,
for example, in you re (which is usually identical with your), the break index can
be marked as 0. This is a useful way of showing that a phrase such as to Mexico
is usually pronounced as if it were a single word—there’s no added break in 7o
Mexico as compared with that in fomorrow. Intervals between words are more
usually classified as having break index 1 (although there is usually nothing
that can be called a break between words). Higher levels of break indices show,
roughly speaking, greater pauses. A break index of 3 is usual between clauses
that form intermediate intonational phrases, and a break index of 4 occurs be-

tween larger intonational phrases, such as whole sentences.

The last five intonation curves we considered would be transcribed in a ToBI
transcription as follows (without indicating the break indices, which would

always be a 4 at the end of each of these utterances):

(20) A'melia. TONE TIER [ H* L-L% ]
Simple statement in response to SEGMENTAL TIER [omi:liio ]
What is her name?
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(21) A'melia? TONE TIER [ L* H-H% ]
A question, equivalent to SEGMENTAL TIER [omi:liio ]
Did you say Amelia?

(22) A'melia— TONE TIER [ L* L-H% ]
Addressing Amelia, indicating SEGMENTAL TIER [omi:liio]

that it is her turn to speak.

(23) A'melia!? TONE TIER [ L+H* L-H% ]|
A question indicating surprise. SEGMENTAL TIER [omi:lizo ]
(24) A'melia!! TONE TIER [ L+H* L-L% ]
A strong reaction, reprimanding SEGMENTAL TIER [omi:lizo ]
Amelia.

The ToBI transcription for (20), [ H* L- L% ], is typical of a simple statement
with only one stressed syllable receiving a pitch accent. The part of the phrase
after the nuclear accent is low, and the phrase ends with a low boundary tone.
Similarly, the transcription for (21), [ L* H- H% ], is a typical tune for a ques-
tion that can be answered by yes or no, which ends with a fairly large pitch rise.
At the end of the next phrase, (22), there is a smaller rise of the kind that occurs
in an unfinished utterance, or in a list of words such as those exemplified in (10),
... Anna, Lenny, Mary, and . . . The way in which ToBI separates the large pitch
rise in (21)—the question rise—from the smaller rise in (22)—the continuation
rise—is by making the phrase tone L—, so that (22) has the tune [ L* L- H% ]
instead of [ L* H- H% ], as in (21). The low phrase tone prevents the final high
boundary from being so high. The stressed syllables of the final two tunes begin
with an L, ensuring that the H* indicates a sharp rise from a low pitch. Thus, in
(23), we have [ L + H* L— H% ], with a low phrase tone and a small pitch rise at
the end, much as in (22). Finally, (24), [ L + H* L- L% ], is like (23) in begin-
ning with a strong rise, but it ends with a low boundary tone.

The simple statements, questions, and other intonations that we discussed
earlier can be transcribed in a similar way.

(1) Simple statement. ~ We know the new mayor.
TONE TIER [ H* H* L-L% ]
SEGMENTAL TIER [wii nou 0o nu 'mer ]

(6) Simple yes/no question.  Will you mail me my money?
TONE TIER [ H* L* H-H%]
SEGMENTAL TIER [wil jur merll mi: mar mani ]
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(9) Twoclauses.  When you are winning, I will run away.

BREAK INDEX [ 1 1 1 4 1 1 1 4]
TONE TIER [ H* L-H% H* H* L-L%]
SEGMENTAL TIER [won jui winiiy ar wil ran ower ]

The break indices are shown in (9) above. At the end of the first intonational
phrase, there is a continuation rise represented by [ L— H% ], and a break index
of 4. All the words are closely joined together, so in each case the break index is 1.

Finally, we must consider how to transcribe another fact about English intona-
tion (which also applies to many other languages). The pitch in most sentences
has a tendency to drift down. Earlier, when discussing stress, we considered the
sentence Mary’s younger 'brother wanted 'fifty chocolate 'peanuts, with stresses
on alternate words, Mary’s, brother, fifty, peanuts. If you say this sentence
with these stresses, you will find that there is an H* pitch accent on each of the
stressed syllables, but each of these high pitches is usually a little lower than the
preceding high pitch. This phenomenon is known as downdrift. We can repre-
sent this in the transcription by marking the H* pitch accents as being down-
stepped, a notion that was mentioned earlier in connection with a fall from a
high pitch within a syllable. In Table 5.5, we used an exclamation mark, “!”. We
can indicate that each of the H* tones is a little lower than the preceding one by
transcribing them as downstepped highs, 'H*, in the tone tier for this sentence:

[H* IH* TH* 'H* L- L% ]

(25) Mary’s younger brother wanted fifty chocolate peanuts.

Note that successive H* pitch accents do not have to be downstepped. If
we had wanted to put a very slight emphasis on brother, indicating that it was
Mary’s younger brother, not her younger sister, who had this peculiar desire,
then we could have made the downstepping begin at “fifty” and said:

[ H* H* TH* H* L-L% ]

(26) Mary’s younger brother wanted fifty chocolate peanuts.

The ToBI system is a way of characterizing English intonation in terms of a
limited set of symbols—a set of six possible pitch accents including a downstep
mark, two possible phrase accents, two possible boundary tones, and four pos-
sible break indices, going from 1 (close connection) to 4 (a boundary between
intonation phrases). It was designed specifically for English intonations, but,
with a few modifications, it may be appropriate for other languages as well.
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EXERCISES

(Printable versions of all the exercises are available on the CD.)

A. List the strong and weak forms of ten words not mentioned in this chapter.

For each word, transcribe a short utterance illustrating the weak form (as in
Table 5.1).

Example of
Word Strong Form Weak Form Weak Form

B. Give two new examples of each of the following kinds of assimilations, one
of the examples involving a change within a word, the other involving a
change across word boundaries. In each case, show the words in orthogra-
phy and in a narrow phonetic transcription, as in the examples. (Even if you
yourself do not say assimilations of the kind illustrated, make up plausible
examples. We have heard all the examples given.)

A change from an alveolar consonant to a bilabial consonant.

input [tmput ] Saint Paul’s [sm'polz]

A change from an alveolar consonant to a dental consonant.

tenth [tenB] In this [m d1s]

A change from an alveolar consonant to a velar consonant.

synchronous ['sikronas | within groups [wid' grups]

A change from a voiceless consonant to a voiced consonant.
catty [ 'keedi] sit up [srd ap]

or [ kaeri] [src ap]
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C. Give five more examples of assimilation. Choose examples as different as
possible from any that have been given before.
[ 1
[ 1
[ 1
[ 1
[ 1

D. Make up pairs of phrases or sentences that show how each of the following
words can have two different stress patterns.

Example: continental
It’s a 'continental 'breakfast.
She’s 'very continental.

afternoon

artificial

diplomatic

absentminded

New York

E. Fill in plus and minus signs so as to indicate which syllables in the table be-
low have tonic accents, which have stress, and which have full vowels. You
may find it useful to refer back to Table 5.4.

computation compute inclination incline (verb)
tonic accent
stress

full vowel

F. About a hundred years ago, the following words had stress as shown. Some
of them still do for some people. But many of them (in Peter Ladefoged’s
speech, all of them) are stressed differently nowadays. Transcribe these
words and show the stress on each of them in your own speech. Then state a
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general rule describing this tendency for the position of the stress to change
to a particular syllable.

an'chovy

abdomen

‘applicable

‘controversy

'nomenclature

trachea

eti'quette

re'plica

va'gary

blas'phemous

a'cumen

Rule:

. List three more sets of words showing the stress alternations of the kind
shown in Table 5.2.

‘photograph pho'tography photo'graphic

. Indicate the stress and intonation patterns that might occur in the situations
described for the following utterances. Draw curves indicative of the pitch
rather than using ToBI symbols.

(1) Can you pass me that book? (said politely to a friend)

(2) Where were you last night? (angry father to daughter)

(3) Must it be printed? (polite question)

(4) Who is the one in the corner? (excitedly, to a friend)
Make a segmental transcription and also show the tone tier with a ToBI tran-
scription of the following utterances for which the pitch curves have been
drawn in this chapter.

(1) We know the new mayor.

4) A lion is a mammal.
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(5) Alion is a mammal.

(7) Will you mail me my money?

(8) When will you mail me my money?

(10) We knew Anna, Mary, Lenny, and Nora.

PERFORMANCE EXERCISES

A. Pronounce the following phrases exactly as they have been transcribed, with
all the assimilations and elisions. (Each of these transcriptions is a record
of an utterance actually heard in normal conversations between educated

speakers.)

“What are you doing?” ['wodzo'duin |

“I can inquire.” ['atkn n 'kwais ]
“Did you eat yet?” ['dzi?je? ]

“I don’t believe him.” [ ardoumba'livim ]
“We ought to have come.” [ wiotf'kam ]

B. Working with a partner, try to transcribe the intonation of a few sentences.
You may find it difficult to repeat a sentence over and over again with the
same intonation. If you do, try to work from a recording. In any case, write
down the sentence and the intonation you intend to produce. Practice saying
it in this way before you say it to your partner.

C. Take turns saying nonsense words such as those shown below, transcribing
them and comparing transcriptions.
Jkerzdzminze
"?ankliBuntd
sfe'e?om,a
groipstbraigz
D. Also make up lists of words for improving your memory span. These words
are more difficult if the stress is varied and if the sounds are mainly of the
same class (stops, front vowels, voiceless fricatives, etc.).
tipe'kiketi'pe
Bor'saiBav'forfavBau
‘monanunondma
wo'?otlavrarolojo
babdig'bedgibded'bebdad



PART Il
GENERAL PHONETICS



136

6

Airstream Mechanisms
and Phonation Types

In this part of the book, we will start considering the total range of human pho-
netic capabilities, not just those used in normal English speech. We will look at
the sounds of the world’s languages, as in this way we can find stable, repeatable
examples of almost all the different speech sounds that people can make. To do
this, we will have to enlarge the sets of terms we have been using to describe
English. In the first place, all English sounds are initiated by the action of lung
air going outward; other languages may use additional ways of producing an
airstream. Second, all English sounds can be categorized as voiced or voiceless;
in some languages, additional states of the glottis are used. This chapter will
survey the general phonetic categories needed to describe the airstream mecha-
nisms and phonation types that occur in other languages. Subsequent chapters
will survey other ways in which languages differ. These foreign sounds should
be studied even by those who are concerned only with the phonetics of Eng-
lish, both because they throw light on general human phonetic capabilities and
also because they are important for a precise description of the shades of sounds
present in normal English utterances. In addition, many of them occur regularly
in pathological forms of English.

AIRSTREAM MECHANISMS

Air coming out of the lungs is the source of power in nearly all speech sounds.
When lung air is pushed out, we say that there is a pulmonic airstream mecha-
nism. The lungs are sponge-like tissues within a cavity formed by the rib cage
and the diaphragm (a dome-shaped muscle indicated by the curved line at the
bottom of Figure 1.3). When the diaphragm contracts, it enlarges the lung cavity
so that air flows into the lungs. The lung cavity can also be enlarged by raising
the rib cage, a normal way of taking a deep breath in. Air can be pushed out of
the lungs by pulling the rib cage down, or by pushing the diaphragm upward by
contracting the abdominal muscles.

In the description of most sounds, we take it for granted that the pulmonic
airstream mechanism is the source of power. But in the case of obstruent conso-
nants (stops and fricatives), other airstream mechanisms may be involved. Stops
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that use only an egressive, or outward-moving, pulmonic airstream are called
plosives. Obstruents made with other airstream mechanisms will be specified by
other terms.

In some languages, speech sounds are produced by moving different bodies
of air. If you make a glottal stop, so that the air in the lungs is contained below
the glottis, then the air in the vocal tract itself will form a body of air that can be
moved. An upward movement of the closed glottis will move this air out of the
mouth. A downward movement of the closed glottis will cause air to be sucked
into the mouth. When either of these actions occurs, there is said to be a glot-
talic airstream mechanism.

An egressive glottalic airstream mechanism occurs in many languages.
Hausa, the principal language of northern Nigeria, uses this mechanism in the
formation of a velar stop that contrasts with the voiceless and voiced velar stops
[k, g]. The movements of the vocal organs are shown in Figure 6.1. These are
estimated, not drawn on the basis of x-rays.

In Hausa, the velar closure and the glottal closure are formed at about the
same time. Then, when the vocal folds are tightly together, the larynx is pulled
upward, about 1 cm. In this way it acts like a piston, compressing the air in
the pharynx. The compressed air is released by lowering the back of the tongue
while the glottal stop is maintained, producing a sound with a quality different
from that in an English [k ]. Very shortly after the release of the velar closure,
the glottal stop is released and the voicing for the following vowel begins.

Stops made with a glottalic egressive airstream mechanism are called ejec-
tives. The diacritic indicating an ejective is an apostrophe [’ ] placed after a
symbol. The Hausa sound we have just described is a velar ejective, symbolized
[k’ ], as in the Hausa word for ‘increase’ [k’aira ], which, as you can hear on the

Figure 6.1 The sequence of events that occurs in a glottalic egressive velar stop [k’ ].

1 Back of tongue
comes up to form
velar closure

4 Back of tongue

is lowered,

Closure of the glottis releasing compressed
pharynx air

(These two movements

occur approximately

simultaneously.)

3 Body if air in

pharynx is
compressed

2 Closed glottis

is raised
w—5 Glottal closure
is released
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D 6.1

(D 6.2

CD, contrasts with [kaira:] ‘put near.’ (The symbol [:] indicates that the vowels
are long. The accents over the vowels indicate the pitch, a low tone. We will
discuss tones in Chapter 10.) The CD also illustrates the contrasts between the
Hausa words [ k¥aira:] ‘pour’ and [ k™ aira:] ‘shea nut.” It is possible to use an
ejective mechanism to produce fricatives as well as stops, as Hausa does in the
words [ saira:] ‘cut’ and [ s’ara:] ‘arrange,” which are also on the CD. Of course,
a fricative made in this way can continue only for a short length of time, as there
is a comparatively small amount of air that can be moved by raising the closed
glottis.

Ejectives of different kinds occur in a wide variety of languages, including
Native American languages, African languages, and languages spoken in the
Caucasus. Table 6.1 gives examples of ejectives and contrasting sounds made
with a pulmonic airstream mechanism in Lakhota, a Native American language.
The sounds of Lakhota differ from those of English in many ways, in addition
to having contrastive ejectives. Later in this book, we will discuss the unfamiliar
symbols in this table.

You can probably hear the difference between the Lakhota syllables [tu] and
[t’u] in the audio files that accompany Table 6.1, and these differences are also
apparent in the acoustic waveforms and spectrograms of the syllables shown in
Figure 6.2. Both of these syllables begin with a short burst of noise—the release
burst of the stop. In the case of the pulmonic egressive stop [t ], the vowel starts
about 30 milliseconds later, while in the glottalic egressive stop [t’ ], there is a
gap of over 120 milliseconds and then a second stop release burst (the second
burst is marked by the double-headed arrow that points at the release burst in the
waveform at the top of the figure and in the time-aligned spectrogram at the bot-
tom of the figure). This second stop release is the release of the glottal closure.
This is a clear acoustic cue telling us that the stop release burst in [t’u ] was
produced by a glottalic egressive airstream mechanism.

