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This is a cowrse in phonetics, not a book about phonetics, It is intended to be use-
ful to students of linguistics and 1o those who are concerned with studying the
sounds of English, as well as 1o speech pathologists and communication scien-
tists who want to know about the sounds of speech, It is divided into three parts,
s0 that readers may pay attention 1o the particular parts that are appropriate for
the objectives of their course. If you are not using this as a textbook for a course
and want a shorter, general introduction, you should read another of my books,
Vowels and Consonans (see Further Reading page 269).

The first pan of this book focuses on introduciory concepts and contains two
chapiers, one presenting an overview of articulatory phonetics and the technical
terms required for describing speech and the other providing the basic notions of
phonetic transeription and a set of symbels for transcribing English. Everyone
should master the terminclogy and symbols in both these chapters before going
further in the book.

The second part of the book focuses on English phonetics and contains three
chapters that provide a solid foundation for the study of the sound pattern of Eng-
lish. Those who are not primarily concemed with the phonetics of English may
prefer to skip much of the material in this pan and go straight 1o the third pan.

The third part examines general phonetics and deals with the phonetic strue-
turcs of other languages, but it also includes a great deal of material on English,
Chapters 6 and 7 are of most importance to students of foreign languages and of
general linguistics; but these chapters should also be studied carefully by speech
pathologists and others who are concerned with deviant forms of English.

Chapter § is important for all students of phonetics. It outlines some of the
main concepts of acoustic phonetics and describes the acoustic structure of Eng-
lish sounds. This chapier is a prerequisite for the discussion of vowels in Chap-
ter 9, which illustrates the vowels of different accents of English, as well as those
of other languages. It is also useful 1o have some knowledge of acoustic phonet-
ics before reading Chapter 10, which discusses the nature of the syllable and the
use of siress, lengih, lone, and intonation.

The final chapter considers some general linguistic concepts and also re-
views much of the earlier part of the book by considering the latest version of
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the International Phonetic Alphabet (IPA) and by presenting a set of linguistic
phonctic features,

Toward the end of the book, the chapiers have fewer exercises—largely be-
cause varied assignments seem most rewarding a1 the beginning of a course. To-
ward the end of a course, students should be able to concentrate on a single proj-
et The kind of project that is most useful for students of general linguistics is 1w
give a description of the major phonelic characteristics in some other language.
Stwdems of English might profitably iry to describe an accent of English that is
very different from their own. Each student might try 1o find a speaker of another
language {or a speaker with a different accem) with whom to work. Then, using
grammars, dictionarics, or whatever sources are available, the stedent could ury
1o compile a list of words illustrating the major characteristics of that language.
If possible, a tape recording of this list of words should be prepared and submit-
1ed along with writien observations.

At the end of nearly every chapier there is also a set of performance excrcises
that involve making and hearing differences between sounds. Nobody can hope
o get very far in the study of phonetics withow developing this practical ability.
Phoneticians should be able to produce the sounds they describe and o repro-
duwce sounds described by others, Some people are naturally better at doang thas
than others, but students can improve their ability 10 a considerable extent by
conscientiously working through exercises of the kind suggested here,

There are some small changes in the style of phonetic transcription used in
this edition, which are aimed at bringing it more in line with the two major dic-
tipnaries that give an accurate record of American and British promunciation,
Daniel Jones's Englich Pronouncing Dictionary, 15th edition, edited by Peter
Roach and James Hartman, (Cambridge: Cambridge University Press. 1997) and
the Longman Pronenciation Dictionary, Ind edition, (Harlow, UK. Pearson
Education, 20000, by John Wells. Choosing a transcription for a book of this
kind is still a no-win situation: you cannot please all the people all the time. This
iz especially true in the case of this book, which has a large intemational circula-
tion and has 1o be designed o that it can be wsed by speakers of British and
Amencan English. However, it is obviously appropriate 1o use the style of the
mapor reference books. 1 should also note that T (and, T am sure, the editors of the
two dictionaries) are aware that there is no such thing as Brtish English or Gen-
eral American English. There are numerous dialecis in both countries. The re-
marks on transcriptions appropriate for different groups of readers should be
taken only as general guidelines,

In addition 1o the comparatively small changes in transcription, there are a
number of changes bringing the book more up-to-date with respect 1o current
limguistic and phonetic theories, Many new findings have been added. The latest
version of the IPA char has been used. The acoustic phonetics chapter has been
rewritten and new spectrograms and pitch analyses have been made using con-
temporary computer techniques, [ have deleted the texis for transcription at the



PREFACE
ends of the chapters. partly to keep the size of the book within reasonable limits
and panly because instructors do not seem to agree on what they wish students
to transcribe. This does not mean that [ think that making phonetic transcriptions
is not 4 necessary part of a raining in phonetics. On the contrary, leaming to
make good cbservations of one’s own speech is a skill that should be developed.
But there are many different kinds of material that can be used for this parpose.

Many of the sounds discussed in this book are available on the Web through
www harcourtcollege. comfenglishfladefoged. In addition to the sounds of the
words in most of the tables, each pronounced by a native speaker, the symbols of
the IPA charts are illustrated, and the exercises at the ends of the chapters are
promsunced.

The sources for some of the less familiar data are acknowledged in a separme
section a1 the end of the book, but 1 cannot properly acknowledge all of the ma-
terial | have incorporated. From a personal point of view, my greatest debt is stll
to David Abercrombic of the University of Edinburgh, from whom I first learned
what I took to be the commonly accepted dogma of phonetics; only later did |
discover that many of the ideas were his own contributions 1o the field. But, as
he: was always eager to point out, many are part of the general tradition of pho-
metics in Britain that goes back through Daniel Jones 1o such great nineteenth-
cenlury phonelicians as Henry Sweet,

Mumerous improvements suggested by students and fellow teachers have
been incorporated in this edition. 1 would particularly like to thank my col-
leagues Bruce Hayes, Sun-Ah Jun, Patricia Keating, and lan Maddieson. Other
reviewers who have been especially helpful include Geoffrey Pullum, William
Katz, and Jackson Gandour,

Takehiko Makine made numerous astute observations while translating the
third edition imo Japanese. | have also received useful comments from Peggy
MacEachemn, Paolo Matteucci, Peter Roach, Renetta Garrison Tull, John Wells,
and Sandra Whiteside.

Harcoun College Publishers have provided exccllent editorial assistance. [
am particularly grateful we CJ Jasieniccki and Lynn McGarvin.

As always, without my wife this would have been an incomparably poorer
haook.
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ARTICULATORY PHONETICS

Phonetics is concerned with describing specch. There are many different reasons
for wanting to describe speech, which means that there are many different kinds
of phoneticians. Some are concemed with the sounds that occur in the languages
of the world. Chers are more concerned with helping people speak a particular
form of English. Yet others are looking for ways to make computers talk more
intelligibly, or to recognize whatever is said to them. For all these purposes pho-
neticians need to find out what people are doing when they are talking and how
the sounds of speech can be described,

THE VOCAL ORGANS

We will begin by describing how speech sounds are made. 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 karder than talking when breathing out.

Air from the lungs goes up the windpipe (the trachea, 10 use the more technical
term) and into the larynx, at which point it must pass between two small muscu-
lar folds called the vocal folds, IT the vocal folds arc apart, as they normally are
when breathing 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
i narrow passage between them, the airstream will canse them to vibrate. 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 1o be voiceless.

In erder to hear the difference between a voiced and a voiceless sound, iry
saying a long v sound, which we will symbolize as [ vwvvy |. Mow compare this
with a long [ sound [ fIT . saying each of them alternately—{ FfvvyvviFe-
vwvvv |. Both of these sounds are formed in the same way in the mouth. The dif-
ference between them is that [ v ] is voiced but [ f ] is voiceless. 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 [ MAfvvwwy ]
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The difference between voiced and voiceless sounds is often important in dis-
unguwishing sounds. In each of the pairs of words “fat, vat; thigh, thy; Sue, zoo™
the first consenant in the first word of cach pair is voiceless, whereas in the sec-
ond word, it is voiced. To check this for yourself, say jusi the consonant at the
beginning of cach of these words and try 1o feel and hear the voicing ns sug-
geated above, Try o find other pairs of words that are distinguished by one haw-
ing @ vorced and the other having a woiceless consonant

The air passages above the lanmx are known as the vocal tract. Figure 1.1
shows their location within the head (actually within my head, many vears aga)
The shape of the vocal tract is a very impornant factor in the production of
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THE YOC AL ORGAMS

speech, and we will often refer io a diagram of the kind that has been superim-
posed on the photograph in Figure 1.1. Leam 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. 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 varinble size.

The parts of the vocal tract that can be used to form sounds are called articu-
kators, The articulators that form the lower surface of the vocal tract often move
toward those 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 makes contact with the roof of the mouth for the first sound and then
comses 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 for the principal pans of the upper surface of the vocal tract are
grven in Figure 1.2. The upper lip and the upper teeth (notably the frontal incisors)
are familiar encugh structures. Just behind the upper tecth is a small protuberance
that you can feel with the tip of the tongue. This is called the alvealar ridge. You
can also feel that the front pant of the rof of the mouth is formed by a bony struc-
ture. This is the hard palate. You will probably have 1o use a fingertip to feel fur-
ther back. Most people cannot curl the tongue up far enough to touch the soft
palate, or velum, a1 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

The primcipal parts of the upper surface of the vocal rect,
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tract, preventing air from geing out through the nose. In this case there is said 1o be
a velic closure. This action separates the nasal tract from the oral tract so that the
adr 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 pan of the vocal wract
between the uvula and the larynx is the pharynx. The back wall of the pharynx may
be considered to be one of the articulators on the upper surface of the vocal tract.

Figure 1.3 shows the lower lip and the specific names for different parts of the
tongue that form the lower surface of the vocal tract. The tip and blade of the
tengue are the most mobile pans, 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 it lics undemeath 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 pantly bencath
the hard palate and partly beneath the soft palate; the back, which is bencath 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 10 give a
rough description of the actions of the vocal organs during the consonant sownds.
You should find that the lips come tegether for the first sound. Then the back and
center of the longue are raised. But is the contact on the hard palste 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.

Now compare the words “true” and “tea.” In which word is the tongue contact
fusther forward in the mouth? Most people make contact with the tip or blade of

m The peincipal pars of the bower surfsce of the veeal tract.
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the tongue on the alveslar ridge when saying “tea,” but slightly farther back in
“true.” Try to distinguish the differences in other consonant sounds, such as
those in “sigh™ and “shy” and those at the beginning of “fee” and “thicf.”

When considering diagrams such as those we have been discussing, it is
important to remermber that they show only two dimensions. The vocal tract is a
tube, and the poditions of the sides of the tongue may be very different from that
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 showing just the midline of the
tongue—a so-called mid-sagittal view. We will be relying on mid-saginal dia-
grams of the vocal organs to a considerable extent in this book. But we should
mever let this simplified view become the sole basis for our conceptualization of
speech sounds,

PLACES OF ARTICULATION

In aeder to form consonants, the airstream through the vocal tract must be
obstructed in some way. Consonants can be classified according to the place and
manner of this obstruction. The primary articulators that can cause an ohstruc-
tion 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 aniculations; and those using
the back of the tongue are called dorsal articulations.

If we do not need to specifly the place of aniculation in great detail, then the
articulaors for the consonants of English (and of many other languages) can be
described using these terms. The word “topic,” for example, begins with a coro-
nal consonant; in the middle there is a labial consonant; and at the end a dorsal
consenant. (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 the tongue is raised for the final, dorsal, consonant, )

These terms, however, do not specify articulatory gestures in sufficient detail
for many phonctic purposes. More specific places of articulation are indicated
by the amows geing from one of the lower anticulators 1o one of the upper antic-
ulators in Figure 1.4, Because there are s0 many possibilities in the coronal
region, this arca has been shown in more detail on the right of the figure, The
principal terms for the particular types of obstruction required in the description
of English arc as follows:

1. Rilabial

(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 se1 of words with bilabial sounds a1 the emd,
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m A sagiltad section of the vosal tract, showing the places of

articalation that occur in Englith. The corons] region is shown in
more detail oo the right.

|
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1. Lablodental

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

(Tongue tip or blade and upper front teeth.) Say the words “thigh, thy.*
Some people (most speakers of American English) have the tip of the
tongue protruding between the upper and lower front teeth; others {most
speakers of British English) have it close behind the upper front teeth.
Baoth these kinds of 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.
4, Alveolar

(Tongue tip or blade and the alveolar ridge.) Again there are two possibil-
ities in English. and you should find out which you use. You may pro-
mounce words such as “tie, die, nigh, sigh, zeal, lie” using the tip of the
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tongue of the blade of the tongue. Feel how you normally make the alveo-
lar consonants in each of these words, and then try 1o make them in the
other way. A good way to appreciate the difference between dental and
alveolar sounds i to say “ten” and “temth” (or *n” and “nth™). Which n is
farther back? (Most people make the one in the first of each of these pairs
of words on the alveolar Adge and the sccond as a dental sound with the
tongue touching the upper front teeth.)

5. Retrofex

{Tongue tip and the back of the alveolar ridge.) Many speakers of English

do not use retroflex sounds at all. But for some, retroflex sounds occur ini-

tially in words such as “rye, row, ray.” 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 mised in “ire, hour, air”
6. 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 it may be up near the alveolar ridge, but
the blade of the toague is always close 1o the back part of the alveolar
ridge. Because these sounds are made further back in the mouth than those
in “sigh, sea, sew,” they can also be called post-alveolar. You should be
able 1o pronounce them with the tip or blade of the tongue. Try saying
“shipshape™ with your tonguee 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 place of arnticulation more distinctly if you hold the position
while taking in a breath through the mouth. The incoming air cools 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 showly so
that you can isolate the consonant at the beginning. If you say this conso-
nant by itself, you should be able 1o feel that the front of the tongue is
raised toward the hard palate. Try 1o hold the consonant position and
breathe inward 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 farthest
back place of anticulation in English are those tha occur o the end of
“hack. hag, hang.” In all these sounds, the back of the tongue is raised so

that it tosches the velum.
Az wiu can tell from the descriptions of these articulations, the first two, bila-
bial and labiodental. can be classified as labial, involving a1 beast the lower lip;
the mext four, dental, alveolar, retroflex, and palate-alveolar (post-alveolar), are
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coronal articulations, with the tip or blade of the tongue raised; and the lasi,
velar, is a dorsal articulation, using the back of the tongue. Palatal sounds are
sometimes classified as coronal anticulations and sometimes as dorsal anticula-
tons, a point to which we shall reiam.

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 con-
sonants, going from labiodental, through dental and alveolar, to palato-alveslar.

THE ORO-NASAL PROCESS

Consider the consonants at the ends of “rang. ran, am.” When you say these
consonants by themselves, note that the air is coming out through the nose. In
the formation of these sounds, 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 lowerning the velum controls the oro-nasal process, the dis-
tinguishing factor between oral and nasal sounds,

MANNERS OF ARTICULATION

Al most places of articulation there are several basic ways in which articulation
can be accomplished. The aniculators 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 cannd
escape through the mouth.) Thers are two possible types of siop.

Oral stop  If, in addition 10 the aiculatory closure in the mouth, the soft
palate is raised =0 that the nasal tract is blocked off, then the sirstream will be com-
pletely obstructed. Pressure in the mouth will build up and an oral stop will be
formed. When the ariculators 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”
(hilabial clasure), “tie, dye” {alveolar closure), and “kye, guy™ (velar closure). Fig-
ure: 1.5 shows the position of the vocal organs in the bilabial stop in “buy.”
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FIGURE 1.5 The pasitions of the vegal organs in the bilabial stop in “bay.”

Nasal stop I the air is stopped in the oral cavity but the soft palate is down
0 that it 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 1.6 shows the position of the vocal organs during the bilabial nasal stop in

m The position of the vocal organs in the bilabial nasal stop in =my.”
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*my." Apart from the presence of a velic closure, there 13 no difference betwesn
this stop and the one in “buy”—shown in Figure 1.5. Although both the nasal
sounds and the oral sounds can be classified as stops, the term stop by itsclf is
almsiet always wsed by phoneticians to indicate an oral stop, and the term nasal
is used to indicate a nasal stop. Thus the consonants a1 the beginnings of the
words “day” and “neigh” would be called an alveolar stop and an alveolar nasal,
reapectively, Although the term stop may be defined so that it applics only to the
prevention of mr escaping through the mouth, it is commonly used to imply a
complete stoppage of the airflow through both the nose and the moath.

FRICATIVE

(Close approximation of two aticulsors so that the airstrcam is partially
obstructed and turbulent airflow is produced.) The mechanism involved in making
these slightly hissing sounds may be likened o that involved when the wind whis-
tles around a comer. The consonants in “fie, vie” (labtodental), “thigh, thy™ (den-
tal), “sigh, zo0” {alveolar), and “shy™ (palato-alveolar) are examples of fricative
sounds. Figure 1.7 illustrates one pronunciation of the palato-alveolar fricative
consonam in “shy.” Note the narrowing of the vocal tract between the blade of the
tongue and the back part of the alveolar ndge, The higher-pitched sounds with a
more obvigus hiss, such as those in “sigh, shy,” are sometimes called sibilants.

m_ﬂu positions of the vocal argans in the palato-alvealar (post-

alveodsrh feicative ia “shy.”
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APPROXIMAMT

(An articulation in which one articulator is close to another, but without the vocal
tract being narrowed to such an extent that a tarbulent airstream is produced.) In
saying the first sound in “yacht” the front of the 1ongue is raised toward the
palatal area of the roof of the mouth, but it does not come close enough for a frica-
tive sound 1o 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 (APPRONIMAMT)

(Ubstruction of the airstream at a point along the center of the oral tracl, 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 clo-
sure 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 arc usually called just alveolar
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 ARTICULATIONS

In this preliminary chapter, it will not be necessary 1o discuss all of the manners
of articulation used in the various languages of the world—nor, for that mateer,
in English. But it might be useful to know the terms trill (sometimes called rall)
and tap (sometimes called flap). Tongue-tip trills occur in some forms of Scot-
tish 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 imvolves 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 1o make contact with the back pant of the
alveolar ridge to form a slop 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
immediately followed by a fricative is called an affricate, in this case a palato-
alveslar (or post-alveslar) affricate. There i% a voiceless affricate af the beginning
and end of the word “church.” The comesponding voiced affricate oocurs al the
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beginning and end of “judge.” In all these sounds the articulstors (tongue tip or blade
and alveolar ridge) come together for the stop; and then, instead of coming fully
apanrt, they separate only slightly, so that a fricative is mace »1 the same place of astic-
ulation. Try to feel these movements in your own pronunciation of these words,

Te 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 10 form a
welic closure {oral sounds) or lowered {nasal sounds); (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 al the end of
“sing” is a (1) voiced, (2) velar, (3) central, (4) nasal, (5) stop,

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

THE ARTICULATION OF VOWEL SI‘JI.IH_E-

In the production of vowel sounds, the articulators do not come very close
together, and the passage of the airstream is relatively unobstructed. Vowel
sounds may be specified in terms of the position of the highest point of the
tongue and the position of the lips. Figure 1.8 shows the articulatory position
for the vowels in “heed, hid, head, had, father. good, food" As you can see, in
all these vowels the tongue tip is down behind the lower front teeth, and the
body of the tongue is domed upward, Check that this is 5o in your own pronun-
ciation. In the first four vowels, the highest point of the tongue is in the front of
the mouth. Accordingly, these vowels are called front vowels. The Longue is
fairly close to the roof of the mouth for the vowel in “heed,” slightly less close
for the vowel in “hid,” and lower 2l 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 classified 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” iz & mid-low vowel,

Now try saying the vowels in “father, good, fomd.” Figure 1.8 also shows the
articulatory position for these vowels. In all three, the tongue is close 1o the upper
or back surface of the vocal tract. These vowels are classified as back vowels, The
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m'ﬁl{- positions of the vocal organs for ke vowels in the woeds

1 heed. I hid. 3 bead, 4 had, § futher, & pood, T food. The lip
posations for vowels 2, 3, and 4 are in betacen those shown Tor
1 and 3, The lip position for vowel 6 is between those shows lor
1 and 7.

body of the tongue i 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 & low back vowel). The vowel in “good™ is a mad-high back vowel.

The position of the lips varies considerably in different vowels. They are gen-
erally closer logether in the mid and high back vowels {as in “good, food™),
though in some forms of Amencan English this is not so. Look at the position of
your lips in a mirror whike you say just the vowels in *heed, hid, ead, 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 15 called lip rounding. It is uwsually most
naticeable in the foraard movement of the comers of the lips. Yowels may be
described as being rounded (as in “who'd™) or unrounded (as in “heed™).

In summary, vowels 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
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m The relative pokitions of the highett paints of the tongue in the

wvowwels im 1 heed, 2 hid, 3 bead, 4 had, 5 fsher, 6 good, T Tood.

froni hack
high Ie
™ &7
[ ]
s wfi
L
o L

in Figure 1.9, Say just the vowels im the words given in the caplion for this figure
and check that your tongue moves in the pattern described by the poants. 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 wonds, “heed, hid, head, had.” You
shoald also be able tv feel the difference between front and back vowels by con-
trasting words such as “he” and "“who." Say these words silently and concentrate
on the sensations invelved. You should feel the wagee going from front to back as
vou say “he, whe.” You can also fieel your lips becoming nwore rounded.

As you can see from Figure 1.9, the specification of vowels in terms of the
position of the highest point of the tongue is not entirely satisfactory for a num-
ber af reasons. First, the vowels that are called high do not have the same tongue
height. The back high vowel (point T) is nowhere near as high as the front vowel
(pant 1) Second. the so-called back vowels vary condidesably in their degree of
backness. Third, as you can see by looking at Figure 1.8, this kind of specifica-
tion disregards considerable differences in the shape of the tongue in front vow-
el amd in back vowels. Furthermore, it does nod take into sccount the fact that
the width of the pharynx vanes considerably with, and to some extent indepen-
dently of, the height of the tongue in different vowels. We will discuss better
wiays of describing vowels in Chaplers 4 and 9.

SUPRASEGMENTALS

Vowels and consonants can be thought of as the segments of which speech is
composed. Together they form the syllables, which go to make up utterances.
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Superimposed on the syllables are other features known as suprascgmentals.
These include variations in stress and pitch. Variations in length are also usually
considered 1o be suprasegmental features. although they can affect single seg-
ments as well as whaole svllables,

Wariations in stress are wsed in English to distinguish between a noun and a
verb, as in “(an) insult” versas “(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, (o) overflow.” You should find that in
the nouns the stress is on the first syllable, but in the verbs it is on the las1 Thus,
stress can have a grammatical function in English. It can also be used for con-
trastive emphasis (as in “1 want a red pen, not a black one™). Variations in stress
are caused by an increase in the activity of the respiratory muscles (so that a
greater amount of air is pushed out of the lungs) and in the activity of the larve-
geal muscles (so that there is a significant change in pitch).

You can usually find where the stress occurs on a word by trying 1o tap with
your finger in time with each syllable. It is much easier to tap on the stressed syl-
lable. Try saying “abominable™ and tapping first on the first syllable, then on the
second, then an 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.

Fitch changes due to vamations in laryngeal aclivity can occur indepen-
dently of siress changes. When they do, they can affect the meaning of the sen-
tence as a whole. The pitch pattern in a sentence is known as the intonation.
Listen to the intonation (the variastions in the pitch of your voice) when you say
the sentence “This is my father.” Try 1o find out which syllable has the highest
pitch and which the lowest. In most people’s speech, the highest pitch will
oceur on the first syllable of “Tather™ and the lowest on the second, the last syl-
lable 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 i1 is even possible o change the mean-
ing 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 intonstion, you will produce a question spoken with an air of astonish-
meent: “That's o car™

All the suprasegmental features are charactenized by the fact that they must be
described in relation 1o other ems in the same uiterance. 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 imrespective of whether you are shouting or
talking sofily. Children can also use the same intonation patterns as adults,
although their voices have a higher pitch. The absolute values are never linguisti-
cally imporiant. But they do, of course, convey information about the speaker’s
age, sex, emotional state, and siude toward the topic under discussion.
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EXERCISES

A Fill in the names of the vocal organs numbered in Figure 1.10 above.
1L — 8.

2.

= 12,

13

S R ST

14,
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B Describe the consonanis in the word “skinflin1” using the following chart. Fill
in all five columns, and put paremheses arownd the terms that may be left out,
&% shown for the first consonant.

1 4 3 i 3
voiced or place of central or  oral or  articulatory
volceless  articulation Iateral masal acthsn

5 voiceless alveolar feentral) fexraal ) [ricative
k
1]
f

L

C Figure 1.11a=g illustrates all the places of articulation we have discussed so
far, excepd for retroflex sounds (which will be illustrated in Chapter 7). In the
following spaces, siaie (1) the place of articulation and (2) the manner of
articulation of each sound. In addition, give (3) an example of an English
word beginning with the sound illustrated,

(1) Place of (21 Manmer of (3} Example
articulation articolation

a

b

c

d

&

f

o TP
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m Sounds illustrating all the plsces of smiculation di:.cuua:dmfar._.

excepd For retroflex. sousds.
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EXERCIZES
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I Swdying a new subject often involves leaming a large number of technical
terms, Phonetics is particularly difficult in this respect. Read over the defini-
tioms of the terms in this chapter, and then iry the exercises that follow. Listen
to the sounds of the words, and be careful not to be confused by spellings.
Using a mirror may be helpful.

1.

10,

| Ir8

13,

14,

Circle the words that begin with a bilabial consonant:
meat gnat sat et ral pad
Circle the words that begin with a velar consonant:
kot g [ ool ho pot
Circle the words that begin with a labiodental consonant:
ft cat  that mat cha val
Circle the words that begin with an alveolar consonam:
zip nip lip sip tip dip
Cirche the words that begin with a dental consonant:
pie guy shy thigh thy  high
Circle the words that begin with a palate-alveslar consomant:
sigh shy te thigh thy lie
Circle the words that end with a fricative:
race wremh  bush brng  breathe bang
rave  real  may rose  rough
Cirele the words that end with a nasal:
rain . rang  dumb  deaf
Circle the wornds that end with a stop:
pill lip lit graph cirab dog hide
laugh back
Circle the words that begin with a lateral:
nut lull bar rob one
Circle the wornds that begin with an approximant:
we Vol one nun
Circle the words that end with an affricate:
mach back cdge O0EE

Cirgle the wonds in which the consonant in the middle is voiced:

tracking mther ridber beisure MASSIVE
stomiach razor

Circle the words that contain a high vowel:
sat suit gl meel i
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15. Circle the words that contain a low vowel:
weed wind Ioad lad rade

16. Circle the words that contain a front vowel:
gate ciught  cai kit  put

17, Circle the wonds that contain a back vowel:

maid  weep  coop cop  good
18. Circle the words that comain a rounded vowel:
wihicy me us but himn

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

Voiced Place of Munner of
or vaiceless articulation articulation

adder vaiced alvealar stap
father

singing

ciching

robsber

cther

Pleasure

haopper

sclling

sunny
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F Complete the diagrams so as to illustrate the position of the vocal organs dur-
ing the first consonants in each of the following words. IF the sound is voiced,
schematize the vibrating vocal folds by a wavy line at the glottis. I it is voice-

bess, use a sraight line,

Example:
mal

day

/






PHonOLOGY AND PHONETIC
TRANSCRIPTION

Many people think that leaming phonetics means simply learning to use pho-
netic transcriplion, But there is really much more to the subject than learning to
use a get 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 ool that phoneticians use in the description of speech,

When phoneticians transcribe an utterance, they usually do so by noting how
the sounds convey differences in meaning. For the most pant, they concem them-
selves with deseribing only the significant articulations rather than the total sct of
movements of the vocal organs. For example, when saying the English wond “tie,”
somme people pronounce the consonant with the blade of the tongee against the
alveolar ridge, others with the tp of the wengue. This kind of difference in anticula-
tion does ot affect the meaning of the word and is not usually transcribed.

In order 1o 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 invalves studying
a language 1o determing its distinctive sounds and to find ot which sounds con-
vey a difference in meaning. Children have to do this when they are leaming 1o
speak. To begin with they might not realize that, for example, there is a differ-
ence between the consonants a the beginnings of words such as “white™ and
“right.” Later they realize that these words begin with two distinct sounds. Even-
tually they learn to distinguish all the sounds that can change the meanings of
words.

When two sounds can be used to differentiate words, they are said 1o belong 1o
different phonemes. There must be a phonemic difference if two words (such as
“white™ and “right”™ or “cat” and “bat™) differ in only o single sound. There are,
however, small shades of sounds that cannot be used 1o distinguish words, such
as the differences between the consonands ot the beginning and end of the word
“pop.” For the first of these sounds, the lips must open and there must be a pufl
of air before the vowel begins. Afler the final consonant there may be a puff of

13
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air, but it is ot necessary. In fact, you could say “pop” and never open your lips for
hours, if it happened to be the last word you said before going to sleep. The sound
al the end would still be o p. Both consonants in this word are voiceless bilabial
stops. They are different, but the differences between them cannot be wsed io
change the meaning of a word in English, They both belong to the same phonemss.

We cannot rely on the spelling to tell us whether two sounds are members of
different phonemes. For example, if you think about the two words “key™ and
“car,” you realize that they both begin with the same sound, despite the fact that
one is spelled with the letter & and the other with the lemer . But this example
ilso shows that there may be very subtle differences between members of a
phoncme. The two words “key™ and “car” do not begin with exacrly the same
sound. IT you whisper just the first consonants in these two words, you can prob-
ably hear a difference; and you may be able to feel that your tongue touches the
rool of your mouth in a different place. The two sounds at the beginning of "key™
and “car” are slightly different, but it is not the kind of 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
Chapier 1, where we saw that the tongue is further back in “true” than in “tea,”
and the n in “tenth” is likely to be dental, whereas the one in “ten” it usually
alveolar. In some cases the members of o phoneme are more different from one
another. For example, most Americans {and many younger speakers of British
English) have a ¢ 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 . Consider also the
[in “play.” You can say just the first two consonants in this word without any
voicing. but you will still hear the [ {try doing thix). When you say the whole
word “play™ the [ is typically voiceless, and very different from the one in “lay."
Say the [ at the beginning of “lay,” and you'll hear that it is definitely volced.

It follows from these examples that 4 phoneme is not a single sound but a
name for & group of sounds, There is a group of ¢ sounds and a group of [ sounds
that oceur in English. 11 is as if you had in your mind an ideal ¢ or [, and the ones
that were actually produced were variations of it, which differed in small ways
that did net affect the meaning of English words, These groups of sounds—the
phonemes—are abstract units that form the basis for writing down a language
systematically and unambiguously,

We often want to recond all and only the variations between sounds that cause
a difference in meaning. Transcriptions of this kind are called phonemic tran-
scriptions. Languages that have been written down only comparatively recenly
(such as Swahili and most of the other languages of Africa) have a faidly phone-
mic spelling system. There is very linle difference between a wrilten version of
a Swahili 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 writlen lexts.
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THE TRANSCRIPTION OF CONSONANTS

We can begin searching for phonemes by considering the conrasting 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 al
the beginning. A set of words, each of which differs from all the others by enly
one sound, is called a minimal set. The second column of Table 2.1 lists a mini-
mal set of this kind. There are obviously many other words that rhyme with
“pie.” such oz “spy. try, spry.” but these words begin with sequences of two or
more of the sounds already in the minimal set. Some of the waords in the list
begin with two consonant letters (“thigh, thy, shy"™), but they each begin with a
single consonant sound. “Shy,"” for example, does nol contain a sequence of two
consonant sounds in the way that “spy” and “1ry™ do.

Some consonants do pot occur in words chyming with “pie.” If we allow the
names of the letters as words, then we can find a large set of consonants begin-
ning words rhyming with “pea” A list of such words is shown in the third col-
umn 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 saill missing some consonant sounds that con-
trast with gthers only in the middle or a1 the end of words, The letters ng often
represent o single consonant sound that does not oocur ol the beginning of a word,
You can hear this sound ot the end of the word “rang.” where it contrasts with
other nasals in words such as “ram, ran."” There is also a contrast between the con-
sonants in the middle of “mizsion” and “vision," although there ane very few pairs
of words that are distinguished by this contrast in English. (Omne such pair in my
English involves the name of a chain of islands—"Alewtian™ versus “allusion™)
Words illustrating 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
wiords, but there are a few differences, One vanation between spelling and pho-
netic usage occurs with the letter ¢, which is sometimes used to represent a [ k |
sound, as in “cup” or “bacon,” and sometimes 1o represent an [ s | sound, as in
“eellar’ or “receive.” Two s may even represent a sequence of these sounds in
the same word, a8 in “accent, access.” A symbaol that differs from the correspon-
ding letter is [ g ]. which is used for the sound “guy™ and “guess™ but never for
the sound in “age™ or the sound in the name of the letter g. A few other symbaols
are needed 1o supplement the regular alphabet. The phonetic symbaols we will
use are part of the set approved by the Intermational Phonetic Association, a body
founded in 1886 by a group of leading phoneticians from France, Germany,
Britmn, and Denmark. The complete set of TPA symbals is given in the chart in
the inside covers of this book, It will be discussed in detal Jater in this book,
Because we oflen need to talk about the symbols, the names that have been given
oy thern ane shown in the last column of Table 2.1,
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m Symbals for transcribing English conzonants, (Altemative symbals

that may be found in other Books ae given in parenibeics.) The las
walumn gives the comventional names for the phonclic symbols in

Hhe Mirsd codunn.
" ple pEa lcrmarcase p
1 tla tea lowarcase [
k ke ey lmercase k
b by boe lcrwercase b
d dya o lewercase d
q Buy lormercase g
m iy e ram IABrCase m
n nigh ki ran Iwarcase
| rang Eng (ar angmi)
f fie TéE lowercase
v wie W Iowercase v
B thigh thata
& Ehiy thes #1h
% sigh SEa listen loweroase 5
4 r mizan lowercase F
I & shy sher mission esh (or long &)
5 (R} -y long F (o yogh)
1 1] ([ lCrmesrs e |
w ity we lowercase w
r 1) e lorwBrcace F
itn ¥e Iwarcase j
h high ha lowergae h
Mote also the Tollewimng:
A {13) chi{me) chealp)
oy () Jitve) G

The velar nasal @ the end of “rang™ is written with [ 1 ], & letier 5 combined
with thee tail of the leter g descending below the line. Some people call this sym-
bol “eng”™ and others “angmu.” The symbol [ @ ], an upright version of the Greek
letter theta, is used for the voiceless dental fricative in words such s “thigh, thin,
thimble, cther, breath, mouth.” The symbal [ 8 ], called “eth,” is derived from an
Anglo-Saxon leteer. It is used for the comesponding voiced sound in words such
as “thy, then, them, either, bremhe,” Both these symbols ane ascenders (letizrs
that go up from the line of writing rather than descending below it). The spelling
system of the English language does not distinguish between [ 8 ] and [ 8 ]. They
are bodh written with the betters th in paiss such as “thigh, thy.”

The voiceless palate-alveolar (post-alveolar) frcative [ [ ] ("long 571 in “shy,
sheep, rash™ is both an ascender and o descender. It is like a long, siraighiened
s going bath above and below the line of writing. The comesponding veiced
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symibe [ 3] is like a long 7 descending below the line. This sound occurs in the
middle of words such as “vision, measure, leisure™ and at the beginning of for-
cign words such as the French “Jean, gendarme,” and foreign nomes such as
“Zsa Fsa’

In garlier editons of this book, the sound at the beginning of the wosd “rye”
wits symbolized by [ 2 ], an upside-down letter £ As the two major dictionaries of
American and British English pronunciation (see Further Reading) use & regular
[ r ] for this sound. [ have dose so here.

It is unforiunate that different books on phonetics use different forms of pho-
metic ranscription, This is nod because phoneticians cannot agree on which sym-
bols 10 use, but because different styles of transcriplion are more appropriate in
one circumstance than in another. Thus in this book, where we are concermed
with genceral phonetics, [ have used the IPA symbaol [ ] ] for the inital sound in
“yes, yet, yeast” because | wish o reserve the symbol [ v | for ancther sound, the
vowel in the French word “w.” Another reason for using [ j |15 that in many lan-
guages (German, Dutch, Morwegian, Swedish, and others) this letter is used in
words such as “ja." which are pronounced with 3 sound that in sur spelling sys-
tem wiouild be written with the letter v. Books that are concemed only with the
phonetics of English ofien use [ v | where this one uses [ j ]. Some books on pho-
netics also use [ X | and [ £ ] in place of the IPA symbols [ [ ] and [ 3 ], respec-
twely.

There are alse disagreemenis among texis on phonetics on how to transcribe
sounds such as the first and last sounds in both “church”™ and “judge.” 1 have
taken the position that these sounds are each sequences of two sther consonants
and should be written [ tf | and [ ds ], They are like other words that begin or end
with a sequence of two consonants that occur in other words such as “ray" and
“adds.”

You can see that a word such as “choose™ might be said 1o begin with [4f 1if
you compare your pronunciation of the phrases “white shoes™ and “why choose,”
I 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 simply
one of the timing of the articulations invelved rather than the wse of different
articulations, Other pairs of phrases that demonstrate this point are “heat sheets™
versus “he cheats” and “maght shop”™ versus “my chop'” There are no pairs of
phrases illustrating the same point for the voiced counterpart [ ds | found in “jar,
gentle, age” because no English word begins with [ 5]

Some other books on phonetics take the view that the sounds [ of ] and [ d3 ]
{as in “church” and “judge™) are really single units and are better wranscribed
with a saingle symbol, such as [ € ] and [ j 1. This view has much 10 commend it,
simce the consonants [ [ ] and [ 3 ] are ned like other consonants such as [ r ] and
[ 1). Each of the latier pair of consonants can occur as the second element in
many ¢lusters (for example, in “priest, tvee, cream, play, clay™). But [ [ Jand [ 3]
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cluster only with [ t ] and [ d ]. respectively. However, as this is a book on pho-
netics, it seems appropriate 10 use two symbols for the consonants in words such
as “jay"” and “age” o show that there are 1w clements in each of them, just
as there are in other words comaining consonant clusters, such as “tree”™ and
“eats"”

There is one minor matter still to be considered in the transcription of the con-
somant contrasts of English. In most forms of both British and Amencan English,
“which™ does not contrast with “witch.” Accordingly, both “why™ amd “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, Wie: whether, weather.” These
speakers will have 1o transcribe the first of each of these pairs of words with an
initial [ h ]. 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
maore difficult than the transeniption 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 widely in their views of what constitutes an appropri-
ate description of vowels,

Taking the same approach in looking for contrasting vowels as we did in
lecking for consonant contrasts, we might try to find a minimal set of words that
differ only in the vowel sounds, We could, for example, look for monosyllables
that begin with [ h ] and end with [ d |, and we could supplement this minimal
set with other lists of monosyllables that contrast only in their vowel sounds,
Table 2.2 shows four such seis of words.

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 pro-
nounce [ 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 speak-
ers distinguish between words such as “heart”™ and “hot” not by making a dif-
ference in vowel quality (as [ do, speaking a form of British English) but by
pronouncing “hear’™ with an [ r ] and “hot” with the same vowel bat witheut an
[ r ] following it. In “here, hair, hire,” these speakers may use vowels similar 1o
those in “he, head, high,” respectively, but in cach case with a following [ r].
Most speakers of British English distinguish these words by using different
diphthongs—movements from one vowel 1o another within a single syllable,

Even within American English there ane varistions in the number of contrast-
ing vowels that occur. Many Midwestern speakers and most Far Westem speak-
ers do ot distinguish between the vowels in pairs of wonds such as “odd, awed™
and “gol, cought.” Some forms of American English make additional distinctions



THE TRAMSTRIFTHON OHF YWOAMWELS
Fil

Symboeds for tasscribing contrasting vowels in Esglish, Columa 1
applics to many gpeakers of Amenican English, Column 2 to most
ipeakers of Brilich English. The last columm gives the convertiona
rames for the phonetic symsbols im the second columa, some of
which arc also accompanicd by the lengih mark [ £ 1or by [r |

i 2

[ i: had P Bead Frisit keyed  lowercase |

1 I hid bid hit ki small capital |
@l el hayed hay bayed hate Cade lowercase @

[ £ ol bed epsilon

= = had bad hat cad ash

Qi o« hard band heart card gefipt &

[H o ez bod hot i [2) wurmied Script &
=1 - hiwed  hanw e cowed  open @

L1 i hepidl could  upsilon

ol = F] Mg (14 7] bode o lwarcase o

1 [TH wha'd wiho Boosid hoot coged lowercase u

A A Hudd bud hut cd tened v

»: A herd Iear Iéedd hurt  cwd  reversed epailon
i al hiidhe high Ipichi harighit Iermercase & [+ 0)
i W s B cowed [as noted above)
M oAl [ajhoy  Boyd (as noted abowe)
" 12 hare board (a5 noted abowe)
ET fie] hair barsg cargd (B nobed above)
arr @@ i g (&% noled abave)
Note also the following:

m ju hued i Bude cued (s noted abowe)

ned shown in Table 2.2, For example, some speakers {mainly from the Eas
Coast) distinguish the auxilinry verb “can™ from the noun “can,” the latler being
more diphthongal. But we will have to overlook these small differences in this
introductony wexibook,

There are several possible ways of transeribing 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 Amer-
can English and the second for many forms of Brtish English. The two columns
hawe been kept as similar as possible; as you will e in Chapter 4, | have tried 1o
make the ranscriptions compatible with those of well-known authorities on the
phonetics of Englhish.

As in the case of the consonant symbols, the vowel symbals in Table 2.2 are
used in sccordance with the principles of the IPA, Those symbols that have the
same shape as ordinary letters of the alphabet represend sounds similar (o the
soundds these letters have in French or Spanish or [talian. Actually, the TPA usage
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of the vowel letters is that of the grest 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
used 1o sound many centuries ago when it stll had vowel letters with values sim-
ilar 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 [ s1: ], the [ i ] represends a similar
(but not identical) sound to that in the Spanish or lalian “si.” But unlike Spanish
and Italian, English differentiates between vowels such as those in “seat” and
“sil” and “heed” and “hid.” The vowels in “scat, 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 capatal I, The difference in length is
shown by the symbol [ : ]

The vowels in words such as “hay, bait, they" are transcribed with a sequence
of two symbols [ e |, indicating that for most speakers of English these words
contain a diphthong. The first element in this diphtheng is similar w0 sounds in
Spanish or lalian that use the letter ¢, 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,*

Two symbols that are not ordinary letters of the alphabet, [ £ ] 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 @ and ¢ joined together. They
miay be referred to by the names epsilon and digraph.

Most Americans have the same vowel sound in the words “hean™ and “hot”
and can use one form of the letter a. They would transcribe these words as
[ hart | and [ hact ], with the length mark [ : | indicating that it is a comparatively
long vewel. Bul some East Coast Americans and speakers of British English
whao do not pronounce [ r ] sounds after a vowel distinguish between these words
by the qualities of the vowels and have 10 use two different forms of the better a.
They would transcribe these words as [ hazt | and [ hot ).

Most speakers of British forms of English, and many American speakers, dis-
timguish between pairs of words such as “cot, caught; not, naught.” The symbols
[ 2: ], an open letter o followed by a length mark, 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 1o use this symbaol
in any of these words, as they do mot distinguish between the vowels in words
such as “cot” and “caught.” They may, however, have different vowels in words
such a5 “moss” and “morse,” 8o that they, like many other Americans, would use
the symbol [ 2: ] when there is a following [ r ] sound.
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Anciher special symbaol is used for the vowel in “hood, could, good.™ This
symbol [ 4 ] may be thought of as a leter i with the ends curled ow,

The vowel in “hoe, dough, code” i5 a diphthong. For most Anerican English
speakers, the first element is very similar 1o sounds that are written in Spanish,
or Italinn with a letter @ Mony speakers of English from the southem parts of
Brtain vse a different sound for the first element of the diphthong in these words
{which we will symbolize with [ 2 ], an upside down letter e). We will discuss
this sound more fully in a later section. The final element of the diphthong in
words such as “hoe, code” is somewhat similar to the vowel [ 4 | in “hood.”

An upside down letter v | A | i5 wsed for the vowel in words such as “bud,
hut.” This symbol is sometimes refermed to by the name wedge.

Another symbaol, [ 3 ), a reversed form of the Greek letter epsilon followed
by a lengih mark, is used for the sound in “pert, bird, cum,” as pronounced by
mst speakers of British English and those speakers of American English who
do nod have an [ r ] in these words. In most forms of American English, the r is
fully combined with the vowel, and the symbol [ = ] is used. The litthe hook [+ ]
imicates the rcoloring of the vowel,

The next three wonds in Table 2.2 contain diphthongs compesed of elements
that have been discussed already. The wowel in “hide” [ hard | begins with a
sound between that of the vowel in “eat” [ kaet | and that in “far” [ fas(r) ], and
mioves toward the vowel [ 1] as in “hid” [ ked ). The symbol [ a ] is used for the
first part of this diphhong. The vowel in “how" [ au | begins with a similar
sound but moves toward [ o ] as in “hood.” The vowel in “boy™ [ bai | i a com-
banation of the sound [ 3 ] as in “bawd™ and [ 1] as in “hid.”

Maost Americans pronounce the remaining words in Table 2.2 with one of the
other vowels followed by [ r ], while most British English speakers have nddi-
tional 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 “hoe™ for most
British English speakers. We will discuss this symbol further in the next para-
graph. Some British English speakers also use a diphthong in words like “poor,
cure” that can be transcribed as [ va . Some people (myself included) have a
diphthong [ a2 ] in words such as “fire, hire.” Others pronounce these words as
two syllables (like “higher” and “liar'™), transcribing them as [ fa, haa ).

The words in Table 2.2 are generally monesyllables. Consequently, none of
them containg both stressed and unstressed wowels, By far the mosi commaen
unstressed vowel is [ 2 ], the one we noted at the end of the diphthongs in most
forms of Brtish English. It is often called by its German name, sefwa, I occurs
at the ends of words such as “sofa, soda™ [ ‘soufa, 'sowds |, in the middle of
words such as “emphasis, deprecate™ [ emfzsis, ‘depraken . and at the begin-
nings of words such as “around, arise” [ #ravnd, rasz |. (In all these words, the
symbod [*] is a stress mark that has been placed before the syllable carrying the
main stress, Stress shoubd always be marked in words of more than one syllable.
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In British English, [ 2] is usually the sole component of the “-er” part of
words such as “father, brotherhood, simpler™ [ foo, ‘bradohud, ‘smpla . In
forms of American English with r-colored vowels, these words are usually
[ “focder, ‘bradiechud, “simple ), As with the symbol [ = 1. the small hook on [ & ]
symbaolizes the r-coloring. Both [2] and [ 2 ] are very common vowels, [ 2]
occurring very frequently in unstressed monosyllables such as the grammatical
function words “the, a. 10, and, bu™ In connected speech these words are usu-
ally [ 8a, 2, t2, 2nd, bot ].

Some of the other vowels also occur in unstressed syllables, but because of
differences in accents of English, it is a litle more difficult to say which vowel
occurs in which word, For example, nearly all speakers of English differentiate
between the last vowels in “Sophie™ and “sofa™ or “pity” and “patter.” Bul some
accents have the vowel [ i ] as in “heed™ a1 the end of “Sophie, pity, only, comy.”
Others have [ 1 ] as in “hid.” Similarly, most accents make the vowel in the sec-
ond syllable of “taxis” different from that in “Texas.” Some have [ i ] and some
have [ 1] in “taxis.” Nearly everybody pronounces “Texas™ as [ ‘teksas | (Noie
that in English the leter x ofien represents the sounds [ ks 1.)

TRAHEBHII‘_‘T_IF_H EXERCISES
Find the errors in the transcription of the consonant sounds in the following
words. In each word there is one error, indicating an impossible pronunciation of
that word for a native speaker of English of any variety, Circle this error, and
write the cormect symbol in the space provided after the word.

L “strength™ [ ‘strengf ] shoubd be I
2. "crime” [ erum ]

3. “wishing™ [ “wishag )

4, “wives” | weanvs |

5 “these™ [ Hhx ]

b, “hijacking™ [ hasjekin |

T “chipping™ [ Yippig ]

B, "yelling™ [ yelm ]

9, “sixtecn” [ ‘sextim ]
10. “thesis™ [ Wisas |
MNow try another ten words in which the errors are all in the vowels. Again,

there is only one possible error; but becanse of differences in varicties of English,
there are somelimes altemative possible corrections.

o e e e e s
el el et ed e b e et el



11. “man-made” [ ‘manmed | should be
12, “lootball® [ ‘futhal |
13, “yea chest™ [ ‘tafest ]

14, “1omeat™ [ ‘omkoct |
15. “viptoe” [ tipiou ]
16, “avoid™ [ avand |
17. “remmn™ [ r'man |

18. “roommate™ [ ‘rommen |
19. “umbrella™ [ umbrels |
20. “manage” [ ‘maenieds |

TRANSCRIFTION EXERCIIESD

p— g — g— — p— — p— p— p—

]
]
]
]
]
]
]
]
1
]

MNow comect the following words, again by circling the coror and noting the
comection. There is still only one per word, but it may be among the vowels, the

consonants, or the siress marks.
21. “magnify™ [ maegnifar | shvould be
22, =iraffic™ [ 1zt |
23, “simplistic™ [ simphsuk |
24. “irrigate” [ ‘trgent |

25, “improvement” | imvprovmant |
26, “demonstrate” [ ‘demanstret |
27, “human being”™ [ humman ‘bizmg |
8. “appreciate” [ prefien |
29, “joyful” [ ‘dhayful |

[
[
[
[
[
[
[
[
[

]
|
1
]
]
]
]
]
]

Finally, transeribe the following words or phrases as you pronounce them, or
as wou think they should be pronounced in one of the well-known accents of
English. Give a rough label for your accent or the one you have chosen to use
(e.g., BRBC English, Southern Californian, Mew York, London, Scottish), and try
to make the transcription illustrate an ordinary conversational styvle. Do nod usea
reading pronunciation or ong that you think ought 1© be used. Say the words
aloud (or listen to someone else saying them) and notice how they are normally

pronounced. Be careful 1o put in stress marks at the proper places.

accenl

3. chocolate pudding
3. modemn languages
32, impossibility
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33 boiuerous

M, youngsier

35, another

36. diabolical

37, nearly over

38, red riding haood

29, inexcusable

CONSONANT AND VOWEL CHARTS

50 far we have been using the consonant and vowel symbals 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
descriptions of the aniculations involved. Thus [ p ] is an abbreviation for “voice-
less: bilabanl stop™ and [ 1] is equivalent to “veiced alveolar lateral approximant.”
The consonant symbols can then be arranged in the form of a chart as in Figure
L 1. The places of articulation are shown across the top of the chart, sarting from
the most forward aticulation (bilabial) and going toward those sounds made in
the back of the: mouth (velar). The manners of aniculation are shown on the verti-
cal axis of the chart. By convention, the voiced-voiceless distinction is shawn by
putting the voiceless symbols 1o 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 anticulated with both a namowing of the lig aperture, which
maikes it bilabial, and a raising of the back of the tongue toward the soft palage,
which makes it velar. The symbol [ b ] does not appear anywhere on the chart, In
English. [ h ] acts like a consonant, but from an articulatory point of view it is
the voiceless counterpant of the surrounding scunds. It docs not have a precise
place of articulation, and its manner of articulation is similar 1o that of the vow-
els before and after it,

The symbols we have been using for the contrasting vowels may also be
regarded 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 1o 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
but does nod show differences in length. Thus [ i | is used for a high front vowel,
[ w] for a high back one, [ 1 ] for a lower high front vowel, [ e | for a raised mid-
front vowel, [ € | for a lowered mid-front vowel, and so on.
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m A phometic chan of the English consonants we have deall with so
far. Whenever there are two symbols wiilkin a single celll, the anc
on the left represents o vaiceless soumd, All other symbolt represent
visoed sounds. Note also the consanant | h |, which is not on this
chan, and the affmicates [ 1], ds |, which are sequences ol symbods

on the chant.
Place of articulaison
E & = § &-% = _ﬂ
2 B2 8 35 0]
nazal {stop) m n L]
% siop p b 1 d k 9
I
,g fricative [ »|e &l ] 3
£
S (central) -
= approximan: (w) ¥ ] o
lsieral 1
[approximand)

The simple vowel chart in Figure 2.2 shows only two of the dimensions of
vowel quality. and (as we will see in later chapters) even these ane nol repre-
sented very accurately. 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 [ ¢ ] and [ ]

PHONOLOGY

At the beginning of this chapter we discussed another reason why it is only
approximately true that in our transcriptions of English the symbaols have the
values shown in Figures 2.1 and 2.2, In the style of transcription we have been
using 5o far, some of the symbols may represent different sounds when they
gocur in different contexis. For example, the symbal [ @ ] may represent a wide
variety of sounds. In “tap” [ 1ep | i represents a voiceless alveolar stop, Bul the
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mh varwel chan showing the relative vowel qualilies rqwnu_ﬂ:-dh].-

sioend of e symbods used im transcribing English. The svmbals | e,
a, o | occur as the first elements of diphihongs,

frang ceniral Bagk
T | :
hi A |
gh \ :
1 |
A 1
A\
g | o
mid-high N _ " 1|_________|____n__
||. 1
1 2 I
mid > |
L1 |
. 5 [ 3
mbdbewr |0 R RER e | gl
% A I
\ [
b} [
@ A |
low % I i
% il I a
i

[1]in “eighth” [ enB | may be made on the teeth, because of the influcnce of the
following voiceless dental fricative [8]. This [ 1] is mone accuraiely called a
voiceless dental stop, and we will later use a special symbol for transeribing it, In
maost forms of both British and American English, the [ t ] in “bitten” is accompa-
nicd by a glottal stop, and we will later be using a special svmbol for this sound.
As we saw, for most Americans and for many younger British English speakers,
the [ 1] in “catty” [ 'kaeti | symbolizes a voiced, not a voiceless, sound. All these
different sounds are part of the / 1/ phoneme. Each of them occurs in a specific
Mace—before [ 8 ] or whatever may be the case—and none of them is different
enough o change the meaning of a word in English. When saving them, what the
speaker is trying o produce and what the listener hears is some form of /1 /.

Similarly, other symbols represent different sounds in different comexts. The
symbols [1] and [ r] sormally stand for voiced approximants, But in words
such as “ply" [ plar | and “iry™ [ tran | they represent voiceless sounds. Yowel
sounds also vary, The [ i ] in “heed” [ hixd | is usually very different from the
[ 1in “heel” [ hidl ].

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
considercd rules, In most forms of American English, for example, it is a nle
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that | 1 | becomes vaiced not only in “catty,” bul on all occasions when it occurs
between two vowels, the second of which is unstressed (for example, in “pity,
matter, uiter, divinity,” ¢1¢.). In English of nearly all kinds, it is also a nle that
whenever | 1 | occurs before a dental fricative, it is pronounced as a dental stop,
o that we may use the special symbol [ § ] The same is troe of [ d ], as in “widith™
[ g |, [ m ], as in “tenth” [ tegd ], and [ 1 ], as in “wealith” [ weld . In all these
cases, the mark [ | ] may be added under the symbol in onder to indicate that it
represents a dental aniculaion.

When we describe the sound patterns that ocour in English, we want to be
able 1o say that in some sense there are always the same underlying sounds. But
these underlying sounds may change depending on the context in which they
occur The phonology of a language is the set of rules that describe the changes
in the underlying sounds, the abstract units called phonemes, defined al the
beginning of this chapter. When we transcribe a word in a way that shows none
of the details of the pronunciation that are prediciable by phonological rules, we
are making a phonemic transcription. Phonemic scgments are wsually placed
between slanting lines. Thus we may say that the underlying phonemic scgments
in “ten” and “tenth” are £ en S and Fien® S, But the phonetic segments that ane
actually promounced are [ ten | and [ ten ].

The variants of the phonemes that oocur in detailed phoRetic ranscriptions
an: known as allophones. They are generated a5 a resull of applying te phonao-
legical rubes to the underying phonemes. We have already discussed some of the
rules that generate different allophones of the phoneme / 1/, For example, we
know that in most varieties of American English, / 1/ has a voiced allophone
when it eccurs between a stressed vowel and an unstressed vowel,

The transcrnption wsed in the first pan of this chapter is nod, strictly speaking,
a simple phonemic transcription. The symbols in Tables 2.1 and 2.2 distinguish
all the oppositions that oocur in actual pronunciations of English words. But
these are not the underlying segments. There are several ways in which we could
change our nodational system into a more abstract one that uses a simpler set of
symbaols,

One way would be nol 1o show the differences in length between pairs of
vowels, Our presem transcription indicates the differences in both quality and
length in the vowels in a pair or words such as “bead, bid™ [ bixd, bed | or “fool,
full™ [ ful, ful 1. But the differences in length are entirely predictable from the
differences in quality. The symbols [ i, u | can be said to represent long vowels,
and the symbols [ 1, s ] shon vowels (perhaps with an additional stipulation that
we have been tacilly assuming: [ 1] in unsiressed position as in “happy" is not
long). In this way we would eliminste the length mark [ @ ]

Alternatively, instead of not showing the length difference, we could regard
the quality as predictable from the length nnd not show the quality difference, In
this case, the vowel [ i] would have the value appropriate for the wowel in
“head” when it occurred before a length mark as in [ bidd ] Bt it would have the
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value appropriate for the vowel in “bid" when it occumred without a length mark,
which would then be transeribed as [ bid |, Remember that there is nothing sacred
about the phonetic value of a symbol. Some phoneticians transcribe “bead, bid™
as [ bied, bad | a= [ have been doing in this book so far, while others transcribe
these same words as [ bisd, bid ). Using the same principle, they might transeribe
“ooped, could” not as [ kusd, ked |, as [ have done, but as [ kusd, kud ]. Finally,
“Tadd, led™ would mst be [ lead. led ], but [ Je:d, led ]. In this style of transcription,
the differences in quality are treated as if they depended on the differences in
bemgth. The symbols £ and £ w £ would be said to represent ligher vowels when
long, and the symbol / & f would be said to represent a diphthong in these circum-
stances. This style of transeription uses an addittonal symbol for length, but it
more than compensates for that by eliminating the vowel symbals [1, £, v ].

We can now see why there are various possible ways of transcribing a lan-
guage. Even if we consider only one particular accent of the language, it might
be appropriate in some cases to symbolize one aspect of a contrast, such as the
lemgth, and in other cases to symbolize anocther, such as the quality. In addi-
tion, we may choose to make a transcrption that shows oaly the underlying
phonemes, or we may choose 1o represent some allophonic differences. Even
if we are represemting only the underying phonemes in a particular accent of
English, we may do so using only simple symbaols, such as [ r ], or more unusual
symbols, such as [ 1 ], which convey more specific information on the phonetic
quality, The term broad transcription is often used to designate a transcription
that wses a simple set of symbols. Conversely, a narrow transcription is one
that shows more phonetic detail, cither just by using more specific symbols or by
also representing some allophonic differences. The use of diacritics, small
marks that can be added to a symbol to modify its value, i3 a means of increasing
precision. One such diacritic is a small eirele, [ | ], that can be placed under a
symbol 10 make it represent a voiceless sound, so that “ply” and “try," for
instance, can be wrinen [ plas ] and [ tpan ). Ancaher useful diacritic is the mark
[ . ] beneath a consonant, which we have been using to indicate that the sound is
dental and not alveolar,

Every transeription should be considercd as having two aspects, one of which
15 often not explicit. There is the text itself, and a1 least implicitly there is a set of
conventions for interpreting the text. These conventions are wsually of two
kinds. First, there are the conventions that ascribe general phonetic values to the
symbals. It was with these conventions in mind that 1 said carlier that a symbol
could be regarded as an approximate specification of the articulations involved,
Second, there are the rules that specify the allophones that occur in different cir-
cumstances, Thus when I transcribe the word “peels” as | pilz 1, 1 am assuming
that the reader knows a number of the rules of English, including those that make
Fic/ somewhat lower and more central when it occurs before /17 and a final /2 /
voiceless tward the end,
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O a few oceasions, o transcription cannot be said 1o imply the existense of rules
accounting for allophones. This is at least theoretically possible in the case of o nag-
row transcription so detailed that it shows all the rule-governed alternations among
the sounds, A transcription that shows the allophones in this way 15 called a com-
pletely systematic phonetic transcription. In practice, it 15 difficult 1o make a tran-
scription so narrow that it shows every detail of the sounds involved. On some
aocasions, & transcription may nol imply the existence of meles accounting for allo-
phones because, in the circumstances when the transcription was made, nothing
wias known about the rules. When writing down an unkmown language or when
iranscribing a child or a patient not seen previously, one does ol know what nbes
will apply. In these circumstanoes, the symbals indicate only the phonetic value of
the soumds. This kind of transcription is called an impressionistic transcription.

EXERCISES

A Which of the two transcriptions below is the narmower?

“Betty cried s she left in the plane,”
() [ 'beti krand 2z i Tef i 8o plemn |
(b} [ 'bedi kpad 22 [iz Teft m 8 ‘plemn |

B State rules for converting the transcription in (a) inte that in (b). Make your
rules as general as possible, so that they cover not only this pair of iranscrip-
tans but also otlser similar semences (for example, [ 1] — [ d | when it eccurs
after  stressed vowel and before an unstressed vowel).

C Read the following passages in phonetic transcription. Both passages use a
fairly broad style of transcription, showing few allophones, The first repre-
sents a form of British English of the kind [ speak myself, The second rep-
resents an American pronunciation typical of a Midwestern speaker, By this
tme you should be able 10 read wanscriptions of different forms of English,
although you may have difficulty propouncing cach word exactly as it is rep-
resemed, Nevertheless, read each passage several times and try to pronounce it
as indicated, Take care to pwt the siresses on the correct syllables, and say the
unstressed syllables with the vowels as shown, Note any differences between
each transcription and your own pronunciation of the comesponding words,

British English

[ ot iz ‘posabl 13 trerskraib Bnetkli eni atrans, m 'em leggwids, msevral
‘dhirent 'werz a1 av fom Juzi 4i welfsbet snd kan'venine v 8 'an piz ‘1. fo
semm g 1z posabl wid maust wle mnefen] feneuk Celfsbes. o
tremsknpin wit] 1z ‘mend b uczig letez av Be 'smplast ‘posabl feips, and
i B3 simpkast ‘posibl ‘namba, 1z kxild 2 simpl faunicnuk tren'sknpln. |
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American English

| if fi2 ‘namba av ‘difrant ‘ledez 17 'masr fon & mimsmam ex dlund shay
& reenskopin wal ‘noa b oo faniamik, Bad an elffomk wan, Sam av bo
Tounitmz, ‘feed 12 13 ‘ser, wil b reprazentad bar ‘macr don wan ‘difrant
bl mafe woeds sam wlafounz ov sam Touniomz wal b simgld ‘aut
meprazenien m o trensknpin, ‘hens & tem el fomik. |

(Both these passages are adapted from David Abercrombie, English Phonetic
Texrs [Salem, NH: Faber & Faber, 1964].)

I} Transcribe the following phrases as you pronounce them, or as you think they
should be pronounced in one of the well-known accents of English using (a) a
Fairly broad transcription, and (b} a narmower iranscription.

acoent

“Please come home.™

(i)

(b}

“He is going by wrain,”

{a)

(h)

*The angry American.'”

{a)

(bl

“His knowledge of the tmih."
(a)

(b}

“1 prefer sugar and cream,”
{a)

b}

“Sarah teok pity on the young children,”
(a)

b
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PERFORMANCE EXERCISES

As noted in the preface, it is extremely important o develop practical phonetic
skills at the same time as you learn the theoretical concepts. One way 1o do this
1% to leamn fo pronounce nonsense words, You should also transcribe nonsense
words that are dictated o you. By using nonsense words you are forced 1o listen
tor the sounds that are being spoken, Accordingly, you should find another stu-
dent 1o work with, so that you can do the following exercises in pairs.

A Learn to say simple nonsense words. A good way is 1o stan 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 difficultics ahead of you. Make up sets of words such as the following:

il

i

s

L IFH
‘mazirEa
AT R
LA TR L 2

B Choose an order in which 1o say the following “words™ (for cxample, say the
second word firsd, the fourth word next, and then the fifith, third, and first
words). Write this order down as you dictate the words 10 your panner—
whowe task is, of course, 1o write down the order in which you have said them.

Reverse roles and repeat the exercises. You may find it advisable to repeat
each word twice.

gpoken heard
pifsuz
pifsw:s
pifaus
pifaue
pifaus
C Repeat this exercise with the following sets of words:

spoken heard spoken heard
LafBed ‘kipick
wdbed ‘kiphk
el ik
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spoken heard speikien heard

pasied kipuk

wsled Kt

Taemaem malsl
Temaen maral
Tenxm mawal
Toenaen nalal

Taenan maral

D Look at the following nonsense words, and either say these 1o your partner or
(preferably, since your partner has seen these words 100) make up a se1 simi-
lar to therm and say these instead. Your words can differ froms the sample set in
as many wounds as you like. But [ 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, o that you can pro-
nounce them Muently when you say them to your panner.

‘shamaiz|

‘brngbluzed

‘djinsmasry

fl[ itz

pierpe

When you have finished saying each word several umes and your panner has
writlen the words down, compare notes. Try to decide whether any discrepan-
cies were due 1o emors in saying the words or in hearing them. If possible, the
speaker should try to illustrate discrepancies by pronouncing the word in bath
ways, saving, for cxample, *'1 said | ‘skamziz] | bud you wrote | “skamsizl .

There is no one best way of doing ear training work of this kind. I find it help-
ful to look carefully at a person promouncing an unknown word, then try to say
the word myself immediately afterward, getting as much of it right as possible,
but not worrying if | miss some things on first hearing. 1 then write down all thay
I can, leaving blanks to be filled in when [ hear the word again. [t seems important
b me b et at least the number of syllables and the placement of the stress comect
on first hearing, 5o that | have a framework in which to fit later observations,

Repeat this kind of production and perception exercise as often as you can.
You should do a few minutes” work of this kind every day, so that you spend a
least an hour a week doing practical exercises.



THE CONSONANTS
oF ENGLISH

This chapter will discuss the consonants of English in some detail, showing how
they vary in different circumstances.

STOP CONSONANTS

Consider the difference between the words in the first columa in Table 3.1 and
the corresponding words in the second column. This opposition may be said 1o
be berween the set of voiceless stop consonants and the set of voiced stop conso-
nants. Bul the difference is really not just one of voicing duning the consonant
closure, a5 you can see by saying these words yvourself. Most people have very
linle voicing going on while the lips are closed during either “pie™ or “buy.”
Both stop consonants are essentially vobeeless. But in “ple,” after the release of
the lip closure, there is 4 moment of aspiration, a period of voicelessness alter
the stop articulation and before the stam of the voicing for the vowel, If you put
vour hand in frent of your lips while saying “ple,” vou can feel the burst of air
that comes out during the period of voicelessness after the release of the stop.
In & narrow transcription, aspiration may be indicated by a small raised &,
[*]. Accordingly, these words may be transcribed as [ pPas, t*ar, k2ain |. You may
not be able to feel the burst of air in “tie, kye” because these stop closures are
made well inside the mouth cavity. Bui listen carefully and nodice that you can
hear the period of voicelessness after the release of the stop closure in each of
them. It is this interval that indicates the fact 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 (partially voiced) unaspirated stops,
The amount of veicing in each of the stops [ b, d, g | depends on the conlext in
which it occurs. When it is in the middle of a sentence in which a voiced sound
occurs on either side, voicing may occur throughout the stop closure. Most

4
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‘Wiards illusiraling allopbones of English stop consanants,
1 2 3 4 5

= by oy nap nak
i di sty miat miad
ky By Ehy krack nag

speakers of English kave no voicing during the closure of so-called voiced stops
in sentence initial position.

You should be able to hear these differences {one of the main objects of this
ook = to leach you to become a phonctician by learning 1o listen very cane-
fullyh, but you can also see them in computer produced waveforms. We wil|
discuss neoustic analyses of sounds. Later in this book, bat we can stant studying
simple wavelorms here. Figure 3.1 15 a recond of the words “tie” and “die."” It is
quite casy to sce the different segmemts in the soumd wave. In the first waord,
“tie,” there is a spike indicating the burst of noise that occurs when the stop clo-
sure is released, followed by a penod of very small semirandom variations dur-
ing the aspiration, and then a regular, repeating wave as the vocal folds begin 1o

The wavelorms of 1he words “gie™ and “die™
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vibrate regularly for the vowel. In “die” there is no real spike o1 the beginning,
Just a somewhat irregular waveform before the start of the wave for the vowel,
As you can see, the major difference between “tie'” and “dic” is the increase in
time between the release of the stop and the stan of the vowel, We will discuss
this distinction further in Chapter 6.

Now consider the words in the third column of Table 3.1, Are the sounds of the
stop consonants mone like those in the first column or those in the second? As in
many cases, English spelling is misleading, and they are in fact more like those in
the second column. There is ne opposition in English between wonds beginning
with fsp /and / sh /, or / st/ and / 5d /, or / sk / and / sg /. English spelling uses p,
1, &, but the stops that occur after /5 / are really somewhere in between initial / p /
and B A and S Sk S and F gl and usually more like the so-called voiced
stops £ by d. g/ in that they are completely unaspirated. Figure 3.2 shows the com-
puter produced wavelorm in sty You can see the small variations in the wave-
form commesponding to the fricative /5 7, followed by a struight line during the
period in which there is no sound as there is a complete stop for the J /. This is
followed by a sound wave very similar to that of the / d / in Figure 3.1.

If you have access 10 a computer that can manipulate sounds and let you see
the wavelorms of words, you can verify this for yoursell. Record words such as
“spoy, 31y, sky. spill, still, skill,” each said as a separate word, Now find the begin-
ming &l end of cach /= /, and cut this part out. When you play the edited record-
ings to odhers and ask them to write down the wonds that they hear, they will
almost cerainly write “buy, die, guy, i, dill, gill.”

What about the differences between the words in the founh and fifth columns
of Table 3.17 The consonants at the end of “nap, mat, knack™ are certainly voice-
bess. But if you listen carefully i the sounds a1 the end of the words “nab, mad,

m. The wavelorm of the wond “siy." T g
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nag.” you may find that the so-called voiced consonants / b, d, g / have very lit-
the voicing. Try saying these words separately. You can, of course, say cach of
them with the final consonant exploded and a short vowel-like sound resembling
[ =] afterward. But it would be more normal to say each of them without explod-
ing the final consonants. You could even say “cab™ and not open the lips for a
considerable period of time, if it were the last word of an utterance. In such cir-
cumsiances it is quite clear that the final consonants are not fully voiced through-
ot the closure.

There is, however, a clear distinction between the words in the fourth and
fifth columns. Say these words in pairs, “nap, nab; mat, mad; knack. nag,” and
iry 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 te final consonants,

This length difference is very evident in Figare 3.3, which shows the wave-
forma of the words “mat” and “mad.” The vowel in “mad” is almost twice as
long as the vowel in “mat.” You can also see small voicing vibrations during the
£/ i “madd,” but there is nothing noteworthy at the end of “mat” except the

Ther wavefoams ol ihe words “mat” and “mad.”
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slightly irregular voicing at the time of the closure, We will retumn go this point
lader in this section,

Another way of comparing the length differences is 10 say short sentences
such az “Take a cap now™ and “Take a cab now.” If you say both these sentences
with a regular rhvthm, you will find that the length of time between “Take™ and
“mow™ is about the same on both occasions. This 15 because the whole word
“cap™ is only slighily 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 fb /. It is & general rule of English {and of
mast other languages) that syllable final voiceless consonants are longer than the
comesponding voiced consonants afier this same vowel.