Some people make ejectives at the ends of words in English, particularly in
sentence final position. You might notice this in words such as bike with a glottal
stop accompanying the final [k ]. If the velar stop is released while the glottal
stop is still being held, a weak ejective may be heard. See if you can superimpose
a glottal stop on a final [k ] and produce an ejective. Now try to make a slightly

L.V:ILX MW Contrasts involving ejective stops in Lakhota. An ejective mechanism is
shown by a following apostrophe.

Ejective p’o t’ufo k’u
‘foggy’ ‘at all costs’ ‘to give’

Voiceless Unaspirated payo ta tuwa kah
‘mallard’ ‘who’ ‘that’

Voiceless + Velar Fricative pa t*awa k*anta

’

‘bitter ‘own ‘plum’
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Figure 6.2 Acoustic waveforms and spectrograms of the Lakhota dental voiceless
unaspirated and ejective stops.
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more forceful ejective stop. By now, you should be fully able to make a glottal
stop in a sequence such as [a?a], so the next step is to learn to raise and lower
the glottis. You can recognize what it feels like to raise the glottis by singing a
very low note and then moving to the position for singing the highest note that
you possibly can. Doing this silently makes it easier to concentrate on feeling
the muscular sensations involved. Putting your fingers on your throat above the
larynx is also a help in feeling the movements. Repeat (silently) this sequence—
low note, very high note—until you have thoroughly experienced the sensation
of raising your glottis. Now try to make this movement with a closed glottis.
There will, of course, be no sounds produced by these movements alone.

The next step is to learn to superimpose this movement on a velar stop. Say the
sequence [ ak ]. Then say this sequence again, very slowly, holding your tongue in
the position for the [ k] closure at the end for a second or so. Now say it again, and
while maintaining the [k ] closure, do three things: (1) make a glottal stop; (2) if
you can, raise your larynx; and (3) release the [ k ] closure while maintaining the
glottal stop. Don’t worry about step (2) too much. The important thing to concen-
trate on is having a glottal stop and a velar closure going on at the same time, and
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then releasing the velar closure before releasing the glottal stop. The release of the
velar closure will produce only a very small noise, but it will be an ejective [k’ ].

Next, try to produce a vowel after the ejective. This time start from the
sequence [ aka]. Say this sequence slowly, with a long [ k] closure. Then, dur-
ing this closure, make a glottal stop and raise the larynx. Then release the [k ]
closure while still maintaining the glottal stop. Finally, release the glottal stop
and follow it with a vowel. You should have produced something like [ ak’?a].
When this sequence becomes more fluent, so that there is very little pause
between the release of the velar closure and the release of the glottal stop, it
will be simply an ejective followed by a vowel—[ ak’a]. There is, of course,
still a glottal stop after the release of the velar stop and before the vowel, but
unless it is exceptionally long, we may consider it to be implied by the symbol
for the ejective.

Another way of learning to produce an ejective is to start from the usual
American (and common British) pronunciation of button as ['ba?n, ]. Try starting
to say button but finishing with another vowel [ a ] instead of the nasal [n]. If
you make sure you do include the glottal stop form of /t/, the result will prob-
ably be ['ba?ta ]. If you say this slowly, you should be able to convert it first into
['ba?t’?A ], then into ['bat’A ], and finally, altering the stress, into [ ba't’a ].

Eventually, you should be able to produce sequences such as [p’a, t’a, k’a]
and perhaps [t[’a, s’a] as well. Practice producing ejectives before, after, and
between a wide variety of vowels. You should also try to say the Lakhota words
in Table 6.1. But if you find ejectives difficult to produce, don’t worry. Many
people take years to learn to say them. Just keep on practicing.

It is also possible to use a downward movement of the larynx to suck air in-
ward. Stops made with an ingressive glottalic airstream mechanism are called
implosives. In the production of implosives, the downward-moving larynx is
not usually completely closed. The air in the lungs is still being pushed out, and
some of it passes between the vocal folds, keeping them in motion so that the
sound is voiced. Figure 6.3 shows the movements in a voiced bilabial implosive
of a kind that occurs in Sindhi (an Indo-Aryan language spoken in India and
Pakistan). Implosives sometimes occur as allophones in English, particularly in
emphatic articulations of bilabial stops, as in absolutely billions and billions.

In all the implosives we have measured, the articulatory closure—in this
case, the lips coming together—occurs first. The downward movement of the
glottis, which occurs next, is like that of a piston that would cause a reduction
in the pressure of the air in the oral tract. But it is a leaky piston in that the
air in the lungs continues to flow through the glottis. As a result, the pressure
of the air in the oral tract is not affected very much. (In a plosive [b] there is,
of course, an increase in the pressure of the air in the vocal tract.) When the
articulatory closure is released, there is neither an explosive nor, in a literal
sense, an implosive action. Instead, the peculiar quality of the sound arises
from the complex changes in the shape of the vocal tract and in the vibratory
pattern of the vocal folds.
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Figure 6.3 Estimated sequence of events in a Sindhi bilabial implosive [6].

3 Little change in
pressure of the
air in the oral tract

1 Closure of

the lips .

4 Lips come —— (¢
apart

2 Downward movement
of vibrating
| «— glottis
Air from the lungs
continues to flow
through the
glottis

In many languages, such as Sindhi and several African and Native Ameri-
can languages, implosives contrast with plosives. However, in some languages
(for example, Vietnamese), implosives are simply variants (allophones) of
voiced plosives and are not in contrast with those sounds. The top line of Table
6.2 illustrates implosives in Sindhi. The symbols for implosives have a small
hook on the top of the regular symbol. For the moment, we will consider only
the first and second rows in Table 6.2, which illustrate ingressive glottalic
stops (implosives) in the first row, contrasting with regular pulmonic plosives
in the second row. Sindhi has unfamiliar places of articulation illustrated

Contrasts involving implosives and plosives with different phonation types
in Sindhi.
Bani dinu fatu danu
'field' 'festival' 'illiterate’ 'handle'
banu daru doiru jatu gunu
'forest’ 'door’ 'you run' 'illiterate’ 'quality’
[variant ]

panu taru tanu catu kanu
'leaf' 'bottom’ 'ton’ 'to destroy’ 'ear’
pranu tharu thagu chafu khanu
'snake hood' (district name) 'thug, cheat' 'crown' 'you lift'
bfamnu dfagu dfadu fiafu ghanr
'manure' "trunk’ ‘bull' 'a grab' 'excess'
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in the third and fourth columns, which we will consider in Chapter 7.
The lower rows in the table illustrate phonation types that we will consider
later in this chapter.

Acoustic waveforms and spectrograms of two of the words in Table 6.2 are
shown in Figure 6.4. There are several differences in these displays relating to the
differences between the vowels and intervocalic consonants that we will return to
later in this book, but for now we would like to focus on the initial consonants [d ]
and [ ]. Both of these start with a short period of low amplitude voicing, which
in the spectrogram appears as a gray bar at the bottom of the spectrogram. This is
called the voice bar and is an acoustic property of all (phonetically) voiced stops.
So, both [d] and [ d ] are voiced. Interestingly, the pulmonic voiced stop [ ]
has a longer voice bar than the glottalic ingressive stop [  ]. This characteristic
is present for the other Lakhota pairs in Table 6.2, but has not been reported as
a phonetic characteristic of the pulmonic/implosive contrast in other languages.
There is one other difference between [d] and [ (] that is consistently present for
contrasts between implosives and plosives. You will notice that in the implosive
[ 1, the voice bar grows louder over time, while in the pulmonic stop [ d ], the
amplitude of the voice bar decreases over time. This difference is almost always
seen when we compare regular pulmonic stops and implosives—and might be a
good cue to look for as you practice making the distinction.

Figure 6.4 Acoustic waveforms and spectrograms of the Sindhi retroflex voiced and
implosive stops.
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We do not know any foolproof way of teaching people to make implosives.
Some people can learn to make them just by imitating their instructor; others
can’t. (Peter Ladefoged, incidentally, was one of the latter group. He did not
learn to make implosives until nearly the end of a year studying phonetics.
Keith Johnson learned to make implosives by imitating his instructor’s funny
pronunciation of “Alabama” and then realized that he also used the implosive
[d] in imitating the noise of liquid pouring from a bottle [da do do do].)
The best suggestion we can make is to start from a fully voiced plosive. Say
[ aba], making sure that the voicing continues throughout the closure. Now
say this sequence slowly, making the closure last as long as you can while
maintaining strong vocal fold vibrations. Release the closure (open the lips)
before the voicing stops. If you put your fingers on your throat above the lar-
ynx while doing this, you will probably be able to feel the larynx moving
down during the closure.

There are straightforward mechanical reasons why the larynx moves down
in these circumstances. To maintain voicing throughout a [ b], air must con-
tinue to flow through the glottis. But it cannot continue to flow for very long,
because while the articulatory position of [ b] is being held, the pressure of
the air in the mouth is continually increasing as more air flows through the
glottis. To keep the vocal folds vibrating, the air in the lungs must be at an ap-
preciably higher pressure than the air in the vocal tract so that there is a pres-
sure drop across the glottis. One of the ways of maintaining the pressure drop
across the glottis is to lower the larynx and thus increase the space available in
the vocal tract. Consequently, there is a natural tendency when saying a long
[b] to lower the larynx. If you try to make a long, fully voiced [b] very forc-
ibly but open the lips before the voicing stops, you may end up producing an
implosive [b]. You can check your progress in learning to produce implosives
by using a straw in a drink. Hold a straw immersed in a liquid between your
lips while you say [ aba]. You should see the liquid move upward in the straw
during the [B].

Historically, languages seem to develop implosives from plosives that
have become more and more voiced. In many languages, as we mentioned
earlier, voiced implosives are simply allophones of voiced plosives. Often,
as in Vietnamese, these languages have voiced plosives that have to be fully
voiced to keep them distinct from two other sets of plosives that we will
discuss in the next section. In languages such as Sindhi, for which we have
good evidence of the earlier stages of the language, we can clearly see that
the present implosives grew out of older voiced plosives in this way; the
present contrasting voiced plosives are due to later influences of neighboring
languages.

One other airstream mechanism is used in a few languages. This is the
mechanism that is used in producing clicks, such as the interjection express-
ing disapproval that novelists write tut-tut or tsk-tsk. Another type of click is
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commonly used to show approval or to signal horses to go faster. Still another
click in common use is the gentle, pursed-lips type of kiss that one might drop
on one’s grandmother’s cheek. Clicks occur in words (in addition to interjec-
tions or nonlinguistic gestures) in several African languages. Zulu, for example,
has a number of clicks, including one that is very similar to our expression of
disapproval.

The easiest click to start studying is the gentle-kiss-with-pursed-lips type. In
a language that uses bilabial clicks of this sort, the gesture is not quite the same
as that used by most people making a friendly kiss. The linguistic gesture does
not involve puckering the lips. They are simply compressed in a more grim man-
ner. Make a “kiss” of this type. Say this sound while holding a finger lightly
along the lips. You might be able to feel that air rushes into the mouth when your
lips come apart. Note that while you are making this sound, you can continue to
breathe through your nose. This is because the back of the tongue is touching the
velum, so that the air in the mouth used in making this sound is separated from
the airstream flowing in and out of the nose.

Now say the click expressing disapproval (with the blade of the tongue
touching the teeth and alveolar ridge), the one that authors sometimes write fut-
tut or tsk-tsk when they wish to indicate a click sound; they do not, of course,
mean [ tat tat] or [tisk tisk]. Say a single click of this kind and try to feel how
your tongue moves. The positions of the vocal organs in the corresponding Zulu
sound are shown in Figure 6.5. At the beginning of this sound, there are both

Figure 6.5 The sequence of events in a dental click. Initially, both the tip and the back
of the tongue are raised, enclosing the small pocket of air indicated by the
dark shading. When the center of the tongue moves down, the larger, lightly
shaded cavity is formed. Then the tip moves down to the position shown by
the dashed line, and, a little later, the back of the tongue comes down to the
position shown by the dashed line.

1 Back of tongue raised
to form velar closure

1 Tongue tip up to
form front closure

4 Velar closure

released 3 Tongue tip lowered

so that air rushes into
the mouth

2 While both the anterior and the
velar closure are maintained, the
body of the tongue moves down,
decreasing the pressure of the air
in the front part of the mouth
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dental and velar closures. As a result, the body of air shown in the dark shaded
area in Figure 6.5 is totally enclosed. When the back and central parts of the
tongue move down, this air becomes rarefied. A click is produced when this
partial vacuum is released by lowering the tip of the tongue. The IPA symbol
for a dental click is [|], a single vertical stroke extending both above and below
the line of writing.

Movement of the body of air in the mouth is called a velaric airstream
mechanism. Clicks are stops made with an ingressive velaric airstream mech-
anism (as shown in Figure 6.5). It is also possible to use this mechanism to
cause the airstream to flow outward by raising the tongue and squeezing the
contained body of air, but this latter possibility is not actually used in any known
language.

The sound described in Figure 6.5 is a dental click. If the partial vacuum is
released by lowering the side of the tongue, a lateral click—the sound some-
times used for encouraging horses—is produced. The phonetic symbol is [||],
a pair of vertical strokes, again going both above and below the line of writing.
Clicks can also be made with the tip (not the blade) of the tongue touching the
posterior part of the alveolar ridge. The phonetic symbol for a click of this kind
is [ !], an exclamation point (this time resting on the line of writing). These three
possibilities all occur in Zulu and in the neighboring language Xhosa. Some of
the aboriginal South African languages, such as Nama and !X60, have an even
wider variety of click articulations. !X60, spoken in Botswana, is one of the few
languages that have bilabial clicks—a sort of thin, straight-lips kiss sound, for
which the symbol is [O].

In the production of click sounds, there is a velar closure, and the body of
air involved is in front of this closure (that is, in the front of the mouth). Con-
sequently, it is possible to produce a velar sound with a glottalic or pulmonic
airstream mechanism while a click is being made. You can demonstrate this
for yourself by humming continuously while producing clicks. The hum-
ming corresponds to a long [1], a voiced velar nasal. We may symbolize the
co-occurrence of a nasal and a click by writing a tie bar [~ ] over the two
symbols. Thus, a dental click and a velar nasal would be written [Iﬂ ]. In tran-
scribing click languages, the tie bar is usually left off, and simultaneity is
assumed.

Even if the soft palate is raised so that air cannot flow through the nose, the
pulmonic airstream mechanism can still be used to keep the vocal folds vibrat-
ing for a short time during a click. When the back of the tongue is raised for a
click and there is also a velic closure, the articulators are in the position for [g].
A voiced dental click of this kind is therefore a combination of [g] and [|] and
may be symbolized [ g|] (omitting the tie bar).

At this point, we should note that, strictly speaking, the transcription of clicks
always requires a symbol for both the click itself and for the activity associated
with the velar closure. We transcribed the voiced click with a [ g ] plus the click

145



146 CHAPTER 6 Airstream Mechanisms and Phonation Types

CD 6.4

symbol, and the nasalized click with [1] plus the click symbol. We should also
transcribe the voiceless click with [ k] plus the click symbol. It is perhaps not
necessary for a beginning student in phonetics to be able to produce all sorts
of different clicks in regular words. But you should be able to produce at least
a simple click followed by a vowel. Try saying [ k|] followed by [ a]. Make a
vowel as soon after the click as possible, so that it sounds like a single syllable
[kla] (using the convention that regards the [k ] and the click as simultaneous, as
if there were a tie bar).

As a more challenging exercise, learn to produce clicks between vowels. Start
by repeating [ kla ] a number of times, so that you are saying [ kjakjakla]. Now say
dental, post-alveolar, and lateral clicks in sequences such as [ akla, ak!a, ak|a].
Make sure there are no pauses between the vowels and the clicks. Now try to
keep the voicing going throughout the sequences, so that you produce [ agla,
agla, aglla]. Last, produce nasalized clicks, perhaps with nasalized vowels on
either side [ agla, an!a, an |ja] (again with the nasal being simultaneous with the
click). Repeat with other vowels.

The spelling system regularly used in books and newspapers in Zulu and
Xhosa employs the letters c, g, x for the dental, post-alveolar, and lateral clicks
for which we have been using the symbols [|, !, || ], respectively. The name of the
language Xhosa should therefore be pronounced with a lateral click at the begin-
ning. The & following the orthographic X indicates a short burst of aspiration
following the click. Try saying the name of the language with an aspirated lat-
eral click at the beginning. Table 6.3 shows a set of contrasting clicks in Xhosa.
Nearly all the words in this table are infinitive forms of words, which is why
they begin with the prefix [ukud].

Contrasts involving clicks in Xhosa. The rows differ in phonation types, as
will be discussed later in this chapter.
Dental Post-alveolar Alveolar Lateral
Voiceless ukiklola ukuk!oba ukjolo
unaspirated ‘to grind fine’ ‘to break ‘peace’
velar plosive stones’
Voiceless tkuklréla ukiik!ola ukiik|roba
aspirated ‘to pick up’ ‘perfume’ ‘to arm oneself’
velar plosive
Murmured tikug [66a ukig!oba ukiig|oba
velar plosive ‘to be joyful’ ‘to scoop’ ‘to stir up mud’
Voiced uktnloma ukin!ola ukdin|iba
velar nasal ‘to admire’ ‘to climb up’ ‘to put on clothes’
Murmured ukl’lg|ola ukuinlala ukunjogla
velar nasal ‘to be dirty’ ‘to go straight’ ‘to lie on back, knees up’




Airstream Mechanisms

The CD also illustrates clicks in Zulu, a language closely related to Xhosa, and
in Nama and X!60, two Khoisan languages spoken in Namibia and Botswana.
You can find examples of these languages by going to the index of languages,
the index of sounds, or the map index, all of which are accessible from the foot
of the title page. They are also listed on the contents page for this chapter.

Table 6.4 summarizes the principal airstream mechanisms. Note that pulmonic
sounds can be voiced or voiceless. Glottalic egressive sounds—ejectives—are
always voiceless. Glottalic ingressive sounds—implosives—are nearly always
voiced by being combined with a pulmonic egressive airstream, but voiceless
glottalic ingressive sounds (voiceless implosives) have been reported in a few
languages, such as the Owerri dialect of Igbo, spoken in Nigeria. (Igbo exam-
ples are among the extra material on the CD, accessible through the index of
languages.) Velaric ingressive sounds (clicks) may be combined with pulmonic
egressive sounds so that the resulting combination can be voiced or voiceless.
These combinations can also be oral or nasal.

The principal airstream processes.
Specific
Name

Brief for Stop

Airstream Direction Description Consonant Examples Vocal Folds

Pulmonic  egressive  lungair pushed plosive ptk voiceless or
out under the bdg voiced
control of the
respiratory
muscles

Glottalic egressive  pharynx air ejective ptk voiceless
compressed by
the upward
movement of
the closed
glottis

Glottalic ingressive  downward implosive bdd usually
movement of voiced by
the vibrating the pulmonic
glottis; pulmonic airstream
egressive
airstream may
also be involved

Velaric ingressive  mouth air click 1o combine
rarefied by the with the
backward and pulmonic
downward airstream
movement of for voiced
the tongue or voiceless

velar nasals
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STATES OF THE GLOTTIS

So far, we have been considering sounds to be either voiceless, with the vocal
folds apart, or voiced, with the folds nearly together so that they will vibrate
when air passes between them. But in fact, the glottis (which is defined as the
space between the vocal folds) can assume a number of other shapes. Some of
these glottal states are important in the description of other languages, and in the
description of pathological voices.

Photographs of four states of the glottis are shown in Figure 6.6. These pho-
tographs were taken by placing a small mirror at the back of the mouth so that
it was possible to look straight down the pharynx toward the larynx. The top of
the picture is toward the front of the neck, the lower part toward the back. The
vocal folds are the white bands running vertically in each picture. Their position
can be adjusted by the movements of the arytenoid cartilages, which are under-
neath the small protuberances visible in the lower part of the pictures.

Figure 6.6 Four states of the glottis. Photographs by John Ohala and Ralph Vanderslice.

glottis

Vocal cord

arytenoid
cartilages

voiced voiceless

murmur creaky voice




States of the Glottis

In a voiced sound, the vocal folds are close together and vibrating, as in the
first photograph. In a voiceless sound, as in the second photograph, they are
pulled apart. This position will produce a completely voiceless sound if there is
little or no airflow through the glottis, as in the case of a voiceless fricative or
an unaspirated stop. But if there is considerable airflow, as, in an A-like sound,
the vocal folds will be set vibrating while remaining apart. In this way, they
produce what is called breathy voice, or murmur. The second photograph is
labeled “voiceless” because this is the usual position in voiceless fricatives. But
in an intervocalic [ h] as in ahead, the vocal folds are in a very similar position.
In these circumstances, they will produce breathy voice, vibrating loosely, so
they appear to be simply flapping in the airstream. The third photograph shows
another kind of breathy voice. In this sound, the vocal folds are apart between
the arytenoid cartilages in the lower (posterior) part of the photograph. They
can still vibrate, but at the same time, a great deal of air passes out through the
glottis.

Murmured sounds occur in English in the pronunciation of /h/ in between
vowels as in ahead and behind. In most of the speakers of English we have been
able to observe, the /h/ in these words is made with the vocal folds slightly apart
along their entire length, but still continuing to vibrate as if they were waving
in the breeze. The term “voiced /#” is sometimes used for this sound, but it is
somewhat confusing as there is certainly no voicing in the usual sense. The term
“murmured /” is preferable. The symbol for this sound is [A].

Learn to distinguish between the murmured sound [ ] as in aha and the
voiceless sound [ h] as at the beginning of an English word such as heart. The
murmured sound is like a sigh produced while breathing heavily. Take a deep
breath and see how long you can make first [fi] and then [h]. In the voice-
less sound [ h], the air from the lungs escapes very rapidly, so that this sound
cannot be prolonged to any great extent. But you can make the murmured
sound [ fi] last much longer, as the flow of air from the lungs is slowed down
by the vibrating vocal folds. Note that [ i ] can be said on a range of different
pitches.

Now say [ fi] before a vowel. When you say [ fia], you will probably find that
the breathiness extends into the vowel. But try to make only the first part of the
syllable breathy and produce regular voicing at the end. Finally, try to produce
the sequence [ fia] after a stop consonant. Murmured stops of this kind occur
in Hindi and in many other languages spoken in India. These sounds will be
discussed more fully in the next section. But we can note here that in murmured
stops, the murmur occurs only during the release of the stop. There must be a
comparatively high rate of flow of air out of the lungs to produce murmur, and
this cannot happen during the stop closure.

It is fairly easy to produce the required flow rate for murmur during a vowel.
Some languages contrast plain and murmured vowels. Table 6.5 shows a set of
words in Gujarati, another language spoken in India. Murmured sounds are in-
dicated by placing two dots below the symbol. In Gujarati, the contrast between
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D 6.1

IR Murmured vowels in Gujarati.

Breathy Plain
bar ‘outside’ bfiar ‘burden’ bar ‘twelve’
mel ‘palace’ mel ‘dirt’

murmured or breathy voiced sounds and regular, modal voice can occur in both
consonants and vowels. In the first row, you can hear a three-way contrast be-
tween a murmured vowel, a murmured release of a stop, and a word that has
only modal voice.

In creaky voice, which is the other state of the glottis illustrated in Figure 6.6,
the arytenoid cartilages are tightly together, so that the vocal folds can vibrate
only at the anterior end (the small opening at the top of the photograph). Note
that the vocal folds appear to be much shorter in this photograph. This is partly
because the posterior portion at the bottom of the photograph is not visible
when the arytenoid cartilages are pulled together. But it is also the case that
in creaky voice, the folds are not stretched from front to back as they are on
higher pitches. It is not possible to make accurate measurements of the lengths
of the vibrating folds in these photographs, as the glottis is at varying distances
from the camera, but this probably accounts for only a small proportion of the
variation in length apparent in the photographs. Creaky voice is a very low-
pitched sound that occurs at the ends of falling intonations for some speakers
of English. You can probably learn to produce it by singing the lowest note that
you can—and then trying to go even lower. Creaky-voiced sounds may also be
called laryngealized.

In some languages, laryngealization is used to distinguish one sound from
another. Hausa and many other Chadic languages of northern Nigeria distin-
guish between two palatal approximants. One has regular voicing, rather like the
English sound at the beginning of yacht, and the other has creaky voice. The IPA
diacritic to indicate creaky voice is [ _] placed under the symbol. Hausa orthog-
raphy uses an apostrophe (*) before the symbol for the corresponding voiced
sound, thus contrasting y and’y. The Hausa letters y and ’y correspond to IPA
[jl1and [ j]. Try differentiating between the laryngealized and nonlaryngealized
sounds in the Hausa words [ja:] ya (‘he’) and [ ja:] ’ya (‘daughter’), which
are included on the CD with the other Hausa words discussed earlier in this
chapter.

A slightly more common use of laryngealization is to distinguish one stop
from another. Hausa and many other West African languages have voiced
stops [b, d] contrasting with laryngealized stops [ b, d ], which are sometimes
implosives. In these sounds, the creaky voice is most evident not during the stop
closure itself but during the first part of the following vowel. Similar sounds
occur in some Native American languages.



Voice Onset Time

VOICE ONSET TIME

We saw earlier that the terms voiced and voiceless refer to the state of the glottis
during a given articulation. We also saw that the terms aspirated and unaspirated
refer to the presence or absence of a period of voicelessness during and after the
release of an articulation. The interval between the release of a closure and the
start of the voicing is called the voice onset time (usually abbreviated VOT).
The easiest way to visualize VOT is by reference to the waveform of a sound.
This is the technique used in Chapter 3 to discuss the differences between tie
and die. The VOT is measured in milliseconds (ms) from the spike indicating
the release of the stop closure to the start of the oscillating pattern indicating the
vibrations of the vocal folds in the vowel. If the voicing begins during the stop
closure (i.e., before the release), the VOT has a negative value.

The top part of Figure 6.7 shows the waveforms of the first parts of three of the
Sindhi words in Table 6.2: [daru] (‘door’), [taru ] (‘bottom’), and [ t"aru] (name
of a district). The dashed line indicates the moment of release of the stop. A time
scale centered on that moment is at the bottom of the figure. In the waveform for
[da], at the top of the figure, there is voicing throughout the closure, the release,
and the vowel. This is a fully voiced stop that has a negative VOT of —130 ms.

In the next waveform, [ ta], there are no voicing vibrations during the closure
(before the dashed line). This is, therefore, a voiceless stop. The voicing starts
very shortly after the closure, the VOT being less than 20 ms, making this an
unaspirated stop. To produce this stop, the vocal folds are apart during the whole
of the closure period but close together at the moment of release of the closure,
so that voicing starts as soon as there is sufficient airflow through the glottis. In
the middle of the closure, the vocal folds might be in a position similar to that
shown in the top right photograph in Figure 6.6.

The third waveform, [t"a ], shows an aspirated stop, with a VOT of about
50 ms. In producing this sound, the vocal folds are apart during the stop closure
and the glottis is still open at the moment of the release of the stop closure.

There is a continuum of possible voice onset times. Some languages, such
as Sindhi, have very fully voiced stops with a large negative VOT. Others, such
as English, have little or no voicing during the closure, unless the stop is pre-
ceded by a sound in which the vocal folds are already vibrating, in which case the
vibration may continue through the closure. Similarly, languages vary in the VOT
they use for aspirated stops. In the Sindhi example in the third row in Figure 6.7,
it is only 50 ms. In Navajo, as shown in the last row in Figure 6.7, aspirated stops
have a VOT of about 150 ms. When producing a strongly aspirated stop such
as this, the maximum opening of the vocal folds will be much larger than that
shown in the top right photograph in Figure 6.6. The maximum opening will oc-
cur at about the moment of release of the stop closure. In general, the degree of
aspiration (the amount of lag in the voice onset time) will depend on the degree
of glottal aperture during the closure. The greater the opening of the vocal folds
during a stop, the longer the amount of the following aspiration.
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Figure 6.7 Waveforms showing stops with different degrees of voicing and aspiration.
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Different languages choose different points along the VOT continuum in form-
ing oppositions among stop consonants. This point is illustrated in Figure 6.8,
in which some of the possibilities that occur in different languages are shown
with reference to a scale going from most aspirated (largest positive VOT) at the
top to most voiced (largest negative VOT) at the bottom. The Navajo aspirated
stops, shown in the first column, have a very large VOT that is quite exceptional.
Navajo does not have a bilabial stop series, but for all the other languages, the
positions shown on the scale correspond to bilabial stops. As you can see, also in
the first column, a normal value for the VOT of English stressed initial /p/ would
be between 50 and 60 ms. English initial /b/, at the bottom of the first column,
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Figure 6.8 Differences in voice onset time in different languages on a scale going from
most voiced (largest negative VOT) to most aspirated (largest positive VOT).
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may have a VOT of about 10 ms, but, as indicated by the dashed line, it may be
less, and even slightly negative. After an initial /s/, English /p/ will have a VOT
much like English initial /b/.

Other languages make the contrast between phonemes such as /p, t, k/ and
/b, d, g/ in initial position with very different VOTs. Navajo contrasts initial
/k/ with a /g/ that is far from voiced; it has a VOT of over 40 ms. As this sound
is completely voiceless, it might be better to say that the contrast in Navajo is
between /k"/ and /k/, rather than between /k/ and /g/. However, both ways of
transcribing Navajo are perfectly valid. As we saw in Chapter 2, you can make
a broad transcription that shows the phonemic contrasts in a language using the
simplest possible symbols, or you can make a narrow transcription that shows
the phonetic detail. As long as the broad transcription is accompanied by a state-
ment that specifies how it should be interpreted, it is equally accurate. The choice
of symbol depends in part on the reason for making the transcription. In broad
transcriptions of English, it is sufficient just to use /b, p/. But if one wants to
show more phonetic detail, one can specify that the phoneme /b/ is a completely
voiceless [ b] in, for instance, that boy [ da?tbo1]. Similarly, one might want to
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show phonetic details such as the aspirated /p/ that occurs in pie [pPa1] or the
unaspirated /p/ in spy [ spar].