The phrases “Take a cap mow'™ and “Take a cab now™ also illusirate a funher
point about English stop consomants at the end of o word {or, in fact, af the end
of a 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 |7 If
they open befone the [ n ], there will be a short burst of aspiration or a shorn
vowel-like sound between the two words. But for most people, final stops are
unex ploded when the next word begins with a nasal. The same i true if the Bexi
word begins with a stop. The final [ 1] in “cat™ is nearly always unexploded in
phrases like “the cal pushed. . . " In a narrow transcription we can symbaolize the
fact that a consonant is unexploded by adding & small raised mark [ ° ], We could
therefore iranscribe the phrase as [ 8o 'Khe phuft 1.

The same phenomenon occurs even within a word such as “apt™ [ ®pt ] or
“act” [ @k’ ]. Funhermore, across o word boundary the two consonants involved
can even be identical, a5 in the phrase “white teeth.” In order 10 convinee your-
self that there are two examples of £ 1/ in this phrase, try contrasting it with “why
tecth (are . ., 3.7 Mot 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
ot the end), but also the stop closure in “white teeth™ is very much lenger than
the stop in the phrase with only one St/ In “white teeth” there really are two
examples of / o/ involved, the first of which is unexploded,

Orher languages do not have this rule, For example, it is a mark of speakers
with an [talian sccent (a1 least as caricatured in films and television) that they
explode all their final stop consonants, producing an extra vowel a1 the end, as
thiey normally would in their own language. Authors trying to indicate an Italian
speaking English will write the sentence “1t's a big day™ as "It’s a bigga day.”
They are presumably irying 1o indicate the difference between the normal [ 15 a
ey’ ‘der | and the foreign accent [ its o big® der .

It is inferesting that words such as “rap, rat, rack™ are all distinguishable, even
when the final consonants are unexploded. The difference in the sounds mos
therefore be in the way that the vowels end—afier all, the rest is silence. The
consonants before and after a vowel always affect it, so that there is a slight bt
noticeable difference in its quality, Compare your pronunciation of words such
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as “pip, Gt kick.” Your tongue tip is up throughout the word “," whersas in
“pip” and “kick™ it remains behind the lower front teeth. In “kick™ it is the back
of the tongue that 15 raised throughout the word, and in “pip” the lip gesiunes
affect the entire vowel, The same i nee for words with veiced consonants, such
as “hib, dad, gig.” The consonant gestures are supenimposad on the vowel insuch
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 glotal 21op is the
sound (or, ww be more exact, the Isck of sound) that occurs when the vocal folds
mre held tghtly together. The symbaol for it is [ 7 ], which is similar to a question
minrk without the ded.

Glottal stops occur whenever one coughs. You should be able to get the sen-
sation of the vocal folds being pressed together by making small coughing
noises. Next, take a deep breath and bold it wath your mouth open. Listen o the
small plosive sound thal occurs when you let the breath go. Now, while breath-
ing oul through yvour mouth, try to check and then release the breath by making
and releasing a shor glottal stop. Then do the same while making  voiced sound
such as the vowel | a |. Pmctice producing glottal stops between vowels, saying
[ aita | or [ i¥ ], 50 that you get to know what they feel like,

One of the most common occumences of a glottal stop is in the uiterance
meaning “nd,” which is ofien spelled “uh-uh” If someone asks you a question,
yira can reply “no” by saying [ Tafa ]. Mole that there is a conirast between ithe
ulterance meaning “no’ and that meaning “yes” that is dependent on the pres-
ence of the glotial stop. IT you had meant to say "yes,” you might well have said
["aha ]. We can tell that it is the glottal stop that is imponant in conveying the
meaning by the fact that one could be understood equally well by using a syl-
labic consonant (shown by putting the mark [ | ] under the consonant) instead of
a vowel, and saying [ 'mhm | for “yes™ and [ Tmidm | for “no.” Az long as there is
a glotial stop between the two syllables, the utterance will mean “no,” imespee-
tive of what vowel or nasal is wsed.

Ciloual stops frequently occur as allophones of / ¢ /. Probably mest Americans
amd many Hntish speakers have a glotial stop followed by a syllabic nasal in
waords such as “beaten, kitlen, fatten™ [ biffn, kitn, ‘fw?n |, London Cockney
alse has a glottal stop between vowels as in “batter, kiny, fater” [ ‘bada. ki,
Taeis |. Many speakers in both countries 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 [ ra?p,
razit, revk | When [ recorded the word “mat” for Figure 3.3, | pronounced it as
[ maft |, with the glottal stop and the closure for [ 1 ] occurring almost simulta-
mzoiashy.

Practice producing words with and without a glottal stop. After vou have
some awareness of what a glonal stop feels like, try saving the words “rap, rat,
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rack” in several different ways. Begin by saying them with a glottal stop and a
final rebease [ rafp®, redi®, redk® |, Mext, say them without a ghotial siop and
with the final stops unexploded [ reep’, reet’, rek” ]. Then say them with a glotal
stop and a final unexploded consonant [ ree?p’, reef, ek’ | Finally, say them
wilh a glodtal stog and no other final consomant [ ey, med, med .

When a voiced stop and a nagal eccur in the same word, as in “hidden,” the
stop is nol released in the wsual way. Both the [ d ] and the [ n ] are alveslar 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 that is built up behind the stop closure is released
through the nose by the lowering of the £ofl palse (the velum) for the nasal con-
sonant. This phenomenon is known as nasal plosion. [t is normally used in pro-
nouncing words such as “sadden. sudden, leaden” [ ‘smedn, “sadn, Tedn ], It is
considered a mark of a foreign accent to add a vowel [ 'saedon, sadan, ‘ledan |,
Nasal plosion also occurs in the pronunciation of words with [ 1 ] followed by
[n], as in “kitten” [ kinp ], for those people who do not have a glotial s1op
instead of the [1].

It 15 worth spending some time thinking exactly how you and others pro-
nounce words such as “kitten, buiton,” in that it enables you to practice making
detailed phonetic observations. There are a number of different possibilities.

| ricure 34 IR
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Maoet British and American English speakers make a gloual stop at the end of the
wowiel before making an alveolar closuse. Then, while stll maiitaining the glot-
tal stop, they lower the velum and raise the tongue for the alveolar closure, Bul
which comes first? If they lower the velum before making the alveolar closure,
there 15 only [ #n ] and no [ 1], If they make the alveolar closure first, we could
iy that there is | in ): but there would not be any nasal plosion, as thene would
be no pressure built up behind the [ t ] closure. Nasal plosion occurs only if there
is no glottal stop, or the glotal stop is released after the alveolar closure has been
made and before the velum 15 lowerned,

These are fairly difficult sequences to determine, but there are some simple
things you can do 1o help you find out what articulations yvou use. First of all,
find a drinking straw and something 1o drink. Put one end of the stiraw between
your lips and hold the other end just below the surface of the liquid. Now say
[ apa ], and nete how bubbles form during [ p 1. This is because pressure is built
up behind your closed lips. Mow push the straw slightly further 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 oy different
positions of the straw, but go on until you can see bubbles coming out, and con-
vince yoursell that pressure builds up behind the [t ]. Mow try saying “button,”
(M course there will be bubbles duning the [ b ], but are there any at the end
of the word, or do you have a glottal stop and no [ t] behind which pressure
builds up?

‘When two soumds have the same place of articulation, they are said to be
homorganic. Thus the consonants [ d ] and [ n ], which are both aniculated on
the alveolar ridge, are homorganic. For nasal plosion te occur within a word,
there must be a stop Followed by a homorganic nasal. Only in these circum-
stamces can there be pressure first built up in the mouth during the stog 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 [ 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 [ i |. Consequently, both bilabial and velar nasal plosion are less common
than alveolar nasal plosion in English, But when talking in a rapid conversa-
tional style, many people pronounce the word “open” as [ ‘oupm ], particulasly if
the next word beging with [ m |, as in “Open my door, please™ Quite frequently
when counting, people will pronounce “seven” as [ ‘sebim |, and [ have also heard
“something. captain, bacon” pronounced [ ‘sampm, kapm, ‘beik ]. You should try
to pronounce all these words in these ways vourself,

A phenomenon similar to nasal plosion may take place when an alveolar stop
[1]or[d]occurs before a homorganic lateral [ 1] as in “Titthe, ladle™ [ Tat], Teed] 1.
The air pressure that is 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)
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maintain the tengue contact on the alveolar ridge through both the stop and the
lateral, relensing it only at the end of the word. Others (most Americans) pro-
nounce a very shon vowel in the second syllable. For those who have lateral plo-
siom, no vowel sound occurs in the second syllables of “little, ladle.” The final
consonams in all these words are syllabic. There may also be lateral plosion in
words such as “Atlantic,” in which the [ t ] mary be resyllabified so that it is at the
beginning of the stressed, second syllable. We should also note that most Amer-
icans, imespective of whether they have Iateral plosion or not, do not have a
voiceless stop in “little.” There is a general rale in American English that when-
ever [ 1/ occurs after a stressed vowel and before an unstressed syllable other
than [ m ]. it i% changed into a voiced sound. For those Americans who have Bat-
eral plosion, this will be the stop [ d ).

This brings us 1o another important point about coronal stops and nasals. For
many speakers, including most Americans, the consonant between the vowels in
words such as “city, better, writer” is not really a stop but a quick tap in which
the tongue Lp is thrown against the alveolar rdge. This sound can be written
with the symbal [ r ] (instead of a [ d ] as I have been doing in similar words up
tll now) o that “city” can be transeribed as [ 'siri . Many Americans also make
this kind of tap when / d / sccurs afler a stressed vowel and before an unstressed
vowel, As a result they do nod distinguish between pairs of words such as “Tater,
lsdder,” But some maintain a distinction by having a shorter vowel in words
such as “latter.” which have a voiceless consonant in their underlying form, It is
ns if the sixtement that vowels are shorter before voleeless consonants had
applied firs. and then a later rule was applied changing [ 1] into [ ¢ ] when it
occumed between a stressed and an unstressed syllable.

We can summarize the discussion of stop consonants by thinking of the possi-
balities that there are in the form of a branching diagram as shown in Figure 1.5.
The first question to consider is whether the stop is released (exploded) or noa. If
it is released, then is it oral plosion or i% 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 wague lowered so that air
escapes laterally? You should be able to produce words illustrating all these pos-
sibilities. For coronal stops, there is an additional point not shown in Figare 3.5,
namely, isthe [ t ] or [ d ] sound produced as atap [ r |7

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 1o those of the stops.
Earlier we saw that when a vowel occurs before one of the voiceless stops / p, 1.
k /. it is shorter than it would be before one of the voiced stops / b, d. g/, The
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same kind of difference in wowel length oocurs before voiceless and voiced
fricatives. The vowel is shorter in the first word of each of the pairs “srife,
strive" [ siraf, st [; “teeth, tecthe™ [ 158, d ]; “ree, Ase”™ [ rus, raz |; and
“mizsion, vision” [ 'mifn. vian ].

Stops and fricatives are the only English consonants that can contrast by
being cither voiced or voiceless, Consequently, we can revise our statement that
vowels are shorter before voiceless stops than before voiced stops. Instead, we
can =ay that vowels are shoner before all voiceless consonants than before all
woiced consomants, In this way we can capture a linguistically significant gener-
alization that would have been missed if our statements abowt English had
included two separate statements, one dealing with stops and the other dealing
with fricatives.

We also saw that a voiceless stop at the end of a syllable (as in “hit™) is longer
than the corresponding voiced stop (as in “hid™). Similarly, the voiceless frica-
tives are longer than their voiced counterpans in each of the pairs “safe, save”
[ seal. sewv |, “lace, laze™ [ leis, lenz ). and all the other pairs of words we have
been discussing in this section. Again, because fricatives behave like stops. a lin-
guistically significant generalization would have been missed if we had regarded
ench class of consonants completzly separntely.

Fricatives are also like stops in another way. Consider the degree of voicing
that occurs in the fricative at the end of the word “soze,” pronounced by itself. In
masl pronuncistions, the voicing that eccurs during the final [ 2 ] docs not last
throughout the articulation but changes in the last part to a voiceless sound like
[%]. In general, voiced fricatives at the end of a word, as in “prove, smooth,
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choose, rouge™ [ prusv, smuwd, tfucz, nes | are voiced throughout their anicula-
tion only when they are followed by another voiced sound, In a phrase such as
“prove iL” the [ v ] is fully voiced because it is followed by a vowel, But in
“prove two times two is four™ or “try o improve,” where the [ v | is followed by
avoiceless sound [ 1] o 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;
and third, the final stops and fricatives that are classified as voiced are nol actu-
ally voiced throughout the articulation unless the adjacent sounds are also
voiced. In addition, both these types of articulation invelve an obstrection of the
mrstream. Because they have an aniculatory feature in common and because
they act together in phonological statements, we refer 1o fricatives and stops
togeiher 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 immedimely obvious, Try saying “fin, thin, sin, shin” [ fin,
B, sem, Jen . There is clearly a lip action in the first word as it involves the labio-
dental sound [ 1], But do your lips move in any of the other three words? Most
people find that their lips move slightly in any word containing / 5 / (“sin, kiss™)
and quite considerably in any word containing / [ £ (“shin, dish™), but that there is
w0 lip action in words containing / 8 / (*“thin, teeth™). There is also lip movensent
in the voiced sounds corresponding to /s / and / [ 7, namely /2 / as in “zeal, zest™
and / 3/ in “leisure, treasure.” but none in £ 8/, as in “that, teethe.”

The primary anticulation in these fricatives is the close approximation of two
articulators so that friction can be heard. The lip rounding is a lesser articulation
in that the two anticulstors (the lower lip and the upper lip) approach one another
but nad sufficiemly 1o cause friction. A lesser degree of closure by 1w articuls-
tors not involved in the primary articulation is called a secondary articulation.
This particular one, in which the action of the lips is added 16 another anticula-
tion. is called labialization. The English fricatives / [, 5/ are strongly labialized,
and the fricatives £ s, z [ are slightly labinlized.

_l.FFFII_I:ATES

This is a convenient place 1o review the status of affricstes in English. An
affricate is simply a sequence of a stop followed by a homorganic fricative.
Some such sequences, for example the dental affricate [ 10 ] as in “gigh” or the
alveolar affricate [ 15 | 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 alfricates, as the stops and
the fricatives are not homorganic), But, as we noted in the discussion of symnbals
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for transcribing English, it is appropriate to regard the sequences [ 1] Jand [ ds |
as different from other sequences of consonants, They are the only affricaics in
English that can oocur 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 considering the sound pattern of Eng-
lish, the palato-alveolar affricates are plainly single units.

NASALS

The nasal consonants of English vary even less than the fricatives. Masals,
together with [ r. 1 1. can be syllabic when they occur at the end of words. As we
have seen, the mark [ | ] under a consonant indicates that in is syllabic, (Mowels,
of course, are always syllabic and therefore need no special mark.) In a namow
transcriplion, we may iranscribe the words “sadden, 1able™ as [ “seedn, ‘teibl |, In
sl pronuncialions, “prism, prison” can be iranscabed [ 'prem, prizn |, as these
words do not asually have a vowel between the last two consonants, Syllabic
consonams can also eccur in phrases such as “Jack and Kate” ['dseck n ken |
and “not until™ [ aat wel J.

The nasal [ g | differs from the other nasals in a number of ways. Mo English
word ¢an begin with [ g . This sound can occur only within or at the end of a
word, and even in these circumsiances it does not behave like the other nasals. Iy
can be preceded only by the vowels /1, g, &, u, 3, a, 2/, and it cannol be syllabic
{except in slightly unusual pronunciations, swuch as “bacon™ [ ‘berkn |. and
phrases such as “Jack and Kate™ mentioned previously),

One way to consider the different status of [ n ] is that it 15 o sequence of the
phonemes [ n F and { g /f. Looking at it this way, “sing”™ would be phonemically
Fsang [ and “sink"™ would be f sink /. There is a e saving that / n / has the allo-
phone [ n | whenever it occurs before £ g/ and / k /7, uming [ sng ] intoe [ smg ]
and [ smk ] inte [ simk ). Another rule allows for the dropping of / g / (but not of
fk Ty whenever it ocours after [ g ] a1 the end of either a word (as in “sing") or a
stem followed by a suffix such as “-er” or “ing.” In this way the / g / is dropped
in “singer,” which contains a suffix “-er.” but is retained in “finger,” in which the
“egr” iz i @ suffix. This second rule would not apply in the case of some speak-
ers from the New York area who make “singer” thyme with “finger.”

APPROXIMANTS

The voiced approximants are / w, r, j, 1/ as in “whack, rack vak, lack.” The
first three of these sounds are central approximants, and the last is a lateral

approximant. The articulation of each of them vares slightly depending on the
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articulation of the following vowel. You can feel that the tongue is in a different
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 clusters
with stop consonams. The approximants £ r, w, 1/ combine with slops 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 mani-
festation of the aspiration that occurs after voiceless stops. which we discussed
at the beginning of this chapter. At that time | introduced a small raised h symbal
[*], which could be used to show that the first part of the vowel was voiceless.
When there is a consonant rather than a vowel immediately following the stop,
we can use the diacritic [ ] o indicate that the consonant is voiceless. We can
transcribe the words “play. twice, clay,” in which there are approximants afier
initial voiceless plosives, as [ pler, twais, kjei . The approximant / j / as in “you™
[ ju ] can occur in similar consonant clusters, as in “pew, cuc™ [ pju. kju ] and, for
speakers of British English, "wane™ [ I:‘H.m: 1. We will discuss the sequence [ ju |
again when we consider vowels in more detail,

Lip rounding is an cssential pan of / w /. Because there is a tendency for the
aniculations during one sound 1o anticipate those in the following sound, stops
are slightly rounded when they occur in clusters in which / w / is the second ele-
ment, as in “twice, dwindle, quick™ [ twans, ‘dwindl, kwik |. We will discuss this
phenomenon, which is known as anticipatory coarticulation, in a later section,

In many people’s speech /1 / 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 buat not in the second 7 Note also whether you get anticipatory lip round-
ing so that the s1ops [ 1, d ] are slightly rounded in words such as “tree, dream.”

In most forms of British English, there is o considerable difference in the
articulation of /17 before a vowel, as in “leaf™ or “feeling,” as compared with
S/ before a consonant or ot 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
71/, 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 ouching
the alveolar ridge, and one or both sides are near the upper side teeth, but not
quite touching. Mow compare this articulation with the / 1/ in “feel.” Most (but
not all) speakers make this sound with the tongue tip touching the alveolar ridge.
But in both British and American Englich 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 alve-
elar ridge, it is the primary articulation. The arching upward of the back of the
tongue forms a secondary aniculation, which we will call velarization. In most
forms of American English, all examples of /| f are comparatively velarized,
excepl, perhaps, those that are syllable initial and between high front vowels, as
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in “frecly.” In Brtich English /17 i3 vsually not velanzed when it is before a
vowel, a8 in “lamb™ or “swelling.” but it is velarized when word final or before a
convonant, as in “hall™ or “swelter.”

The symbol for velarization is the mark [ - | through the middle of the sym-
bol. Accordingly, & narrow transcriplion of “feel” would be [ fit |. In my own
speech, 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. Stricily
speaking, therefore, this sound is not an alveelar consonant but more like some
kind of back vowel in the speech of some English speakers.

Finally, we must consider the staws of / h /. Earlier | suggested that English
/ h f is somewhat like the voiceless counterpan of the surrounding sounds. At the
beginning of a sentence, Fh/ is like a voiceless vowel, but /h [/ can also occur
betwesn vowels in words or phrases like “behind the head.” As you move from
one vowel through Fh f to ancther, the articulatory movement is continugus, and
the / b/ is signaled by a weakening of the voicing, which may not even resull in
a completely voiceless sound.

In many accents of English, Jh/ can occur only before siressed vowels or
before the approximant / j/ as in “hue” [ hju |. Some speakers of English also
sound fh before o), so that they contrasi “which” [ haaif ] and “witch™
[ witf 1. The symbol [ s ] (an inverted w) is sometimes used for this voiceless
approximant. The contrast between / w / and / m [ is disappearing in most forms
of English, so that in those dialects in which it occurs, [ m ] is more likely o be
found only in the less common words such as “whether” rather than in fre-
quently used words such as “what.”

RULES FOR ENGLISH CONSONANT ALLOPHONES

A good way of summarizing (and slightly extending) all that I have said abour
English consonants so far is 0 list a set of rules descrbing the allophones, These
rubes are simply descriptions of language behavior, They are not the kind of nules
that prescribe what people cught to do. Like most phoneticians, 1 would nof pre-
sume to sel myself up as an arbiter of fashion and declare whal constitutes
“good” speech. To the extent that phonetics is part of an exact scientific disci-
plinee, 1 would like 1o be able 1o formalize my description of speech in terms of a
sl of precise statements, Bun these statements should be regarded as descriplive,
N prescripiive, miles,

Some of the rules apply to all the consonants of English. One of the mules
dealing with consonant length is the following:

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

Wou can see the application of this rule by comparing the consonants in words
swch as “bib, did, don, nod." If you can, make a recording of these words, and
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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
i reverse?

Most of the rules apply to only selected groups of consomants, as in (2)
through {18) as follows:

(2} Voiceless stops / p, 1, k/ are aspirated when they are syllable initial, as
in words such as “pip. test, kick™ [ phip, thest, khik ].

(3} Obstruents—stops and fricatives—classified as voiced (that is, /b, d,
g, ¥, & 2, 37 are voiced through only a small part of the articulation
when they occur at the end of an utterance (as the /v / in “Try 1o
imprave.”) or before a voiceless sound (as the / d / in “add two™),

() So-called voiced stops and affricates / b, d, g. ds [ are voiceless when
syllable initial, except when immediately preceded by a voiced sound.

(5) The approximants / w. r. j, |/ are at least partially voiceless when they
occur after initial / p. t, k/, as in “play, twin, cue” [ ple, twin, kju 1.

{6) Voiceless stops / p. 1, k / arc unaspirated in words such as “spew, stew,
skew.”

{7) Voiceless stops and affricates / p, t, k. 1f / are longer than the corre-
sponding voiced stops and affricates / b, d, g, d3 / when at the end of a
syllable.

Words exemplifying this rule are “cap™ as opposed 1o “cab” and “back™ as
opposed to “bag.” Try contrasting these words in sentences. and you may be able
o hear the differences more clearly.

(8) Stops are unexploded when they occur before another stop in wonds
such as “apt” [ wp’t | and “rubbed™ [ rab'd ].

(9} In many accents of English, syllable final / p, 1. k / are accompanied by
a glotial stop, as in pronunciations of “tip, pit, kick™ as [ u?p, pi,
kizk ).

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 glotal stop, the rule is not completely accurate as stated. Many people
will have a glottal stop ot the end of “cat” in phrases such as “that’s a cat™ or “the
cal sat on the mat,” bat they will not have this allophone of £ 1/ in “The cat is on
the mat.” An accurate stalement would require my giving & much befter account
of what is meant by a syllable, but | cannot do this because it is not possible 1o
give a phonetic definition of a syllable. We will return to this point in Chapaer 10,

(10} In many accents of English, /1 / is replaced by a glotal stop when it
accurs before an alveolar nasal in the same word, as in “beaten™ [bistn ]
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(11} Masals are syllabic at the end of 2 word when immediately after an
obstruent & in “leaden, chasm™ [ ‘ledn, ‘koeem |

MNote thal we cannad say that nasals become syllabic whenever they scour at
the end of & word and after & consonant, The nasals in “kiln, film™ are not syl-
labic in most sccents of English. We can, however, stste a rule describing the
syllabicity of £ 1/ by saying simply the following:

(12} The lateral £17 is syllabic at the end of a word when immediately after
i consonant.

This nule summarizes the fact that £1 £ is syllabic not only after stops and frica-
tives (as in “paddle, whistle™ [ paed], “wisl ]). bt also after nazals (as in “kennel,
chanmel™ [ kenl, 1anl 1) The only problem with this mle is what happens afier
S ek Tt is correct For words such s “barrel” [ baerl ], but it does not work in maost
forms of American English in words such as “snarl™ [ snard ], when £ ¢ F has o be
consudered as part of the vowel,

When it is not part of the vowel, £ r /s like £/ in most forms of Amencan
Englizsh in that it, too, can be syllabic when it occurs at the end of 2 wond and
afler & consonant, as in “sabre, razor, hammer, tailor™ [ seibr, ‘rerer, ‘hazmr,
‘tedly | I we introduce a new term, lguid, which is used simply as a cover term
for the consonants £ . ¢/, we may rephrase the statement in (12) and say:

(12a) The liquids /1, r/ are syllabic a1 the end of a word when immediately
afler a consenant,

The next rule also applies more to American English than to British English.
It accounts for the £t/ in “faity, data™ [ ‘faeri, ‘deers . But node that these are nod
the only contexts in which these changes occur, This 15 not simply a change that
affects /1 after a stressed vowel and before an unstressed one, in that /o /
between two unstressed vowels (as in “divinity™) is also affected. However, no
all cases of /1 f between vowels change in this way. The £/ in “attack” (i.e.,
before a stressed syllable) is voiceless, and /t/ after another consonam (for
cxample, in “hasty, caplive’™ is also voiceless. Mote also that most American
Englizh speakers have an articulatory gestune very like that in [ r ] in words con-
taning fd £ and Fn S in similar circumstances, such as “doddy, many.” The first
of these two words could well be rranseribed [ dasri | The second has the same
sound, except that it is nasalized, 5o it coubd be transcribed [ 'mefi | in a narrow
iranscription. Masalization is shown by the discritic [~ ] over a symbol. The fol-
lowing rule accounts for all these facts;

(13) Alveolar stops become voiced taps when they ocour Betwesn Tao vaw-
els, the second of which is unstressed.

Many speakers of Amerncan English require a similar rube to describe a
sequence of an alveslar nasal followed by a stop. In words such as “painter,
splinter,” the / 1 £ 15 lost and a nasal tap occurs. This has resubted in “winter™ and



59

“winner” and “panting” and “panning” being pronounced in the same way. For
these speakers we can restate (13) this way:

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

There i a great deal of varistion among speakers with respect 1o this rule, Some
miake taps in familiar words such as “auntic™ but not in less common words such
as “Llante.” Some make them only in fast speech. Try 1o formulate a mle in a
way that describes your own speech.

(14) Alveolar consonanis become dentals before dental consorants, as in
“gighth. tenth, wealth™ [ exl, 1enB, welfl |. Note that this rule applies
to all alveolar consonants, not just stops, and it ofien applies across
word boundaries, as in “at this™ [ a1 845 .

In a more rapid style of specch, some of these dental consonants tend o be omit-
ted altogether. Say these words first slowly and then more rapidly, and see what
your dbo yourself,

[t is difficult 10 give rules for when consonants get deleted, because this
depends so much on the style of speech being used. Most people say “most peo-
ple” as [ ‘'mous ‘pipl | with no audible [ (], and they produce phrases such as
"sand paper” with no audible [ d | We could write this rule as follows:

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

Rule (15) raises an interesting point of phonetic theory. Mote that 1 said
“there may be no audible [ d 1" and “alveolar stops are reduced or omitted,”
However, the tongue tip gesture for the alveolar stop in “most people™ G
be: omitted but is just not audible because it is completely overlapped by the fol-
towing labial stop, More commonly. it is partially omitted; that is to say, the
tongue tip moves up for the alveolar stop but does not get 1o make a complete
closure, When we think in terms of phonetic symbols, we can write [ 'moas pipl |
or [ ‘moast pipl | But it is not really a question of whether the [ 1 ] is there or nodl.
Part of the tongue tip gesture may have been made; but that is a fact that we have
ne way of symbolizing. Check this rule for yourself by thinking how you say
phrases such as “best game” and “grand master.” Say these and similar phrases
with and without the alveolar siop. You may find the rule needs rewording to take
inlo account all the contexts where alveolar stops may not appear in your speech.

Another nube is needed 10 account for the shortening effects that occur when two
ilentical consonants come next 1o each other, s in “hig game, top post.” It is usu-
ally ot true to say that one of these consonants is dropped: even in casual speech,
most people would distinguish between “stray tissue, straight issue, straight tissue.”
(Try saying these in sentences such as “That's a stray tissue”™ and see for yoursell, )
But there clearly is a shortening effect that we ¢an state as follows:
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(16) A consonant is shortened when it is before an identical consonant.

We need rules stating not only where consonants are dropped and shortened,
but also where they are added. Words such as “something” and “youngster”
ofien are pronounced as | sampBim ]| and [ ‘jangksta ). In a similar way, many
people do not distinguish between “prince” and “prints,” or “lense” and “tents.”
Al these words are pronounced with a shon voiceless lop between the nasal
and the voiceless fricative, The insertion of a sound into the middle of a word is
known as epenthesis,

{17} A homorganic voiceless stop may be inserted after a nasal before a
voiceless fricative followed by an unsiressed vowel in the same word,

Mote that it is necessary 1o mention that the following vowel must be
unstressed, Speakers who hove an epenthetic stop in the noun “concent’” do not
usually have one in verbal derivatives such as “concerted” or in words such as
“goncern.” Nothing need be said about the vowel before the nasal. Epentbesiy
may—like the [t ] to [ r ] change in male (13}—occur between unstressed vow-
els. | have heard an inserted [ 1] in both “agency” and “grievances.”

We can describe the more front aniculaion of £k /i “cap, kept, kit, key"
[ kaep, kept, ki, ki | and of £ g/ in “gap. get, give, geese” [ gaep, get, giv, gis |.
You should be able 1o feel the more fronl position of your longue contact in the
latter wonds of these series. The rale 13 as follows:

(1B} Welar siops become more front as the following vowel in the same syl-
lable becomes more front,

Finally, we need 1o note the difference in the quality of F1/ in “life”™ [ laf' ]
and “file" [ fark ], or “clap™ [ klap | and “talc™ [ taetk ], or “feeling" [ fizlig ] and
*feel” [ ik ].

(19} The lateral / 1/ is velarized when after a vowel or before a consonant al
ithe end of a word.

DIACRITICS

In this and the previous chapter we have seen how the transeription 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 discritics we have introduced so far are
shown in Table 3.2. You should leamn the use of these diacritics before you
atlempt any further detailed transcription exercises. Note that the nasalization
diacritic is a small wavy line above a symbol, and the velarization dincritic is
that same wavy line through the middle of a symbol. Masalization is more com-
man anong vawels, which will be discussed in the mext chapier.
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1l
m Seame discritics thal modify the value of a synsbol.
, Visisehess W | kwik. plem “quick, place”
= Agpirated * 1 Pap, s "tap, kiss"
= Demntal { d =y A, helf “at the, health”
= Nasalized i & mdn “rmsan
- Velarized # phit “plll~
Syllabic n | mldn *Fittan"
EXERCISES

A The sequence of annotated diagrams that follows illsstrates the actions that take
place during the consonants at the end of the word “branch.” Fill in the blanks.

Balorn the wowal snds the solt palste

#a that alr

P m—

e

=== Than tha

it the end of tee vowsl the blade of the
congue I rakied B0 make contact with

praventing

abe dram

[

L

Tha liga
The vocsl folds contiree.____

i ralpad

T oand e &l the toepue
i radind,

[ whils the__________of P longss
resmiling i the damae place.

[

Tha lips bacoms mesme._______ |

Tha wocal Tolds

‘4
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’.._.,'I'lu- ramalng

throughout the end of B ward,

1 ddieer a shori peeiod the________
— moves downward, bul the
e Clona
anough to the alvealsr ridge ta

Tha Are
Tha wocil fabds

B Annotate the following diagrams so a5 1o describe the actions required for the
consopants 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 sofi
palate, and the wocal folds in each diagram. Try to make clear which of the
vocal organs moves first in going from one consonant 10 another. The peo-
nunciation illusirated is that of a normal conversational witerance; note the
position of the tongue during the bilabial s1op.
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C Draw and annotate diagrams similar 1o 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 that you show clearly the
sequence of events, noting what the lips, wongue, soft palate, and vocal folds
do at each moment. Say the phrase over 1o yourself several times at a normal
speed before you begin. Note especially whether the back of your tongue low-
ers before or after the tip of the tongue forms the aniculation for subsequemt
CAOMROEETIS,
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D As a transcription exercise, give a number of examples for each of mules ()
through { 199 by making a namrow transcription of some additional words that
fit the rales. Your examples should not include any words that have been tran-
seribed in this book so far. Remember to mark the stress on words of more
than one syllable,

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

Rule (3) seven examples (one for each voiced obstroent)

Rule (4) cight examples (two for each voiced stop or affricate)

Fule (3) four examples (one for each approximant)

Rule (6} three examples (one for each voiceless stop)

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

Rule (8) six examples (ome for each voiced and voiceless stop)

Bule () three examples {not necessarily from your own speech)




EXTRGITES

Rule {10}

Rule (11)

Fule (12a)

Rule (13a)

Rule (14)

Rule {15}

Rule {16)

Rule (17}

Rule (18)

Rule (19)

L]

three examples (use three different vowels)

three examples (use at least two different nasals)

six examples {three cach with /1/and f r /)

six examples (two each with / 1, d, n /, one being affter an
undiressed vowel)

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

three examples (any kind)

three examples (any kind)

two examples (use two different nasals)

four examples (use four different vowels)

two contrasting pairs (iry to make them reversible words)

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

Rule {
Rule {

)
)

]
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F Write a rule that describes the allophones of £h /.

PERFORMANCE EXERCISES

A Learn to produce some non-English sounds. First, in order to recall the sensa-
tion of adding and subitracting voicing while maintaining a constant anicula-
tion, repeal the exercise saying [ sssrzzssszer | Now try a similar exercise,
saying [ mmmmmmmmmpmm . Make sure that your lips remain together
all the ume. During [ m ] you should be producing exactly the same action
as when breathing out through the nose. Now say [ m | in between vowels,

producing sequences such as [ ama, imi ], and so on. Try nol 1o have any gap
between the consonant and the vowels,

B Repeal this exercise with [ n, g, I, r, w, j | learming 1o produce [ ana, agpa, o,
ara, ana, aja | and similar sequences with other vowels,

C Make sure that you can differemtiste between the English words “whether,
weather; which, watch,” even if you do not normally do so. Say the following:
[ hwebar]  “whether”
[ woor | “wenther
[ oot | “which™
[ wiatf ] “witch™

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

Voiced Masals  Voleeless Nasale  Voiced Lateral  Volceless Lateral

mé “lift up™ i “firom™ la “moon 14 “beautiful™
e “pain” il “mese
i “fish™ na “borrow”

E Working with a partner, produce and transcribe several scts of nonsense
words. You should use slightly more complicated sets than previously. Make
up your own seis on the basis of the illusirative set given here, including glot-
tal stops, nasal and lateral plosion, and some combinations of English sounds
that could mot occur in English. Remember to mark the stress.
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&

lontfupskweids
m'spobm

‘51 Prbe Fed]
mbuigagn
‘twathre¥ip

In order 1o increase your memory span in pereciving sounds, include some
simpler but longer words in your production-perception exercises. A set of
possible words is given here, You may find words such as the last two, which
have cight syllables each, too difficult at the moment, But try to push your
hearing ability to its Hmit. When you are listening 1o your pariner dictating
words, remember 1o try 1o (1) look at the articulatory movements; (2) repeat,
to yourself, as much as you can immediately afterward; and (%) write down as
much as you can, including the stress, as soon as possible.

Kipuiwplkiom:
‘hegrgide’ded:

tridt it fusdredsi
‘riletolemanwduli
Taridisvosliuvwdi:i
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ENGLISH YOWELS

ENGLISH PHONETIC DICTIONARIES

As we saw in Chapter 2, the vowels of English can be transcribed in many dif-
ferent ways, panly because accenis of English differ greatly in the vowels they
use and panly 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 aiming 1o reduce English 1o the smallest possible set of
symbals, then “shecp™ and “ship” could be transcribed as [ fimp, Jip 1. If ome were
working on problems of computer speech recognition, one might choose to
emphasize differences in vowel quality and write [ [ip, [1ip |. In a book such as
this, in which we want 10 note that both length and quality differences oceur,
then [ fiip, [ip ] is the preferable transcription, despite the fact that vowel quality
and vowel length are linked, and there is no need 1o mark both.