The second column in Figure 6.8 shows how the sounds of French line up
with those of English and Navajo. The voiced stops in French (and Spanish, Ital-
ian, and many other languages) are nearly always fully voiced. The length of the
voicing varies, depending on the length of the closure, which is why we added
an arrow alongside French /b/. Voiceless stops in these languages are unaspi-
rated, making French /p/ similar to English initial /b/.

French /p/ is even more like Gaelic /b/, which is virtually never voiced,
even between vowels. The Gaelic opposition between /b/ and /p/ is, in a
narrow phonetic transcription, /p/ versus /p"/. In the Gaelic spoken in the Outer
Hebrides of Scotland, the VOT of /p"/ is around 65 ms, not nearly as long as that
in Navajo, but longer than that in English.

Some languages contrast three different voice onset times. Thai has voiced,
voiceless unaspirated, and aspirated stops, as shown in the final column in
Figure 6.8. Words illustrating these contrasts in Thai are given in Table 6.6. As
in the case of French, the voiced stops are fully voiced, with the duration of the
voicing depending on the length of the stop closure.

Many languages spoken in India, such as Hindi and Sindhi, have not only
the three possibilities that occur in Thai, but murmured stops as well. After
the release of the closure, there is a period of breathy voice or murmur before the
regular voicing starts. Some illustrative Hindi words are given in Table 6.7. The
breathy voice release of these stops is indicated by [ "], a raised, hooked letter /.
The Sindhi words in the last row of Table 6.2 also illustrate breathy voiced stops.
As shown in the tables, in addition to the breathy voiced stops, both Sindhi and
Hindi also contrast stops with three different voice onset times.

Figure 6.9 shows the waveforms of the Hindi dental stops in the second row
of Table 6.7. There is voicing during the stop closure of [ d ] (in the top line), but
not during the stops in the second and third lines. The second line has a voiceless
unaspirated [ ¢ ] with a VOT of about 20 ms. The third line has an aspirated [ "],
with a VOT of almost 100 ms. In the fourth line, the [ df] has voicing during the
closure followed by a waveform that has some of the appearance of voicing—a
wavy line—but also has noise superimposed on it. This is breathy voicing. It is

LV LN Stops in Thai.

Voiced ba: da:
‘crazy’ ‘curse’

Voiceless Unaspirated pa: ta:
‘aunt’ ‘eye’

Voiceless Aspirated pha: tha:

‘cloth’ ‘landing place’
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L. LW Stops in Hindi.

Voiceless Voiceless Breathy

Unaspirated Aspirated Voiced Voiced
Bilabial pal phal bal bfal

‘take care of’ ‘knife blade’  ‘hair’ ‘forehead’
Dental tal thal dal dfal

‘beat’ ‘plate’ ‘lentil’ ‘knife’
Retroflex tal thal dal dfal

‘postpone’ ‘wood shop’ ‘branch’ ‘shield’
Post-alveolar Affricate tfal 1fhal dzal dzfial

‘walk’ ‘deceit’ ‘water’ ‘glimmer’
Velar kan kPan gan gfian

‘ear’ ‘mine’ ‘song’ ‘bundle’

difficult to say how long this breathy voiced aspiration lasts, as it shades into the
regular voicing for the vowel. During this breathy voicing, the vocal folds are
drawn into loose vibrations and do not come fully together.

The difference between voiceless unaspirated, aspirated, and murmured stops
(the last three rows in Figure 6.9) is largely a matter of the size and timing of the
opening of the vocal folds. In voiceless unaspirated stops, the maximum open-
ing of the glottis (which is not very great) occurs during the stop closure. In
(voiceless) aspirated stops, the glottal opening is larger and occurs later, near the
moment of release of the stop closure. In murmured stops, the glottal opening
is similar in size to that in voiceless unaspirated stops, but it occurs later, during
the release of the closure. Because there is a rapid flow of air through the vocal
folds at this time, the vocal folds vibrate while remaining slightly apart, thus
producing breathy voice.

Learn to produce a series of sounds with different voice onset times. Start by
producing fully voiced stops [b, d, g]. See how long you can make the voicing
continue during each of these sounds. You will find that you can make it last
longer during [b] than during [d ] or [ g], because in [b ], there is a fairly large
space above the glottis. Air from the lungs can flow through the glottis for a lon-
ger period of time before the pressure above the glottis begins to approach that
of the air in the lungs. The vocal folds can be kept vibrating throughout this pe-
riod. But in [ g ], there is only a small space above the glottis into which air can
flow, so the voicing can be maintained only briefly. Languages often fail to have
fully voiced velar stops. Note that Thai does not have a voiced stop contrasting
with a voiceless unaspirated stop at this place of articulation.

When you can produce fully voiced stops satisfactorily, try saying voiceless
unaspirated [ p, t, k]. You may find it easiest to start with words like spy, sty,
sky. Say these words very slowly. Now say words like them, but without the
initial [s].
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Figure 6.9 Waveforms showing the VOT of the stops in Hindi.

Hindi
d a
t a
t " a
d f a
—100 0 100 200 ms

You will have less difficulty making aspirated stops, because they occur in
most forms of English—in words such as pie [ p'ar] and tie [ thar]. But do try
pronouncing all of the Thai and Hindi words in Tables 6.6 and 6.7.

SUMMARY OF ACTIONS OF THE GLOTTIS

The vocal folds are involved in many different kinds of actions. They are used in
the production of implosives and ejectives, and in forming different phonation
types. These two types of activities are often not clearly separable. The implo-
sives of some forms of Hausa are as likely to be marked by creaky voice as by a
downward movement of the glottis, and Zulu has weak ejectives that could well
be considered simply as glottal stops superimposed on plosives. Consequently, it
is convenient to summarize all these activities in a single table. Table 6.8 shows
the principal actions of the glottis.



Exercises
LLV:ILYX: M The principal actions of the glottis.
Glottal stop Vocal folds together ?
Ejective Vocal folds together and moving upward p.t, ks
Implosives Closed vocal folds moving downward b,d,d
Usually nearly closed vocal folds moving

downward with regular vibrations or 6,d,d

creaky voice
Creaky voice Vocal folds held tightly together b,d, a, e

(Modal) voice

posteriorly, but vibrating (usually at a
low rate) anteriorly
Regular vibrations of the vocal folds

b, d (in, e.g.,

French),
a, e
Breathy voice Vocal folds vibrating without coming a, e
(murmur) fully together.
Often during a stop release Bh, df
Voiceless Vocal folds apart Ptk s
m, 0,
Aspirated Vocal folds apart during the release ph, th, kh, h
of an articulation
EXERCISES

(Printable versions of all the exercises are available on the CD.)

A. Label the diagram below so as to show the sequence of events involved in
producing a voiced alveolar implosive.
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B. Complete the diagram below so as to show the gestures of the vocal organs
required for producing [ g ] Add labels so that the sequence of events is
clear.

/

C. Measure (to the nearest 10 ms) the VOT in the waveforms of the stops in a
pie, a buy, a spy.

ms

ms

9 s p al p__ ms

N Y I Y N A S |
0 100 200 300 ms




Exercises 159

D. Put a narrow transcription above the waveform of the phrase He started to
tidy it. The phrase has been split during the closure of the [t] in f0. The loca-
tion of the [d] in #idy is also shown. Measure (to the nearest 10 ms) the VOT
in the waveforms of the stops.

First stop in started __ ms.
Second stop in started ___ms.
Stop in fo __ ms.

0 100 200 300 ms
First stop in tidy ms.
Second stop in tidy ms.

E. Fill in the blanks in the following passage.

There are three principal airstream mechanisms:the _ airstream
mechanism, the __ airstream mechanism, andthe ____ air-
stream mechanism. In normal utterances in all the languages of the world,
the airstream is always flowing outward if the ____ airstream mecha-
nism is involved. Stops made with this mechanism are called
The only mechanism used in some languages to produce some sounds with
inward-going air and some sounds with outward-going air is the
airstream mechanism. Stops made with this mechanism acting ingressively
arecalled . Stops made with this mechanism acting egressively
arecalled . The mechanism used in language to produce sounds
only with inward-going airisthe ___ airstream mechanism. Stops
made with this mechanism are called —___ . Stops may vary in their

voice onset time. In this respect, [ob,d,g]are __ stops, [p, t, k] are
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stops, and [p", t, kJare ____ stops. The stops [bf, df, gf
], which occur in Hindi, are called ____ stops. The stops [b, d], which
occur in African languages such as Hausa, arecalled ____ stops.

PERFORMANCE EXERCISES

A large number of non-English sounds were discussed in this chapter. About the
same number of additional sounds will be considered in the following chapter.
Beginning with the exercises given below, you should spend more time doing
practical phonetic work. Try to double the time you spend doing work of this
kind. If possible, you should spend about twenty minutes a day working with
a partner reviewing the material in the chapter and going through the exercises
given below.

A. Review the different types of phonation. Start by simply differentiating
voiced and voiceless sounds, saying:
(1) [aaagagaaaqaaq |

Now add breathy-voiced (murmured) sounds to the sequence:
(2) [aaaggagaq]
Next, add creaky-voiced (laryngealized) sounds:
(3) [aggaaagagqaq]
Then make the sequence begin with a glottal stop:
(4) [?aggacagagaqq ]
Finally, practice saying this sequence in the reverse order:
(5) [ggagagaaagga? ]
B. Try to go in one smooth movement through all these states of the glottis, say-
ing, fairly quickly:
(1) [?gaqq]
and the reverse sequence:
(2) [9gag? ]
C. Repeat Exercises A and B slowly, quickly, reversed, etc., with other articula-
tions, for example:
M?mmmm]
@ [?n n n n]
3 [?y n g g]
@111 1]
G210 i il



G.

Performance Exercises

Try to superimpose breathy voice (murmur) onto intervocalic consonants,
saying:
[ama, ana, ala]

Do not worry if the breathy voice is also evident on the adjacent vowels.

. Now try adding breathy voice to stops. The release of the closure should be

followed by a period of murmur extending into the vowel:
[abfia, adfa, agha]
Similarly, add creaky voice (laryngealization) to intervocalic consonants,
saying:
[ama, ana, ala]
Then produce stops with creaky voice (laryngealization):

[aba, ada, aga |

Again, do not worry if the creaky voice is most evident in the adjacent vowels.

H.

Say [aba], making sure that you have a fully voiced intervocalic stop. Now
repeat this sequence a number of times, each time increasing the length of
the consonant closure. Try to make the consonant closure as long as you can
while maintaining the voicing.

Repeat Exercise H with the sequences [ ada] and [aga].

J. Produce long, fully voiced stops before vowels: [ ba, da, ga]. Make sure that

there is a velic closure and that you are not saying [ mba, nda, nga ] but are
correctly saying a long, fully voiced, oral stop.

. Produce voiceless unaspirated stops before vowels: [ pa, ta, ka]. You may

find it helpful to imagine that there is a preceding [s] as in spar, star, scar.

. Say a series of stops with more aspiration than usual: [ p"a, tha, k"a]. Make

sure there is a really long period of voicelessness after the release of the clo-
sure and before the start of the vowel.

. Practice saying sequences of voiced, voiceless unaspirated, and aspirated

plosives: [ba, pa, pa], [da, ta, t"a], and [ga, ka, kPa].

. Try to produce as many intermediate stages as you can in each of these se-

ries. You should be able to produce each series with
(1) along, fully voiced stop.
(2) aslightly shorter, partially voiced stop.
(3) a completely voiceless, but unaspirated, stop.
(4) aslightly aspirated stop.
(5) astrongly aspirated stop.
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0. Practice these exercises until you are certain you can reliably produce a dis-
tinction between at least (1) voiced, (2) voiceless unaspirated, and (3) aspi-
rated stops at each place of articulation.

P. Extend this series by beginning with a laryngealized stop and ending with a
murmured stop. Say:

(1) ba (2) da (3) ga
ba da ga
pa ta ka
pha tha kha
bfa dfa gha

Q. Incorporate all these sounds into simple series of nonsense words. If you are
making up your own series to say to someone else, do not make them too dif-
ficult. Try saying something like the following:

(1) 'temas (2) 'bekal (3) 'goder
‘demas ‘biegal 'gfoter)
'themas 'prekhal 'koten
'demas 'begal 'khoden
‘diemas '‘pebfial '‘godfien

R. Review the description of ejectives. When making an ejective, you should
be able to feel that you (1) make an articulatory closure (for example, bring
your lips together); (2) make a glottal stop (feel that you are holding your
breath by closing your glottis); (3) raise the larynx (place your fingers on
your throat to feel this movement); (4) release the articulatory closure (open
your lips); and (5) release the glottal closure (let go of your breath).

S. If you cannot produce the sequences [ p’a, t’a, k’a], reread the section on
ejectives in hope of finding some useful hints that might help you.

T. Review the description of voiced implosives. Starting from a fully voiced stop,
try to feel the downward movement of your larynx. Try to say [ba, da, da].

U. Review the description of clicks. Try to say a voiceless version of each click
between vowels [ akla, ak!a, aklja], then a voiced version [agla, agla, agla],
and finally a nasalized version [ agla, anla, agla].

V. Incorporate all these sounds into simple series of nonsense words such as:

'dedak 'tip’uk 'k’oklo
'pet’ak 'badod 'bek|a
'bedag 'dukap’ 'kaklo

'k’ebap 't’edud 't"ik|i



7

Consonantal Gestures

The movements of the lips and tongue in English are only a small subset of
those that can be used for making consonants. Scores of other sounds can be
made, as we will see by considering different languages. An appropriate way to
describe consonantal gestures in the languages of the world is in terms of two of
their aspects: the targets of the gestural movements, commonly called the places
of articulation, and the way in which the target is approached, often thought of
as the manner of articulation. We will use these traditional terms, but always re-
membering that speech sounds involve gestural movements, not static positions
of the vocal organs.

Consonants that occur in other languages are well worth studying even by
those concerned mainly with the phonetics of English. Many of the sounds that
occur in other languages also occur in regional, accented, or disordered varieties
of English. As we noted at the beginning of the previous chapter, the best way to
study unfamiliar sounds is by observing them in languages in which they are
a regular, easily observable part of the sound system.

ARTICULATORY TARGETS

Many of the possible places of articulation that are used in the languages of
the world were defined in Chapter 1. Figure 7.1, which is similar to Figure 1.5,
shows three additional places that will be discussed below. The terms for all the
places of articulation are not just names for particular locations on the roof of
the mouth. They should be thought of as names for the numbered arrows. Each
term specifies where the arrow starts (the articulator on the lower surface that
makes this particular gesture) and where it ends (the part of the vocal tract that is
the target of the gesture).

A large number of non-English sounds are to be found in other languages.
Many of them involve using gestures in which the target, or the place of
articulation, is different from any found in English. For others it is the type of
gesture, what is traditionally called the manner of articulation, that is different.
We will illustrate the different targets by considering how each place of articu-
lation is used in English and in other languages for making stops, nasals, and
fricatives. The numbers in the following paragraphs refer to the numbered ar-
rows in Figure 7.1.
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Figure 7.1 Places of articulation.

(1) The bilabial gesture is common in English, which has bilabial stops and
nasals [ p, b, m]. But bilabial fricatives in English are simply allophones of the
labiodental sounds [f, v]. In some languages (for example, Ewe of West Africa),
bilabial fricatives contrast with labiodental fricatives. The symbols for the voiceless
and voiced bilabial fricatives are [ $, B ]. These sounds are pronounced by bringing
the two lips nearly together, so that there is only a slit between them. In Ewe,
the name of the language itself is [ €B¢ ], whereas the word for two is [eve ]. Try
to pronounce these contrasting words yourself. Ewe also contrasts voiceless
bilabial and labiodental fricatives. Contrasts involving all these sounds are
shown in Table 7.1.

We should also note here some other labial sounds not shown in Figure 7.1.
A few Austronesian languages spoken in Vanuatu have linguo-labials, in which
the tongue touches the upper lip. V’enen Taut has nasals, stops, and fricatives
made in this way. The diacritic for indicating a linguo-labial articulation is [ _],
a shape like a seagull, placed under the coronal symbol. The V’enen Taut for
“breadfruit” is [tatei], and for “stone” is [ nadat ]. These and other V’enen Taut
sounds are on the CD.
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L.\ 1AW Contrasting bilabial and labiodental fricatives in Ewe.

Voiceless bilabial fricative épa éple

‘he polished’ ‘he bought’
Voiceless labiodental fricative épa éf1é

‘he was cold’ ‘he spit off’
Voiced bilabial fricative epe éplo

‘Ewe’ (the language) ‘mushroom’
Voiced labiodental fricative gve évlo

‘two’ ‘heis evil’

(2) Many languages are like English in having the labiodental fricatives [f, v].
But probably no language has labiodental stops or nasals except as allophones
of the corresponding bilabial sounds. In English, a labiodental nasal, [ m ], may
occur when /m/ occurs before /f/, as in emphasis or symphony. Say these words
in a normal conversational style and see if your lower lip ever contacts your
upper lip during the nasal.

Some languages have affricates in which the bilabial stop is released into a
labiodental fricative. Practice these sounds by learning to say the German words
Pfanne ['pfana] “bowl” and Pflug [ pfluk ] “plough.”

(3) Most speakers of both British and American English have dental frica-
tives [0, 8] but no dental stops, nasals, or laterals except allophonically before
[6, 01, as in eighth, tenth, wealth [ e1tB, tonB, wol0]. Many speakers of French,
Italian, and other languages typically have dental stops, nasals, and laterals. In
these languages, [t, d, n] are not just coarticulated allophones that occur only
before [0, 8], as in English. However, there is a great deal of individual variation
in the pronunciation of these consonants in all these languages. According to a
careful palatographic study, around one-third of Californian English speakers
have dental stops, and many French speakers have alveolar rather than dental
consonants—well over half of them in the case of the lateral /1/. Say words such
as tip, dip, nip, lip and try to feel where your tongue touches the roof of your
mouth.

Some languages, such as Malayalam, a Dravidian language spoken in south-
ern India, contrast dental and alveolar consonants. Examples of contrasting
Malayalam nasals are shown in Table 7.2. The table also includes other conso-
nantal gestures that are used in Malayalam but not in most forms of English. We
will discuss these in subsequent paragraphs.

(4) Alveolar stops, nasals, and fricatives all occur in English and in many
other languages. They need no further comment here.

(5) Retroflex stops, nasals, and fricatives do not occur in most forms of
English. The outstanding exception is the English spoken in India. Retro-
flex sounds are made by curling the tip of the tongue up and back so that the
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1.1 Contrasts involving bilabial, dental, alveolar, retroflex, palatal, and velar
places of articulation in Malayalam, illustrating the necessity for six points
of articulation. As we saw in Chapter 3, dental articulations are indicated

by a subscript [ _].

Bilabial Dental Alveolar
kammi pAnni kanni
‘shortage’ ‘pig’ first’
Retroflex Palatal Velar
kanni kanni kunni
‘link in chain’ ‘boiled rice and water’ ‘crushed’

underside touches or approaches the back part of the alveolar ridge. The sym-
bols used by IPA for retroflex sounds include [, d, n]. Remember that, just as
dental is a gesture that can be defined as an articulator (the tip of the tongue)
and a target (the upper teeth), so also retroflex describes a gesture involving the
underside of the tip of the tongue and a target, the back of the alveolar ridge.
Students sometimes imagine that the term retroflex describes a manner of ar-
ticulation, but in fact it is a place of articulation like dental and alveolar. At each
of these places of articulation, it is possible to produce stops, nasals, fricatives,
and sounds made with other manners of articulation. As we saw in Tables 6.2
and 6.7, the languages Sindhi and Hindi contrast several types of retroflex stops.
Malayalam (Table 7.2) contrasts three coronal gestures—dental, alveolar, and
retroflex. In addition, Malayalam has bilabial, palatal, and velar sounds, so that
it contrasts nasals with six basic types of gesture, six places of articulation, all of
which are exemplified in Table 7.2.

Because a retroflex gesture is made with the undersurface of the tip of the
tongue touching or near the back of the alveolar ridge, the blade (the upper sur-
face of the tip) of the tongue is usually a considerable distance from the roof of
the mouth. As a result, the tongue is somewhat hollowed, as shown in the dia-
gram of a retroflex fricative [ s] in Figure 7.2. Try making this sound yourself.
Start with [s], in which the tip of the tongue is raised toward the front part of the
alveolar ridge. Now, while maintaining the fricative noise, slowly slide the tip of
the tongue back, curling it up as you move it backward. You will be producing a
consonant [ s ], which sounds something like [ [], although the articulatory posi-
tion is different. (See (6) below for discussion of the articulatory position of [[].)

When you have learned to say [s], try adding voice so that you produce
[ z]. Alternate the voiced and voiceless sounds [ ssszzzssszzz ]. Next, still with
the tip of the tongue curled up and back in this position, make the stops [ (a,
da]. Notice how the stops affect the quality of the following vowel, giving it a
sort of r-coloring at the beginning. Now produce the corresponding nasal [n].
Learn to say all these sounds before and after different vowels. Finally, try to say
the Malayalam words in Table 7.2. You may notice as you imitate these sounds
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Figure 7.2 The articulation of the retroflex fricative [ s ]. The dashed lines indicate the
position of the sides of the tongue.

that your tongue tip moves during the retroflex stops, sliding forward from post-
alveolar toward a more alveolar place of articulation during the retroflex stop,
so that the preceding vowel has more r-coloring than the following vowel. This
occurs in Malayalam too. Figure 7.3 shows a spectrogram of the Malayalam
word [kanni] “link in chain,” in which we have traced with a white line the third
vowel “formant”—the third highest acoustic resonance of the vocal tract. The
third formant is known to go down in frequency for retroflex sounds. Notice in
Figure 7.3 that the third formant drops to a low value at the offset of the vowel
[A] preceding [ nn ] and then at the end of [nn ] picks up at a somewhat higher
value at the start of the following vowel [i]. This acoustic dynamic is a reflec-
tion of the articulatory dynamics of the tongue tip sliding forward along the roof
of the mouth during [nn].

Retroflex stops and nasals occur in many of the major languages of India,
and retroflex fricatives are not at all uncommon. They vary somewhat in the
degree to which the tip of the tongue is curled backward. In Hindi and other
languages of northern India, retroflex sounds often have the tip of the tongue
only slightly behind the most prominent part of the alveolar ridge, much as in-
dicated in Figure 7.2. In Malayalam and other languages spoken in the southern
India, the tip is curled farther back, so that the underside of the tip of the tongue
touches the roof of the mouth.

(6) The palato-alveolar gestures for [ [, 3] differ from retroflex gestures in the
part of the tongue involved. A palato-alveolar gesture is one in which the target
on the upper surface of the mouth is about the same as for a retroflex sound—at
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Figure 7.3 A spectrogram of the Malayalam word [ kanni] link in chain. The frequency of
the third formant is traced with a white line.
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the margin between the alveolar ridge and the front of the palate. But unlike
retroflexes, in this gesture, the front of the tongue is slightly domed, as opposed
to being hollowed. Compare Figure 1.10, which shows the position of the vocal
organs in the palato-alveolar fricative [[] as in shy, with the retroflex fricative in
Figure 7.2. Note that in both [s] and [[], the maximum constriction of the vocal
tract occurs near the back of the alveolar ridge. But these two sounds are said to
have different places of articulation, because the terms specify different gestures.
The place of articulation designates both the target on the roof of the mouth
and the part of the tongue moving toward that target. In retroflex sounds, it is
the movement of the underside of the tip of the tongue that forms the gesture,
but in palato-alveolar sounds, the active articulator is the tongue blade.

Another way of distinguishing between retroflex and palato-alveolar sounds
is to call them all post-alveolar and, in addition, name the part of the tongue in-
volved. Sounds made with the tip of the tongue may be called apical, and those
made with the blade may be called laminal. Thus, the term retroflex is exactly
equivalent to apical post-alveolar, and palato-alveolar is equivalent to laminal
post-alveolar.

There are advantages in introducing the terms apical and laminal in that
they may also apply to other gestures. Dental sounds may be made with the
tip of the tongue, or with the blade of the tongue, and so may alveolar sounds.
With the use of these extra terms, we can distinguish between the apical dental
stops that occur in Hindi (Table 6.7) and the laminal dental stops that occur in
French. In Australian aboriginal languages, the difference between apical and
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laminal sounds is often very important. If you want to pursue this further, go
to the map index on the CD, and check out the aboriginal languages spoken in
Australia.

In English, the only palato-alveolar sounds are the fricatives and affricates
[[, 3, t[, d3]. In other languages, such as French and Italian, there are nasals made
in either the same or a very similar position. These nasals are often, arbitrarily,
considered to be palatal sounds. No language that we know of makes a distinc-
tion between a palato-alveolar nasal and a palatal nasal. Some of the palatal
sounds in Italian will be discussed later in this chapter.

The IPA chart puts palato-alveolars into the post-alveolar column. A section
labeled “other symbols” also mentions alveolo-palatals and provides the sym-
bols [¢, z]. These symbols are used for voiceless and voiced fricatives in Polish
and Chinese. Though similar to [ [, 3], they have considerable raising of the front
of the tongue. They are also made in the post-alveolar region. Tables illustrating
contrasting fricatives in Polish and Chinese are on the CD. Both these languages
are interesting because they have dental or alveolar, post-alveolar (retroflex),
and alveolo-palatal fricatives. (Note: There are some disagreements among
authorities as to the best descriptions of these sounds.)

(7) Palatal sounds can be defined as being made with the front of the tongue
approaching or touching the hard palate, and for many speakers, with the tip of
the tongue down behind the lower front teeth. There is no clear-cut distinction be-
tween these sounds and palato-alveolar sounds. The only true palatal in English
is /j/, which is usually an approximant but may be allophonically a voiceless
fricative in words such as hue. The symbol for a voiceless palatal fricative is [¢ ],
so this word may be transcribed phonemically as /hju/ and phonetically as [¢u].
Voiceless palatal fricatives occur in German in words such as ich [1¢], meaning
I, and nicht [nigt], ‘not.

Say [¢] as in hue and then try to prolong this sound. Add voice so that you
make a fricative something like the [j] as in you, but with the front of the tongue
nearer the hard palate. The symbol [ j ], a curly-tailed j, is used for a voiced pala-
tal fricative. Say [ ¢ccjiiceciii ], making sure that the tip of the tongue is down
behind the lower front teeth. Now change the fricative [ ¢] into a stop by raising
the front of the tongue still more, while keeping the tip of the tongue down. The
symbols for voiceless and voiced palatal stops are [c, j]. Say sequences such
as [aca] and [aja ], making sure that the front of your tongue touches the hard
palate but that the tip of the tongue is down. Then try making similar sequences
with a palatal nasal (for which the symbol is [ ], reminding one of [n] and [j]
combined).

Palatal nasals occur in several languages, including French, Spanish,
Italian, and many non-Indo-European languages. Try saying French words
such as agneau [ apo] “lamb” and Spanish words such as Seiior [ sepor] “Mr.”
Examples of Italian palatal nasals (and laterals) are on the CD. Palatal stops are
slightly less common than palatal nasals. They occur, for example, in Hungarian
(you can search for them on the CD), and they are part of the set of Sindhi
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stops discussed in the previous chapter and exemplified in Table 6.2 and on
the CD. Because of the shape of the roof of the mouth, the contact between the
front of the tongue and the hard palate often extends over a fairly large area. As
a result, the formation and release of a palatal stop is often not as rapid as in the
case of other stops, and they tend to become affricates.

(8) Velar stops and nasals [k, g, 5] occur in English. But unlike other lan-
guages such as German, we no longer have velar fricatives. They are not, how-
ever, hard to make. Starting from a syllable such as [ak ], build up pressure
behind the velar closure, and then lower the tongue slightly. The result will be a
voiceless velar fricative, which we write as [ x ]. The symbol for the correspond-
ing voiced sound is [ y ]. As with other fricatives, learn to say [ Xxxyyyxxx].
Then produce sequences such as [ axa, exe, oyo, aya].

Examples of words in other languages containing velar fricatives are Lakhota,
as shown in Table 6.1; German Achtung [ ?axtur] ‘warning’; Bach [ bax ]
‘Bach’ (proper name); and Spanish jamds [ xa'mas ] ‘never’ ojo ['oxo] ‘eye’
pago ['payo] ‘I pay’ and diga ['diya] ‘speak.” The Spanish [ y] is often not very
fricative, and may be more accurately transcribed using the symbol for a voiced
velar approximant, which is [ i ]. The part of the tongue involved in making
velar sounds, the back of the tongue, is called the dorsum; these sounds are re-
ferred to as dorsal sounds.

(9) Uvular sounds are made by raising the back of the tongue toward the
uvula. In a broader grouping of sounds, they, like velar sounds, can be called
dorsal. They do not occur at all in most forms of English. But in French, a voiced
uvular fricative—/[ ¥ |—is the common form of  in words such as rouge [ Bu3 |
‘red’” and rose [ B0z] ‘rose,” more like an approximant. The voiceless uvular
fricative, [ ], also occurs in French as an allophone of /¥/ after voiceless stops,
as in lettre [ 1oty ] ‘letter.’” French differs from English in that it often has per-
severative assimilations in which, for example, the voicelessness of one sound
continues on through the following sound.

Uvular stops, written [ q, 6 ], and nasals, written [ N ], occur as idiosyncratic
pronunciations in English and as part of the regular sound systems of Eskimo,
Aleut, and other Native American languages. Table 7.3 illustrates contrasts
between uvular and velar stops and palato-alveolar affricates in Quechua, a
Native American language widely spoken in Bolivia, Chile, and Peru. Note
that Quechua has voiceless unaspirated plosives, aspirated plosives, and
ejectives.