There is another reason why this style of transcription, introduced in Chapter
2, i3 the preferable one for this book. In previous editions it was hard to find
anything that one could point to as a widely accepted, authoritative publication
that transcribed both British and American English. Now there are some good
reference books that specify pronunciations in both languages. One is an
updated version of the dictionary produced by the English phonetician Danicl
Jones, whose acute observations of English dominated British phonetics in the
first half of the twenticth century. The current edition, English Pronouncing Die-
riorary, 15th ed. (Cambridge: Cambridge University Press) is familiarly known
as EFD 15. It saill bears Danmicl Jones's name, but it has been completely revised
by the new editors, Peter Roach and James Hartiman, so that it now shows bath
British and American pronunciaions, Another authoritative work is the Long-
men Promisretarion Eécifonary (Harlow, UK.: Znd. ed. Pearson Edecation, 2000)
by John Wells. This dictionary, which is familiarly known as LPD2, also gives
the British and American pronunciations of more than 75,000 words. Professor
John Wells holds the chair in phonetics at University College, London, previ-
ously held by Daniel Jones. He is clearly the leading authority on contemporary
English pronunciation in all i1s forms—British, American, and other vardanis of
the worldwide language. A third dictionary, The Oxford Concise Dicrionary of

-
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Promunciarion by Clive Upton, William Kretsschmir, and Rafal Konopka (Ox ford:
Oxford University Press, 206060, is due out at the same time s this beok. I is
alightly different from the other two dictionaries in that it gives a wider range of
both British and American pronunciations and also uses a larger set of symbaols,
aiming 1o show more detail, using a more allophonic ranseription than either of
the other two dictionaries,

Evervone seripusly interested in English pronuncistion should be using one of
these dictionaries. Each of them shows the pronunciations typécally used by naticinal
newscasters—whal we may regard a5 Standard American Mewscaster English and
Standkard BBC English {ofien shonened 1o just Amencan English and Brush Eng-
lish ini this book), OF course, in neither country is there really a sandard accent. In
bodh countries there are some newscasiers who have notable local accents. The
dictipnaries give what would be accepied as reasonable pronunciations for commau-
nicating in the iwo countries, They allow one to compare British and American
pronunciations in great detal, noting, for example, that most British speakers pro-
nounce “Canbbean™ as [ ken'bian |, with the stress on the third syllable, whereas
Americans typically sy [ ka'mbian |, with the stress on the second syllable,

Ordinary Amenican college dictionaries also provide pronunciations, but the
symbols they use are not in accordance with the principles of the International
Phonetic Association (IPA) and are of litle use for comparative phonetic pur-
poscs. American dictionary makers sometimes say that they deliberately do not
use [PA symbols because their dictionarics are used by speakers with different
regional accents, and they want readers to be able 1w learn how 1o pronounce an
unfamiliar word correctly in their own accents. But, as we have been observing,
1PA 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 and EPD 15, use
virtwally the same set of symbaols, differing only in the way they transcribe the
vowel in American English “bird™; LPD has[ 5 ]. whereas EPD 15 has | ar ), The
Oferd Concize Dictionary of Promerciation uses a slighly different set of sym-
bols, but those symbols are readily interpretable within the IPA trdition. In this
baok T have kept to the style of trmnscription used in Wells's LPD with one excep-
tion, which s simply a typographical change: | have used | £ | in wonds such as
“hesd, bed” instend of [ & |, In lster chaplers we will be companing vowels in other
languages such as French and German, so we will necd to use both [e ] and [ £ ].

VOWEL QUNLIEY
In the discussion so far | have deliberately avoided making precise remarks

about the quality of the different vowels. This is because, as [ said in Chapeer 1,
the iraditional articulatory descriptions of vowels are not very satisfactory, Try
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asking people who know as much about phonetics as you do 1o 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 10 give a meaningful answer 10 requests to describe the bongue
pasition of a vowel in one’s own speech. Very often people can only repeat what
the hooks have told them, because they cannot find out for themselves where
their tongue is. It is quite easy for a book 1o build up a set of terms that are not
really descriptive but are in fact only labels. I started introducing terms of this
kind for vowel qualities in Chapiers | and 2 and will continue with this proce-
dure here. But it is important for you to remember 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 1ongue.

Part of the problem in describing vowels is that there ase no distinet bound-
aries between one type of vowel and another. When talking about consonants,
the caegories are much more distinet. A sound may be a stop or a fricative, but
il cannad be halfway between the two. Vowels are different. It is perfecily possi-
ble 10 make a vowel that is halfway between a high vowel and a mid vowel, In
theory (as opposed to what a panticular individual can do in practice), it is possi-
ble to make a vowel s any specified distance belween any two other vowels,

In order 1o appreciate the fact that vowel sounds form a continuum, iy glid-
ing from one vowel 1o another. Say [ & ] as in “had™ and then iy o move grod-
wally to [ i | & in “he.” Do not say just [ a=i ], but try 1o spend as long as possible
on the sounds in between them. If you do this correctly, you should pass through
sounds that are something like [ £ ] as in “head” and [ <1 ] as in “hay." If you
have not achieved this effect already, try saying [ ®-c-ci-i | again, slurring
slowly from ome vowel 10 another.

Now do the same in the reverse direction, going slowly and smoothly from
[1]asin “he” 1o [ 2 ] as in “had.” Take as long as possible over the in-between
sounds. You should leam to stop sl any point in this continuum so that you can
make. for example, a vowel like [ ¢ ] as in “head.” but slightly closer to [ & ] as
in “had.”

Next, try going from [ o | as in “had"” slowly toward [ o ] as in “father.”” When
you say [ -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 [ 2 ] and [ a ] that are more
like these used by 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 Ameri-
can pronunciation of these two vowels, Some speakers of American English in
the Boston arca pronounce words such as “car, park”™ with a vowel between the
more usual American vowels in “cam” and “calm.” They do, however, distin.
guish the latter two words,
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Last, in order to appreciate the notion of a continuum of vowel sounds, glide
from [ a | as in “father” to [ u | & in “who.” In this case, it is difficult 10 be spe-
cific as to the vowels that you will go through on the way, because English
acoents differ considerably in this respect. But you should be able to hear that the
movement from one of these sounds 1o the other covers a range of vowel quali-
ties that have not been discussed so far in this section.

When you move from one vowel to another, you are changing the awditory
quality of the vowel. You are, of course, doing this by moving your tongue and
your lips; but, as we have noded, it is very difficult to say exactly how your
tongue is moving. Consequently, because phoneticians cannol be very precise
aboul the positons of the vocal organs in the vowels they are descnbing, they
often simply use labels for the auditory qualities of the different vowels. The
vawel [ 1 ] as in “heed” is called high front, meaning that it has the auditory qual-
ity high and the auditory quality front. Similarly, the vowel [ 2 ] as in “had” has
an anditory guality that may be called low fron; and [ e | as in “head”™ sounds
somewlere between [ 1] and [ & ], but a linde nearer to [ & ], 50 we call it mad-
low fromt. (Say the seres [ 1, €. @ ] and check for yourself that this is true.) The
vowel [ a ] as in “Tather” is a low back vowel, and the vowel [ u ] in “who™ is o
high, fairly back vowel. The four vowels [ i, @, a, u ], therefore, give us some-
thing like the four comers of a space showing the auditory qualities of vowels,
which may be¢ drawn as in Figure 4.1.

Mone of the vowels has been put in an extreme comer of the space in Figure
4.1. It iz possable 1o make a vowel that sounds more back than the vowel [u ]
that most peaple use in “who.” You should be able 1o find this fully back vowel
for yourself. Start by making a long [ u ], then round and protrude your lips o bit
mare. Mow iry 10 move your tongue back in your mouth while still keeping it

[ FiouRe s [—

high front high back

low front low back
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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
retuning the same tongue and lip position, voiee this sound. Again, the result
will be an [ v ] zound that is farher back than the vowel in “who ™ Try saying
[i]asin “heed.” [ u ] as in “who,” and then this new sound, which we may sym-
bolize with an added underline [y ]. If you say the series [ i, u, y |, you should
be able to hear that [ u ] s intermediate between [ 1] and [ v ], but—for most
speakers—much mearer [y |,

Similarly, it is possible to make vowels with a more extreme quality than the
usual English vowels [ i. 2, a ). If, for example, while saying [ & ] s in “had.”
you lower your tongue or open your jaw slightly fanher, you will produce a
vowel that sounds relatively farther from [ i ] as in “heed.” It will probably also
sound o littbe more like [ @ | as in “father.”

Given a notion of an auditery 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 indicators of the way one vowel sounds relative 10 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 qualitics and not describing tongue posi-
tions, The answer is that it is largely a matter of tradition. For many years pho-
neticians thought that they were describing tongue positions when they used
these terms for specifying vowel quality. But there is only a rough correspon-
dence between the traditional descriptions in terms of tongue positions and the
actual auditory qualities of vowels. If you could take x-ray pictures that showed
the pesition of your tongue while you were saying the vowels [ §, 2, 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 technigues o establish the
auditery qualities, you will find that these vowels do have the relationships indi-
cided i this figure,

At one time [ thought of inventing new names to describe the auditory quali-
tics. Oither linguists have, in fact, used terms such as grave and acute instead of
back and front in the description of vowels. But, for a variety of reasons, these
terms did not become widely used, and it seems preferable 1o stick with the ald
terms high. low, back. and fromt, even though they are being used 1o describe
auditory qualitics rather than tongee positions.

Most of the vowels of a form of Standard American Newscaster English typi-
cal of many Midwestern speakers are shown in the upper part Figure 4.2, A com-
parable diagram of the vowels of British Englich as spoken by BBC newscasters
is shown in the lower part of Figure 4.2. In both diagrams. the solid points repre-
senl the vowels thal we are treating a5 monophthongs, and the lines represent the
mavements involved in the diphthongs. The symbols labeling the diphthongs are
placed near their origing, There is a good scientific basis for placing the vowels as

B oo e e S e i B i | L L
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m relative audalory qualsties of somme of the voswels of Standand

American Mewscaster English and of British (BBC newicasior)

Esglish
high
i I
. -:h -. i
[ §
fromt 1 back
AMmerican m.\
(national pewscasier)
loway
back

British
{BBC newscasier) by

shown here. The positions of both monephthongs and diphthongs are not just the
result of my own listening. The data are taken from the acoustic analyses of a
number of suthonties, We will retwrn to this point in Chapters 8 and % when we
discuss poouwstic phonetics. Meanwhile, if you are able to listen to a speaker of
Midwestern American English or BBC English, you should be able to hear that
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the relative vowel qualities are as indicated, Other vareties of English will differ
in some respects, but you should find that in most acoents the majority of the rela-
tionships are the same, We will note the cases in which there are substantial dif-
ferences as we discuss the individual vowels,

Listen first of all to the vowels [ &, 1, £, & | as in “heed, hid, bead, had.” Do
they 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), sayving just
[i. 1, & @] Mow say them in pairs, first [i, 0], then [1, e ], then [2, a2 ]. In
many forms of English, [ i ] sounds. about the same distance from [ 1] az [1] 15
from [ £ ], and as [ e ] is from [ & ). Some Eastern American speakers make a
distinct diphthong in “heed” so that their [i] 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 litthe more like the [ a ] in “father.” This may
result in the distance between [ € ] and [ 2z ] 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 [ 1§, 1, ¢, & | approxi-
mately the same.

The remaining front vowel in English is [ er | 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 [ az, o2 v, u ] as in “father,
author, good, food.” As before, make each vowel about the same length, and say
Jugt [ @, o, w, u ). Consider pairs of vowels as you did the front vowels. Estimate
the distances between each of these vowels, and compare ithem with those shown
in Figure 4.2.

We have already noted that many Midwestern and Californian speakers do
not distinguish [o: ] and [ 20 ] as in “cod” and “caught.” They wsually have o
vowel intermediate in quality between the two points shown on the chart. On the
other hand, most speakers of British English have an additional vowel in this
area, They distinguish between the vowels [az o, 2:] as in “balm, bomb,
bought.” This resulis in a different distribution of the vowel qualiiies, as shown
i the lower diagram in Figure 4.2, The additional vowel [ o ] is more back and
slightly more rounded than [ a ]

The vowels [ u, u ] as in “good, food™ alse 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
[4]asin “bud.” In many forms of British English, this vowel may be a linle
bower than in Amencan English. In this way it is distinct from the British English
central vowel [ 3 ] in “hird.” The vowel in American English “bird” is not shown
in the upper par of Figure 4.2 as it is distingnished from the vowel in “bud™ by
having r-coloring, which we will discuss later,
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We must 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 con-
venience, they can be described as movements from one vowel o another. The
first part of the diphthong is useally more prominent than the lasi. In fact, the last
part is often so brief and transitory that it is difficult o determine ils exact qual-
ity. Furthermore, the diphthongs often do not begin and end with mny of the
sounds that cocur in simple vowels,

As you can see from Figure 4.2, bath of the diphthongs [ an, au |, as in “high,
how,” stant from more or less the same low central vowel position, midway
between [ 2] and [ a ] and, in BBC English, closer 1o [ a ] than to any of the
ather vowels. {The Qyford Corelze DNetionary of Pronunciaiion transcribes our
[ar]as [ ar]in British Englich.) Say the word “eve™ very slowly and try o iso-
late the first pant of it. Compare this sound with the vowels [ 2. &, o ] as in “bad,
bud, father.” Mow 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
Mew York or London Cockney English pronunciation of “eve.” Try some other
pronuncimions, starting, for example, with the vowel [ a2 ] as in “bad.” In this
case, the result is o somewhat affected pronunciation.

The diphthong [ ar ], 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 [ £ ] a5 in "bed” {as if you
were saying [ bae |). A diphthong of this kind probably has a smaller change in
quality than occurs in your normal pronunciation {unless you are one of the
speakers from Texas or elsewhers in the South and Southwest who make such
words as “by, die” into long monophihongs—{ ba:, da: ]). Then say “buy.”
deliberately making it end with the vowel [ 1] a8 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 [ i] as in "heed” at the end. This is a much
larger change in quality than normally eccurs in this word, But some speakers
of Scottish English and Canadian English have a diphthong of this kind in
waords such as “sight,” which 15 differemt from the diphthong that they have in
“side.™

The diphthong [ a4 | in “how™ usually starts with a very similar quality to that
at the beginning of “high.” Try to say “ow]™ as if it staned with [ & ] as in “had,”
and note the difference from your wsual 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 [ & ] a5 in “bed,” [ 4 ] 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 En-
glish. Some Amcrican English speakers have a diphthong staning 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 diphthong,
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starting <loser to [ 1 ] as in “hid.” London and Estuary English has a larger diph-
thong. 5o that words such as “mate, take™ sound somewhat like “might, wke,”
Conversely, others (including many Scots) have a higher vowel, a monophthong
that can be written [ € ] Check your own pronunciation of “hay™ and try to
decide how it should be represented on a chart as in Figure 4.2,

The diphthong [ ow ] as in “hoe™ may be regarded as the back counterpart of
[ 1 ]. In American English it is usually a movement in the high=low dimension,
but im most forms of British English the movernent is more in the fronl-back
dimension, a% you can se2 in Figure 4.2. Some British English speakers make
this vowel stant near [ € ] and end a littke higher than [ u ). Say each pan of this
diphthaong and compare it with other vowels,

The remaining diphthong moving in the upward direction is [ 31 ] as in “boy.”
Again, this diphhong does not end in a very high vowel, It often ends with a
vowel similar 1o that in “bed.” [ might well have transcribed “boy" as [ bae |, if
I had not been irying 10 keep the style of transcription used in this book as simi-
lar ax possible to other widely used transcriptions.

The last diphhong. [ ju ] a8 in “cwe,” differs from all the other diphthongs
in that the more prominent part occurs af the end. Because it is the only vowel
of this kind, many books on English phonetics do not even consider it as a
diphthong: they treat it as a sequence of a consonant followed by a vowel and
symbolize it by [ ju ] (or [ yu ]. in the case of books not using the IPA svstem of
transcription). [ have considered it to be a diphthong because of the way it pal-
terns in Emglish. Historically, it i3 a vowel, just like the other vowels we have
becn considering. Furthermore, if it 15 not a vowel, then we have o say thal
there 15 a whole series of consonant clusters in English that can eccur before
anly o vowel. The sounds at the beginning of “pew, beauly, cue, spew, skew”
and (for most speakers of British English) “tune, dune, sue, Zeus, new, licu,
slew™ occur only before / u /. There are no English words beginning with / pje /
or fkjeet, for example. In stating the distributional propertics of English
sounds, it seems much simpler (o recognize / ju £ as a diphthong and thus reduce
ithe complexity of the statements one has to make abouwt the English consonant
clusiers.

The only common stressed vowel of American English not shown in Figure
4.2is [ =:] as in “sir, herd, fur” This vowel does not fit on the chart because it
connodt be described simply in terms of the features high-low, front-back, and
rounded-unrounded. The vowel [ 2 ] can be said 1o be r-colered. IUinvolves an
additional feature called rhotacization. Just like high-low and front-back, the
feature rhedacization describes an auditory property, the r<olonng, of a vowel,
When we descnibe the height of a vowel, we are saying something about how it
sounds rather than something about the tongee position necessary to produce it
Similarly, when we describe a sound as a dthotacized vowel, we are saying somi-
thing 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” an most forms of Amencan English would be [ man ‘sistez b 1.
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Rhotacized vowels are often called retroflex vowels, but there are at least two
distinct ways in which the r-coloring can be produced. Some speakers have the
tip of the tongue raised, as in a retroflex consonant, but ethers keep the tip down
aml 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 phar-
yax caused by retraction of the part of the tongue below the epiglottis.

The most noticeable difference among accents of English is in whether they
have r-colored vowels or not. In many forms of American English, rhotacization
occurs when vowels are followed by [ r ). as in “beard, bared, bard, board, poor,
tine, hour.” Accents that permit some form of [ ¢ ] after a vowel are said o be
rhotic. The rhotacization of the vowel is ofien not so evident at the beginning
of the vowel, and something of the guality of the individual vowel remains,
But in “sir, herd, fur” the whole vowel is rhotacized (which is why | prefer LPD2
[ ‘baed], rather than EPD 15 [bard]). 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 [ 2 | with sdded rhotacization,

Rhotic accents are the norm in most parts of North America. They were
prevalent throughout Britain in Shakespeares time and il ocour in the West
Country, Scolland, and other regions distant from London. Shonly afier it
became fashionable in the Southeast of England to drop post-vocalic / r /, this
habit spread to areas of the United States in New England and parts of the South,
These regions are now nonrhotic 16 various degrees. Try to find a speaker of
English with an accent that is the opposite of your own—rhotic or nonrhotic as
the case may be. Listen to the speaker's vowels in words such as “mirror, fairer,
surer, poorer, purer” and compare them with vour 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 central
vowel [ 2 ). In words such as “here” and “there,” these are transcribed [ 12 ] and
[ £2 |. Some speakers have a long [ £: ) instead of [ £a |, particularly before [ r ]
as in “fairy, bearing.” Some people have a centering diphthong [ 12 ] in words
such as “poor,” but this is probably being replaced in most nonrhotic accents of
Britich English by [ o: ]. We also neticed in Chapter 2 that some speakers have a
centenng diphthong (though we did not call it that a1 the time) in “hire, fire,”
which arc [ haa, fas ).

UNSTRESSED SYLLABLES
In all forms of English, the symbol [ 2 ]. which is not shown in Figure 2.2,
may be used 1o specify a range of mid-central vowel qualities. As we saw in
Chapter 2, vowels of this son oceur in grammatical function words. such s “to,
the, at” [1a, 8o, a1 . They also occur at the ends of the words “sofa, China”™
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[ ‘sowifa, ifams | and, for most British speakers, “beter, former” [ ‘bets, foma .
In American English the vowel a1 the end of words with the “-er” spelling is usu-
ally [ & ], a very similar quality, but with sdded r-coloring. As the vowel chan in
Figure 4.2 represents o kind of auditory space, vowels near the outside of the
chart are more distinet from one another than vowels in the middle, and differ-
ences in vowel guality become progressively reduced among vowels nearer the
center. The symbol [ ] may be used 1o designate many vowels that have a
reduced vowel quality.

We will be considening the nature of siress in English in the next chapter, but
we can note here that vowels in unsiressed syllables do not necessanly have a
completely reduced quality. Al the English vowels can occur in unstressed syl-
lables in their full (unreduced) forms. Many of them can oceur in three forms, as
shown in Table 4.1. In this 1able. the vowel to be considered is in boldface. The
waords in the first column illustrate the full forms of the vowels. The second col-
umn gives an example of the same unreduced vowel in an unstressed syllable,
The last columm illustrates the same underlying vowel as a reduced vowel, Far
many people, the reduced vowels in this last column are all very similar, Some
accents have slightly different qualities in some of these words, but still within
the range of a mid-ceniral vowel that can be symbaolized by [ 2 | Others have
[1]insome of these words, such as “recitation,” or a high-central vowel, which

reduced syllables, The boldiase ype shows the vewel usler

consideratbon,

Stressod Syllable Unstressed Syllable Reduced Syllable
i dapreciate Create depratate
1 impiicit shmplistic implication
] cxplaln chaatic explanation
& allege tarpestuaus allagatian
= emphatic fantastic emphasis
@, demanstrable prognosis demonsiration
a cause carlrsality
U, HE iPrwaks vocation invecation
m hoodwink neighbosheod
1 BopRIslic Bopustician
A confrant ambrella confrantalion
. T H condlrm varbose confirmaticn
al recite chation reciiathon
il deveut ufgider
1| Epalt cxplaltation
= compute computation circular




may be symbolized by [ i |—a symbol that is sometimes called “barred i, Say
all these words yourself and find out which vowels you have.

There are some widely applicable rules of English relating the pronunciation of
the words in the first column 1o that of the wonds in the third column. Consequently,
we are able 1o say that the same underdying vowels occur in the words in the first
and third columms. If we were making a high level phonological ranscription, we
could transcribe the vowels in the different columns with the same symbols and
allow the rules o make it clear that different allophones occurred, Thus we could
transcribe “emphatic™ as f emfaenk £ and “emphasis™ as / emfasis /, s long as we
also have a nule that assigns the stress and makes S oe / into [ 3 ] in dee second word,

The rules accounting for the allophones are very general in the sense that they
account for thousands of similar altlemations among English words. But they ane
also very complicated. They have to account for the blanks in the third 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 peaple, in the very similar words “exploita-
tion, computation.” As you can also see from an examination of Table 4.1, some
vowels, such oz [ v w ], do sot it into this scheme of altermations in the same
way a5 the other vowels. Becavse the rules are so complicated, we will not use
transcriptions showing the underlying forms of English in this elementary texi-
book. Instead, we will continue to use [ 3 ] or [ 1] in reduced syllables.

Most British and some American English speakers have a vowel more like
[ 1]in suffixes such as “-ed, -{fe)s” at the emnds of words with alveolar consonants
such a5 “hunted, houses™ [ hantid, havez . For these speakers, both vowels in
“pitted” [ ‘pated | have much the same quality. A reduced vowel more like [ o]
may occur in the suffix “-ful” as in “dreadful” [ ‘dredful ], but for many people
thas 1% just & syllabic [ 1], [ ‘deecf] ]

The vowels of English can be divided into what may be called tense and lax sets,
These terms are really just labels that are used 1o designate two groups of vowels
that behave differently in English words, There are phonctic differences between
the two groups, but they are not simply a matter of “tension.” To some extent the
differences between the two sets are duc 1o facts in the history of English that are
still represented in the spelling. The tense vowels occur in the words with a final,
sa-called silent ¢ in the spelling {e.g.. “mate, mete, kite, cute™). The lax vowels
occur in the comesponding words without a silent ez “mat, met, kit, cur.” In addi-
tion, the vowel in “good,” which, for reasons connected with the history of Eng-
ligh, has no silent ¢ panner, 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. [ is better exemplified by the data in Table 4,2
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m Thee distribasion of weese and bax vouscls i stressed syllables in
American Englich.
Tense  Lax  Most Closed  Open Syllables  Sylkables mu
Weowels Vowels  Syllables  Syllables Elﬂtm; by Ei-:i‘h!ll bey by
T i Il

e bt bee ber {l=azh)
i bit sing wizh
Y bait bay
C bet bare lngth frash
= bat hang crash
- hat pa B shash
m bousgha Sivw bong long [wash)
=] boat Tgray ([ bepir)
[1] Reod pish
[TH arel § [a7e0] DO
& bt haang, crush
a béte by fire
au Bt bough hour
al i By {Eair)
ju e e purng

The difference between the two s2is 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 wornds illustrates a sef
of closed syllables—ihose that have a consonant af the end. Al of the vowels 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,

Mone of the vowels [ 1, &, &, &, 4 ] a5 in “had, bed, bad, good, bud” can appear
in stressed open syllables, This is the sen of vowels that may be called lax vow-
els as opposed to the tense vowels in the other words, In order to charactenize the
differences 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 nearcst 1o it
im quality. Three pairs of this kind ase [ i3, 1 ] a5 in “beat, bit™; [ 1, £ ] as in “bait,
ber™; and [w:, o] a8 in “boot, fool"” In each of these pairs, the lax vowel is
shorter, lower, and slightly more centralized than the comesponding tense voweal,
There are no vowels that are very similar in quality to the remaining two lax
vowels in most forms of American English, [ & | as in “hat, cam™ and [ 4 ] as in
“hut, come.” But both of these low lax vowels are shorter than the low tense
vowel [ a2 ] as in “spa” Speakers of most forms of Brtish English have an addi-
tional 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 [ o ] as in “cod, com-
mon, con'” [ kod, koman, kon |, which eccurs only in closed syllnbles.

e ———
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The fifih column in Table 4.2 shows the vowels that can occur in syllables
closed by 1/ in American English. There is no conirast between a lense vowel
and the lax vowel neanest to it in quality in a syllable closed by /r/. Conse-
guently, as often happens in contexts in which there 15 no opposition beiwezn
two sounds, the actual sound produced is somewhere between the two. (We have
already observed another example of this tendency. We saw that after £ 5 / at the
beginning of a word, there is no contrast between fp/fand /b /, or f1f and fd /,
or Fk/fand Fg /. Consequently, the stops that occur in words such as “spy, siy,
sky™ ame in between the comesponding voiced and voiceless stops; they ane unaspi-
rated, but they are never vodced,)

I put the words “boar™ and “coir” in parentheses in this column because for
meany people [ o6 ] and [ 21 ] do not occur before / /. The word “coie’™ [ kair 1,
which is the only word I have heard pronounced with [ 2 1. is not in many peo-
ple’s vocabulary; and many people make no difference betwesn “bore” and
“boar.” Bul some speakers do contrast [ 2 ] and [ o ] in these two words, or in
other pairs such as “horse™ and “Theoarse,”

The next column shows the vowels that eccur before [ g ]. In these circum-
slances, again, there is no possible contrast belween tense and Lax vowels, But,
generally speaking, it is the lax vowels thm cocur. However, many younger
Americans pronounce “sing” with a vowel closer to that in “beat” rather than 1o
that in “hit.” And in some accents, “length™ is regularly pronounced with virtu-
ally the same vowel as that in “bait”™ rather than that in “bel™; in others, it is pro-
nounced with the vowel in "bil" The pronunciation of “long™ varies, Itis [ Lo |
o [ 1 | im meest forms of American English and [ long ] 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 “had, lab.” In many accents, “pin, pen™ and “gym.
gem” are nol 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 / [ 7 have lax vow-
els for most speakers, although some accents (e.g., that used in parts of Indiana)
have [ i: ] in “fish™ (making it like “fiche™) and [ u: ] in “push” and “bush.” In my
own speoch, the only words containing the tense vowel / i/ before f [/ are
“leash, fiche, quiche.” Some speakers have tense vowels in a few new or unusual
words such as “creche, gauche,” which may be [ krei, gouf ], The pronuncia-
tion of “wash™ varies in much the same way as that of “long.” Both [ wa:[ ] and
[ waif | oceur in Amernican English.

RULES FOR ENGLISH VOWEL ALLOPHONES

We can conclude this chapter as we did the previous one—by considering some
rules that apply to vowels. The first concerns vowel length:
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(1) A given vowel is longest in an open svllable, next longest in a syllable
closed by a voiced consonant, and shortest in a syllable closed by a
vodceless consonant.

If you compare words such as “sea, seed, seal” ar “sigh, side, site,” you will hear
that the vowel is longest in the first word in each set, pext longest in the second,
and shortest in the last. You can see an example of part of this rule in Figure 3.3,
which showed the waveforms of the words “mat” and “mad.” Because some
vowels are inherently longer than others, we have to restrict rule (1) to a wowel
of a given quality. On many occasions the so-called shon vowel in “Bid™ may be
longer than the so-called long vowel in “beat.”

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 “hillow.” You will find ihat the wowel [ 0w ] in the siressed syllable
in the first word is longer than the same vowel in the secomnd word, where i
occurs in an unsiressed syllable. We will therefore have a rule:

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

We still had to hedge this rule with the phrase “other things being equal,” as
there are other couses of varnmion in vowel length. Another kind of length varin-
tion is exemplificd by sets of words such as “speed, speedy, specdily.” Here the
vowel in the stressed syllable gets progressively shoner as a result of adding
exira syllables in the same word. The reasons for this phenomenon will be dealt
with in the next chapter. Here we will simply state the following:

(3} (mherthings being equal, vowels are longest in monosyllabic words,
next bongest in words wath two syllables, and shontest in words with
maore than two syllables.

We should also add a statement aboul unstressed vowels, which may become
vidceless in words such as “potato, catastrophe.” For some people, this happens
only if the following syllable begins with a voiceless stop; but for many (inglud-
ing mysclf), it also happens in a normal conversational stvle in words such as

; “permission, tomatoe, compare.” One wording of this mle would be as follows:

I (4}  Areduced vowel may be voiceless when it occurs after a voiceless stop
{and before a voiccless stop).

The parenthesized phrose could be omitted for many people.

A further extension of this nale would allow for completely voiceless sylla-
bles when the unstressed vowel follows a voicebess stop cluster with / £/, as in
“preparatory, spectrograph, inteduction,” What about clusters with £ 1/, such as
“meplicate, comyplicate™ Some people make some of these syllables voiceless

s well,
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Cnher rules can be used to specify the changes due 1o the vowel being influ-
enced by the following consonant. The most obvious 15 thal vowels tend to
become nasalized before nasal consonants, In a word such as “ban” the soft
palate often lowers for the nasal considerably before the tongue Gp rises to make
the ariculatory comtact. As a result, much of the vowel is nasalized. Az we saw
in the previous chapter, nasalization is shown by the diacritic [ ™) over a symbaol,
In @ mamrow transcription; “han'™ might be transcribed [ b&n | We can moke the
following gencral statement:

(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 node the allophones produced when vowels occur in syllables
closed by /1 £, Compare your pronunciation of / i/ in “heed"” and “heel,”™ of [ e f
in “paid” and “pail.” and [ 2 ] in “pad” and “pal.” In cach case, vou should be
able to hear a noticeably different vowel quality before the velarized [ 1], All the
firent vorwels become considerably retracted in these circumstances. [ is almost as
if they became diphthongs with an unrcunded form of [ 4 ] as the last element. In
& narrow transcripdion, we could transcribe this elemsent s that “peel, pail, pal™
would be [ phict, pheut, pPoeod | Note that [ omitted the usual second element of
the diphthong [ 21 | in order to show that in these circumstances the vowel moved
from a mid-front to & mid-central rather than 1o a high-front quality.

Back vowels, as in “haul, pull, pool,” are usually bess affected by the final [ +]
because they already have a tongue position similar to that of [ 1 ]. But there is
often a greal 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 [ u |. This vowel becomes considerably retracted before
{11 at the end of the syllable. You can observe the change by comparing words
such as “holy,” where there is no syllable final [ § ], and “wholly,” where the first
syllable is closed by [ 1].

The exact form of the rule for specifying vowel allophones before [ § ] will
vary from speaker to speaker. But, so that we can include a rule in our set sum-
marizing some of the main allophones of vowels in English, we may say the fol-
lowing:

(6} Wowels are retracted before syllable final [ 1.

Some speakers have a similar rule that applics to vowels before /r/, a5 in
“hear, there,” which might be [ hi'r, 8e’r]. Note again how /1, r/ may act
together in rules, as we found when discussing consonants in rule (12a) in the
preceding chapler,

Agmn, ket me cmphasize that these rules roughly specify only some of the
major aspects of the pronunciation of English. They do not state everything
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about English wowels that is rule governed, nor are they completely accurately
formulated. There are problems, for example, in saying exactly what is meant by
a word or a syllable, and it is possible 1o find both exceptions 1o these rubes and
addinonal generalizations that can be made.

EXERCISES

A Pwt your own vowels in this chan, using a set of words such as that given in
Table 2.2, Listen 10 each vowel carefully and try to judge how it sounds rela-
tive to the other vowels. Youw will probably find it best to say cach vowel as
the middle vewel 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 diphihongs, vou should do this with both the beginning and the ending
proinLs,

high

fromt back

low

B Try to find a speaker with an accent different from yvour own (or perhaps a
forcigner who speaks English with an accent) and repeat Exercise A, using
this blank chan.

high

firomi hack
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C List words illustrating the occurrence of vowels in syllables closed by / p /.
D mot imclude names of foreign origin. You will find that some vowels can-
not oceur in these circumstances.

i

L

43
[1H
A
Rl
HH]

a1

D} Comsidering only the vowels that cannor oceur in syllables closed by / p £ as
in Exercise C, give words, if possible, illustrating their occurrence in syllables
closed by the following consonants.

fbf
i/
!
!
nf
fY
fsf
fzf
k!
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E Which vowe] oceurs before the smallest number of consonans? Also, which
class of consonants occurs after the largest number of vowels? (Define the
closs in terms of the place of articulation s which these conspnants ane
made. )

F Look at Table 4.1. Find additional examples illustrating the relationship
berween the words in the first and third columns. Transcribe each pair of
waords as shown here for the vowel £ i
viswel stressed syllable reduced syllable
i secrele | sakrt | secretive [ sikraty
'

(G Make up and transcribe a sentence containing a1 beast eight different vowels.

H Give a number of examples for each of rabes (1) through (6) by making a tran-
seription of some additional words that fit the rules. Your examples should
nol include any wonds that have been transcribed in this book so far. Remem-
ber to mark the stress on words of more than one syllable.

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

Rule (2) iwo pairs of examples (each showing words differing princi-
pally im stress)
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Rule (3)

Rule (4)

Rule (3)

Rule i)

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

four examples

four examples (use different vowels and different nasals)

two sets of examples, each containing a contrasting pair of
words

FEHFBHE{I.HGE_EIEHEIEES

A Leam to produce only the first part of the vowel [ ¢1 ] as in “hay.” Try saying
this sound in place of your normal diphthong in words such as “they came
late.” Similarly, leamn to produce a mid-high back vowel [ o], and say it in
words that you have been transcribing with the diphthong [ ou ], such as
u.mrll-l E'n mu

B Incorporate [ ) and [ o] in nonsense words for production and perception
exercises. These words might also now include the vaiceless sounds [ m. g, .
W, | |. Remember to practice saying the words by yourself, so that you can say
them Muenily 1o your parner. Start with casy words such as the following:

maija
feme
ale
‘T
lele

Then go on to more difficult words like these:

he'mane
mambmbe|
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spadeind i
wollfopesfi
Uepridsikus

C Again working with a partner, write the numbers 1 through 5 somewhere ona
vowel chant as, for example, shown in the chant below, MNow say vowels cor-
responding to these numbered positions in nonsense monosyllables, saving,
for example. something like | dub ). Your panner should try to plot these
vowels on a blank chart, When you have pronounced five words, compane

notes, and then discuss the reasons for any discrepancies between the two
charts. Then reverse roles and repeal the exercise.

W
N

D Repeat Performance Excrcize C with as many different partners as you ¢an, It
iz difficult to make perceptual judgments of the differences among vowels,
but you should be able 1o find a rough consensus.

E In addition 10 nonsense words of the kind given in Performance Exercise B,
continge praclicing with wonds to increase your auditory memory span. Say
each waord only twa or three times. Remember that you should be spending at
least one hour a week on production and perception exercises.