One way of learning to produce uvular sounds is to start from a voiceless velar
fricative [ x ]. While making this sound, slide your tongue slightly farther back in
your mouth so that it is close to the uvula. The result will be the voiceless uvular
fricative [ ]. Learn to make this sound before and after vowels, in sequences
such as [aya, oyo, uyu]. You will find it easier to use back vowels at first; then
go on to sequences such as [ eye, ixi]. Next, add voice to this sound, saying
[xxxeeBY)XEEBE ]. Practice saying [ ] before and after vowels. Try saying the
French words cited in the first paragraph of this section, (9).
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LV.\:{ LW Contrasts involving stops in Quechua.
Palato-alveolar Velar Uvular
tfaka kujuj gaku
‘bridge’ ‘to move’ ‘tongue’
tf"aka khujuj qaku
‘large ant’ ‘to whistle’ ‘shawl’
tfaka Kujuj q'aku
‘hoarse’ ‘to twist’ ‘tomato sauce’

Once you have mastered the pronunciation of uvular fricatives, try changing
them into uvular stops. Say [axa ], then make a stop at the same place of
articulation, saying [ aqa]. Now produce a voiced uvular stop [ aca] and a uvular
nasal [ ana ]. Practice all these sounds before and after different vowels.

(10) and (11) The gestures for pharyngeal and epiglottal sounds involve
pulling the root of the tongue or the epiglottis back toward the back wall of
the pharynx. Many people cannot make a stop gesture at this position. Further-
more, it would be literally impossible to make a pharyngeal or epiglottal nasal.
Closure that deep in the vocal tract would prevent the airstream from coming
through the nose. But pharyngeal fricatives, shown by the symbols [h, ¢], can
be made, and they do in fact occur in Semitic languages such as Arabic and
Hebrew. The Arabic word for ‘bath’ is [ hammaam ], for ‘uncle’ [ Yamm ]. The
articulation varies considerably in the Semitic languages, some speakers using
epiglottal and others pharyngeal gestures. These sounds also vary considerably
with regard to the degree of constriction. For many speakers, there is little or
no actual friction, so that approximants rather than fricatives are produced. The
voiced fricative made in this region usually has a great deal of laryngealization
(creaky voice), perhaps because the necessary constriction in the pharynx also
causes a constriction in the larynx. Neither Hebrew, Arabic, nor any of the other
Semitic languages distinguish between pharyngeal and epiglottal fricatives; but
some of the languages of the Caucasus contrast these two possibilities. The CD
has a recording of Agul, which contrasts voiceless pharyngeal [ h] and epiglot-
tal [ 1] fricatives.

At a first stage in learning phonetics, it is sufficient to be able to produce
either pharyngeal or epiglottal fricatives. If you try to constrict your pharynx as
much as possible, you will probably be doing so by retracting the epiglottis. Try
to produce the voiceless sound [ h ]. Now, if you can, produce this sound before
a vowel. Next, try to make the voiced sound [ 1], not worrying if it turns out to
have creaky voice. Produce these sounds in the Arabic words cited above.

Before finishing this section on gestures at different places of articulation,
we must note that some sounds involve the simultaneous use of two gestures.
The English approximant [ w ] has both an approximation of the lips (making it
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a bilabial sound) and of the back of the tongue and the soft palate (making it
a velar sound). Sounds that involve these two gestures are called labial velars,
or, in some more old-fashioned books, labiovelars.

Yoruba, Ewe, Tiv, and many other languages spoken in West Africa have
labial velar stops. Some of the languages spoken in this area also have labial
velar nasals. As in the case of nasal and voiced clicks, we can symbolize two
co-occurring articulations with a tie bar joining two symbols. The Yoruba for
‘arm’ is [alﬁ)é] and for ‘adult’ is [égﬁ)ﬁ]. In these words, the two closures occur
almost simultaneously. One of the best ways of learning to say these sounds is
to start by making a bilabial click (a kissing sound, but with the lips being sim-
ply compressed and not puckered) between vowels. Say [a] ‘kiss’ [a] at first
slowly, and then as fast as you can. Then weaken the suction component of the
kiss, so that you are making little more than a labial velar articulation between
vowels. The result should be a labial velar stop much as in the Yoruba word
[al&i)é], ‘arm.” (More information about Yoruba labial velars can be found on the
CD by using the language index.)

This is a convenient place to review all the places of articulation we have
discussed so far. Table 7.4 is a consonant chart showing the symbols for all the
nasals, stops, and fricatives that have been mentioned, except for the epiglottal
consonants. Check that you know the values of all these symbols. Remember
that you can hear Peter Ladefoged’s pronunciation of them on the CD by click-
ing on the IPA chart.

TYPES OF ARTICULATORY GESTURES
Stops

We can begin our consideration of the different manners of articulatory
gestures that occur in the languages of the world by reviewing what has been

LI Symbols for nasals, stops, and fricatives. As in all consonant charts, when
there are two symbols within a single cell, the one on the left indicates
a voiceless sound.
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said already about stop consonants. Table 7.5 illustrates a number of different
types of stops, most of which have been discussed earlier in this book. The first
seven possibilities were discussed in Chapter 6. Make sure you understand all
these terms and know what all these stops sound like, even if you cannot make
them all yourself.

The only comment on the first seven sounds that it is necessary to add here—
where they are all listed together—is that no language distinguishes between
(5), an implosive [B6], and (6), a laryngealized (creaky-voiced) [b]. Certain lan-
guages have the one sound, and others the other. In a few languages, both sounds
occur as allophones or as free variants of the same phoneme. They have not been
found in contrast with each other.

Stops with nasal release, the eighth possibility listed in Table 7.5, were dis-
cussed in relation to English in Chapter 3. Nasal plosion occurs in English at
the ends of words such as hidden and sudden. In some languages, however, it
can occur at the beginning of a word. Try to say the Russian word for ‘bottom’
which is [dno].

The next possibility listed in Table 7.5 is the prenasalized stop [ nd ], which
is in some senses the reverse of a nasally released stop. In a prenasalized stop,
the oral closure—in this case an alveolar gesture—is formed first, while the soft
palate is lowered. Then there is a short nasal consonant, after which the soft
palate is raised so that there is a stop. This stop is released by removing the oral
closure (in this case by lowering the tongue tip) while the soft palate remains
raised. Prenasalized stops occur in many African languages. Say the Swahili
words ndege [ ndege ] ‘bird, airplane,” nfu [ntu] ‘wax.” (Swahili is a language in
which the orthography itself is equivalent to a broad IPA transcription.) When
you make these sounds, be careful not to make the initial nasal component into
a separate syllable. Make it as short as possible.

VA Examples of stop consonants.

Description Symbol Example

1. voiced b banu (Sindhi ‘forest’)

2. voiceless unaspirated P panu (Sindhi ‘leaf’)

3. aspirated p" phanu (Sindhi ‘snake hood’)

4. murmured (breathy) b bfiammu (Sindhi ‘manure’)

5. implosive i} Hani (Sindhi field")

6. laryngealized (creaky) b barta: (Hausa ‘spoil’)

7. ejective K’ K ara: (Hausa ‘increase’)

8. nasal release dn dno (Russian ‘bottom’)

9. prenasalized nd ndizi (Swahili ‘banana’)
10. lateral release t tlah (Navajo ‘oil, ointment’)
11. ejective lateral release t ti’ée? (Navajo ‘night)

12. affricate ts tsart (German ‘time’)
13. ejective affricate ts’ ts’dal (Navajo ‘cradle’)
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Stops with lateral release (see (10) in Table 7.5) were previously discussed
in relation to their occurrence in English (for example, in little, ladle). In other
languages, they can occur initially in a word. Sometimes, as indicated by (11) in
Table 7.5, laterally released stops can occur with an ejective airstream mecha-
nism. On these occasions, the stop closure for [t] is formed, the glottalic egres-
sive (ejective) airstream mechanism is set in motion, and then the stop is released
laterally by lowering the sides of the tongue. The examples in (10) and (11) in
Table 7.5 are from a Native American language, Navajo. (Listen to examples on
the CD in the performance exercises for chapter 11.)

The only affricates that can occur initially in most forms of English are [tf, d3].
Some dialects (for example, London Cockney) have a slightly affricated stop of
a kind that might be written [ t*] in words such as tea [ t*ai ]. Alveolar affricates
also occur in German, as shown in (12) in Table 7.5. In addition, German has
a bilabial affricate [ pf], as in Pflug [ pfluk] ‘plough.” Affricates can also occur
with an ejective airstream mechanism. Example (13) in Table 7.5 is from
Navajo, which, in addition to the ejective [ts’], also has the affricate [ ts ] made
with a pulmonic airstream mechanism as in German.

Nasals

We will now consider the other manners of articulation used in the languages of
the world. Little more need be said about nasals. Like stops, they can occur voiced
or voiceless (for example, in Burmese, which can be found in the chapter 11
performance exersises on the CD). As voiceless nasals are comparatively rare,
they are symbolized simply by adding the voiceless diacritic [ _ ] under the sym-
bol for the voiced sound. There are no special symbols for voiceless nasals.

Fricatives

There are two ways to produce the rough, turbulent flow that occurs in the airstream
during a fricative. It may be just the result of the air passing through a narrow gap,
as in the formation of [f]. Or it may be because the airstream is first speeded up by
being forced through a narrow gap and then is directed over a sharp edge, such as the
teeth, as in the production of [s ]. Partly because there are these two possible mecha-
nisms, the total number of different fricatives that have been observed is larger than
the number of stops or the number of nasals. Table 7.4 shows ten pairs of fricative
symbols, compared with seven pairs of stop symbols and eight nasal symbols.

So far, we have classified fricatives as voiced or voiceless and as made with a
number of different articulatory gestures. But we can also subdivide fricatives in
accordance with other aspects of the gestures that produce them. Some authori-
ties have divided fricatives into those such as [s ], in which the tongue is grooved
so that the airstream comes out through a narrow channel, and those such as
[0], in which the tongue is flat and forms a wide slit through which the air flows.
Unfortunately, not enough is known about fricatives to be sure how this distinc-
tion should be applied in all cases. It is also clearly irrelevant for fricatives made
with the lips and the back of the tongue.
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A slightly better way of dividing fricatives is to separate them into groups on
a purely auditory basis. Say the English voiceless fricatives [f, 6, s, []. Which
two have the loudest high pitches? You should be able to hear that [s, [] differ
from [ f, 8] in this way. The same kind of difference occurs between the voiced
fricatives [z, 3] and [ v, 8 ]. The fricatives [s, z, [, 3] are called sibilant sounds.
They have more acoustic energy—that is, greater loudness—at a higher pitch
than the other fricatives.

The sound patterns that occur in languages often arise because of auditory
properties of sounds. We can divide fricatives into sibilant and nonsibilant
sounds only by reference to auditory properties. We need to divide them into
these two groups to show how English plurals are formed. Consider words
ending in fricatives, such as cliff, moth, kiss, dish, church, dove, lathe, maze,
rouge, judge. Which of these words add an extra syllable in forming the plural?
If you say them over to yourself, you will find that they are all monosyllables in
the singular. But those that end with one of the sounds [s, [, z, 3 ]—that is,
with a sibilant fricative or an affricate containing a sibilant fricative—become
two syllables in the plural. It seems as though English does not favor two sibilant
sounds together. It breaks them up by inserting a vowel before adding a sibilant
suffix to words ending in sibilants.

Trills, Taps, and Flaps

[T

The most common pronunciation of the sound written with the letter “r” in the
languages of the world is the trilled [r]. This is why the IPA uses the common
letter [r] for trill and the typographically unusual symbol [1] for the phoneti-
cally unusual rhotic approximate found in English. Some languages contrast a
long and short trilled [r]. You can listen to this contrast in Icelandic by look-
ing at the Icelandic page on the CD—use the language index to find the page.
The spectrogram in Figure 7.4 shows an Icelandic minimal pair contrasting
these sounds in the words [ sauira ] wound (gen. pl.) and [ sauria ] sore (gen.
pl.). As the arrows in the spectrogram indicate, in the short [r] there is one
contact of the tongue on the roof of the mouth, while in the long [1:] there are
three contacts. In both cases, the tongue contacts in the trill are driven by an
aerodynamic force in much the same way that vocal fold vibration in voicing
is driven by airflow. So, even in the case of a very short trill in which there is
only a single contact with the roof of the mouth, the movement is different
from that in a tap, or a flap. In a trill, the tip of the tongue is set in motion
by the current of air. A tap or a flap is caused by a single contraction of the
muscles so that one articulator is thrown against another. It is often just a very
rapid stop gesture.

It is useful to distinguish between taps and flaps. In a tap, the tip of the tongue
simply moves up to contact the roof of the mouth in the dental or alveolar re-
gion, and then moves back to the floor of the mouth along the same path. In a
flap, the tip of the tongue is first curled up and back in a retroflex gesture, and
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Figure 7.4 A spectrogram of the words [ sawra ] wound (gen. pl.) and [ saur:a ] sore
(gen. pl.) showing long and short trilled [ r]. The arrows show tongue taps

during the trills.
) .
‘WM
AT
Ve
Ay |

I : | JI| j illi P‘l' i
’Iu T LIETY
TR

3 Ii ﬂmlwww

T T T T T T
0.6 0.7 0.8 0.9 1.0 1.1

Hz

4000

3000

2000

1000

time

then strikes the roof of the mouth in the post-alveolar region as it returns to its
position behind the lower front teeth. The distinction between taps and flaps is
thus to some extent bound up with what might be called a distinction in place of
articulation. Flaps are typically retroflex articulations, but it is possible to make
the articulatory gesture required for a flap at other places of articulation. The
tongue can be pulled back and then, as it is flapped forward, made to strike the
alveolar ridge or even the teeth, making alveolar or dental flaps. Flaps are dis-
tinguished from taps by the direction of the movement—from back to front for
flaps, up and down for taps—rather than by the exact point of contact.

Some forms of American English have both taps and flaps. Taps occur as
the regular pronunciation of /t, d, n/ in words such as latter, ladder, tanner.
The flap occurs in words that have an r-colored vowel in the stressed syllable.
In dirty and sorting, speakers who have the tongue bunched or retracted for the
r-colored vowel will produce a flap as they move the tongue forward for the
non-r-colored vowel.

Trills are rare in most forms of English. The stage version of a Scottish accent
with trilled /r/ is not typical of most Scots. In Scottish English, /r/ is more likely
to be pronounced as a tap. The American pronunciation of petal with a voiced
alveolar tap in the middle will sound to a Scotsman from Edinburgh like his
regular pronunciation of pearl.