Be'mifedime
‘serap'sapolipos
mopretepleteki
nakototakpoto
lakimiinonele
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ENGLISH WORDS AND SENTENCES

STRONG AND WEAK FORMS

The form in which a word is pronounced when it is considered in isolation is
called its citation form. At least one syllable is fully stressed and has no reduc-
tion of the vowel quality. But in connected speech, many changes may take
place. Some smaller words such as “and. to, him"™ may be considerably altered,
They will asually be completely unstressed, the vowel may be reduced to [ 2 ] or
may disappear allogether, and one or more of the consonants may be dropped
or altered. Thus “and" in s reduced form may be pronounced as [ and Jor [ an ]
or [n ]. Try to pronounce it in these three different ways in a phrase such as
“bread and butter.”

Many words are like “and"” in that they seldom maintain dweir citation form in
conversational speech. These words may be said to have two different forms of
pronunciation. There is a strong form, which occurs when the word is stressed,
as in seniences such as T want moncy and happiness, nol money or happiness.”
There is also a weak form, which occurs when the word i5 in an unstressed posi-
ton, Table 5.1 lists a number of common English words that have strong and
weak Forms.

Several of the words in Table 5.1 have more than one weak form. Sometimes,
as im the cose of “and,” there are no clear rules as W when one as opposed 1o
another of these forms is likely to occur, After a word ending with an alveolar
consonant, | have a tendency 1o 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,

For some words, however, there are rules that are nearly always applicable,
The alternation between “a” [ 2] before a consonant and “an™ [ 2n ] before a
vowel is even recognized in the spelling, Similar altemations occur with the
words “the, to,” which are [ 82, 12 | before consonants and are often [ 8k, w: Jor
[ 84, i ] before vowels. Listen 1o your own pronuncistion of these words in the
sentence, “The [ & | man and the [ & ] old woman went to [ 12 ] Brtain and to
[ s ] America.” The two examples of “the” will often be pronounced differcnily.
It should be noted, however, that there is a growing tendency for younger Amecr-
ican English speakers to use the form | 83 ] i all circumstances, even before a

1
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m Stromg and weak forms of some common English words, More than

five iimes as many ¢ould casily have been lisied.

Ward Strong Form Weak Form Example of n ‘Weak Form

a 2 > @ cup [ o%kap ]

and =nd and, pdl, an, 0 you and me [ Ju: an mk: ]
5 xr %] as pood as [ oz 'gud az |
" | =i o at home [ o e |

can kaen kam, k) Ican go [ as kn ‘gou |
has b bz, 2z, 2, 8 me"s ledt [ kaz tefi |

e [ i hi, 1 will b go? [ wl 1 goa )
st (ETAT o], e, ms | must sell [ a0 mg sell
st fi o il she go? [ dd [1'gou |
that Dact fial he saed that it did | he ‘eed 8ot i ded |
1<) (LT i, &3 10 Mexico [ mekikoo |
would wtsd wad, ad, d it would o | it od du |

vowel. If a gloatal stop is inserted before words beginning with a vowel (another
growing tendency in American English), then the form [ 82 ] is even more likely
b be used.

Some of the words in Table 5.1 are confusing in that the same spelling repre-
sents two words with different meanings (two homonyms). Thus the spelling
“thal” represents a demonstrative pronoun in a phrase such as “that boy and the
man,” but it represents a relative pronoun in “he said that men were beter.” Chnly
the relative pronoun has a weak form. The demonstrative “that” is always pro-
naunced | daet |. Similarly, when “has™ indicates past tense, it may be [ z |, asin
“she's gone.” but it is [ hoz | or [ 2z | when it indicates possession, as in “she has
nece eyes.”

There is another way in which words can be affected when they occur in con-
nected speech. As you already know, sounds are ofien affected by adjacent
sounds—for example, the [ n ] in “tenth” is anticulated on the 1eeth because of
the following dental fricative [ 8], Similar effects commonly occur across word
boundaries, so that in phrases such as “in the™ and “on the™ the [ n | is realized ac
adental | p | because of the following [ & ).

When one sound is changed into another because of the influence of a neigh-
boring sound, there is said 1o be a process of assimilation. There is an assimi-
lation of [n ] to | n ] because of the [ 4] in the phrase “in the.” Anticipatory
eoarticulation is by far the most common cause of assimilations in English. But
perseverstive assimilations do occur, for example, in the pronunciation of the
phrase 10 15" [ i 12 ) as “i’s"™ [ 115 | as & resuli of the perseveration of the voice-
lessness of [ 1]

There is. of course, nothing slovenly or lazy about using weak forms and
assimilations. Cmly people with amificial notions about what constitutes so-
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called pood speech could use adjectives such as these 1o label the kind of speech
I have been describing. Weak forms and asaimilations are common in the speech
of every sont of speaker in both Britain and America, Foreigners who make
insufficient use of them sound stilted.

STRESS

A stressed syllable is usually produced by pushing more air out of the lungs in
one syllable relaiive to olbers. 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 somcthing a speaker
docs in ene part of an utierance relative to another,

It is difficult to define stress from a listener’s point of view. A stressed sylla-
ble is often, but not always, louder than an unstressed syllable. [t is usually, but
not always, on a higher pitch. The most reliable thing for a listener 1o detect is
thai a siressed syllable frequently has a longer vowel than that same vowel
would be if it were unstressed. But this does not mean that all kong vowels are
necessanly stressed, The second and third vowels in “radie,” for example, are
comparatively bang, but they do not have the extra push of air from the lungs that
oceurs on the first vowel, Conversely, the vowels in the first syllables of “Rus-
sia” and “hit man” are comparatively short, but they have extra respiratory
encrgy and so are felt to be stressed,

Stress can always be comelated with something a speaker does rather than
with some particular acoustic attribute of the sounds, Consequently, you will
find that the best way 1o decide whether a syllable is stressed is 1o (ry 1o tap out
the beat as a word is said. This is because it is always easier to produce one
increase in muscular activity—a tap—exactly in time with an existing increase
in activity. When as listeners we perceive (he siresses that other people are mak-
ing, we are probably putting together all the cues available in a particular utter-
ance in order to deduce the motor activity (the articulations) we wouald use 1o
produce those same siresses. It seems as if listeners somelimes perocive am ulter-
ance by referenoe 1o their own motor activities. When we listen 10 speech, we
may be considering, in some way, what we would have to do in order 1o make
similar sounds.

Stress has several different functions in English. In the first place, it can be
used simply 10 give specinl emphasis 10 a word or o conirast one word with
another. As we have seen, even a word suech as “and™ can be given a contrastive
stress. The contrast can be implicit rather than explicit, For example, if someons
else savs, or if | had even thought that someone else might possibly say

John or Mary should 'go
I might, withoul any prior context sctually spoken, say

'l think ‘John ‘ard Mary shoubd ‘go.
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Another major function of stress in English is 1o indicate the syntactic rela-
tignships between words or parts of words. There are many noun—verb opposi-
tions, such as “an ‘insull, 10 insult; an ‘overflow, to overflow; an increase, to
inerease.” In all these 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
function of the word,

Similar oppositions occur in cases where two word phrases form compounds,
such as “a ‘walkout, to ‘walk ‘'out; a ‘put-on, 10 '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 function in
distinguishing berween 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 overheated
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 siress can be associated with the grammatical struc-
ture of the words. Table 5.2 exemplifies the kind 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*
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
1o 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 syniactic function (they are both verbs) but different stress patierns. “Bil-
low” and “below” 15 another pair of words that illustrates that differences in
stress are not always differences between nouns and verbs.

DEGREES OF STHEE_E

In some bonger words, it might seem as if there is more than one degree of
stress, For example, say the word “multiplication” and try 1o tap on the stressed
syllables. You will find that you can tap on the first and the fourth syllables of
“multiplication.” The fourth syllable seems 10 have a higher degree of stress.

m English word stress aliernastions,

—— e —— — s —_— = —

diplamat diplamaty diptomatic
phatagraph phatagraphy phatagraphic
mcnotone menetony monatonic
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The same is trae of other long words such as “magnification” and “psyche-
lirfguistics.” But this apparently higher degree of stress on the later syllable onlky
ocours when the word i saad in isolation or at the end of a phrase. Try saying a
sentence such as “The ‘psyvcholin’guistics ‘course was Tun.” IF you tap on each
stressed syllable, vou 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 fourh syllable in “psyveholinguistics,” 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 sen-
tence such as “The degree of magnification de'pends on the power of 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 the first phrase.

Why does it seem as if there are two degrees of stress in a word when it
oceurs at the end of a phrase or when it i3 said alone—which is, of course, at the
end of a phirase? The answer is that in these circumstances another factor 15 pres-
enl. As we will see in the next section, the last stressed syllable in a phrase often
accompanies a peak in the intonation. In longer words containing two siresses,
the apparent difference in the levels of the first and the second stress is really due
1o the superimposition of an intonation pattern. When these words occur within
a sentence in a position where there are no intonation effects, then there are no
differences in the siress levels,

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 bath 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 50, The words
in the first column differ from those in the second by having a full vowel in the
final svllable. Thiz vowel is always longer than the reduced vowel—usually
[ 2 ]—in the final syllable of the words in the second column. The result is that
there is a difference in the thythm of the two sets of words, This is due 1o a dif-
ference in the vowels that are present; it s not o difference in stress, There is not

Three-syllable words exemplifving the dilference between an
unreduced vowel in the final sylkable (Gt columng and a redeced
worwel in the final syllable (second cobama).

‘multiply rultiple
Tegulate Tegular
‘copulats ‘copula
circulate L= =TIET
criticize ‘eritical

minimine ‘mnirnal
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a strong increase in respiralory activity on the last syllable of the words in the
first columa. Both sets of words have increases in respiratory activity only on
thie first svllable,

In summary, we can note that the syllables in an uticrance vary in their
degrees of prominence, but these variations are not all associated with what we
wanl 1o call stress. A syllable may be especially prominent because it accompa-
nies a peak in the intonation, We will say that syllables of this kind have a tonic
stress. Giiven 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 syl-
lables that carry the major pitch change in the tone group. If they are unstressed,
they may or may not have a reduced vowel. These relationships are shown in
Figure 5.1.

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 separsle tone group, the set will be pro-
nounced as shown here (using a schematic representation of the intonation peak):

fmtonation Peak T T T T
Stress ex'plain ‘explanation exphoit ‘exploftation
Segments [tksplein  eksploneifan iksplait eksplameifan]

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 (a
tomic accent), a stress, and a full vowel in each syllable in these four words. Con-
sidering farst 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 third syllables,

m of proménence of different syllshles in a septence.

sirgss alrgas | wirae] viwe|
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m The combination of dtress, inbonalkon, and vowel reduclion ina

nusnber of words.

axplain axplanation axplalit axploltation

tonkc accent - + - =% = - %

L ol
sirass = & * = & = i e
Full weirveid - F = & = = & b =

As you can see by comparing the maddle row with the top row, the Last [+ stress]
syllable in cach word has been marked [+ tonic accent]. There is a [ + ] in the
third row if the vowel is not reduced. Mote that the difference between “explana-
tion” 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 chapler, thene are a number of vowels that do not eccur in reduced
syllables, Furthermore, the actual phonetic quality of the vowel in a reduced syl-
lable varies considerably from dialect 1o dialect. 1 have transcribed the first
vowel in “explain” as [ 1 ] because that is the form [ use. But other dialects may
have [ 2 ] or some other quality.

Somc other books do not make the distinctions described here, maintaining
instead that there are several levels of stress in English. The greatess degree of
stress is called stress level one, the next is bevel two, the next level is three, a
levwer level still is level four, and 50 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 mumber of [ + | marks on a syllable in a table of the sort just used and sub-
tracting this number from four. If there are three [ + ] marks, it is stress level one;
if two, stress level two; if one, stiress level three; and if none, it is stress level
four. Try this for vourself with the data in Table 5.4, Writing the stress levels s
superscripts after the vowels, you will find that “explanation” and “exploitation™
are “e*xpla‘na‘tiotn” (a pattern of 2414) and “e“xploia‘tio®n” (a pattern of
2304),

I personally do not consider it useful to think of stress in terms of a multilevel
system. Descriptions of this son are not in accord with the phonelogical facts.
But as it is =0 commonly said that there are many levels of siress in English, 1
thought 1 should explain how these terms are used. In this book, however, we
will continue 1o 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-
FME PrOCESSEs.

We can sometimes predict by rules whether a vowel will be reduced 1o [ 2 ] or
mot. For example, we can formalize a rule stating that [ 3 ] never reduces. But
other cases are usually a matter of how recently the word came imMo common
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use, Factors of this sort seem to be the reason why there are reduced vowels at
the end of “postman,” “bacen,” and “gentleman,’” but mot a1 the end of “mail-
man,” “moron,” and “superman.’

SENTENCE STRESS

The stresses thal can occwur on words sometimes become modified when the
words are pant of sentences. The most frequent modification is the dropping of
some of the siresses. There is a siress on the first syllable of each of the words
“Mary, younger, brother, wanted, fifty, chocolate, peanuts” when these words
are s3d in isolation. But there are normally fewer stresses when they occur in a
senlence 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 syl-
lables marked with a preceding stress mark in “Mary’s younger brother wanted
Tifty chocolate ‘peanats.” Thus the first syllables of “vounger.” “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 ate ten white mice.” It sounds
unnatural if you put a stress on every word. Most people will say “The big
brown bear ate ten white ‘mice.” As a general rule, English tries 1o avoid having
stresses oo 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 siress
on a polysyllabic word 1o be on one syllable in one sentence and on another in
another sentence. Consider the word “clarinet” in “He had a ‘clarinet ‘solo” and
in “He ‘plays the clarinet.” 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 14, 15, 16” are stressed on the first syllable when counting.
but not in phrases such as “She’s ‘'only sixieen.” Read all these phrases with the
stresses as indicated and check that it is natural 1o tap on the stressed syllables.
Then iry tapping on the indicated syllables while you read the next paragraph.

Stresses in ‘English ‘tend to refcur o ‘regular intervals of time. { * ) [t's ‘often
‘perfectly ‘possible 1o 'tap on the ‘siresses in ‘time with a ‘metronome. { ' ) The
‘rhythm can ‘even be said 1o determine the Tength of the ‘pause between ‘phrases,
(" )An ‘exira‘tap can be ‘put in the ‘silence, (') as ‘shown by the 'marks within the
parmentheses. (* )

Of course, not all seniences are as regular as those in the preceding paragraph.
I said that stresses rend 1o recur at regular intervals. It would be quite untrue 1o
sy that there is always an equal interval between stresses in English. It iz just
that English has a number of processes that act together to mainain the rhythm.
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I have already mentioned two of these processes. First, we saw that some words
that might have been stressed ane nevertheless often unstressed so as to prevent
too many siresses coming together. Thus, 1o give another example, both
“wanted” and “pretty” are siressed in “She ‘wanted a ‘preaty ‘parrol” but they
may not be in "My “aunt wanted ‘ten pretty ‘parrois.” Sccond, we saw 1that some
words have variable stress; compare “the ‘unknown ‘man”™ with “the ‘'man is
unknown.™

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 that in “speedy,” and
this in tam is longer than that in “speedily.” This can be interpreted as a tendency
to minimize the varistion in the length of words containing only a single stress,
50 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 o5 if there were a conspiracy in English to maintain 3 regular rhythe.
However, this conspiracy is not strong enough to completely override the irreg-
ularities 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 siresses will be far bess than that between the third and fourth,
Stresses temd 1o recur at regular intervals. But the sound pattern of English does
ol make this an overriding necessity, adjusting the lengths of syllables so as o
enforce complete regularity. The interval between siresses is affected by the
number 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,

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
ol it sounds.)

The intonation of a sentence is the pattern of pitch changes that occurs, The
part of a sentence over which a particular pattern extends is called an intonas=
tional phrase, A short sentence forming a single intonational phrase is shown in
(17, The line above the sentence shows the pitch changes that occummed when this
semence was produced by a speaker of Amencan English (see Sources at the end
of the book for details). The positioning of the individual words above this line
gives an indication of their relative timing. The sentence is shown below the line
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in ordinary spelling, but with IPA stress marks added and one syllable preceded
by an asterisk. Within the intonational phrase, each stressed syllable has a minor
pitch increase: but there is useally a single syllable that stands out because it car-
ries the major pitch change. A syllable of this kind is called the tonic syllable
and will be marked in this section by an asterisk. In sentence (1), the first sylla-
ble of “area" is the tonic syllable, and, as you can see, it has the greatest pitch
change. Each of the stress syllables is accompanied by a small increase in pitch,
but the major pitch movement starts on the first syllable of the last word.

W e k0o w & m A n

We Enow a ‘man in our *anea

The tonic accent usually occurs on the last stressed syllable inoa tone group.
Bout it may ccour earlier, if some word requires emphasis.

.‘.,.1”

fi
‘F'utn"!-' & | i_r g,

(2}

Bajire in
We know a  *millionain in onr ‘area

The pitch changes that start on the tonic syllable may be continued on the fol-
lowing syllables. In the previous examples, the fall in pitch continues (but at a
slower rate and with a small increase on the stressed syllable) until the end of the
senlence,

Sometimes there are two or more infonational phrases within an witeranoe.
When this happens the first one ends in a small rise, which we may call a con-
tinnation rise, It indicates that there is more to come, the speaker has not yet
completed the utterance.,

) ] & -
'3] 1 o ':: when !"ﬂ',.--... ";I kn in iy i Tl I"llq.-="

1 # sy when I'm a'way, | “know ing yoeme  wn well

“The beginning of & mew intonational phrase may be marked, as in (33, by |
The pitch changes that begin on the tonic syllable in the first intenational phrase
continwe enly until the beginning of the next phrase.

There is no syntactic unit exactly comesponding 1o an intonational phrase.
When speaking slowly in a formal style, a speaker may choose to break a sen-
tence up into a large number of phrases. The way in which a speaker breaks up a
sentence depends lorgely on what that person considers to be the important
information points in the sentence. An intonational phrase is a unit of informa-
tion rather than a synizctically defined unit. It is ealy in rapid conversational
style that there is likely 1o be one intonational phrase per sentence.

It i also usually impossible 1o predict which syllable will be the tonic syllable
in an intonational phrase. Again, it depends on what the speaker considers 10 be
important. In general, new information is more likely to receive a tonic accent
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than material that has already been mentioned, The topic of a sentence is less
likely 1o receive the tonic accent than the comment that is made on that topic.
Thus, if | were telling someone about lions. [ might say:

) A liam i3 a e

A Tem ks & * mammal
I this case, the topic of the sentence is a lion, and the comment on that topic

is that it is & mammal. But if I were discussing mammals, and considering all the
animals that fitted into that category, T might say:

(5] L-._.-J"!F'H""'-'?.__"_: a mammal

A *liom i 3 'eammal

Various pitch changes are possible within the tonic accent. In senlences (1)
through (3) the inonation may be simply described as having a falling contour,
except for the continuation rise in the middle of (3), Another possibility is tha
the tonic syllable is the start of an upward glide of pitch. This kind of pitch
change, which we will refer to as a rising contour, is typical in questions requir-
ing the answer “yes™ or "no,” such as:

5

i) Wini® s, i1 me_ ®Y 5 oo nf

Will yioi  ‘mail me By "EnideyT

As with falling contours, the syllable that starts the rising contour is not nec-
essarily the last stressed syllable in an inlonational phease. It occurs earlier in:

17
o W|I1q lﬁ"','-l e - m o 0 €
Wi yom Fgpail me my ‘moneyT
Mow consider what you do in questions that cannot be answered “yes™ or
“no." such as:

s hot m w il 9 aili m m_ i
:S}L'_ ro o T . e

‘when will you “mail my  *manoy?

Of course, there are many possible ways of saying this sentence. But probably
the most neutral is with a falling contour starting on the final stressed syllable.
Questions that begin with wh-question words, such as “where, when, who, why.
what,” are usually pronounced with a falling intonation.

As we saw in (3), a small rising intonation occurs in the middle of sentences,
& fypical circumstance being at the end of a clause, as, to give another exam-

ple. in:
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o WhmysSRpind Lwill res o,

When you & *winsing I I wmil e a “way

A lisi of itlems also has a continuation rise:

g L
o) Wekae¥®d a2=La p y Wiyaie,,
We kmew  'Anna ‘Lenny ‘“ary and *Nors
Mote that yes—no questions can nearly always be reworded so that they it into
this paltem:

wt¥ o
(an Willyoumailmemy o>~ 801

Will you mail me my mopey. orm?

It is wseful to distinguish between twoe kinds of rising intonation. In the one,
which typically occurs in yes—-no questions, there is a large upward movement of
pitch. In the other, the continuation rise that wsually occurs in the middle of sen-
tences, there is a smaller upward movement. These two intonations are offen used
contrastively. Thus, if there is a low fsing intonation on an ullerance, 11 Means
that there is something more to come. [ might have a slightly rising intonation in;

¥ G
(12) (13 i

Yes

These are the kinds of uitcrances one makes when listening to someone
telling a story. They mean, *T hear you; please continue.” If | ave a larger nse in
pitch and say:

[

(14) ‘!a (15) ==

Ve Gio om

it means, “Dhd youo say “Yes'? or “Did you say '"Go on*? In should be noted,
however, that people are not entirely consistent in the way they use this differ-
ence in intonation.

Both rising and falling intopations can occur within the same tonic accent. IF
you tell me something that surprises me, [ might have a distinct fall on the tonic
syllable followed by a rise on the remainder of the intonational phrase:

& r

q metrys law 2
ap —Lmom ¥ -

Yeour *mom will “marry i law yer?
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There are also distinet intonation patterns that one can use when addressing or
calling someone. If | am answering a question such as “Who is that over there ™
I will have a falling intonation over much of my pitch range, as shown in (17).
However, if | am trying to attract someone's attention, | might use a falling into-
nation, but with only half the range of the full fall, as in (18). Calling to someone
in this way can even be done as a chant, with comparatively steady pitches after
the first rise, as i (19).

A B

"\
(17) Laira (18) Laura (19} Laura

We can sum up many differences in intonation by referring 1o the different
ways in which a name can be said, particularly if the name is long enough 1o
show the pitch curve reasonably fully, In curves (20) through (24), 1 have
incheded dotied lines showing part of a pitch scale, so as 1o make comparisons
easier. (It is actually an octave, 100 Hz to 200 Hz.) These curves show different
pronunciations of the name “A'melia” (not written along the curve, as in the pre-
vious examples). (20) is a simple statement, equivalent 1o “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 tum to speak. (23) is a question expressing surprise, equivalent to
“Was it really Amelia who did tha™" Lasaly, (24) is the form for a strong reac-
tion, reprimanding Amelia,

(24)

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. Insiead of considering the shape of the 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 1o make either a high or low
pitch on a stressed syllable and to move upward or downward as they go into or
come away from this wrget. One system for representing pitch changes of this
kind is known as ToB1, standing for Tone and Break Indices. In this system. tar-
get lones H® and L* (called H star and L star) are typically written on a line
(called a tier) above the segmental symbols, and put immediately above the
stressed syllables. A high tone, H®, can be preceded by a closely attached low
pitch, written L + H*, 5o that the listener hears a sharply rising pitch. Similarly
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L* can be followed by a closely attached high pitch, L* + H, 5o that the lisiener
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 pevertheless contain a
small step down of the pitch. This is known as High plus downstepped High, and
written H + !H*, with the exclamation mark indicating the small downstep in
pitch. In special circumstances, 10 be discussed at the end of this section, a
downstepped high syllable, 'H*, can itself be a pitch accent. There are therefore
six possabilities, shown in Table 3.5, 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 after the nuclear
pitch accent. This tone, called the phrase accent, is written 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 falling pitch. In this frame-
work all English intonations consist of a sequence of tones formed as shown in
Table 5.5. As you can see in the first column, there are a number of pitch accents
that may occur on stressed syllables before the nuclear pitch accent. The second
colunm shows the nuclear pitch accents, one of which must always be present in
# phrase, The pan of the intonational phrase after the cnuclear pitch accent, the
phrase accent, must be high or low: and there must be a high or low boundary
lone.

The TaBI system also allows us 1o transcribe the strength of the boundary
between words by means of a number. This is called a Break Index giving the
name ToBl (To and Break Indices) to this transeription system. If there is no

m The ToBl system for charscienizing English intonatzons., Each
intonational phexse (lone group ) must have one item from each of
e bail three eolumns., asd it may also have sdditiosl pitch accents
marked on other streseed syllables, as shown in the first column.
The parenthesized accent, (2H*), will be explained at the end of this

saciion.
Optional
Pro-Muciear
Pitch Accants
on Stressed Muclear Phrase Boundary
Syllalles Pieh Accant Aceant Tosrid
HJ
Hi
B L*
L+ H® L4+H* H- H%
L* +H L* +H
H & 14" H o+ 14" L= L%

[H*®) (FH*}
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break, s, 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 “to Mexico™ as compared with “tomorrow.” Intervals between
words are classified s having Break Index | (although, to my mind, there is use-
ally nothing that can be called a break betwesn 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 ocours between larger intonational phrases, such as whole senlences.

The last five imonation curves we considered would be transeribed in a ToRI
transcription as follows (without indicating the Break Indices, which would
always be a 4 at the end of each of these utterances):

(200 A'melia Taome tier [ H* L-L%]
Simple statement in response (o Segmental tier [amiz Tita]
“What is her name?"

(21 A'melia? Tone tier [ L* H-H%]
A question, equivalent o Segmental ek [ami: liza )
“Did you say Amelia™

(220 A'meelia— Tone tier [ L* L-H%]
Addressing Amelia, indicating Segmental tier [ami: liza ]
that it is her tum to speak.

[23) A'melia®? Tone tier [L+H* L-H% ]
A question indicnling surprise. Segmental tier [ami: liza]
(24} A'melint! Tane tier [L+H*L-L% ]

A strong reaction, reprimanding Amelia, Segmental tier [ami 153 ]

The ToBI ranscription 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
accurs in an un finished utterance, or in a list of words such as we exemplified in
{10y, “. . . Annn, Lenny, Mary and .. _." The way in which ToBI separaies the
large pitch rise in {21} —the question rise—from the smaller fse in (22 —the
cominuation rise—is by making the phrase tone L-, so that (22) has the wune
[ L* L~ H% ] instead of [ L* H- H% ] as in (21). The low phrase wone 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
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small pitch rise at the end, much as in (22). Finally (24), [ L + H* L- L5 ], is
like (23) in beginning with a strong rise, but it ends with a low boundary tone,

The simnple statements, questions, and other intonations that we discussed ear-
lier can be transcnbed in a similar way,

{1} Wi knovw 2 man in Our anca Tang ler [ H* H*L~-L%]
Simple slalemeni. Segmental ier  [wiz no 2 men m ar ez |
{15) Wil you ‘mail me my ‘money? Tone tier [ H* L*H-H®%]
Simple yes-no question. Segmentad ther  [wil ju: medl mei: oz masd |

(9 Wheem you are wisnieg, T whl nen away.

Twos clawies with a Break Index 4. Break Index [ 111 41 1 1 4]
Tone tier | H*L-HEH* H*LL%)
Segmental tier  [wen jur a:wmen s wel ran ower |

The Break [ndices are shown in (99, At the end of the first intontional phrase
there is a continuation rise represented by L= H%, and a break index 4. All the
words are closely joined 1wgether, so in each case the Break Index is 1.

Finally we must consider how 1o transcribe another fact about English intona-
tion (wihich also applies to many other languages). The pitch in most sentences
has & tendeney (o drift down. Earlier, when discussing stress, we considered the
sentence “Mary's younger brother wanted ‘fifty chocolate ‘peanus,” with
stresses on allernate words, “Mary’s,” * brother,” “fifty,” and “peanuts.” If you
say thiz sentence with these stresses, vou will find that there 15 an H* pitch
accent on each of the stressed syllables, but each of these high pitches is usually
a litle lower than the preceding high pitch. This phenomenon is known as
downdrift. We can represent this in the transcription by marking the H* pitch
accents os being downstepped. a notion that was mentioned earlier in connection
with a fall from: a high pitch within a syllable. In Table 5.5 we used a srall raised
exclomation mark, ! We can indicate that each of the H* tones is a litile lower
than the preceding one by iranscribing them as downstepped highs, ! H®, in the
tone tier for this sentence:

[H* TH* H* 'H* L-L%]
{25) Mary"s younger beother wanted fifty chocolate peanuts.

Mote that successive H* pitch acoents do not have to be downstepped. 181 had
winied to put a very slight emphasis on "brother,” indicating that it was Mary"s
younger brother, not her younger sister, who had this peculior desire, then |
could have made the downstepping begin ot “fifty” and said:

[H* H* IH* 'H* L-L%]
(26) Mary’s younger brother wanted fifty chocolate peanws.
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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
meirk. two possible phrase accems, two possible boundary tones, and four possi-
ble Break Indices, going from 1 (close connection) to 4 {2 boundary between
intonation phrases). It was designed specifically fior English intonations, bus,
with a few modifications, it may be appropriate for other languages as well,

EXERCISES

A List the strong and weak forms of ten words nol mentioned in this chapter.
For each word, transeribe 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 invelving a
change across word boundaries. (Even if you yourself do ot say assimila-
tions of the kind illustrated, make up plausible examples. | myself have heard
all the examples given.)

A change from an alveolar 1o a bilabial consonandt.
inpt [ Imput | Satnr Pl [ sevpaclz |

A change from an alveolar consonant to a dental consonant.
fenth [ teni | It this [ g ]

 EXIRCISES
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A change from an alveolar consonant to a velar consonant.
synchronomws [ ‘smkramas | within groups [ wiliiy grucps )

A change from a voiceless consonant 1o a voiced consonant.
catfy [ aeti ] st wp [ srdagp]

C Give five more examples of assimilation. Choose examples as different as
passible fram any that have been given before.

[ ]
[ ]
[ ]
[ 1
| 1

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

Example: continental

I a ‘comitnental 'breakfas
She's ‘very coniimental.

aftermaan

artificial

diplomatic
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abseniminded

Mew York

E Fill in plus and minus signs so as 10 indicate which syllables in the following
table have tonie accents, which have stress, and which have full vowels, You
rray find it useful to refer back to Table 5.4,

computation  compute  inclination  incline (verh)

tonic accent
slress
full vowel

F About 100 years ago, the following words had stress as shown. Some of them
still do for some people. But many of them (in my 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 general rule describing this
tendency for the position of the siress 1o change (o a particalar syllable.

an‘chovy

‘applicable
‘controversy

‘nomenclature
trarchen
cliquette
re'plica
vagary
blasphemaous,
Acumen

Rule:
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G List three more scts of words showing the stress altemations of the kind
shown in Table 5.2.

Photagraph phétagraphy photdgraphic

H 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 feiemd)
2. "Where were you last night?" (angry father to daughter)
3. “Must it be typewnitten?” (polite question)

4. "Whao is the one in the comer™ (excitedly, 1o a fiend)
5. “He's very nice . . ." (but [ don’t like him)

I Make a segmental transcription and alse show the Tone Tier with a ToBI tran-
seription of the following witerances for which the pich curves have been
drawm in this chapier.

(2) We know a millionaire in our anea,

(43 A leon is & mammal.

(51 A lion is a mameal.

(7) Wil you mail me my money?

(2} When will you mail me my money?

(100 We knew Anna, Mary, Lenny, and Nora
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PERFORMANCE EXERCISES

A Pronounce the following phrases exacily as they have been transcribed, with
all the assimilations and elisions. (Each of these ranseriptions is a record of
an utterance that [ kave actually heard in normal conversations between cdu-
cabed speakers, )

“What are vou doing ™ [ wadza'dum |

“I can inguire.” [aikn n kwas |
“Did you eat ye1 7" [dsinjed |

“I don't believe him.” [ ardoumbsliovim ]
“We ought to have come.” [ wroafkam |

B Working with a partner, try to transcribe the intonation of a few sentences,
You may find it difficult 10 repeat a semtence over and over again with the
same intonation. If you do, try to work from a tape recording. In any case,
write down the sentence and the intonation you intend 10 produce, Practice
saving it in this way before you say it to your partner.

C Take twms saying nonsense words such as those shown below, transcribing
them, and comparing transcriptions.
Jkersdsminge
Tk lifumn6
sfe'efema
groipstbraige

D Also make up lists of words for improving your memeory span. These words
are more difficult if the stress is vaned and if the sounds are mainly of the
same class (stops, front vowels, voiceless fricatives, etc.).
tipekiketipe
Barsafact [avlau
TSI (O 3T
wiotallavraralogs
habdegbedgibdedbe bdad
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AIRSTREAM MECHANISMS
AND PHONATION TYPES

In osder 1o describe the various languages of the world, we necd to consider the
twtal range of the phonetic capabilities of humans, There are several ways in
which the sets of terms that we have been using to describe English must now be
enlarged. 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. Secomd, all English sounds can be categorized a5 voiced or voiceless;
in some languages, additional states of the gloltis are used. This chapter surveys
the general phonetic categories needed 1o deseribe the airstream mechanisms
and phonation fypes that occur in other languages, Subsequent chapiers will sur-
vey other ways in which languages differ.

Air coming out of the lungs is the source of power in nearly all speech sounds.
When this body of air is moved, we say that there is a pulmondc alrstream
mechanism. The lungs are spongelike tissues within a cavity formed by the rib
cage and the diaphragm. When the diaphragm (a dome-shaped muscle) con-
tracts, it enlarges the lung cavity =o that air flows into the lungs. The air can
be pushed out of the lungs by a downward movement of the rib cage or an
wpward movemsent of the diaphragm, resulting from a contraction of the abdom-
inal muscles.

In the deseription of most sounds, we take it for granted that the pulmonic
airstream mechanism is the source of power. But in the case of $lop consonants,
odher airstream mechanisms may be involved. Stops that use only an egressive,
o culward-moving, pulmonic airsiream are called plosives. Stops made with
odher airstream mechanisms wall be specified by other terms.

In some languages, speech sounds are produced by moving different bodies
of air. If you make a glotial stop, so that the air in the lungs is contained below
the glottis, then the air in the vocal tract itsell will form a body of air that can be
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moved. An upward movement of the closed glomis will move this air out of the
mouth. A downward movement of the closed glottis will cause air to be sucked
inte the mouth. When either of these actions occurs, there is said 1o be a glottalic
airstream mechanism.

An egressive glottalic airstream mechanism occurs in many languages.
Hausa, the principal language of Morthern 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.

As far as [ can tell, in Hausa the velar closure and the glotal closure are
formed ot about the same time. Then, when the vocal folds are tghtly together,
the larynx is pulled upward, about 1 cm. In this way it acts like a piston, com-
pressing the air in the pharyns, The compressed air is released by lowering the
back of the tongue while the glottal stop is maintained. This produces a sound
with a quality different from that in an English [k ]. Yery shortly after the
release of the velar closure, the glottal stop is released and the voicing for the
following wowel begins.

Stops made with a ghotialic cgressive airsiream mechanism ane called ejec-
tives, The diacritic indicating an ejective is an apostrophe [ * ] placed after o
symbol. The Hausa sound 1 have just described is a velar gjective. symbolized
[ k'], as in the Hausa wond for “song”™ [ wak'd: |, (The accents over the vowels
indicate significant pitches, which we will disregard for the moment.) Other lan-
guages have ejectives made at other places of aniculation. Some languages also

The sequence of evenis that ocewrs s a glonalic egrestive velar
sop [k ],

1 Back of iongue
otk i Fores
wrlar chowune 4 [Back of tonge:
s Bevwered,
Closmre of e ghotrn Telraning Compreisd
[These Fivd mdvements: e
actur approakmately
simulianeously. §
3 Bedy ifairin
=
compreiicd
I Closed glomis
L~ s naised

w5 Olottall cloigre
i released
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use this mechanism in the production of fricatives as well as stops. OF course, a
fricative made in this way can comtinue 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, includ-
ing American Indian languages, African languages, and languages spoken in the
Caucasus. Table 6.1 gives examples of ejectives and contrasting sounds made
with a pulmoenic airstream mechanism in Lakhota, an American Indian language.
The sounds of Lakhota differ from those of English in many ways in addition to
having contrastive ejectives. We will discuss the un familiar symbols in this table
later in this book.

Some people make ejectives at the ends of words in English, particularly in
sentence final position. I have heard people say 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 cjective. Now try to
make a slightly more forceful ejective stop. By now you should be fully able
to make a glottal stop in a sequence such as [ aa ). so the next step is 1o leam o
raise and lower the glottis. You can recognize what it feels like 1o raise the glot-
lis by singing a very low note and then moving to the position for singing the
highest note that you possibly can. If you do this silently, you will find it easier
to concentrate on fecling the muscular sensations involved, It will alko help you
to realize what you are doing if you put your fingers on vour throat above the lar-
ynx so that you can feel the movements. Repest (silently) this sequence—Ilow
note, very high note—until you have thoroughly experienced the sensation of
raising your glottis, Now try 1o make this movement with a closed glottis. There
will, of course, be no sounds produced by these movements alone.

The next step is to leam 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 s0. Now say
1t again, and while maintaining the [ k ] closure, do three things: (1) make a glhot-
tal stop; (2) if you can, raise your larynx; and (3) release the [ k | closure while

m_ﬁmum imvolvieg elective stops in Lakhota, An gjective

mezchanism is shivan by a following spostrephe,

Ejective plo {'ufe k'u
fogy” “al all costs”™  “to gve”

Volcoless Unaspirated payd ia [hifa kah
“mallard™ “who* “that™

Velceless + Velar Fricative  p'a awi k*anga

"Bt "own” *plum*®
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maintaining the gloital stop. Don't worry abowt step 2 1o much, The imponant
thing 10 concentrate on 15 having a glotal stop and a velar closure going on ol the
same time and 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' ].

Mext, iry to produce a vowel after the gjective, This time stant from the
sequence [ aka ], Say this sequence slowly, with a long [ k ] closure, Then, dur-
ing this closure, make a glotial stop and raise the laryne, Then release the [k ]
closure while still maintaining the gloatal stop. Finally, release the glottal siop
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 linde pause
between the release of the velar closure and the release of the glottal stop, it can
be consadered 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 imphed by the sym-
bol for the cjective,

Another way of learning 10 produce an ejective is 1o stant from the usual
American (and common British) pronunciation of “button” as [ ‘baitn ). Try stan-
ing 1o say “button™ but finishing with another vowel [ a ] instead of the nasal
[ a1 If you make sure that vou do inchede the glotial stop form of £ 1/, the resalt
will probably be [ badta 1. If you say this slowly, you should be able (o convert it
first imo [ Bat s . then into [ bai’a 1. and finally, aliering the siress, into
[ bat'a ].

You should eventually be able to produce sequences such as [ p'a, t'a, k'a |
and perhaps [ a, s'a ] as well. Practice producing ejectives before, after, and
berween a wide vanely of vowels, You should also try to say the Lakhota words
in Table 6.1, But if you find ejectives difficalt to produce, don't worry. Many
people take years to leamn to say them. Just keep practicing.

It is also possible 1o use a downward movement of the lammx o suck air
inward. Stops made with an ingressive glotalic airstream mechanism are called
implogives. In the production of implosives, the downward moving larynx is not
wsually completely closed. The air in the lungs is still being pushed out, and
some of il passes betwesn the vocal folds, keeping them in motion %o that the
sound is voiced. Figure 6.2 shows the movements in 3 voreed bilabial implosive
of a kind that occurs in Sindhi (an Indo-Arvan language spoken in Indin and
Pakistan). Implosives sometimes occur as allophones in English, particulardy in
emphatic ariculations of bilabial stops as in “absolutely billions and billions.”

In all the implosives I have measured, the articulatory closure—in this case,
the lips coming together—occurs first. The downward movement of the glotis,
which eccurs next, is like that of a piston that would cause o reduction of the pres-
sure of the air in the oral tract, But it is a leaky piston in that the air in the lungs
continues 1o flow through the glottis, As a result, the pressure of the air in the oral
tract is nod affected very much. (In a plogive [ b ] there is, of course, an increase in
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m Extimated sequence of events ia 3 Sindba bilabial implesive [ B |

3 Linkz change in

ol e
e gt aif s the oal tract
4 Lipa COMmi m—
I.P-I.“

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,

In many languages, such as Sindhi and several African and American Indian
languages, implosives contrast with plosives. However, in some languages (for
example, Vietnamese), implosives are simply variams (allophones) of voiced
plosives and not in contrast with those sounds. The top line of Table 6.2 illus-
trates 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
last columns in Table 6.2, which illustrate [ 6 ] and [ o ]. the bilabial and velar
implosives respectively, in the first row, contrasting with the regular plosives
[b]and [q ] in the second row. Sindhi has additional places of articulation illus-
trated in the second. third, and fourth columns, which we will consider in Chap-
ter 7. The lower rows in the table illustrate phonation types that we will congider
later in this chapler.

I do ot know any simple way of teaching people to make implosives. Some
people can bearn 1o make them just by imitating their instroctor; others can't. {1,
incidentally, was one of the latter group. 1 did net leam to make implosives until
nearly the end of a vear studying phonetics,) The best suggesiion [ can make is 1o
star from a fully voiced plosive. Say [ aba |, making sure that the voicing con-
tinues throughout the closure. Now say this sequence slowly, making the closure
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phecnation types in Simdhi.

[ani s Falu ffani
“fhold” “testhval™ “illiteraqe” “haarsdiie™
bana daru g Jon TS
“farpgt” “dadr Sy run” “illiterate™ “guality™
panu LU oy cafu kanu

= |epd™ “boticm” “ten” “to destroy” “ear”
Prans raru fodu Mg K i o
“snake hood®  (district name) “thug, cheat” “erawn” "y lif”
bl daqu Jagu I oo
“manure” “trunk” *lull” "8 grab” "ENCHEE"

last as long as you can while maintaining strong vocal fold vibrations, Release
the closure (open the lips) before the voicing stops. If vou put vour fingers on
your throat above the larynx while deing this, you will probably be able 1o feel
the laryns moving down during the closure.

There are straighiforward mechanical reasons why the larynx moves down in
these circumstances. In onder to maintain voicing throughout a [ b ], air must
continue 1o flow through the glottis. But it cannot continue to flow for very long
because, while the anticulatory position of [ b ] is being held, the pressure of the
air in the wocal tract is continoally increasing. In onder 1o keep the vocal folds
vibrating, the air in the lungs must be at an appreciably higher pressure than the
air in the vocal tract %o that there is a pressure drop across the glottis. One of the
ways of maintaining the pressure drop across the glottis is to lower the larynx
andl thus increase the space available in the vocal ract. Consequently, there is a
natural tendency when saying a long [ b ] o lower the lanym, If you iry 1o make
a lomg, fully vosced [ b ] very forcibly, but open your lips before the voicing stops,
you may cnd up producing implosive [ B ). You can check your progress in learm-
ing 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 duning the [ & ]

Historically, languages seem to develop implosives from plosives that have
becomse more and more voiced. As | mentioned earlier, in many languages,
voiced implosives are simply allophones of voiced plosives. Ofien, as in Viet-
namese, these languages have voiced plosives that have o be fully veiced in
order 1o keep them distinet 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 implo-
sives grew oul of older voleed plosives in this way: and the present contrasting
voiced plosives are due to later influences of neighboring languages.
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There is one other airstream mechanism that is used in a few languages. This
15 the mechanism that is used in producing clicks, such as the intcrjection
expressing disapproval that novelists write “tut-tut"or “isk-1sk." Another type of
elick is commonly used to show approval or to signal horses 10 go faster. Yet
andther 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 10 iner-
Jections or nonlinguistic gestures) in several African languages. Zulu, for exam-
ple. has a number of clicks, including one that is very similar 1o our expression
of disapproval,

The easiest click to stan studying is the gentle-kiss-with-pursed-lips type. Ina
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 manner.
Make a “kiss" of this type. Say this sound while holding a moistened finger
lightly along the lips. You should be able to feel that air rushes into the mouth
when your lips come apan. Note that while you are making this sound, YOU Cin
continue 1o breathe through your nose. This is becanse the back of the tongue is
touching the velum, so that the air in the mouth used in making this sound is sep-
arated from the airstream fowing in and out of the nose,

Now say the click expressing disapproval, the one that authors sometimes
write “1sk-1sk"™ or “tut-tut” when they wish to indicate a click sound; they do not,
of course, mean [ usk sk ] or [ tat tat . Say a single click of this kind and try to
feel how your tongue moves. The positions of the vocal organs in the cormespon-
ding Zulu sound are shown in Figure 6.3. At the beginning of this sound, there
are both dental and velar closures. As m result, the body of air shown in the dark
shaded area in Figure 6.3 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 symbaol for
a demtal elick 15 [ 1 ], a single vertical siroke,

Movement of the body of air in the mouth is called a velaric airsiream
mechanism. Clicks are stops made with an ingressive velaric airstream mecha-
nism {as shown in Figure 6.3), It is also possible to use this mechanism to cause
the airstream to Now 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 6.3 is a dental click. If the partial vacuum is
released by lowering the side of the wngue, a lateral click—the sound some-
times used for encouraging horses—is produced. The phonetic symbol is [ 1], a
pair of vemical strokes. Clicks can also be made with the tp (nos the blade) of the
tongue touching the posterior part of the alveolar ridge. The phonetic symbol for
a elick of this kind is [ ! ], an exclamation point. These three possibilities all
occur in Zalu and in the neighboring language Xhosa. Some of the aboriginal
South African languages, such as Nama and 'X&5, have an even wider variety of
click amticulations. X683, spoken in Botswana, is one of the few languages that
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The sequence of events in o demial click. Instially, both the tip and
the back of the tonges age mised, enclosing the small pocket of air
indicated by the dark shading. When (e conter of the tongise moves
dovwm, |h::||1'i¢r. :!iil'rll_l.' shiaded cavity is formed. Then the tip
maves down bo e posilion dhown by the dasked lime, and, a linle
lmter, the back of the ongue comes doam 10 the position shown by

the dashed line.
| Back of onpe: mied — | Teague lipup b
s Form velas closurns fremm fronl closure
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4 Velar choaure
3 Toagus Ep lewansd
relossnd 50 tharl air rushes inio
the: miouth

2 While both e anterior sl the
velular ¢losmre are rainiained, the
ety of the loagos move down
decreansng the preadiune of the air
in the fevet pasrt of the seouth

have bilabial clicks—a som of thin, straight lips, kiss sound, for which the sym-
bal is [ G ].

In the production of click sounds, there i a velar closure, and the body of air
involved is in front of this closure (that is, in the front of the mouth). Conse-
guently, it is possible to produce a velar sound with a glottalic or pulmdonic
airstream meechanism while a click is being made. You can demonsirate this for
yoursell by humming continsously while producing clicks. The humming corre-
sponds 1o a long [ 1 |, a voiced velar nasal, We may symbolize the co-occumence
of a nasal and a click by writing a tie bar [~ ] over the two symbols. Thus a den-
tal click and a velar nasal would be written [ gl ]. In transcribing click languages,
the: tie bar is wsually lefit off, and simultaneity is assumed.

Even if the sofi palate is raised so that air cannod flow through the nose, the
pulmonic airstream mechanism can stll be used 1o keep the vocal folds vibrating
for a short time during a click. When the back of the tongue is raised for a click
and there 15 also @ velic closure, the articulators are in the position for [ g . A
voiced demtal click of this kind is therefore a combination of [ g ] and [ 1] and
may be symbolized [ gl | (omitting the tie bar).

At this point, we should note that, strcily speaking, the transeription of clicks
always requires a symbol for both the click iself and for the activity that can be
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associated with the velar closure. We transcribed the voiced click with a [g ]
plus the click symbol, and the nasalized click with [ n ] plus the click symbol,
We should also transeribe the voiceless click with [ k | plus the click symbeol, It
is perhaps not necessary for a beginning student in phonetics o be able to pro-
duce all sorts of different clicks in regular words. But you should be able to pro-
duce at least a simple click followed by a vowel. Try saying [ kI ] followed by
[ @ ]. Make a vowel as soon after the click as possible, so that it sounds like a sin-
ghe syllable [ kla ] (using the convention that regards the [ k | and the click as
simultanesus, as if there were a tie bar).

As a more challenging excrcise, leamn 1o produce clicks between vowels, Start
by repeating [ Ka | a number of times, so that you are saying | klaklakla |, New
say dental, post-alveclar, and lateral clicks in sequences such as [ akla, okl
akla |. Make sure that there are no pauses between the vowels and the clicks.
Now try 1o keep the voicing going throughout the sequences, so that you pro-
duce [ oglo, ogla, agla ). Last, produce nasalized clicks, perhaps with nasalized
vowels on either side [ anla. anlo. anla | (again with the nasal being simultane-
ous with the click). Repeat with other vowels,

The spelling system regularly used in books and newspapers in Zulu and
Xhosa employs the letiers ¢, g x for the dental, post-alvealar and lateral clicks
for which we have been using the symbols[ |, !, 1 ], respectively. The name of the
language Xhosa should therefore be pronounced with a lateral click at the begin-
ning. The k following the x indicates a short burst of aspiration following the
click. Try saying the name of the language with an aspirated lateral click m
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 [ uki ].

Contrasts imvolvieg clicks is Xhoas, The rows differ in phonation
types, ms will be discussed later im this chapeer,

[Cental Post-Alvealar Latoral
Volceless Unaspirated ukiklola kil ! b iklalo
Velar Ploslve “to grind fing" “to break stones™ “peace”
Violceless Aspleatad kukPSla itk ola ukiiki™da
Virlar Plasive “to pkkup®™  “parfume” “to @nm onesall
Murmisted Vielar islcughiba ulbtigoba uletighoba
Plosive “to b poful™  “to scoop”™ “bo 8lir up mud®
Woloed Velar Masal ukrirfoma ukilnlala ukrinfliGa
“to admire”  “to climb wa” “to put on clothes”
Murmured Velar Nasal kol ukiin'ala uki

"o be dirty™ "1 go stralght™  "to Be on back, knees up®
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ward movement of WrFIream
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Table 6.4 summarnzes the prnincipal airstream mechanisms. Mote that pul-
monic sounds can be voiced or voiceless. Glottalic egressive sounds—ejectives
—are always volceless. Glotalic 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 one or two langunges. 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.

STATES OF THE GLOTTIS

So far we have been considering sounds 10 be either voiceless, with the vocal
folds apart, or voiced, with them nearly together so that they will vibrate, But in
fact the gloftis (which is defined as the space between the vocal folds) can
assume a number of other shapes. Some of these glotal stabes are imporant in
the description of other languages.

Photographs of four states of the glomis are shown in Figure 6.4, These pho-
tographs were taken by placing a small mirror at the back of the mouth, o that it
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vocal cords

arytenoid
cartilages

volcelezs

crealy volce

wias possible w look straight down the pharynx toward the larynx. The top of the
pacture 15 towand the front of the neck, the lower part towand the back. The vocal
folds are the white bands running from back to front in each picture. Their posi-
tion can be adjusted by the movements of the arvtenobd cartilezges, which are
undermcath the small protuberances visible in the lower part of the pictures

In a voiced sound, the vocal folds are close together and vibrating, as in the
first photograph. In a voiceless sound, as in the scoond phoiograph, they are
pulled apart. This position will produce a completely vodceless sound if there 15
litile or no airflow through the glotts, as in the case of a volceless fMeative or an
unaspirated stop, But if there 15 considerable airflow, as in an k-like sound, the
vocal folds will be set vibrating while remaining apart. In this way they produce
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what is called breathy voice, or murmur. [ have labeled the second photograph
“voiceless” because this is the usual position in voiceless fmicatives. 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
arylenoid cartilages in the lower (posterior) part of the photograph. They can still
vibrate, but af the same time a great deal of air passes out through the gloatis.

Murmured sounds occur in English in the pronunciation of £ h/ in between
wowels as in “ahead, behind,” In most of the speakers of English [ have been
able to observe, the Fh/ in these words is made with the vocal folds slightly
apart along their entire length, but still continuing 1o vibrate as if they were wav-
ing in the breeze. The term verced h is sometimes used for this sound, but it is
somewhat confusing as there is cenainly no voicing in the usual sense. The term
miurmiered b is preferable, The symbol for this sound is [ f .

Leamn 1o distinguish between the murmured sound [ A ] as in “aha™ and the
vdceless sound [ b | as a1 the beginning of an English word such as “leart.” The
murmured sound is like a sigh produced while breathing heavily. Take a deep
breath and see how long you can make first [ f ] and then [ h ], In the voiceless
sound [ h ], the air from the lungs escapes very rapidly, so that this sound cannot
be profonged 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 vibrat-
ing vocal folds. Note that [ A ] can be sasd on a range of different pitches,

Mow 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 1o pro-
duce the sequence [ fia | after a stop consonant. Murmured stops of this kind
oocur i 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 mur-
mured stops the murmar 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,
amal this cannod happen during the stop closure.

It is fairly easy to produce the required flow rate during a vowel. Some lan-
guages contrast plain and murmured vowels. Table 6.5 shows pairs of words in
Gujarati, another language spoken in India. Murmured vowels are indicated by a
dieresis {two dots) below the symbal. This diacritic can be used o show murmar
or breathy voice on other sounds, such as nasals. which occur in a number of
languages.

In creaky voice, which is the other state of the glottis illustrated in Figure 6.4,
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 al the bottom of the photograph is not visible when
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mel “palace” mel =dirt”

ot "down™ par “last year”
Jer - Jer = pound”
bar "ot slde ™ har “revalve”

the arylenoad 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 nod possible o make accurate measurements of the lengths of the vibrating
folds in these photographs, as the glonis is at varying distances from the camera,
but this probably acoounts for enly a small proportion of the variation in length
apparent in the photographs. Creaky voice is a very low-pitched sound that sccurs
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 1o go
even bower, Creaky-voiced sounds may also be called lamymgealized.

In some languages, laryngealization is used 1o distinguish one seund from
another. Hausa and many other Chadic languages of Nonhern Nigeria distin-
guish between two palatal approximants, One has regular voicing, rather like the
English sound a1 the beginning of “yacht,” and the other has creaky voice. The
IPA diacritic 1o indicate creaky voice is [ _ ] placed under the symbol. Hausa
orthography uses an apostrophe (*) before the symbol for the comesponding
voiced sound, thus contrasting v and 'y, The Hausa letters v and "y correspond 1o
IPA[j] and [ j ]. Try differentiating between the lanyngealized and nonlaryn-
gealized sounds in the Haonsa words " va'va™ (children) and “yare”™ (hoy).

A slightly more common use of laryngealization is to distinguish one s1op
from another. Hausa and many other West African languages have voiced stops
[ b, d ] conrasting with laryngealized stops [ b, d ], 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 ocour in some American Indian languages.

VOICE ONSET TIME

We saw earlier that the terms voiced and voiceless refer 1o the siate of the glottis
during n given articulation. We also snoe that the terms aspdrested and wnasprrated
refer to the presence or absence of a period of veicelessness 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 as VOT).
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The easiest way 1o visualize WOT is by reference to the waveform of a sound.
This is the technique we used in Chapter 3 1o discuss the differences between
"he” and “die.” The VOT is measured in milliseconds (ms) from the spike indi-
cating the release of the stop closure to the start of the oscillating line indicating
the vibrations of the vocal folds in the vowel. If the voicing begins during the stop
chosure (i.e., before the release), the VOT has a negative value,

The top part of Figure 6.5 shows the waveforms of the first paris of three of
the Sindhi words in Table 6.2: [ dani | “door,” [ taru | “bottom,” [ Maru | (name
of a district). The dashed line indicates the moment of release of the stogr. There
is & lime scale centered on that moment at the bottom of the figure, In the wave-
form for [ da | at the top of the figure there is voicing throughout the closure, the

m Waveforms showing stops with different degrees of voscing and

aspiration.

Sindhi

MNavajo

= |10} [} (111 30 ma
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release, and the vowel. This is a fully voiced stop that has a negative VOT of
=130 rms.

In the mext waveform, | > ], there are no vodcing vibrations during the closur:
{before the dashed line). This is, therefore, a voiceless stop. The voicing starts
very shortly afier the closure, the VOT being less than 30 ms, making 1his an
unaspirated stop. In order to produce this stop, the vocal fodds are apart during
the whole of the closure period but are close together at the moment of release
of the closure, 50 thal voicing stans as soon as there is sufficient airflow through
the ghoms. In the maddie of the closure, the vocal folds might be in a position
similar to that shown in the sccond photograph in Figure 6.4,

The third waveform, [ % ], shows an aspirated stop, with a VOT of about 50
m. In producing this sound, the vocal folds are apan during the stop closure and
the glottis is stll open 31 the moment of the release of the stop closure.

There s a continuam of possible voice onset times. Some languages, such as
Sindhi, have very fully voiced stops with a large negative VOT. Ouhers, such as
English, have litthe or no voicing during the closure, unless the stop is preceded
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 Fig-
ure 6.5 it is only 30 ms. In Mavajo, as shown in the last row in Figure 6.5, aspi-
rated stops have a VOT of about 130 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 second photograph in Figure 6.4, The masimum opening
will occur ot about the moment of release of the stop closure. In general, the
degree of aspiration (the amount of lag in the volce onset dme) will depend on
the degree of glottal aperture during the closure. The greater the opening of the
vocal felds during a stop, the longer the amount of the following aspliration,

Different languages choose different points along the VOT continuum in
forming oppositions among siop consonants, This point is ilustrated in Figure
6.6, in which some of the possibilities that occur in different languages ane
shown with reference 1o a scale going from most aspirated (largest positive
VOT) at the top 10 most voiced (largest negative VOT) at the boitom. The
Mavajo aspirated stops, shown in the first column, have a very large VOT that is
quite exceplional. Mavajo does not have a bilabial stop series, but for all the
other languages the positions shown on the scale commespond to bilabial stops. As
you can see, also in the first column, o nommal value for the YOT of English
stressed inatinl [/ p f would be between 50 and 60 ms. English initial /b /, a1 the
bottom of the first colomn, may have a WOT of abowt 10 ms, but, as indicated by
the dashed line, it may be less, and even slightly negative, After an initial /5,
English £ p/ will have a VOT much like English inatial £ b /,

Other languages make the contrast between phonemes such as / p, ¢, k/ and
fhb, d g/ in initial position with very different YOTs, Navajo contrasts initial
f k fwith a/f g f that is far from voiced; it has a VOT of over 40 ms, As this sound
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15 completely voaceless, it might be better 1o say that the contrast in Navajo is
between / k* fand / k /, rather than between / k /and / g /. However, both wilys of
transcribing Navajo are perfectly valid. As we saw in Chapter 2, vou 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 transeription is accompanicd by a siate-
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 transeription. In
broad transcriptions of English, it is sufficient just 1o use /b, p/. But if one
wants o show more phonetic detail, one can specify that the phoneme /b / is a
completely voiceless [ b ] in, for instance, “That boy™ [ ‘8eefibas ] in my English.
Similarly, one might want to show phonetic details such as the aspirated / p / that
oocurs in “pie” [ pfan ] or the unaspirated £ p £ in “spy™ [ spai ].
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The second column in Figure 6.6 shows how the sounds of French line up
with those of English and Navajo. The voiced stops in French (and Spanish, Ttal-
ian and many odher languages) are nearly always fully voiced. The length of the
voicing varies, depending on the length of the closure, which is why 1 added an
arrow alongside French / b /. Voiceless stops in these languages are unaspirated,
making Fremch / 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 nar-
row phonetic transcription, £ p / versus [ po /. In the Gaelic spoken in the Outer
Hebrides of Scotland, the VOT of £ p* F is around 65 ms, nothing like as long as
that in Navajo, but bonger than that in English,

Some languages contradl three differsnt voice onset times, Thai has voiced,
voiceless unaspirated, and aspirated stops, as shown in the final column in Fig-
ure 5.6, Words illustrating these contrasts in Thai are given in Table 6.6, As in
the case of French, the voiced stops are fully voiced, wiih 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 also murmured stops as well, After the
release of the closure, there is a period of bremthy voice or murmur before
the regular voicing stans. Some illustrative Hindi words are given in Table 6.7.
The breathy voice release of these stops is indicated by [ ® 1. a raised hooked let-
ter h, 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 6.7 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 wop line), but
net during the stops in the second and third lines. The second line has a voiceless
unaspirated [ f ] with a VOT of about 20 ms, The third line has an aspirated [ i ],
with a VOT of almosy 100 ms, In the fourth line, the [ &* | has voicing during the
closure followed by a waveform that has some of the appearance of voicing—a
wirvy line—but also has neise superimposed on it. This is breathy woicing. It is

I

volced bd: da:
“grany”  “ourse”
Volceleas Unasplrated pde i Leam ks
“aunt” “aye “dish” i
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“cloth™  “landing place”  “howl" =rerndin in”
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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 1ogether.

The difference between voiceless unaspirated, aspirated. and murmured stops
(the last three rows in Figure 6.7) is largely a matter of the size and timing of the
opening of the vocal folds. In voiceless unaspirated stops, the maximum opening
of the glottis (which is not very great) occurs during the stop closure. In (voice-
less) 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 (o 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 produc-
ing breathy voice.

Leam 1o 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 glotis. Air from the lungs can flow through the glottis for a relatively
longer 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 period.
But in [ g ] there is only a small space above the gloitis inte which air can flow, so
that 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, ry saving voiceless
unaspirated [ p, t, k ]. You may find it easiest to start with words like “spy, sty,
sky.” Say these words very slowly. Mow say words like them, but without the
imitial [ = ].
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m Waveloems thosang the VOT aof the stops in Hindi.

Hindi :

= B0 o 100 200

You will have less difficulty in making aspirated stops, becanse they occur in
most forms of English—in words such as “pic™ [ phu ] and “tic” [ & ]. But do
iry pronouncing all of the Thai and Hindi words in Tables 6.6 and 6.7,

SUMMARY OF GLOTTAL ACTIONS

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
iypes. These two types of activities are ofien not clearly separable. The implo-
sives of some forms al H.ﬁuﬁﬂ. e 4% Ii.k.ll}!l':‘ 10 1|'|;|rk|.:|;]. |'|:|.' i;n:ak:.' Vouce &k h:,.' ]
downward movement of the glottis, and Zulu has weak gjectives that could well
be considered simply as glotial stops superimposed on plosives. Consequenily it
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m Thee principal actions of the gloitis.

Glottal Stop
Eloctive
Implosives

Creaky Volco
{Modal) Voloe

Bruathy Volce
{Murmur)

Volceloss
Aspirated

Vocal fokis together
Viotal fokds together and moving upwards
Viacal folds moving downwand, Sometimes
cigsad
Usually nearly closed vocal folds moving
dovwrresand with regular vibrations
or creaky volca
Wooal folds held tightly together postedory,
bt wvibriting (usually at a low rate] anteriody
Regular vibrations of the vocal fokds

Vical folds vibrsting without coming fully
togather

Oten durng a stop releasa

Viccal folds apart

Vieeal folds apart during the release of
an artioulation

o =
e
L - N

=

b.daeg

b, d (in Franch),
il ©
L g

B, o

pLEsmup
[

is convenient to summarize all these activities in a single table. Table 6.8 shows
the principal actions of the glottis.

EXERCISES

A Label the following diagram so as 10 show the sequence of events involved in
producing a voiced alveolar implosive,

\




EXERLCISES

B Complete the following diagram 50 as to show the positions of the vocal
organs in producing n] ). Add labels so that the sequence of events is clear.

/

C Measure (o the nearcsi 10 ms) the YOT in the waveforms of the stops in “a

pic, @ buy, a spy.”

2 P oA p" ms
_ms
2 8 P al P ms
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D Put a narrow transcription above the waveform of the phrase, “He staned 10
tidy it.” The phrase has been split during the closure of te [ 1] 10 <0 The
Pocation of the [ d ] in “Hdy” is also shown. Measure (o the nearest 10 ms) the
VOIT in the waveforms of the stops,

Farst stop in “staried™ — s
Second stop in “started” —_— IS
Stop i “po” ]
First stop in “tidy” R T
Second stop in “tidy™ -

E Fill in the blanks in the following passage.

There are three principal airstream mechanisms: the airsireanm
rmechanism, the airsiream  mechanism, and  the
amrstream mechanism. In normal wtterances in all the lan-
guages of the world, the airstream is always flowing outward if the
airstream mechanizm is involved. Stops made with this mech-

anism are called - The only mechanism that is used in some

languages W produce some sounds with inward going air and some sounds
with outevard going air is the airstream mechanism. Stops

made with this mechanism scting ingressively are called
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Stops made with this mechanism acting egressively are called .
The mechanism that i3 used in language to produce sounds only with inward
going air is the airstream mechanism. Stops made with this
miechanism are called

Stops may vary in their voice onset time. In this respect. [ b, d., g ) are

stops, [ p. 1. k] are stops, and [ p*, % k* ]
are stops. The stops [ b*, &%, g* 1, which occur in Hindi, are
cilled stops, The stops [ by d |, which eccur in African lan-
guages such as Hausa, are called AOps,

PERFORMANTE EXEREISES

A large number of non-English sounds were discussed in this chapter. About the

same number of additional sownds will be considered in the next chapter, Begin-
ming with the following exercises, you should spend more time doing practical
phonetic work. Try 1o double the time you spend doing work of this kind, IF pos-
sible, vou should spend aboot twenty minutes a day working with a parner
reviewing the material in the chapter and going through the following exercises.

A Review the different types of phonation. Stant by simply differentiating
voiced and voiceless sounds, saying:

(1) [ eooggooceges |

Now add breathy-voiced (murmured) sounds 10 the sequence:

(2) | ooogagggg |

Next, add creaky-voiced (larvngealized) sounds;

(31 [ gogooangogga |

Then make the sequence begin with a glottal stop:

{4 [ fgggocagooggq |

Finally, practice saying this scquence in the reverse onder:

() [ gooooooangoad |

B Try to goin one smooth movement through all these states of the glottis, say-
ing the following fairdy quickly:

(1) [ fgaga ]

and the reverse sequence:

(2} [ poog? |
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C Repeat Exercises A and B slowly, quickly, reversed, and so on, with other
articulations, for example:

(1) [ fmmumm ]
(2) [ fomng |

(3) [ 7 ]
(211111

(S[Fiiijl

D Try 1o superimpose breathy wvoice (murmur) onto intervocalic consonants,
saying:

[ ama, ana. aka |
D mot worry if the breathy voice is also evident on the adjacent vowels.

E Now try adding breathy voice to stops. The release of the closure should be
followed by a period of murmur extending into the vowel:

[ ab*a, ad®a, agfa ]
F Similarly, add creaky voice (laryngealization) 1o intervocalic consonants,
saying:
[ ama, apa, ala ]
G Then produce stops with creaky voice (laryngealization):
[ oba, oda, ega |

Agadn, do nol 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. Mow
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.

I Repeat Exercise H with the sequences [ ada | and [ aga ].
J Produce long, fully veiced stops before vowels: [ ba, da, ga |, Make sure that

there is a velic closure and that you are nor saying [ mba, nda, nga ) but are
correcily saying a long. fully voiced, oral stop.

K Produce voiceless unaspirated stops before vowels: [ pa, 1o, ka ] You may
find it helpful to imagine that there is a preceding [ s ] as in “spar, star, scar.”

L Say a series of stops with more aspiration than usual: [ pha, fa, kb |. Make
sure that there is a really long period of voicelessness afier the release of the
closure and before the stant of the vowel.
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M Practice saying sequences of voiced, voiceless unaspirated, and aspirated plo-
sives: [ ba, pa, pha ] [ do, 1o, fal, and [ga, ka, kK% .

N Try 1o produce as many intermediate stages as you can in each of these series,
You should be able to produce each series with
(1} a long. fully voiced siop.
(2) a slightly less long, partially voiced stop.
{3} a completely voiceless, bul unaspirated, stop.
{41 a slightly aspirated stop.
{3} a strongly aspiraied stop.
O Practice these exercises until you are certain that you can reliably produce a

distinction between at least (1) voiced, (2) voiceless unaspirated, and {3) aspi-
rafed stops ai each place of aniculaion.

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

(1) ba (1) do (3 ga
ba da ga
pa ia ka
pra i"a kha
b'a d*a g"a

Q Incorporate all these sounds into simple series of nonsense words, If you are
making up your own series 1o say 10 someone else, do not make them oo dif-
ficult, Try saying something like the following:

(1) temas (2) ‘bekal (3) ‘goden
‘demas ‘Bregal ‘gfoten
Temas ‘prektal koder
‘demas ‘begal kroden
‘dhemas ‘pebtal ‘god'en

R Review the description of gjectives. When making an gjective, you should be
able to feel that vou (1) make an amticulatory closwre (for example, bringing
your lips together), (2) make a glottal stop (feel that you are holding vour breath
by chosing your glottis), (3) raise the larynx (place your fingers on your throat
1o feel this movement), (4) release the articulatory closure (open your lips),
and (5) release the glottal closure (et go of your breath).

5 If you cannet produce the sequences | p'a, o, k'a ], rercad the scction on
cjectives in hope of finding some useful hints that might help you.



CHAFTERL & = AIRETREAM MECHANISME AND PHOMAT IOM TYPES

[ s =

T Review the description of voiced implosives. Starting from a fully voiced
stop, iry to feel the downward movement of your lanynx. Try to say [ Ba, da,
da).

U Review the description of clicks. Try to say a voiceless version of each click
between vowels [ akba, ak'a, akla |, then a voiced version [ ogla, ag'la, agla ],
and finally a nasalized version [ angla, ang'o, angla |.

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

'petoy ‘gopel’ ‘Hoko
‘hebak Tip uk K oklo
pet’ak ‘bagod Bekla
Bedag ‘dukap’ kaklo

'ebap Tedug ikl



PLACE AND MANNER OF ARTICULATION

There is a wide variety of consonants in the languages of the world. The places
of articulation employved in speaking English do not represent all of the possibil-
itbes. Dalferen manners of aniculation also occur in other languages. This chagp-
ter will consider the place and manner of aniculation of a number of different
LOnsonants,

PLACES OF ARTICULATION

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 iz similar 10 Figure 1.4,
shows three additional places that will be discussed, The terms for all the places
of articalation are nod just names for particular locations on the roof of the
mowth. As is indicated by the numbered arows, each term specifics two things:
firs1, the pan of the upper surface of the vocal tract that is invelved, and second,
the amiculsor on the lower surface that is involved.

A large number of non-Enghish sounds can be found in other languages, but
the majority of them involve using different manners of amticulation at the same
places of afticulation a5 in English. We will illusirate this point by considering
how each place of anticulation is used in English and other languages for making
siops, nasals, and fricatives. The numbers in the following paragraphs refer 1o
the numbensd arrows in Figore 7.1,

(1} English has bilabial stops and nasals [ p, b, m | but no bilabial fricatives.
When these fricatives do occur in English, they are simply allophones of the
labiodemtal sounds [ f. v |. But in some languages (for example, Ewe of West
Africa), bilabial fricatives contrast with labiodental fricatives. The symbols Tor
ithe voiceless and voiced bilabial fricatives are [ ¢, B 1. These soamds are pro-
nounced by bringing the two lips nearly together, so that there is only o sln
between therm. In Ewe, the name of the language itsclf is [ 2f2 ). wheress the word
for “twa’” is [ &ve | Try 1o pronounce these contrasting words yoursell. Mot

1y
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also the comrast between voicebess bilabial and labiodental fricatives in the Ewe
wiords [ &34 ], “he polished,” and [ &6 ], “he was cold.™

We should also note here some other labial sounds not shown in Figure 7.1. A
few Austronesian langeages spoken in Vanuate 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 [ _ ]
a shape like a seagull, placed under the coronal symbol. The V'enen Taut for
“hresdiroit™ is [ faiei ], and for “stone” is | nafat ).

(Z) Many languages are like English in having the labiodental fricatives
If. ¥]. But probably no language has labiodental s1ops or nasals except as
allophones of the commesponding bilabial sounds. In English, a labiodental nasal,
[ my ] may occur when / m/ oceurs before / £/, as in “emphasis” or “symphony,”
Say these words in a normal conversational style and see if your bower lip cver
contacts your upper lip during the nasal.