The distinction between trills and different kinds of taps and flaps is much
more important in other languages. But before this point can be illustrated, we
must review the symbols that can be used for different types of r sounds. In a
broad transcription for English, they can all be transcribed as /r/. But in a nar-
rower transcription, this symbol may be restricted to voiced alveolar trills. An
alveolar tap may be symbolized by the special symbol [ r], and the post-alveolar
(retroflex) flap by [ ]. The approximant that occurs in most Americans’ pro-
nunciation of /r/ may be symbolized by [1], an upside-down r. If it is important
to show that this sound is particularly retroflex, the symbol [ 1] may be used.
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LY.L A W Specific symbols for types of r, and for bilabial trills. Note the use of [*] as

a special symbol that can be defined and used when there is no prescribed
symbol.

r voiced alveolar trill [pero] (Spanish ‘dog’)

r voiced alveolar tap [pero] (Spanish ‘but’)

r voiced retroflex flap [bara:] (Hausa ‘servant’)

1 voiced alveolar approximant [1ed] (English ‘red’)

r voiced alveolar fricative trill [rek] (Czech ‘rivers))

R voiced uvular trill [RrRuz ] (Provengal French ‘red’)

B voiced uvular fricative or [Buz] (Parisian French ‘red’)

approximant
B voiced bilabial trill [ mBulim ] (Kele ‘your face’)
* voiced labiodental flap [ bé*] (Margi ‘flying away’)

Most speakers of American English do not have a retroflex approximant, but for
those who do, [ 1] is an appropriate symbol in a narrow transcription. All these
symbols are shown in Table 7.6.

As illustrated in Table 7.6, Spanish distinguishes between a trill and a tap in
words such as perro [ pero] ‘dog’ and pero [ pero] ‘but.” Similar distinctions also
occur in some forms of Tamil, a language of southern India. This language, like
Hausa (Nigeria), may also distinguish between an alveolar tap and a retroflex flap.
Trills may also have accompanying friction, as in the Czech example in Table 7.6,
which uses the IPA diacritic [ | ], meaning raised (and thus more fricative).

Learning to make a trill involves placing the tongue, very loosely, in exactly
the right position so that it will be set in vibration by a current of air. The easiest
position seems to be with the tongue just behind the upper front teeth and very
lightly touching the alveolar ridge. If you get the tongue in just the right position
and relaxed, you can blow across the top of it, setting it vibrating in a voiceless
trill. Many people find it easier to start with a voiceless trill and then add voicing
once they can make steady vibrations. The jaw should be fairly closed, leaving
a space of 5mm between the front teeth. Check this by inserting the top of a
pencil between your teeth, and then removing it before making the sound. The
problem experienced by most people who fail to make trills is that the blade of
the tongue is too stiff.

Most people can learn to produce a voiced tap by adopting the typical
American English pronunciation of words such as Berty (which can be tran-
scribed as ['beri]). You should also be able to produce a retroflex flap. As we
have seen, many speakers of American English use this type of articulation in
sequences such as herding [harig], in which the tongue is curled up and back
after the r-colored vowel, and then strikes the back part of the alveolar ridge as it
moves down during the consonant.

When you have mastered all these sounds, try saying them in different con-
texts. You might also learn to say voiced and voiceless trills, taps, and flaps. Try
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varying the place of articulation, producing both dental and post-alveolar trills
and flaps. Some languages, such as Malayalam and Toda, spoken in southern
India, contrast alveolar and dental trills. The word for ‘room’ in Malayalam is
[ara ], whereas the word for ‘half” is [ara ]. The Toda rhotics on the CD illustrate
an even more complex situation in which three kinds of trill are contrasted.

The tongue tip is not the only articulator that can be trilled. Uvular trills oc-
cur in some dialects of French, although, as we have noted already, most forms
of French have a uvular fricative in words such as ‘rose’ [0z ]. The symbol for
a uvular trill is [R]. There is no symbol to distinguish between uvular fricatives
and approximants because this phonetic difference is not used to distinguish
words in any language. Both sounds are symbolized by [¥ ].

Trills involving the lips occur in a few languages. The IPA symbol for these
sounds is a small capital [B] (just as a small capital [rR] is used for a uvular trill).
In Kele and Titan, two languages spoken in Papua New Guinea, bilabial trills
occur in a large number of words. The Titan for ‘rat’ is [ msulei ]. To pronounce
the first part of this word you need to hold the lips loosely together while mak-
ing [m], and then blow the lips apart. Some people find it easier to trill the lips
than the tongue tip. If you are having difficulty making an alveolar trill [r], see
if you can get the sensation of making a trill by making a bilabial trill [ B]. Kele
and Titan bilabial trills are included on the CD.

Peter Ladefoged also reported hearing a labiodental flap—in Margi, of north-
ern Nigeria—in which the lower lip is drawn back inside the upper teeth and then
allowed to strike against them in passing back to its normal position. There is no
IPA symbol for this sound. We included this sound in Table 7.6 to demonstrate
how to symbolize a sound for which there is no IPA symbol. In all such cases, it is
possible to use an asterisk and define it, as we have done in the table.

Laterals

In Chapter 1, we regarded the term lateral as if it specified a manner of articula-
tion in a way comparable to other terms such as fricative, or stop, or approximant.
But this is really an oversimplification. The central-lateral opposition can be
applied to all these manners of articulation, producing a lateral stop and a lateral
fricative as well as a lateral approximant, which is by far the most common form
of lateral sound. The only English lateral phoneme is /1/ with, at least in British
English, allophones [1] as in led [led ] and [1] as in bell [ bet]. In most forms
of American English, initial [1] has more velarization than is typically heard in
British English initial [1]. In all forms of English, the air flows freely without
audible friction, making this sound a voiced alveolar lateral approximant. It may
be compared with the sound [1] in red [ 1ed ], which is for many people a voiced
alveolar central approximant. Laterals are usually presumed to be voiced ap-
proximants, unless a specific statement to the contrary is made.

Try subtracting and adding voice while saying an English [1] as in led.
You will probably find that the voiceless lateral you produce is a fricative, not
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an approximant. When the vocal folds are apart, the airstream flows more rapidly,
so that it produces a fricative noise in passing between the tongue and the side
teeth. The symbol for this sound is [ ], so in alternating the voiced and voiceless
sounds you will be saying [ 111441111144 ]. It is possible to make a nonfricative
voiceless lateral, but you will find that to do this you will have to move the side
of the tongue farther away from the teeth. The alternation between a voiced and
a voiceless lateral approximant may be symbolized [111]]]1111]1] ].

It is also possible to make a voiced lateral that is a fricative. Try doing this by
starting from an ordinary [1] as in led, and then moving the sides of your tongue
slightly closer to your teeth. You may find it easier to produce this sound by start-
ing from the voiceless alveolar lateral fricative described in the previous paragraph
and then adding voicing, but making sure that you keep the fricative component.

To summarize, there are four lateral sounds under discussion: voiced alveolar
lateral approximant, [1]; voiced alveolar lateral fricative, [K]; voiceless alveolar
lateral approximant, [1]; and voiceless alveolar lateral fricative, [1]. No lan-
guage uses the difference between the last two sounds contrastively. But some
languages make a phonemic distinction between three of the four possibili-
ties. Zulu, for example, has a three-way contrast, as shown in the first row of
Table 7.7. As you can see in the second set of Zulu words in Table 7.7, after a
nasal, the voiceless fricative may be an ejective. And the final Zulu word in the
table illustrates an initial voiceless velar lateral ejective affricate, using the symbol
[L] for a velar lateral. Listen to this sound on the CD, but don’t worry if you
can’t produce it in your first year of phonetics. Voiceless lateral fricatives can
also be exemplified by Welsh words such as [tan] ‘church’ and [ 'ketot] ‘knife.

The distinction between a central and a lateral articulation can be applied to
other manners of articulation in addition to approximants and fricatives. Trills
are always centrally articulated, but flaps can be made with either a central or a
lateral articulation. If, when making [r] or [ ], you allow the airstream to flow
over the sides of the tongue, you will produce a sound that is intermediate in
quality between those sounds and [1]. This will be a voiced alveolar or retroflex
lateral flap. The symbol for either of these possibilities is [1]. A sound of this
kind sometimes occurs in languages such as Japanese that do not distinguish
between /r/ and /1/. But some African languages, for example Chaga, spoken in
East Africa, make a phonemic distinction among all three of these sounds.

LI.\:{ 1wl Some Zulu laterals (see text for the contrasts in each row).

1 ldla kéla fanza
‘sleep’ ‘play’ (imperfect) ‘vomit’
2 inkala inttantra
‘hunger’ ‘good luck’
3 kL'ind

‘be naughty’
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The central-lateral distinction can in some senses be said to apply to stops
as well. English stops with lateral plosion, as in little, ladle, can, of course, be
considered to be sequences of stop plus lateral. But the Navajo sound [t}’ ], in
which the ejective airstream mechanism applies to both the stop and the lateral,
is appropriately called a lateral ejective. Similarly, we clearly want to distinguish
between the central and lateral clicks [!] and [|].

Having seen that the central-lateral distinction can apply to a number of
different manners of articulation, we must now consider whether it applies to
gestures with different target places of articulation. Here, the limitations are ob-
vious. Generally speaking, laterals are made with the tip, blade, or front of the
tongue. They may be either dental (as in Malayalam and Toda), alveolar (as in
English), retroflex (also in Malayalam and other Indian languages), or palatal
(as in Italian). Velar laterals do occur. We noted a velar lateral in Zulu, but in
that language it does not contrast with other laterals in the same context. There
are, however, contrastive velar laterals in a few languages spoken in Papua New
Guinea such as Mid-Waghi, which you can find on the CD. The symbol for pala-
tal laterals is [ £ ]. Try saying Italian words such as famiglia [ famif4£a] ‘family’
and figlio [ 'fikKo] ‘son.” In both of these words, the lateral sound is doubled,
acting as the final consonant of one syllable and the first consonant of the next.
Additional examples of Italian laterals are in the material for this chapter on the
CD. Note that some forms of Spanish distinguish between [ £] and the simi-
lar sounding sequence [1j] in words such as pollo ['poko] ‘chicken’ and polio
['poljo] ‘polio.” See if you can make this distinction. There are also retroflex lat-
erals, for which the symbol is [[]. Try to find these on the CD using the “Index
of sounds,” which can be accessed from the title page.

SUMMARY OF MANNERS OF ARTICULATION

Table 7.8 presents a summary of the manners of articulation we have been dis-
cussing. Note that the terms central and lateral have been placed separately,
to indicate that they can be used in conjunction with many of the terms in the
upper part of the table. This table also lists many of the symbols that have been
mentioned in the latter part of this chapter. You should be sure that you can pro-
nounce each of them in a variety of contexts. Again, don’t forget that you can
find examples of all of them on the IPA chart on the CD.

The only consonants we have not considered in detail in this chapter are ap-
proximants. Alveolar approximants—both central [ 1] and lateral [1]—have been
discussed. But sounds such as [w, j] as in wet, yet have not. Approximants of
the latter kind are sometimes called semivowels, or glides. It will be more ap-
propriate to discuss them after we have considered the nature of vowels more
fully. But in order to describe vowels, we must first leave the field of articulatory
phonetics and consider some of the basic principles of acoustic phonetics.

A summary of the terms required so far for describing consonant gestures is
given in the first exercise (see page 182). Note that in order to define a consonant
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LV ;& Manners of articulation.

Phonetic Term Brief Description Symbols

Nasal (stop) Soft palate lowered so that air m, n, 1, etc.
flows out through the nose; complete
closure of two articulators

(Oral) stop Soft palate raised, forming a velic p, b, t, etc.
closure; complete closure of two
articulators

Fricative Narrowing of two articulators so f, v, 0, etc.
as to produce a turbulent airstream

Approximant Approximation of two articulators w, j, 1, 1, etc.
without producing a turbulent airstream

Trill An articulator set in vibration by I, R, B
the airstream

Tap Tongue tip hitting the roof of the r
mouth; a single movement in a trill

Flap One articulator striking another (!
in passing

Lateral With a central obstruction, so that Lt & LA|
air passes out at the side

Central Articulated so that air passes out s, I, w, etc.
the center

fully, you may need to answer up to eight questions about it: (1) What is the air-
stream mechanism? (2) What is the direction of the airstream? (3) What is the
state of the glottis? (4) What part of the tongue is involved? (5) What is the pri-
mary place of articulation? (6) Is it central or lateral? (7) Is it oral or nasal? and
(8) What is the manner of articulation? As we will see in Chapter 9, consonants
may be even more complicated, so in addition to stating all the characteristics
of the primary gesture, it may also be necessary to mention so-called secondary
gestures, such as added lip rounding.

EXERCISES

(Printable versions of all the exercises are available on the CD.)

There are fewer exercises at the end of this and subsequent chapters, because by
this stage in a course in phonetics it is appropriate for students to think in terms
of larger projects. A possible project for students of general linguistics is to find
a speaker of another language and give a description of the major phonetic char-
acteristics of that language. Students of English might try to do the same with
someone who has an accent of English that is very different from their own.
Speech pathologists might describe the speech of a particular child. In each case,
students should compile a list of words illustrating the major characteristics of
the speech of the person being analyzed. They should then make a recording of
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this list of words and use it as a basis for their description. A good model to fol-
low is that of the International Phonetic Association, which publishes a series of
short (four- to six-page) papers describing the phonetic structures of a language.
Their recommended format for the description is in Sources at the back of the
book. Some students will be able to publish papers of this kind.
The table below lists most of the terms required for classifying consonants.

Make sure you know the meaning of all these terms. The exercises below refer
to the table.

(1) 2) (3) (4) (5)
Airstream Direction Glottis Tongue Place
pulmonic egressive voiced apical bilabial
glottalic ingressive voiceless laminal labiodental
velaric murmured (neither) dental
laryngealized alveolar
closed retroflex
palato-alveolar
palatal
velar
uvular
pharyngeal
labial velar
(6) (7) (8)
Centrality Nasality Manner
central oral stop
lateral nasal fricative
approximant
trill
flap
tap

A. Give a full description of the following sounds, using one term from each of
the eight columns in the table above.

[b]
[t"]
[t]
[t]
[!]
[Rr]

B. List five combinations of terms that are impossible.
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C. If we overlook secondary articulations such as rounding, most consonants
can be specified by using one term from each of these eight columns. But, in
addition to affricates such as [t[, d3 ], one of the consonants listed in Chapter 2
cannot be specified in this way. Which consonant is this? How can this defi-
ciency be remedied?

D. Still without considering secondary articulations and affricates, what sounds
mentioned in this chapter cannot be specified by taking one term from each
of the eight columns?

PERFORMANCE EXERCISES

This chapter, like the last, introduced many non-English sounds. During this part
of the course, it is important to do as much practical work as time will allow.
But do not try to go too fast. Make sure you have thoroughly mastered the per-
formance exercises at the end of Chapter 6 before going on to do the exercises
below. Note that there are no performance exercises at the end of Chapter 8, so
you can allow more time for the exercises here and at the end of Chapter 6.

A. Learn to produce voiceless stops before [ a] at a number of different places of
articulation. Begin by making a clearly interdental stop, [ ta], with the tongue
tip between the teeth. Next, make a very retroflex stop, [ {a], with the tongue
tip curled back and up toward the hard palate. Now try to make as many
stops as you can with tongue positions between these two extremes. Using
the diacritics [ , ] and [ _ ] to mean more forward and more retracted, respec-
tively, a series of this kind could be symbolized [ta, ta, ta, ta, ta, fa, fal.
Try to feel different articulatory positions such as ‘these.

B. Repeat exercise A using a voiced stop:
[ga, da, da, da, da, da, da]

C. Repeat exercise A using a nasal:
[rga, na, na, na, na, na, na

D. Repeat exercise A using a voiceless sibilant fricative of the [s] type. Note
that it is perfectly possible to make a sibilant dental fricative [s], but a true
interdental sibilant is not possible.

[sa, sa, sa, sa, sa, sa]
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E. Repeat exercise A using a voiced sibilant fricative of the [z ] type. Say:
[za, 2, zaq, za, za, za]

F. Make a series of voiceless fricative articulations with the tongue tip down.
Start with a palato-alveolar fricative [ [] with the blade of the tongue. (Be
careful it is not made with the tip of the tongue up, which may be your normal
articulation of this sound.) Next, move the point of articulation backward by
raising the front of the tongue, so that you produce a palatal fricative [¢].
Then move the articulation farther back, producing first [ x ] and then [y ].
Finally, pull the tongue root back so that you produce a pharyngeal fricative
[h]. Try to move in a continuous series, going through all the articulations:

[], ¢, x, x, hl
G. Say these fricatives before vowels:
[fa, ¢ca, xa, xa, ha]

H. Repeat exercise F with the corresponding voiced sounds, producing the
series:

[3, 4, v, §, 1]
I. Say these fricatives before vowels:
[3a, ja, ya, a, fa]

J. After you are fully aware of the positions of the tongue in all these fricatives,
try saying some of the corresponding voiceless stops. There is no significant
difference between palato-alveolar and palatal stops, and pharyngeal stops
do not occur, so just say:

[ca, ka, qa]

K. Repeat exercise J with the voiced stops:
[Fa, ga, ca]

L. Repeat exercise J with the voiced nasals:
[na, na, Na]

M. Consolidate your ability to produce sounds at different places of articulation.
Produce a complete series of nasals between vowels:

[ama, ana, ana, ana, ana, ana, ana]

N. Produce a series of voiceless stops between vowels:
[apa, ata, ata, ata, aca, aka, aqa]

0. Produce a series of voiced stops between vowels:
[aba, ada, ada, ada, aja, aga, aca ]

P. Produce a series of voiceless fricatives between vowels:
[ada, afa, aBa, asa, asa, afa, aga, axa, aya, aha]

Q. Produce a series of voiced fricatives between vowels:

[aBa, ava, ada, aza, aza, aza, aja, aya, asa, afa ]



Performance Exercises

R. Repeat all these exercises using other vowels.

S. Review the pronunciation of trills, taps, flaps, and similar-sounding approxi-
mants. Say:

[ ara, ara, ara, ara, ara, asa |
T. Some of these sounds are more difficult to pronounce between high vowels.
Say:
[iri, iri, igi, ixi, iRri, i8i ]
U. Make sure that you can produce contrasting lateral sounds. Say:
[la, ka, {a, |a, £aq, tla, tF’a, dla]
V. Repeat exercise U with other vowels.

W. Incorporate all these sounds into simple series of nonsense words, such as:

Be'sari ta'noze 'p’exonu
tupezo ‘berela dore'do
fiyo'ca Bino'je sefet’e
ko'rido rRe'Aaxa 'ceheru
'neqedu 'Baneyo mo'bale

Remember that you should look at, as well as listen to, anyone saying
ear-training words.
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8

Acoustic Phonetics

We’ve looked at a few spectrograms in earlier chapters of this book. This chapter
is about the acoustic properties of speech that we can see in spectrograms, aiming
to teach you how to “read” spectrograms. Figure 8.1 shows a spectrogram of a
woman describing some of her experiences in politics. She says, “First campaign
I worked in was for John Kennedy in nineteen-sixty.” On the CD that accompa-
nies this book, you can listen to this sentence as it was originally recorded and
in two filtered versions. In the “high-pass” version of the sentence, the top part
of the spectrogram was allowed to pass and everything in the spectrogram below
2500 Hz was erased. Try looking at a spectrogram of the high-pass filtered file
in WaveSurfer and comparing it to the spectrogram in Figure 8.1. When you
listen to the high-pass filtered version of this sentence, you may notice that it
sounds very “tinny.” The fricative noises are quite prominent and the intona-
tion is pretty indecipherable. In the “low-pass” version, the bottom part of the
spectrogram was allowed to pass and all of the sound energy above 1000 Hz
was erased. This version of the sentence sounds more “boomy,” with prominent
vowels and intonation but not much fricative noise. Listening to filtered speech
(and looking at spectrograms of filtered speech) can give you an appreciation
of the information that is available in speech spectrograms. You can hear that
speech has high-frequency components and low-frequency components. In fact,
the sounds of language are distinguished largely by the detailed composition of
energy in the vertical dimension of the spectrogram (the frequency spectrum).
In this chapter, we will present the source/filter theory of speech production and
discuss many of the acoustic patterns that distinguish the sounds of language.

SOURCE/FILTER THEORY

In the first chapter of this book, we discussed how speech sounds can differ in
pitch, in loudness, and in quality. When discussing differences in quality, we noted
that the quality of a vowel depends on its overtone structure. Putting this another
way, we can say that a vowel sound contains a number of different pitches simulta-
neously. There is the pitch at which it is actually spoken, and there are the various
overtone pitches that give it its distinctive quality. We distinguish one vowel from
another by the differences in these overtones. The overtones are called formants,
and the lowest three formants distinguish vowels from each other. The lowest,

D 8.1
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188 CHAPTER 8 Acoustic Phonetics

Figure 8.1 Spectrogram of the utterance “First campaign | worked in was for John
Kennedy in nineteen-sixty.”
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formant one, which we can symbolize as F1, can be heard by tapping on your
throat. If you open your mouth, make a glottal stop, and flick a finger against your
neck just to the side and below the jaw, you will hear a note, just as you would if
you tapped on a bottle. If you tilt your head slightly backward so that the skin of
the neck is stretched while you tap, you may be able to hear this sound somewhat
better. Be careful to maintain a vowel position and not to raise the back of the
tongue against the soft palate. If you check a complete set of vowel positions [1, 1,
e, €, &, a, 0, u, u] with this technique, you should hear the pitch of the first for-
mant going up for the first four vowels and down for the second four vowels.

The second formant, F2, goes down in pitch in the series of vowels [1, 1, e,
€, & ], as can be heard more easily when these vowels are whispered. The third
formant, F3, adds to quality distinctions, but there is no easy way of making it
more evident.

How do these formants arise? The answer is that the air in the vocal tract acts
like the air in an organ pipe, or in a bottle. Sound travels from a noise-making
source (in voiced sounds, this is the vocal fold vibration) to the lips. Then, at
the lips, most of the sound energy radiates away from the lips for a listener to
hear, while some of the sound energy reflects back into the vocal tract. The addi-
tion of the reflected sound energy with the source energy tends to amplify energy
at some frequencies and damp energy at others, depending on the length and
shape of the vocal tract. The vocal folds are then a source of sound energy, and
the vocal tract (due to the interaction of the reflected sound waves in it) is a fre-
quency filter altering the timbre of the vocal fold sound. In phonetics, the timbre
of a vowel is called the vowel quality.

This same source/filter mechanism is at work in many musical instruments.
In the brass instruments, for example, the noise source is the vibrating lips in the
mouthpiece of the instrument, and the filter is provided by the long brass tube.
You can verify for yourself that the instrument changes the sound produced by
the lips by listening to the lip vibration with the mouthpiece alone (make a circle
with your index finger and thumb for a simulated trombone mouthpiece). Simi-
larly, in a marimba, the sound source is produced by striking one of the keys of
the instrument, and the filter is provided by the tubes that are mounted under-
neath each key. One reason the marimba is so much bulkier than a trombone is
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that it has a separate source/filter system for each note in the scale, in the trom-
bone, there is only one source (lips) and one filter (the tube of the instrument),
and both are variable. The human voice is more like the trombone—our vocal
fold sound source can be made to vibrate at different pitches and amplitudes,
and our vocal tract filter can be made to enhance or damp different frequencies,
giving us the many different timbres that we hear as different vowels.

We said above that the filtering action of the vocal tract tends to amplify en-
ergy at some frequencies and damp energy at others, depending on the length
and shape of the vocal tract. The length factor is pretty easy to describe when
the shape of the vocal tract is simple. For example, if the vocal tract is shaped
like a garden hose—exactly the same diameter from glottis to lips—its resonant
frequencies can be defined by a simple formula:

Fn:(Zn—l)XC
4L

This formula says that resonant frequency number n (where n = 1, 2, 3 for
formants F1, F2, and F3) is equal to 1 subtracted from 2 times n, multiplied by
the speed of sound ¢, divided by four times the length of the vocal tract L. For
example, Peter Ladefoged’s vocal tract was 17.5 cm long, so the ¢ /4L part of
the formula for his formant frequencies is 35,000/ (4 X 17.5) = 500. The con-
stant c is the speed of sound and tells us how quickly a sound wave travels from
the lips to the glottis as it bounces around inside the mouth. The first term in
the formula (2n — 1) defines a sequence of multipliers for this basic frequency
value. So, Peter’s first resonant frequency (the F1) was 500 X 1 = 500 Hz;
the second formant (F2) was 500 X 3 = 1500 Hz; and the third formant (F3)
was 500 X 5 = 2500 Hz.

Different vocal tracts have different resonant frequencies. For example, Keith
Johnson’s vocal tract is about 16 cm long, so his formants will all be a little
higher, with the lowest formant (F1) at 35,000/ (4 X 16) = 547 Hz, the second
formant at 3 X 547 = 1641 Hz, and the third formant at 5 X 547 = 2734 Hz.

The length of the resonating portion of the vocal tract also differs substan-
tially for different speech sounds. In vowels, the whole vocal tract, from glottis
to lips, serves as the acoustic filter for the noise generated by the vibrating vocal
folds. In fricatives, the resonating portion of the vocal tract is shorter. For exam-
ple, in [s], the portion of the vocal tract that serves as the acoustic filter is from
the alveolar ridge to the lips. Thus, the lowest formant in [s] (with a vocal tract
length of only 2 or 3 cm) will have a much higher frequency than the F1 found
in vowels. This explains why the fricative noises were so noticeable in the high-
pass filtered version of the utterance in Figure 8.1. The only fricative that does
not have higher resonant frequencies than those found in vowels is the glottal
fricative [h]. In [h], the whole vocal tract, from glottis to lips, is involved.

In addition to the length of the vocal tract, the frequencies of the resonant
overtones, the formants, are determined by the shape of the vocal tract. We’ve
been assuming so far with the formula F, = (2n — 1) X ¢/4L that the vocal
tract has uniform diameter, as if it were a section of pipe. This is obviously
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an incorrect assumption for most speech sounds. For example, in nasal conso-
nants, we have numerous side cavities branching off of the main passageway
from glottis to nose—the sinus cavities, as well as the mouth cavity. Similarly,
in lateral sounds, the shape of the vocal tract is complex. Rather than go into
detail for many different speech sounds, we will limit our focus here to vowel
sounds. For a more detailed account of vowel acoustics and the acoustics of
other speech sounds, see Peter Ladefoged’s book Elements of Acoustic Phonet-
ics or Keith Johnson’s book Acoustic and Auditory Phonetics. The acoustics of
vowels can be described in two ways: with tube models and with perturbation
theory. Both of these descriptions are useful—yet overly simple—descriptions.
They are discussed in the next two sections.

TUBE MODELS

The formants that characterize different vowels are the result of the different
shapes of the vocal tract. Any body of air, such as that in the vocal tract or that
in a bottle, will vibrate in a way that depends on its size and shape. If you blow
across the top of an empty bottle, you can produce a low-pitched note. If you
partially fill the bottle with water so that the volume of air is smaller, you will
be able to produce a note with a higher pitch. Smaller bodies of air are similar to
smaller piano strings or smaller organ pipes in that they produce higher pitches.
In the case of vowel sounds, the vocal tract has a complex shape so that the
different bodies of air produce a number of overtones.

The air in the vocal tract is set in vibration by the action of the vocal folds.
Every time the vocal folds open and close, there is a pulse of acoustic energy.
These pulses act like sharp taps on the air in the vocal tract, setting the resonating
cavities into vibration so that they produce a number of different frequencies,
just as if you were tapping on a number of different bottles at the same time.
Irrespective of the rate of vibration of the vocal folds, the air in the vocal tract
will resonate at these frequencies as long as the position of the vocal organs re-
mains the same. Because of the complex shape of the tract, the air will vibrate in
more than one way at once. It’s as if the air in the back of the vocal tract might
vibrate one way, producing a low-frequency waveform, while the air in front of
the tongue, a smaller cavity, might vibrate in another way, producing a higher-
frequency waveform. A third mode of vibration of the air in the vocal tract might
produce a sound of even higher frequency. What we actually hear in vowels is
the sum of these waveforms added together.

The relationship between resonant frequencies and vocal tract shape is
actually much more complicated than the air in the back part of the vocal tract
vibrating in one way and the air in other parts vibrating in another. Here we
will just concentrate on the fact that in most voiced sounds, three formants are
produced every time the vocal folds vibrate. Note that the resonance in the vocal
tract is independent of the rate of vibration of the vocal folds. The vocal fold
may vibrate faster or slower, giving the sound a higher or lower pitch, but the
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formant frequencies will remain the same as long as there are no changes in the
shape of the vocal tract.

There is nothing particularly new about this way of analyzing vowel sounds.
The general theory of formants was stated by the great German scientist Hermann
Helmholtz about one hundred fifty years ago. Even earlier, in 1829, the English
physicist Robert Willis said, “A given vowel is merely the rapid repetition of its
peculiar note.” We would nowadays say that a vowel is the rapid repetition (cor-
responding to the vibrations of the vocal folds) of its peculiar two or three notes
(corresponding to its formants). We can, in fact, go even further and say that not
only vowels but all voiced sounds are distinguishable from one another by their
formant frequencies.

The notion that vowels contain several different pitches at the same time is
difficult to appreciate. One way of making it clearer is to build up a sentence
from the component waves. The speech-synthesis demonstration on the CD
shows how this can be done. You can listen to the components of the sentence
A bird in the hand is worth two in the bush in a synthesized version of Peter
Ladefoged’s voice. The first link below the table on the CD enables you to hear
just the variations in the first formant, which sounds like a muffled version of
the sentence. The vocal fold pulses have been produced at a steady rate, so that
the “utterance” is on a monotone. What you hear as the changes in pitch are the
changes in the overtones of this monotone “voice.” These overtone pitch varia-
tions convey a great deal of the quality of the voiced sounds. The rhythm of the
sentence is apparent because the overtone pitches occur only when the vocal
folds would have been vibrating. The amplitude (loudness) of the first formant is
turned up only at these times.

The second link below the table on the CD does the same for the second formant.
This time, the equivalent of a series of monotone vocal fold pulses has been used
to excite only the second formant. Again, the variations of these overtone pitches
convey much of the vowel quality. The same is not so true of the third formant by
itself, which you can hear by playing the third link. This formant adds to the ov