Some languages have affricates in which the bilabial stop is released inio a
labiodental fricative. Practice these sounds by learning to say the German words
“Planne” [ ‘pfana | (bowl) and “Pllug” [ pfluk ] (plough).
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(3) Most speakers of both British and American English have dental fricatives
[ 8 8] but no demal stops, nasals, or laterals except allophonically, before [ 8,
8 ], as in “eighth, tenth, wealth”™ [ 2, wni, well | Many speakers of French,
Italian, and other languages typically have dental stops, nasals, and lsterals. In
these languages [ 1, d. n ) are not just coaticulated allophones that oceur only
before [ 8, 8 | as in English. However there is a great deal of individual variation
in the pronunciation of these consonants in all these languages. Around one third
of Californian English speakers (the only regional accent for which [ have seen
reliable data) have dental stops; and many French speakers have alveolar rather
than demtal consonants—swell over half of them in the case of the lateral 7 1/, Say
words such as "tip. dip. nip, lip,” and try to feel where vour tonguee touches the
raof of the mouth,

Some languages, such as Malayalam, a Dravidian language spoken in South-
crn India, contrast dental and alveolar consonants. Examples of contrasting
Malayalam nasals ane shown in Table 7.1,

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

(%) Retroflex stops, nasals, and fricatives do not occur in most forms of
English. The outstanding exception is the English spoken in India. Retroflex
sounds are made by curling the tp of the tongee up and back so that the under-
side touches or approaches the back part of the alveolar ndge. The symbols used
by the IPA for retroflex sounds include [ [, <, n ], Remember that, just as dental
is a separate place of aniculation that can be symbolized by adding [ _ ] 0 the
alveolar symbeol, so also retroflex is considered to be a scparate place of articu-
fation, This i3 a somewhat confusing nodion in that the term retroflex specifics a
particular gesture of the tongwe, and one might imagine that it describes how a
sound 15 madde (its manmer of articulation) rather than where it is made (its place
of articulation). But in fact retroflex is a place of articulation like dental and
alveolar. At each of these places of articulation it is possible 1o produce stops,

Contrasis involving bilabisl, demtal, alvealar, retroflex, palssl, and
velar places of amiculation in Malavalam, illustrating the necessity
for six points of articulation. Denial articulations are indicated by o
suhscripd of the form [ _ ].

Bilabial Dental Alveslar
kammi panni kanmi

"shortage” pig” st

Retroflex Palatal Welar
kanmi kapipi LYY

“link in chain® “hoiled o & wintler Taded”
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nasals, fricatives, and sounds made with ather manners of amiculation. As we
saw in Tables 6.2 and 6.7, Sindhi and Hindi contrast several types of retroflex
stops, and Malayalam (Table 7.1) contrasts three coronal places of articulation:
dental, alveolars, and retroflex. In addition, Malayalam has bilabial, palatal, and
velar sounds, so that it contrasts nasals at six places of articulation, all of which
are excmplified in Table 7.1.

Because a retroflex consonant is made with the under surface 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 1ongue is wsually 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 [ 5 ] in Figure 7.2, Try making this sound vourself,
Start with [ s ] in which the tip of the woague is raised toward the front pan of the
alveolar ridge. Now, while maintaining the fricative noise, slowly slide the tip of
the ongue back, curling it up a5 you move it backward. You will be producing a
consonant [ § |, which sounds something like [ [ ], although the articulatory posi-
tion is different, (See (6) for discussion of the anticulatory position of [ [ 1)

When you have leamned o say [ 5 ). try adding voice 5o that yvou produce [ = .
Alternate the voiced and voiceless sounds [ sssezzssszaz, |. Mext, still with the
tip of the tongue curled up and back in this position, make the stops [ [a.da ).
Motice how the stops affect the quality of the fellowing vowel, giving it a sort of

The articulation af the retroflex fricative | 5 |. The dashed lines
imdicate the position of the sides of the tongue,




PLACES OF ARTICULATION

T )

r-coloring at the beginning. Now produce the cormesponding nasal [ n |, Leam to
say all these sounds before and after different vowels, Finally, try 1o say the
Malayalam words im Table 7.1. Retroflex stops and nasals occur in many of the
major languages of India, and retroflex fricatives are nod at all uncommon. They
vary somewhat in the degree 1o which the tip of the wagoe 15 curled backwand,
In Hindi and other languages of Northem India, retroflex sounds often have the
tip of the tongue only slightly behind the most prominent part of the alveolar
ridge. much as indicated in Figure 7.2, In Malayalam and other languages spo-
ken in the Sowth of India, the tip is curled further back, so that the underside of
the tip of the tongue touches the roof of the mouth.

(6] The palate-alveslar sounds [ [, 5 ] differ from retroflex sounds in the part
of the tongue involved, In palato-alveolar sounds, the upper surface of the tip of
the tongue 15 near the roof of the mouth. In addition, the front of the tongee is
slightly domed, as opposed o being hollowed. Compare Figure 1.7, which
shows the position of the vocal organs in the palato-alveolar fricative [ [ ] as
in “shy,” with Figure 7.2. Mote that in both [ 5 ] and [ [ ] the maximum constric-
tion of the vocal iract occurs near the back of the alveolar ridge. But these iwo
sounds ane said to have different places of anticulation, because the terms speci-
fying place of amiculation designate both what pan of the roof of the mouth is
involved and what part of the tongue is involved. In retroflex sounds the under-
side of the tip of the tongue forms the aniculation, but in palato-alveolar sounds
the articulation is made by the upper surface of the tip of the tongue.

Another way of distinguishing between retroflex and palato-alveolar spunds
is to call them all post-alveolar and name, in addition, the pant of the tongue
involved. Sounds made with the tip of the tongue may be called apical, and
those made with the blade may be called laminal. Then the termn retroflex is
exactly equivalent to apical post-alveolas, and palato-alveoslar is equivalent 1o
laminal post-alveolar.

There are advaniages in introducing the terms apical and laminal in that they
may also apply ot other places of articulation. Dental sounds may be made with
the tip or the blade of the tongue, and so may alveolar sounds. With the use of
these exira terms we can distinguish between the apical denial stops that eccar
in Hindi and the laminal dental stops that occur in French. In Australian aborigi-
nal languages, the difference between apical and laminal sounds is ofien very
impoiant,

In English, the only palato-alveolar sounds are the fricatives and affricates [ [,
3, i, d3 ]. Im other languages, such as French and Malian, there are nasals made
in either the same or a very similar position. These nasals are often, arbitranly,
considered 10 be palatal sounds. No language that | know of makes a distinction
between a palato-alveolar nasal and a palatal nasal.

The IPA chart puts palato-alvenlars into the post-alveolar column, In a section
labeled “other symibols” it also mentions alveolo-palatals and provides the sym-
bols [ ¢, 2 ). These symbols are used for voiceless and voiced fricatives in Polish
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and Chinese. They are are similar to [ [, 5 ), but have considerable raising of the
front of the tongue. They are also made in the post-alveolar region.

(7) Palatal sounds can be defined as being made with the front of the wongue
approaching or touching the hard palate, and with the tip of the tongue down
behind the lower fromt teeth. There is no clear-cut distinction between 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
waords such as “hue.” The symbol for a voiceless palatal fricative is [ ¢ ], so this
word may be transeribed phonemically as / hju / and phonetically as [ ¢u ]. Voice-
less palatal ficatives occur as allophones of [ x ] (discussed in 8) in German in
words such as “ich™ [ 1g ), meaning “1,” and “nicht™ [ nagt ], meaning "not.”

Say [ 4 ] as in “hue” and then try 1o probong this sound. Add veice so that you
make a fricative something like the [ § ] as in “you,” but with the fromt of the
tongue nearcr the hard palate. The symbol [ j 1, a curly tailed 7, is used for a
voiced palatal fricative. Say [ ¢pgjijceili ). 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 symbeols for voiceless and voiced palatal stops are [ ¢, § ]. Say
sequences such as [ aca | and [ aga ), making sure that the front of your tongue
touches the hard palate, but the tip of the tongue is down, Then try making simi-
lar sequences with a palatal nasal (for which the symbol is [ p ], reminding one
of [ n ] and [ j ] combined).

Falatal nasals occur in several languages, including French, Ttalian, $panish,
and many non-Indo-European languages. Try saying French words such s
“agnean” [ apo | (lamb) and Spanish words such as “Sefior” [ sepor ] (Mr.).

Palatal stops are slightly less common than palatal nasals. They occur, for
example. in the Akan languages of Ghana. Because of the shape of the roof of
the mouth, the contact between the front of the tongue and the hard palate afien
extends over a fairly large area. As a result, the formation and release of a palatal
stop is ofien nod as rapid as in the case of other stops, and they tend 1o become
affricates,

(B} Vielar stops and nasals [ k, g. n ] occur in English. Bt unlike other lan-
guages such as German, we no longer have velar fricatives, They are not, how-
ever, hard 10 make. Starting from a syllable such as [ ak ). build up pressure
behind the velar closure, and then lower the 1ongue slightly. The result will be a
voiceless velar fricative, which we write as [ x |. The symbeol for the comespon-
ding voiced sound is [ v ]. As with other fricatives, leamn to say [ xxxyyyxass .
Then produce sequences such as [ axa, exe, oyo, eye |.

Examples of words in other languages containing velor fricatives are
Lakhota, as shown in Table 6.1; German “Achiung™ [ Taxtun] (waming),
“Bach” [ bax | (Bach; proper name); and Spanish “jamds” [ xamas | (never),
“ejo” [‘oxe | (eye), “pago” [ ‘paye ] (1 pay), “diga!” [ 'diva ] (speak!). The Span-
ish [ v ] is often not very fricative and more like an approximant. It may be more
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accurately transcribed using the symbol for a voiced velar approximant, which is
[wg ). The pan of the tongee involved in making velar sounds, the back of the
tongue, is sometimes called the dorsum; these sounds are refermed 1o as dorso-
velar sounds.

(%) Uvular soumds are made by raising the back of the tongue toward the
uviula. They do nod occur at all in most forms of Eaglish. But in French a voiced
uvular fricative—{ & J—is the common form of r in words such as “rouge”
[ Bz ] dred) and “rose™ [ woz | (rose), The voiceless uvular fricative, [ ¥ 1. also
occurs in French ax an allophone of / e/ after voiceless stops, as in “lettre”
[ lety 1 (hetter). French differs from English in that it often has perseverative
assimilations in which, for example, the volcelessness of one sound conlinwes on
through the following sound.

Uvular stops, written [ g, ¢ ], and nasals, wrtlen [ x ], occur in Eskime, Aleut,
and other American Indian languages. Table 7.2 illustrates contrasts between
uvular and velar stops and palsto-alveolar affricates in Quechua, an American
Indian language widely spoken in Bolivia, Chile, and Peru. Note that Quechuea
has voiceless unaspirated plosives, aspirated plosives, and gjectives.

Omne way of leaming to produce uvular sounds is fo siart from a voiccless
velar fricative | x |. While making this sound, slide your tongue slightly furiher
hack in your mowih 2o that i 15 close i ithe uvals. The resull will be the voiceless
wvilar fricative [y ]. Leam to make this sound before and after vowels, in
sequences such as [ aya, oyo, wyru |, You will find it easier to use back vowels m
first; then go on to sequences such as [ exe, ixi | Mext, add voice to this sound,
saving [ xerrecoerss 1. Practice saving [ ¥ | before and after vowels, Try say-
ing the French words cited in the first paragraph of this section.

Cmnce vou hove mastered the pronunciation of vwular fricatives, try changing
them inte uvalar stops. Say [ aya ). then make a stop at the same place of articu-
lation, saying [ aga J. Now produce a voiced uwular stop [ aca | and a uvular
nasal [ axa ]. Fractice all these sounds before and after different vowels,

(1) Pharyngeal sounds are produced by pulling the root of the tongue back
toward the back wall of the pharynx, Many peeple cannot make a stop at this
position, Furthermore, it would be literally impossible 10 make a pharyngeal

m Contrasis invalving slops in Quechua

Falato-Alvaolar Vialar Uhvullar
i[aka kurjgj gadu
“bridge” ¥ movs” “tongue”
1 [*aka kPujuj qtidu
*large ant* “to whistle® =sharad®
[ aka k' ujuj q adu

“hoarse” 10 twist” L E T
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nasal. for closure at that point would prevent the airstream from coming through
the nose. But pharyageal frcatives, shown by the symbols [ b, © ], can be made,
and they do in fact sccur in Semitic languages such as Arabic. The Arabic word
for "bath” is [ hammaam |, for “uncle.” [ $amm ]. The voiced pharyngeal frica-
tive [§] usually has a great deal of laryngealization (creaky voice), perhaps
because the necessary consiriction in the pharynx also causes a constriction in
the larynx. For many speakers there is little or no actual friction, so that these
sounds may be more like approximants than fricatives.

(11} Epigloual sounds are produced with a constriction that is even deeper in
the throat than that in pharyngeal sounds. The root of the epiglottis and the low-
es1 part of the pharynx just above the larynx form the constriction. Some speak-
ers of Amabic actually use epiglottal rather than pharyngeal ariculations in the
words described in the preceding paragraph. Neither 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.

Al a first stage in leaming phonetics, it is sufficient 10 be able 10 produce
cither pharyngeal or epiglottal fricatives. If you try to constrict your pharynx as
much as possible, you will probably be doing so by retracting the epiglotiis. Try
to produce the voiceless sound [ h . Now, if you can, produce this sound before
a vowel, Next, try o make the voiced sound [ 5 1. not worrying if it turns out 1o
have creaky voice. Produce these sounds in the Arabic words cited earlier.

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

Yoruba, Ewe, Tiv, and many other languages spoken in West Africa have
Iabial welar stops. Some of the languages spoken in this area also have labial
velar nasals. As in the case of nasal and vedced clicks, we symbolize two co-
occurming articulations with a tie bar joining twie symbols, The Yoruba for “arm”
is [ akpd ] and for “adult” is [ agbd ). In these words, the two closures oecur
almost simultaneous]y,

There is another complication in the production of these sounds in Yoruba and
in most West African languages that have labial velar stops or nasals. During the
labial and velar closures, the back of the tongue sometimes moves slightly far-
ther back, -:n::un; a slight suction effect as in a click. Thus the stops [ Kp, g'bl
and the nasal [ gm ] often have a weak velaric i ingressive mechanism, so they
might be classified as voiceless or voiced or nasal bilabial clicks. One of the best
ways of learning to say these sounds is 1o start by making a bilabial click (a kiss-
ing sound, but with the lips being simply compressed and not puckered) in
between vowels. Say [ a J(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 line



HANMERS QF ARTICULATION

m Symibols for nasals, stops, and fricsiives, As in all consonan n;“ha,n._-l;

when there are two symbals within a single cell. the ome o the left
imdicates & vaioeless sound.

1111t i

Masal m g ] n | n
Stop ph id 1d L tn q o
Fricatlve B fv 08 sz gz J3 ¢J =y x® h¥

& F' | Labial Velar

gh

miore than a labial velar artsculation between vowels. The result should be a
labial velar stop much as in the Yoruba word [ akpé ], “arm.

Thas 15 a convenient place io review all the places of amiculation we have dis-
cussed so far. Table 7.3 is a consonant chan showing the symbols for all the
nasals, stops, and fricatives that have been mentioned, except for the epiglottal
consananis. Check that you kiow the values of all these symbols,

MANNERS OF ARTICULATION

STOPs

We can begin our consideration of the different manners of amticulation that occur
in the languages of the world by reviewing what has been said already about stop
consonanis. Table 7.4 illustirates a number of different types of stops, most of
which have been discussed earlier in this book, The first seven possibilitics were
dizcussed in Chapier 6. Make zure that vou 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 [ B ], and (6), a laryngealized (creaky-voiced) [ b |. Certain lan-
guages have the one sound, and other languages have the other sound. In a few
languages, both sounds occur as allophones or as free variants of the same
phomeme. They have not been found in contrast with ane another.

Stops with nasal release, the eighih possibiliny listed in Table 7.4, were dis-
cussed in relation to English in Chapter 3. Nasal plosion occurs in English ot the
ends of words such as “hidden, sudden.” In some languages, however, it can
oceur at the beginning of a word, Try to say the Bussian word for “bottom,”
whech is [ dno ]

_Hr |
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m Examgles ol slop consanants,
Descriplion Symbal  Exampile
1. voiced b bani (Sindhd =forost”)
2. voiceless unaspinrated =] it {Sindhd ~leaf™)
3, dgpirated P Proa {Sindhi “snake hood™)
4, murmuned (breathy) k* Hamanu {Sindhd ~lamentation)
5. implagie i Eizai {Sanchi “field")
8. laryngealized (creaky) b béhe (Hausa “quarrel,” )
7. ajectiva k” k"dk"n: (Hausa “how")
8. nasal redease dn dni (Russian “Dottom”)
9. preniasalized H mliai [ Swahili “Danana”)
10. lateral reboase th tith iMavajo “oll*)
11. ejeciive |ateral relegse o’ o dep (Mavado “night”]
12. alfricate 18 Lsan (German “time")
13, ejective afiricate 1 es"dal [(Mavajo “cradie™)

The next possibality listed in Table 7.4 is the prenasalized siop [ nd |, which is
in some senses the reverse of a nasally released stop. In a prenasalized siop, the
oral closure—in this case the alveolar closure—is formed first, while the soft
palate is lowered. Then there is a short nasal consonant, after which the soft palate
is raised o 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. Pre-
nasalized stops occur in many African languages, Additional words for practice
are given in Table 7.5. When you try to make these sounds, be careful not to make
the initial nasal component into 3 separate syllable, Make it as shor as possible,

Stops with lateral release (see (100 in Table 7.4) were also discussed in rela-
tion w0 their occurmence in English (for example, in “Ticde, ladie™), In other lan-
guages, they tod can occur initially in a word. Sometimes, as indicated by (11) in
Table 7.4, laterally released stops can occur with an ejective airstream mecha-
nism. On these occasions, the stop closure for [ ] is formed, the glotalic egres-
sive (gjective) airstream mechanism is set in motion, and then the stop is released
laterally by lowering the sides of the tongue.

.ﬁmlhﬂ #iogs in I'-'I=.|;g|.:| language s_pnh;-i.n !.'Enm:m Migeria.

npd “fight” mba e

nid “split™ ndidl “throw™
neshngsd "sheuted” ndzindahit "oovered”
filfd “paint at” ndih “open wide”

necithu " brgak” i *hpanve”
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The only affricates that can occur initially in most forms of English are [ 1],
d3 |. Some dialects (for example, London Cockney) have a slightly affricated
stop of a kind that might be writien [ ¢* ] in words such as “tea™ [ ©%2i |. Alveolar
affricates alzo oceur in German, a5 shown in (12) in Table 7.4, Bemember that
German has a bilabial affricate [ pf ). as in “Pflug” [ pfluk ] (plough). Affrcates
can also occur with an gjective airstream mechanism. Example (13) in Table 7.4
is from an American Indian language, Navajo, which in addition 1o the ejective
[ 15" ], abso hos the affricate [ 15 | made with a pulmonic airstream mechanism as
in German.

MasaLs

We will now consider the other manners of articulation that are used in the lan-
guages of the world, There is ke more that need be said about nasals. We have
already seen that, like stops, they can ocour voiced or voiceless (for example, in
Burmese), But as voiceless nasals are comparatively rare, they are symbalized
simply by adding the voiceless diacritic | | ] under the symbol for the voiced
sound. There are no special symbols for volceless nasals,

FRICATIVES

There are 1wo ways o produce the rough, turbulent Mow that occurs in the
airstream during a fricative. It may be just the resuli of the air passing through a
marrow gap, &5 in the formation of [ £ ). Or it may be due to the airstream fiest
becoming speeded up by being forced through a narow gap and then being
directed over a sharp edge, such as the ieeth, as in the production of [ s |. Partly
because there are these two poasible mechanisms, the 1oal naumber of differem
fricatives that have becn observed is larger than the number of $tops or the num-
ber of nasals. In Table 7.3, there are ten pairs of fricative symbols, in comparison
with seven pairs of s1op symbaols and seven nasal symbols.

So far, we have classified fricatives as being voiced or voiceless and as being
made ol a number of different places of articulation. But we can also subdivide
fricatives in accordance with their manner of production. Some authorities have
divided fricatives into those such as [ 5 ], in which the tongue is grooved so that
the airsiream comes oul through a parrow channel, and those such as [B ], in
which the 1ongue i flat and forms a wide slit through which the airflows. Unfor-
wnately, not encugh is known about fricatives to be sure how this distinction
should be applied in all cases. It is also clearly irrelevant for fricatives made with
the lips and the back of the tongue.

A slighily better way of dividing fricatives is 1o separate them inlo groups on
a purely auditory basis. Say the English vosceless fricatives [ 1, 0. 5. [ ). Which
1w have the loudest high pitches? You should be able 1o hear that [ s, [ ] differ
from [ £, B ] in this way. The same kind of difference occurs between the voiced
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fricatives [= 3] and [ v, &]. The fricatives [s, 2 [, 3] are called sibilant
sounds. They have more acoustic energy—that is, greater loudness—at a higher
pitch than the odher fricatives.

The sound patterns that occur in languages often arise because of awditory
propertics of sounds, We can divide fricatives into sibilant and nonsibilant
soumds only by reference 1o auditory properties. We need 1o divide them into
these two groups to show how English plurals are formed. Consider words end-
ing in fricatives, such as “cliff, moth, kiss, dish, church, dove, lathe, maze,
rouge, judge.” Which of these words add an exira syllable in forming the plural?
If you say them over 1o yourself, you will find that they are all monosyllables in
the singular, But those that end with one of the sounds [ 5, [, # 3 J—that is, with
i sibilant fricative or an affricate containing a sibilant fricative—become 1w
syllables in the plural. It seems as though English does not faver two sibalam
sounds together. It breaks them ap by inserting a vowel before sdding a sibilam
suffix to words ending in sibilams.

TriLLs, Tars, AN FLAPS

Even in the case of a very short trill where there is only a single contact with the
roof of the mouth, the movement is different from that in what is sometimes
called a tap, or a flap. In a trill, the tip of the tongue is set in motion by the cur-
rend of air. A tap or a Nap is caused by a single coniraction of the muscles 5o tha
onc anticulator is thrown against another. 11 is often just a very rapid articulation
of a stop.

It is useful 1 distinguish between taps and flaps. In a tap, the tip of the
tongue simply moves up 1o contact the roof of the mouth in the dental or alveo-
lar region and then moves back 1o the fMloor 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
then strikes the roof of the mouth in the post-alveolar region as it retlurns (o i1
position behind the lower front teeth. The distinction between taps and faps 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 1o 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 1aps by the direction of the movement—irom back to front for
flaps, as opposed to up and down for taps—rather than by the exact point of
ooniact.

Some forms of American Enghsh have both taps and faps. Taps oceur as the
regular pronunciation of £ 1, d, o/ 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
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r-colored vowel will produce a flap as they move the tongee forward for the
non-r-colored vowel,

Trills are rare in most forms of English. The stage version of a Scottish accemt
with trilled /r/ is not typical of most Scots, In Scottish English £ v/ 15 mone
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 af *pearl.”

The distinction between trills and different kinds of 1aps and flaps is much
more mportant in other languages. But before this poim can be illustrated, we
must review the symbaols that can be used for different types of “r” sounds. In a
broad transcription, they can all be transcribed as / r/, Bot in & narower iran-
scription, this symbol may be resincted 1o voiced alveolar trills. An alveolar tap
may be symbolized by the special symbsol [ r 1. and the post-alveolar (rewrollex)
flap by [ r ]. The approximant that occurs in many people’s pronunciation of / r /
may be symbolized by [ 1 . an upside-down r. IF it is important o show that this
sound is paricularly retroflex, the symbol [ | ] may be used. Mosa speakers of
American English do not have a retroflex approximant, but for these who do [ 4 ]
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 1ap in
words such as “perro” [ pero | (dog) and “pere™ [ pero | (but). Similar distine-
tions also occur in some forms of Tamil, a language of Souwth India. This lan-
guage, like Hausa (Migerin), may also distinguish between an alvesdar and 2
retroflex flap. Trills may also have accompanying friction, as in the Crech exam-
ple in Table 7.6, which uses the IPA diacritic [ | ] meaning raised (and thus more
fricative),

Specifie symbols for tvpes of r sind for bilabial rills. Mote the use F
al [ * § a8 a special symbod that can be defined and used when thsere
is meo prescribed symabol.

¢ woloed alveolar tril [pero]  (Spanish “dog™)
¢ wiiced alveolar tap [pere]  {Spanish "but™)

r voided retrafiex flap [ bdpi: | {Hausa “servant”)

1 voeoed ahveolar Bpproximant [wed] {English “red*)

| wvoaced retraflex approadmant [ el ] {50me Amencar-English “red”)
r voited alveolar fricatioe trill | rek ] {Ceseh “rradrs™ )

& wohoed weular trill [ mams ) {ProwencalFranch =red™)

& vossed nvular ficative or approxdmant [ s | (Parisian-French =red”)

» voiced bilatial trill | mmulim ] {Kele =your tace™)

voiced labladental flap [ bé*i | {Margi “fying away®)




CHAPTER 7 ® FLACE AND MAMMER OF ARTICULATION
152

Leaming to make a trill invelves placing the 1ongue, very loosely, in exactly
the right position o that it will be set in vibration by a current of air, The easiest
position seems (o 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 voice-
less inill. Many people find it casier to stan with a vodceless wrill, and then add
voicing once they can make steady vibrations, The jaw should be faidy closed,
leaving a space of 5 mm 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 expenienced 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 in words such as “Beny”
{which would then be ranscribed a [ beri ). You should also be able 1o produce
a retroflex flap. As we have seen, many speakers of American English use this
Iype of articulation in sequences such as “herding,” in which the tongue is curled
up and back after the r-colored vowel, and then strikes the back part of the alve-
alar ndge a5 1 moves down during the consonant.

When you have mastered all these sounds, try saying them in different con-
texts. You might also leam to say voiced and voiceless trills, wps, and Naps, Try
varying the place of afticulation. producing both demal and post-alvealar tnlls
and flaps. Some languages (Malayalam, spoken in South India) contras) alveolar
and dental trills. The word for “room”™ in this language 15 [ ara |, whereas the
word fior “half™” is [ ara ].

The tongue tip is not the only articulator that can be trilled. Uvular trills occur
in some dialects of French, alhough, as we have noted already, most forms of
French have a wvular fricative in words such as “rose” [ sox ). The symbaol for a
uvalar rill is [ m 1. There is no symbol to distlinguish between uvular fricatives
andd approximants. Both sounds are symbolized by [ ¥ ).

Trills invedving the lips occur in & few languages. The IPA symbol for these
sounds is o small capital [ 8 ] (just as a small capial [ & ] is used for 8 uvalar
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 [ meulei ]. To pro-
nounce the first pan of this word you need 1o hold the lips loosely opether while
making [ m | and then blow the lips apan. Some people find it easier o 1ell the
lips than the tongue tip. If you are having difficulty making an alveolar il [ r ],
se¢ if you can get the sensation of making a trill by making a bilabial wrill [ & ].

I have also heard a labiodental flap—in Margi, of Northemn Nigeria—in
which the lower lip is drawn back inside the upper teeth and then allowed io
strike against them in passing back to its normal position. There is no [PA sym-
s fior thas sound, 1 have included this rare sound 50 as 1o demonstrate how to
symbaolize a sound for which there is no TPA symbol, In all such cases, it is pos-
sible Lo use an asterisk and define i, as [ have done in Table 7.6,
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LaTERALS

In Chapter 1, we regarded the term lateral as if it specified a manner of aricula-
tion in a way comparable to other terms such as fricative, stop, or approximant.
But this is really an oversimplification. The central-lateral opposition can be
applied to all these manners of aniculation, producing a lateral stop and a lateral
fricative as well as a lateral approximant, which is by far the most commen form
of lateral sound. The only English lateral phoneme is / 1/, with, at least in British
English, allophones [ 1] as in “led” [led J and [ 1] as in “Bell” [ bet ], In most
forms of American English there is not such a large difference between syllable
initial and syllable final / 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™ [ Jed ], which is for many people a
voiced alveolar central approximant. Laterals are usually presumed 1o be voiced
approximants, unbess a specific statement 1o 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 an
approximant. When the vocal folds are apan, the arstream flows more rapidly,
5o that it produces a fricative noise in passing between the tongue and the side
teeth. The symbol for this sound is [ ], 50 in aliemating the voiced and voicchess
sounds you will be saying [ HIEHIIE ). It is possible 1o make a nonfricative
vorceless lateral, but you will find that to do this yvou will have 1o move the side
of the tongue farher away from the tecth. The alicration beiween a voiced and
a voiceless lateral approximant may be symbaolized [ DI ).

It is also possible to make & 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 starting from the voiceless alveolar lateral frcative described in the previous
paragraph and then sdding the voicing, but making sure that you keep the frica-
live component.

To summearize, there are four lateral sounds under discussion: voiced alvenlar
lateral approximant, [ 1 ]; voiced alveolar lateral fricative, [ k] voleeless alvieo.
lar lateral approximant, [ | I; and voiceless alveolar lateral fricative, [ 1 ]. Mo lan-
guage uses the difference between the last two sounds contrastively, Bul some
languages make a phonemic distinction between three of the four possibilities.
Zulu, for example, has words such as [ Wndd | “preserve™; [ Rikd ] “roam
loose™; and [ 164d | “prod.” Voiceless lateral fricatives can also be excmplified by
Welsh words such as [ fan | “church™ and [ kel | “knife™

The distinction berween 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 faps can be made with either a central or a
lateral articulation, If, when making [ r ] er [ ¢ ], you allow the airsiream io flow
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over the sides of the tongue, you will produce a sound that is intermediote
in guality 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 oceurs in languages such as Japanese that do not distin-
guish berween ¢/ and /1/. But some African languages, for example, Chaga,
spoken in East Africa, make a phonemic distinction among all three of these
sonrels,

The central-lateral distinetion 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
considersd 1o be sequences of stop plus lateral. But the Mavajo sound [ d°], in
which the gjective airstream mechanism applies 1o both the stop and the lateral,
is approprintely called a lateral ejective. Similarly, we clearly want to distinguish
between the central and Lateral clicks [ 1] and [1 ],

Having scen that the central-lateral distinction can apply to a number of dif-
ferent manners of aniculation, we must now consider whether it applies o sev-
eral different places of anticulation. Here the limitations are obvious. Generally
speaking, laterals are made with the tip, blade, or front of the tongue. They may
be either dental {as in Malayalam and other Indian languages), alveolar (as in
English), retroflex (also in Malayalam and other Indian languages), or palatal (as
in ltalian). Velar laterals do occur in a few languages spoken in Papua New
Guinea, but they are 50 uncommon that we will not consider them here, The
symbols for voiced retroflex and palatal laterals are [ | ] and [ £ ), respectively.
Try saying Halian words such as “famiglia™ [ fa'midda | (family) and “figlio™
[ fikko | (son). In both of these words, the lateral sound is doubled in that it acts
it the final consonant for one syllable as well as the first consonant of the mext
syllable. Note that some forms of Spanish distinguish between [ £ | and the sim-
ilar sounding sequence [ 1j ] in words such as “polle™ [ ‘pofo | (chicken) and
“polio” [ ‘poljo | (polio). See if you can make this distinction. If you are feeling
ambitious, you might also try making the palatal lateral gjective in the Zulu word
[ ed’2ci"a |, which means “tattoo.”

SUMMARY OF MANNERS OF ARTICULATION

Table 7.7 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 were mentioned in
the latter part of this chapter. You should be sure that you can pronounce each of
them in a varcty of conlexis,

The only consonants that we have not considersd in detail in this chapter are
approximants, Alveolar approximants—both central [ 1 | and lateral [ 1 }—have
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Manners of ansculazon.

Phonetic Term  Brief Description Syrbioks
Masal (Stop)  Soft palate lowered So that air flows cut

threugh the nose; compsate closune of

two artlculators m, m, 1, and 50 on
(Cwrail) Stop Soft palate raised, forming a velic closure:

complete casure of two articulators p. b, 1, amd S0 on
Fricastive Harrgwing of two arthculators 8o s to produce

B turbulent airatreanm f. v. B, and 50 on
ApproaEmant Appraximation of two articulators without

producing a turbulent airstream w, . I, 5, and 50 on
Trill An arisculator e in vibration by the airstream e e
Tap Tongue lip hitting the roof of the mouth;

a single movement in a Erill ]
Fap One articulator striking ansther in pagssing ' |
Lageral With a central obsiruction, 5o that air passes

out at the side LikL&d
Carntral Articulated S0 that air passes cut the centar &, & w, and soon

been discussed. But sounds such as [ w, j ] as in “wet, yet” have not, Approxi-
mamnts of the later kind are sometimes called semivowels, or glides. It will be
more appropriate o 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 more complete summary of the terms required so far for describing conso-
nants is given in the first exercise that follows, Mote that in order to define a con-
somant fully, you may need to say up 10 cight things about iz (1) What is the
airstream mcchanism: (2) what is the direction of the arstreams (3) what is the
state of the glotis; (4) what pan of the wongee 15 nvalved; (5) what is the pri-
mary place of articulation; (6 is 1t central or lseral; (7) is it oral or nasal; and
(81 what i the manner of articulation? As we will see in Chapler 9, consonanis
miy be even mwre complicaled; so that in addition 1o stating the primary place of
articulation, it may also be necessary o mention so-called secondary anticula-
tions, such as added lip rounding.

EXERCISES

The following table lists most of the terms required for classifying consonants.
Make sure you know the meaning of all these terms,

R
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(1) (2) 3 (4) (5}
Afrstream  Direction  Glodtis Tongue Place
pulmonic  egressive  vodiced apical bilabial
gloatalic ingressive  voiceless laminal labiodental
velanc murmured (meither) dental
laryngealized alveolar
closed retroflex
palato-alveolar
palatal
velar
uvular
pharyngeal
labial velar
() (7} (B)
Centrality  Nasality Manncr
central oral sbop
lateral nisal fricative
approximant
trill
fMap
tap
A Give a full description of the following sounds.
[b]
[™]
(]
(1]
[t
[r]

B List five combinations of terms that are impossible.
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C If we overlook secondary aniculations such ax rounding, most consonanis can
be specified by using one term from each of these cight columns, But, in addi-
tion to the affricates [ 1f, ds ], one of the consonants lisied in the chapter on
transcription cannol be specified in this way. Which consonant is this? How
can this deficiency be remedied?

D Sull withowt considering secondary articulations and affricates, what sounds
mentroned in this chapter cannot be specified by taking one term from each of
the eight columns?

PERFORMANCE EX ERI'.HEEE

This chapter, like the previous chapter, introduced many non-English sounds,
During this pan of the course, it is imponant to do as much practical work ns
time will allow. But do not iry 1o go too fast. Make sure that you have thoroughly
mastered the performance exercises ot the end of Chapter 6 before going on 1o
do the exercises that follow, Mote that there are no performance exercises ol the
end of Chapter 8, 5o that you can allow more time for the exercises bere and af
the end of Chapter 6.

A Leam to produce voiceless stops before [ a ] &1 a number of different places of
articulation. Begin by making a clearly imerdental stop, [ fa ], with the tongus
tip berween 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 beitween these Iwo extremes, Using the din-
entics [, ] and [ ] to mean more forwand and more retracted, o series of this
kind could be symbolized | Lo, ta, e, 1o, ja, o, o 1. Trry to feel different anic-
ulatory positions such as these.

B Repeat Exercise A using a voiced stop:
[ ga. da. da. da, do. da. o ]

C Repeat Exercise A using a nasal:
[gﬂ. (WL, 0, 142, 00, e, ga ]
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D Repeat Exercise A using a voiceless sibilant fricative of the [ 5 ] tvpe. Note
that it is perfectly possible 1o make a sibilant dental fricative [ & ], but a true
interdental sibilant is not possible.,

[ §a, 0. s, ga, ga, sa]

E Repeat this exercise using a voiced sibilant fricative of the [ z ] type. Say:
| wo. po. za. ga. 7o, ga )

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 toague up, which may be your normal
articulation of this sound. ) Mext, move the point of articulation backward by
raising the front of the tongue, o0 thal you produce a palatal fricative [ ¢ ].
Then move the amticulation farther back, producing first [ x | and then [ % ].
Finally. pull the tongue root back so that you produce a pharyngeal fricative
[ h ] Try 1o move in a continuous serics, going through all the articulations:
[ [ &x%5h]

O Say these fricatives before vowels:
[ Jao. ga. xa, yo, ha ]

H Repeat Exercise F with the comesponding voiced sounds, producing the
REried:
[ 3.4 vwi]

I Say these fricatives befiore vowels:
[ 30 ja, yo, kg, fa ]

J Afver you are fully aware of the positions of the tongue in all these fricatives,
iry saying some of the cormesponding voiceless stops, There is no significant
difference between palato-alveolar and palatal stops, and pharyngeal stops do
N GCCUr, 50 just say:

[ oo, ko, qa ]

K Repeat Exercise J with the voiced stops:
[ 39.90 ca]

L. Repeat Exercise J with the voiced nasals:
[ pa no, wa ]

M Consolidate your ability to produce sounds at different places of aniculation.
Produce a complete scrics of nasals between vowels:
[ ama, ana, ana, ana, apo, ano, asa |

M Produce a senes of voiceless stops between vowels:
[ apa, w0, a, afo, aca, aka, aga ]
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O Produce a senes of voiced stops between vowels:
[ oba, ada, ada, eda, afa, aga, aca ]

P Produce a series of voiceless fricatives between vowels:
[ oda, afo. oba, asa, ase, afa, aga, axa, aye, aha |

Q) Produce a series of voiced fricatives between vowels:
[ ofa, ava, oda, aza, azg, 030, ajo. aya, ava, afa |

R Repeat all these exercises using other vowels,

5 Review the pronunciation of trills, taps, Maps, and similar sounding approxi-
mants, Say;
[ ara, ara, apa, am, ara, aga |

T Some of these sounds are more difficult to pronounce between high vowels,
Say:

[ iri, iri, g, iod, iRd, iwi ]
U Make sure that you can produce contrasting lateral sounds, Say:
[ la, ka, ta, [o. £a, th, ti'a, dia |
¥ Repeat Exercise U with other vowels,
W Incorporate all these sounds into simple series of nonsense words, such as the

Following:

FEsai amoge P exonk
fupezo ‘bercia dofedo
fiyocn Pino'ge sefetl'e
korido CICRTETH] ‘uehesu
Tiegedu ‘Banego i fle

Remember that you should look at as well as listen to anyonc saying car-
training words,
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AcousTic PHONETICS

0 far, we have been describing speech sounds mainly by stoling how they are
made, but it is alao possible o describe them in terms of what we can hear. The
way in which we hear a sound depends on ils acoustic structure. In an introduc-
1ory discussion of phonetics, there is no need (o go into oo much detal concern-
ing the acoustic nature of speech sounds, but it is important to understand the
basic pnnciples involved. because we want 1o be able to describe the acoustics of
specch for many reasons. Linguists and speech pathologists need 1o explain why
certain sounds are confused with one another, They can also give better descrip-
tions of some sounds (such as vowels) by describing their acoustic stracture
rather than by describing the articulatory movements involved. A knowledge of
acoustic phonetics is also helpful for understanding how computers synthesize
gpeech and how speech recognition works (toples that are sddressed mare fully
in my book Vowels and Covsosanite). Funhermone, il 1% normally impossible 1o
obtain photographs or x-rays showing what the speaker is doing. IT we want 10
analyze speech we have to work firom a recording. We can get mode information
than is available from merely listening 1o a recording by making scoustic analy-
ses of the sounds.

We can hear that sounds with the same length can differ from one another
in three ways. They can be the same or differemt in (1) pitch, (2) loudness, and
{3) quality, Thus two vowel sounds may have exactly the same pitch and loudness
but might differ in that one might be [ ¢ | and the other [ o ], On the oiher hand,
they might have the same vowel quality but differ in that one was said on a higher
pitch than the other or that one of them was spoken more loudly. In this chapier,
we will discuss cach of these three aspects of speech sounds and consider the
technigques of experimental phonetics that may be used for recording them.

SOUND WAVES

Sound consists of small varistions in air pressure that ocowr very rapidly one
after another. These variations are caused by actions of the speaker’s vocal or-
gans that are (for the most pan) superimposed on the outgoing Mow of lung air,
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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 aliemate with moments of
lower pressure. In fricative sounds, the airstream is forced through a narrow gap
s0 that it becomes turbulent, with imegularly occurring peaks of pressure. The
samié principles apply in the production of other types of sounds.

Variations in air pressure in the form of sound waves move through the air
somewha 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 10 a graph
of the movements of the cardrum.

Figure 8,1 shows the variations in air pressure that occur during a small part of
my pronuncistion of the vowel [ a |, as in “father.” The vertical axis represents air
pressure (relative to the normal surrounding air pressure), and the horizontal axis
represents lime (relative to an arbitrary starting point). As you can see, the major
peaks in air pressure recur about every (01 seconds (that is, every one-hundredth
of a second). This is because on this particular eccasion, my vocal fodds were vi-
brating approximately one hundred times a second. The smaller variations in air
pressure that occur within each one-hundredth of a second period are due to the
way air vibrates when the vocal tract has the particular shape required for the
vowel [ a .

The waveforms of speech sounds can be readily observed on a computer. If
we wanl 1o ook ot details of variations in the air pressure that occur as a result of
two or three vibrations of the vocal folds, we can make pictures similar 1o Figure
8.1, Bul if we want 1o observe a longer phrase, we can compress the time seale
and produce pictures such as that in Figure 8.2. The lower part of this figure is
the waveform of the phrase “Jane, Pat, and John.” (The upper part of the figure

m The wavelonm during & shoet pericd (2 linle aver two vocal fold

wibrations} in my prosunciation of [a], as in “caaghe.”

= i pecisur; *

Time in saconds
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15 4 pitch record, which we will discuss later) It is usually difficult 10 look at the
waveform of an utterance and say what sounds occumred. However, the manner
of articulation 15 often <lear, and if one knows what has been said, one can look
at the waveform and see at which point one manner of aniculation changed into
another. At the beginning of the utterance in Figure 8.2, there is a small spike fol-
lowed by some very small random variations in air pressure, This is the affricate
[d3 ] at the beginning of “Jane.” Following this there are a number of vertical
lines, corresponding to the pulses produced by the vibrating vocal folds in the
vowel [ en ], Tt s difficult 1w say where the vowel ends and the nasal consonant
begins, but the silence cormesponding to the closure for [ p | is clearly visible, as
i3 the small barst of noise following the closure release and the subsequent aspi-
rafion. The vowel [ & | in “Pa” has regular vocal fold pulses (ihe vertical lines)
that get further apan at the end a5 a creaky voice glottal stop occurs before the
[ 1] closure, The word “and” was pronounced simply as a syllabic [ n]. The
[ds ] in “John™ has a very short closure, followed by a noisy waveform, As we
saw n Chapler 6. English voiced stops (and affricates) are distinguished by hav-
ing a negligible Yoice Onset Time (YOT), rather than by voicing during the clo-
sure. Finally the vowel in “John™ has regular vocal fold pulses.

Acoustic records of the phrase “lanc, Pat, and Joha™ The upper pan
off the figure shows the fundamental lrequency (pitch). The
wavelonm. with 4 nafmow phonclsé transcription, is below il Al the
bopoen there s a lime scake.
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PITCH AND FREQUENCY

As we saw in Chapter 1. the pitch of a sound depends on the rate of vibration of
the wocal folds. In a sound with a high pitch, there is a higher frequency of vi-
bration than in a sound with a low pitch. 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 observing the rate of occurrence of the peaks in the wave-
form, To be more exact, we can measure the frequency of the sound in this way.
Frequency is & technical term for an acoustic propenty of a scund—namely, the
number of complels repetitions (cycles) of variations in air pressane occurming in
a second. The unit of frequency measurement is the Henz, usually abbreviated
as Hz. If the vocal folds make 220 complete opening and closing movements in
a second, we say that the frequency of the sound 15 220 He. The frequency of the
vowel [ a] shown in Figure 8.1 was 100 Hz as the vocal fold pulses occurred
every 10 milliseconds (one hundredth of a second).

Thee pitch of a sound is that auditory property that enables a liserer to place
it on & scale going from low b high, without considering its acoustic properties,
In practice, when a speech sound goes up in frequency, it also goes up in pich,
For the most par, at an introductory level of the subject, the pitch of a sound
meay be equated with its fundamental frequency, and, indeed, some books do not
distinguish between the two terms, using pitch for both e auditory property and
the physical attribute,

It i= possible o determine the frequency of a sound by counting the peaks of
air pressure in a recond of it waveform. Near the bottom at the left of Figure 8.2,
above the transcription, there is a bar indicating 100 milliseconds (one tenth of a
secomd), As you can see, there were almost nine pulses of ithe vocal folds during
this interval. In one second there would be almost 90 pulses. You can check your
understanding of what is meant by frequency by trying to estimate the frequency
of the vocal fold pulses in the waveform of the vowel in “FaL"” (You should find
that it is about 100 Hz.)

Looking at the peaks in the waveform is a very time-consuming way (o deter-
mine the frequency of the vocal fold vibrations in an utterance. Fortunately,
computer syslems will provide graphical displays corresponding 1o the pitch. As
well as the waveform, Figure 8.2 shows the output of the PCquirer™Macquirer
program (from SciConBD), which determines the fundamental frequency at
cach moment in an uiterance, You can see that the pitch goes up at the end of the
first two words and falls throughout the lnst word. As we saw in Chapter 3, this
is a typical intonation pattern for a list of items in English.

All the intonation curves shown in Chapter 5 are redrawn versions of pilch
curves of the kind shown in Figure 8.2, You may have noticed a somewhat odd
fact about the sentences used as illustrations of different intonations: they con-
1zined almost no veaceless sounds and hardly any voiced stops or fricatives, This
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is because voiceless sounds have no vocal fold pulses and therefore no pitch.
Voaced stops and fricatives also perturb the smooth pitch curve,

Voiced sounds have a regular waveform of the kind that you hear as having a
recognizable pitch, In voiceless sounds, the variations in air pressure are caused
by the smooth flow of the airstream being interrupted by being forced through a
narrow channel or directed over iregular surfaces. In the sound waves that are
produced, there are usually more rapid (and therefore higher frequency) varia-
tions in air pressure than scour during voiced sounds. For a male voice, the fre-
quency of the vocal fold vibrations in speech may be between 50 and 200 Hz. A
woman's voice may go up to about 400 Hz, The predominant frequencies in
voiceless sounds are usually above 2,000 Hz.

LOUDNESS AND INTENSITY

In gencral, the loudness of a sound depends on the size of the variations in air
pressure that occur. Just as frequency is the acoustic measurement most directly
corresponding 1o the pitch of a sound, %0 acoustic intensity is the appropriate
measure cormesponding to loudness. The intensity is proportional to the average
size, or ampliude, of the varaions in air pressure, It is usually measured in
decibels (abbreviated as dB) relative to the amplitude of some other sounds,
Technically, v get the dB difference one has to compare the power ratio, where
the power is defined s the square of the mean amplitude (the mean varistion in
air pressure). The difference in dB is 10 times the common logarithm of the
power ratio of the two sounds or 20 times the log of the amplitude ratio. The
human ear can hear (perhaps tolerate would be a better word) a range of about
120 dB. although if you persist in listening to sounds 100 to 120 dB above the
quietest sound you can hear you will soon go deaf, as many rock musicians have
found out. When one sound has an intensity 5 dB greater than ancther, then it is
approximately twice as loud. A change in intensity of 1 dB is a little more than
ihe jusi noticeable difference in loudness.

Figure 8.3 shows the waveform of the phrase “We saw three dogs™ and un-
derneath it a recond of the intensity in dB. Intensity is always a relative measure—
one sound has an intensity of =0 many dB more or less than another, The zero
point in Figure 8.3 is arbitrarily taken to be the level recorded for the silence (ac-
tually the quict room noise) at the beginning and end of the utterance. The vow-
els in “We” and “see” have a level of about 34 dB above this. The vowels in
“saw” and “dogs” have intensities about 10 dB greater still, making them well
over twioe as loud, The two fricatives, [ s ] and [ 8 ], are much lower, [ 5 | having
it mean of about 17 dB and [ 8 | being about 13 dB above the base line. Generally,
vowels such as [ a | and [ 2 ], in which the mouth is more open, are about 5 dB
greater than vowels such as [1 ] and [ v |, assuming all these vowels have been
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recond of the istenaaty in dB.
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said with an equal degree of stress. In this panicular phrase, the words “saw”™ and
“dogs” were stressed, so their vowels have an even higher intensity, In any utter-
ance, the sctual intensity of a segment will depend on many factors, such as iis

position in the senience, the degree of stress on each word, and the personal
charncteristics of the speaker.

A’E‘DU?TIE MEASUREMENTS

The frequency (pitch) record in Figure £.2 has been calibrated with scales in He,
and the intensity record in Figure 8.3 has been calibrated in dB. One of the objec-
tives of any science is 1o be able to measure the things that are being described so
that they can be expressed in terms of valid, reliable, and significam numbers that
other people can check. A valid number is one that truly measures the thing that
you say you are measuring. Thus, technically speaking, a measurement of fire-
quency in Hz is not a valid measurement of the pitch unless we can show that fire-
quency measurements ane related 1o how people perceive pitch. In fact, experi-
mients on the peroeption of pitch have shown that within the range of pitches used
by both male and female voices, a change in frequency is directly related 10 a
change in pitch. A pitch change from 100 tw 300 Hz is perceived as being the
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same (within small limits) as one from 300 to 500 Hz, so we can regard frequency
as being equivalent 1o pitch when discussing the pitch of the voice. At frequencies
above 1000 Hz equal increases in frequency are not perceived as equal increases
i pitch. The interval froem 1,000 to 2000 Hz is judged to be more like the inter-
val between 2,000 and 4,000 Hz, a doubling of the frequency. The relation be-
tween pitch and frequency has been derived experimentally and used 1o form the
Bark scale. Equal distances along the Bark scale correspond 1o equal changes in
pitch. The mathematical relation between Hz and Bark is fairly complex (see
Souwrces at the end of the book). Later in this chapter we will use it (in a computer
program) to plot the frequencies of complex sounds in a way that reflects the dif-
ference in pitch between them. However, when dealing simply with the pitch of
the voice, a straightforward linear plot of the frequency is sufficient.

The relation between acoustic inensity and loudness is also nonlinear, but
fortunately only slightly so. For all practical purposes we can consider differ-
ences in bowdness (o be simply related o differences in intensity, reported in dB.
As we noted earlier, cach increase of 5 dB corresponds 1o a doubling of the per-
ceived loudness,

Acoustic records are useful for studying various kinds of phonetic probbems,
Records of the waveform and the intensity provide a good way of studying vari-
ations in length. Figure 8.4 illustrates reconds of four sentences of the form “Say
now.” These sentences allow us 1o study the relative lengths of the seg-
ments in the words “pat, pad, bad, spa™ Esch word has been said in the same
frame “'Say now" =0 a3 10 make sure that the differences are not due 10
variations in the rate of utterance. I the words “sav” and “now” are about the
same on each occasion, then we can assume that the speaker was talking of a
constant rate. Furthermore, if the words had been said simply as a list of items,
then almost cenainly the last one would have been longer and with a falling
intonation pattern {as in the phrase “Jane, Pat, and John™ in Figure 8.2). Even
when reading a list of sentences such as those in Figure 8.3, it is difficult not to
miake the last one longer. If you are getting someone else 1o read a lisg of words
or sentences that you are going to measure, it is often a good idea to add one or
two extra items a1 the end which you simply disregard when you make the rele-
VAN Measurements.

The first witerance in Figure 8.4 has been segmenied so that you can measure
the duration of each item. OF course, T have made no attempt to split either of the
diphthongs [ e ] or [ au ] into two elements. It would be meaningless to do 5o,
since they are both single vowels with continwously changing qualities. The fact
that each of them is written with two separste symbols does not mean that each
contains two distined elements,

You should now iry 1o segment the other utterances in Figure 8.4 in a similar
way, How much longer is the vowel in “pad” than that in “pat? Is the [( ] in
“pat” lomger or shorter than the [ d | in “pad™ Mote that the [ b ] closure in the
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m Waveloma of “Say pal sow: say . meivw s sy bl maw; sy spat

nows” Oinly he first of these phraces has been segmented. You
chould try to segment the other three phrases vourself,

third utterance 1= voiced throughout, but is it longer or shomer than the [ p | clo-
sure in “pat?™ Is the [ p ] in “spat” aspirated, or does the voicing start immedi-
akely after the release of the consonamt? [s the vowel in “spat”™ longer than the
wvowel in “pat?

Now consider the two utterances in Figure 5.5, Both of them contain the sen-
tence “Bonny told Peter she’d plans to leave,” spoken by a British English
speaker, Try to segment these two ulterances. Look for the [ m | in the middle of
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FIGLURE &5 Wavelorm asd pitch reconds of “Boeaay ol Peter she'd plans 1o
leave,”™ said in two different ways.
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“Bonny.” evident as a decrease in the energy between the two vowels, marked
(1) in the sentence in the upper part of the fgure, Now find the silence, (2], for
the aapirated stop at the beginning of "told.” Youw should be able to find the si-
lence for the stop o the beginning of “Peter” (which has not been marked). Re-
member that British speakers wsually have a voiceless stop in the middle of
“Peter,” so you can also find another period of slence forthe [1]. The [ ] s
represented by a random pattern, marked (3), followed by the regular voicing vi-
brations for the short vowel in “she’d.” The silence for the [ p ] of “plans™ is
cleas, but it is virually impossible to make a phonetic transcription showing all
the separate segments of “plans.” In the senience in the upper part of the figure,
the word “to” is pronounced with considerable aspiration and there are only a
couple of voicing vibrations for the vowel (4), There is an abrupt decrease in the
amplitude for the [ 1], and then the long vowel in “leave”™ starts o1 arrow (5). The
sentence in the lower part of the figure has a slightly lenger vowel in “10™ and
then the same sort of change in the patiern for [ 1 ] before the vowel. In nesther
case 15 the final [ v | easily distinguished.
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This sentence can be said in two different ways, It could mean “Bonny told
Peter she had some drawings she was going to leave (for him te look at).” Or i
could mean “Bonny 1old Peter that she had intentions to leave (the house).” Try
to read the sentence in these two different ways, and notice how the intonation
patierns differ. In the one meaning, the major pitch fall 15 likely 1o be on
“plans,” in the other, the fall will be on “leave.” The frequency curve makes
it quite clear that in the lower sentence Bonmy is talking about architectural
drawings.

ACOUSTIC ANALYSIS OF VOWELS

In the first pan of this chapter, 1 described how differences in pitch and lowdness
can be recorded, Now we must consider the differences in quality. A set of vowel
sounds provides a suitable starting point, since vowels can all be said on the
same pitch and with the same loudness.

The quality of a sound such as a vowel depends on its overtone structure.
Putting this another way, we can say that a vowel sound contains a number of
different pitches simulianeously, There is the pitch at which it is acwally spoken,
and there are the various overtone pitches that give it its distinctive quality, We
distinguish one vowel from another by the differences in the overtones,

Mormally, one cannot hear the separate overtones of o vowel as distinguish-
able pitches. The only sensation of pitch is the note on which the vowel is said,
which depends on the rate of vibration (the frequency) of the vocal folds. But
there are circumstances in which the characteristic overtone structure of cach
vowel can be heard. Try saying the vowels [ 1, 1, £, &, 0. 3, U, u ] a8 in the words
“heed, hid, head, had, hod, hawed, hood, who'd,” but say all of them as long
vowels. Mow whisper these vowels, In o whispered sound, the vocal folds are
not vibrating, and there is no regular pitch of the voice. Neverheless, when you
whisper these vowels you can hear that they form a series of sounds on a contin-
ucasly descending pitch. What you are hearing is onc of the ovenones that char-
acterize the vowels. This particular overtone is highest for [ 1] and probably
lowest for [ 2] or [u, u ), with the other vowels falling in between. Mow try
whistling a very high note and then the lowest note that you can. You will find
that for the high note vou have 1o have vour tengue in the position for [ § J=but,
of course, with the lips rounded, as in the vowel in the French word “™—and
for the low note your tongue and lips are in the [ u | position. Again, intermedi-
ate notes would have the tongue positions of the other vowels in the series. From
all this it seems as if there is some kind of high pitch associated with [ ], and a
low pitch associated with [ u ],

Another way of removing or minimizing the auditery effect of the vocal field
frequency is to say the vowels in a very low, creaky voice. Tt is easiest (o produce
this kind of vodce with & vowel such as [ & ] of [ a . Some people can prodece a
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creaky-voice sound in which the rate of vibration of the vocal folds is 5o low thm
vou can hear the individual pulsations,

Try saying just the four vowels [ i, 1, €, & ] as in the words “heed, hid, head,
had™ 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 bow creaky voice. In this se-
ries of vowels, there is a clearly audible overtone that steadily increases in pitch
by approximately equal steps with cach vowel. Now say the four vowels [ a, 2,
i, u | oz in “hed, hawed, hood, who'd” in a creaky voice, These four vowels
have an overtone with a steadily decreasing pitch.

There is another way in which it is possible 10 hear the pitch of this ovenone,
Make a vowel such as [ & ], and then make a glottal stop while retaining the
same tongue position. Now flick a finger against your throat just above the lar-
yix. You should hear a dull hollow note corresponding to the pitch of the over-
tone. Try making another vowel position and hear how the pitch changes. IT vou
tilt your head slightly backward so that the skin of the neck is stretched, you may
b able (o hear this sound somewhat better. But be careful to mainain a vowel
position and mot 1o raise the back of the ongue against the soft palate. If you
check a complete set of vowel positions [ 1, 1, e, £, 2, o 2, v, u ] with this tech-
nigue, you should hear the pitch go up for the first four vowels and down for the
second four vowels, just as it does in creaky voice.

Summarizing what [ have said about acoustic quality so far, vowels are
largely distinguished by two characteristic pitches associated with their over-
tomes. Une of them (actually the higher of the two) goes downward throughout
muost of the series [ i, 1, e, €. 2. 0. 5, 0, u ). The other goes up for the first four
vowels and then down for the next four. These characteristic overtones are called
the formants of the vowels, the lower of the two being called the first formamt
and the higher the second formant. Actually, there is another charscteristic over-
tome. the third formant, which is also present, but there is no simple way of
demonstrating its pitch. Higher formants may also be evident, but we will no
consider them until later in this chapter.

I is possible to analyze sounds so that we can measure the actual frequencies
of the formants, We can then represent them graphically as in Figure 8.6. This
figure gives the average of a number of authorities” values of the frequencies of
the first three formants in eight American English vowels. Try to see how your
own vowels compare with these. Do you have a much larger jump in the pitch of
the second formant (which you hear when whispering) between [ & ] and [ 2 ] as
compared with [ 1 ] and [ £ |? Do you distinguish between “hod" and “hawed” in
terms of their formant frequencics?

The formants that characierize 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
i 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 usually produce a low-pitched note.
If you pantially fill the boule with water so that the volume of air is smaller,
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m The frequencics of the first three formants i elght American

English vowels.
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vou will be able 1w produce a node with higher pitch, Smaller bodies of air, like
smaller pinng strings or smaller organ pipes, produce higher pitches. In the case
of vowel sounds, the wocal 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 voeal folds.
Every ime the vocal folds open and close, there i3 a pulse of air from the lungs.
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These pulses act like sharp taps on the air in the vocal tract, setting the resonat-
ing cavities into vibration so that they produce a number of different frequencies,
Just as if you were lapping on @ number of different bottles at the same time. Ir-
respective of the rate of vibration of the vocal folds, the air in the vocal tract will
resonate af these frequencics as long as the position of the vocal organs remains
the same. A vowel has its own characteristic auditory quality, which is the result
of the specific variations in air pressure due 1o its vocal tract shape being super-
iposed on the fundamental frequency produced by the vocal folds.,

There is nothing particularly new about this way of analyzing vowel sounds.
The general theory of formants was stated by the great German scientist Her-
mann Helmboltz almost 130 years ago. Even carlier, in 1829, the English physi-
cist Robert Willis had said, “A given vowel is merely the rapid repetition of its
peculinr note.” We would nowadays say that it is the rapid repetition (corres-
pomding to the vibrations of the vocal folds) of ils peculiar two or thiee nobes
{corresponding 1o its formants). Willis was one of the first people to make an in-
strumental analysis of the acoustic strocture of speech. But the notien of a single
formant (actually the second formant) had been observed several centurics ear-
lier. In about 1665, Isaac Newton wrote in his notebook: “The filling of a very
deepe fMaggon with a constant streame of beere or water sounds ye vowells in
this order w; . @, o, a, & §, v." He was about twelve vears old at the time. (The
symbols are the best matches to the letters in Newton's handwriting in his note-
bowk, which is i the British Museum. We can only gucss at what he had in
mind, but most of them might well have something like their IPA valises.) Fill a
deep narmow glass with water (or beer!) and see if you can hear something like
the second formant in the vowels [ u, o, 2, 0. &, £, e, i ] as the glass fills up.

It is difficult to hear the formanis—the overtones that distinguizh vowels—
when you say them all on the same pitch. There are, however, computer pro-
grams that can analyze sounds and show their separate components, The display
that is produced is called a spectrogram, in which time runs from left to right,
the frequency of the components is shown on the vertical scale, and the intensity
of each component is shown by the darkness, It is thus a display that shows,
roughly speaking, dark bands for each of the groups of overtone pitches in a
sound.

Figure 8.7 is a set of spectrograms of an American English speaker saying the
words “heed, hid, head, had, hod, hawed, hood, who'd." Because the higher fre-
quencies of the human voice have less energy, the higher frequencies have been
given added emphasis. If they had not been boosted in this way, the higher for-
mants would not have been visible. The time scale along the bottom of the pic-
ture shows intervals of 100 ms, so you can see that these words differ in length,
The words were actually said one after another, but they have been put in sepa-
rate frames as there was no point showing the blank spaces between them. The
vertical scale goes up to 4,000 Hz, which is sufficient 10 show the component
frequencies of vowels. Because the formamis have greater relative intensity,
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IEERETEERI . rcivorsen of the words “heed, hid, head. had, hod. hawed,

e, '™ s spoken by a male speaker of American Enghish,
The bocations of the firid three formanis are shown by armows.

shown by the darkness of the mark, they can be seen as dark horizontal bars. The
location of the first three formants in each vowel are indicated by amows.

There is @ great desl of similarity between Figures 5.6 and 8.7, Figure 8.6 is
like a schematic spectrogram of the isolated vowels. Figure 8.7 differs in that it
represents a particular American English speaker rather than the mean of a num-
ber of speakers of American English. It also shows the effects of the consonant a1
the emd of the wond (which we will discuss laterd, and the slightly diphthongal
character of some of the vowels, Note, for example, that the vowel [ 1] starts
with a higher second formant, and that the vowel [ u ] has a large upward move-
ment of the second formant. There is also a small downward movement of the
second formant at the end of [ & ], indicating diphthongization of this wowel,
that we will note funher when discussing consonants, In addition, there are some
extra horizontal bars corresponding to higher formants that are nod linguistically
significanl. The exsct position of the higher formants varies a great deal from
speaker 1o speaker. They are not uniguely determined for each speaker, bat they
certainly are indicative of a person's voice quality.
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Figure 8.8 shows spectrograms of my form of British English. It is similar to
Figure 8.7, but not exactly the same both because of the differences in accent and
because of the individual differences. My head is larger than that of the Ameri-
can English speaker, so all my formants are slightly lower, My vowels are less
diphthongal—they have longer steady states.

Whenever the vocal folds are vibrating. there are regularly spaced vertical
lines, close together, on the spectrogram. During a vowel, the vertical lines are
visible throughout a large part of the spectrogram. Each vertical line in the vow-
els is the result of the momentary increase of acoustic energy due to a single
movement of the vocal folds, We have seen that it is possible 10 obhserve the
pulses in a record of the waveform and from this 1o calculme the pitch. It is
equally possible to measure the pitch from observations of the vertical striations
on spectrograms, When they are close together, the pitch must be higher than
when they are farther apan. At the bottom left of Figure 8.8, below the baseline
but just above the symbol for [ o], there arc two small lines, 100 ms apan.
Within this tenth of a second you can see that there are between eight and nine

m A specorogram of the words “heed, hid, hesd, had, hod, hawed,
hecsd, who" ™ as spoken in 2 British accemt, The bocations of the
first three formanis are shows hy arows,




vertical striations in the vowel formants. The vocal folds must have been vibrai-
ing at about 85 Hz. This is not the best way of using spectrograms to determine
the pitch. As we will see, it is possible 10 make another kind of spectrographic
record that gives a better picture of the vaniations in pitch.

The traditional articulatory descriptions of vowels are related (o the formant
frequencies. We can see that the first formant frequency (indicated by the lowest
of the three arrows in the frame for each vowel) inereases as the speaker moves
from the high vowel in “heed” to the low vowel in “had.” In these four vowels
the first formant frequency goes up as the vowel height goes down, both for the
American English speaker in Figure 8.7 and for my vowels in Figure 8.8, In the
four vowels in the bottom rows of Figures 8.7 and 8.8, the first formant fre-
quency decreases as the speaker goes from the low vowel in “hod” to the high
vowel in “who'd" Again in these vowels, the first formant frequency is in-
versely related 10 vowel height. We can also see that the second formant fre-
quency is much higher for the front vowels in the top row than it is for the back
vowels in the bottom row in cach figure. But the comelation between the second
formant frequency and the degree of backness of a vowel is not as good as tha
between the first formant frequency and the vowel height. The second formant
frequency is considerably affected by the degree of lip rounding as well as vowel
height,

E\ﬁ: can see some of these relationships when we plot the formant frequencies
given in Figure 8.6 along axes as shown in Figure 3.9, Because the formant fire-
quencies are inversely related to the traditional articulatory parameters, the axes
have been placed so that zero frequency would be at the wp right corner of the
figure rather than a1 the bottom left comer, as is more usual in graphical repre-
sentations. In addition, the frequencics have been amanged in accordance with
the bark scale, mentioned cardier, in which perceptually equal inervals of pitch
are represented as equal distances along the scale. As a further refinement, be-
copse the seoomnd formant i3 not as prominent as the first formant (which, on
average, has 806% of the energy in a vowel), the second formant scale is not as
expanded as the first formam scale, (Remember that in Figures 8.7 and 8.8, and
in all the spectrograms in this book, the darkness scale does not commespond di-
rectly to the acoustic intensity of cach sound. The higher frequencies have been
given added emiphasis so as to make them more visible )

O this kind of plot, [ § ] and [ u | appear at the top left and right of the graph,
and [ 2 ] and [ a ] are at the bottom, with all the other vowels in between, Con-
sequently, this ammangement allows us o represent vowels in the way that we
have become accustomed to seeing them in tradinonal aniculsory descriptions.

In the preceding paragraphs. | have been careful o refer to the comelation be-
tween formant frequencies and the rraditional articulatory descriptions. Thas s
because, as we noted in Chapter 1, traditional articulatory descriptions are nod
entirely satisfactory, They are ofien not in accond with the actual articulatory
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facts. For well over a hundred years, phonsticians have been describing vowels
in terms such as high versus low and front versus back. There is no doubt that
these terms are appropriate for describing the relationships between different
vowel qualities, but to some extent phoneticians have been using these terms as
tabels to specify acoustic dimensions rather than as descriptions of aciual iongue
positions, As G. Oscar Russell, one of the pioncers in x-ray studies of vowels,
said, “Phoneticians are thinking in terms of acoustic fact, and using physiologi-
cul funtasy to express the dea'”

There is no doubt that the traditional description of vowel “height™ is mone
closely related to the first formant frequency than o the height of the tongue.
The so-called front-hack dimension has a more complex relationship to the for-
mant frequencies. As we have noted, the second formant is affected by both
backness and lip rounding. We can eliminate some of the effects of lip rounding
by considering the second formant in relation to the first. The degree of backness
15 best related 1o the difference between the first and the second formant fre-
quencies. The closer they are together, the more back a vowel sounds.
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Formant charts are now commonly used to represent vowel qualities. In order
o consolidate acoustic noticns about vowels, you should now try to represem
the vowels in Figures 8.7 and 8.8 in terms of a formant chart. [ have provided ar-
rows that mark what [ take 1o be the formants that characterize these vowels.
Measure these frequencies in terms of the scale on the left of each figure, Make
a table listing the first and second formant frequencies and plot the vowels, A
blank chart is provided in Figure 8. 10,

m A blank formant cham for sbowing the relation between vowels.
[lsing the information in Figares 8.7 and 8.5, plat the frequency of
ez T3t Foemnani on ke andisate (the veriical ais) and the second
formant om the abacissa (ibe horlzomal axks),
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ACOUSTIC ANALYSIS OF CONSONANTS

The acoustic structure of consonants is usually more complicated than that of
vowels. In many cases, a consonant can be said 1o be a particular way of begin-
ning or ending a vowel, and during the consonant articulation itsell there is no
distinguishing feature. Thus there is vinually no difference in the sounds during
the actual closures of [ b, d, g |, and absolutely none a1 all during the closures of
[ p. 8, k ], for at these moments there is only silence.

Each of the stop sounds conveys its quality by its effect on the adjacent
vowel, Wi have seen that during a vowel such as [ & |, there will be formanis
comesponding 1o the particular shape of the vocal tract, These formants will be
present as the lips open in a syllable such as [ bae ). They will have frequencies
comesponding to the particular shape that accurs at the moment that the lips
come apart. As the lips come farther apan and the vocal tract shape changes. the
fermants will move correspondingly. Closure of the lips causes a lowering of all
the formants. Consequently, the syllable [ bae | will begin with the formants in a
lower position and will be distinguished by their rapidly rising to the positions
for [ @ ]. Similarly, in the syllable [ 2b ], the formants in [ 2 ] will descend as
the lip closure is formed. In an alveolar or velar stop the tongue has a particular
position that affects the formants. Whichever stop is formed or released, there
will be a particular shape of the voeal ract that will be characterized by particu-
lar formant frequencies.

When you say “bib™ or "bab,” for example, the tongue will be in the position
for the vowel even when the lips are closed at the beginning of the word. Con-
sequently the formant frequencies at the beginning of “bib” will not be exactly
the same as those at the beginning of “bab.” Nevertheless the formants will
have o different origin from those in “did" or “dad,” because the vocal trac
shapes associated with these these stops are different. The apparent point of ori-
gin of the formant for each place of articulation is called the locus of that place
of articulation,

Figure 8.11 shows spectrograms of the words “bab, dad, gag,” as spoken by
the American English speaker who produced the vowels in Figure 8.7, In cach
case he said the word “a” [ ] in front 50 as to make the voicing during the con-
sonant visible. (1 have also made the spectrogram rather darker than usual for the
same reason.) You can see the faint voicing striations near the baseline above
each of the symbals [ b, d, g |. At the beginning of each of these syllables they
are less evident than at the end. Evidence of voicing near the baseline during a
consonant closune is called a volee har

In all three words the first formant rises from a low position. This is simply a
mark of a stop closure and docs not play a major part in distinguishing one place
of anticulation from another. What primarily distinguishes these three stops is
the onsets and offsets of the second and third formants. The onsets are marked
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by arrows in Figure 8.11. At the beginning of the word “bab™ the second and
third formans kave a lower frequency than they do at the beginning of the word
“dad.” The second formant is noticeably rising for the initial [ b ] from a com-
paratively bow locus. Al the end of this word the fall is not 5o evident becasse of
the diphongization of this vowel. There is, however, a distinet decrease in the
frequency of the third formant, In the word “dad,” both the second and the thind
formants are fairly steady an the beginning. At the end of the word the third
formant frequency is steady, not falling as it was before [ b ], and there 15 a no-
ticeable increase in the second formant, after the lowering due 1o the diphthong-
ization. In “gag” the most noticeable feature is the narmowing of the distance
between the second and third formants. The raising effect on the scoond formand
peraists throughout the wowel, 5o that this vowel is w0 longer a diphthong. The
second and third formanits have been marked by white lines in the syllable [ 2]
before “gag.” It is almost as if they were going to a common point. This coming
together of the second and third formams 13 very charactenistic of velar conso-
nants,

The comesponding voiceless stops [ p. 1, k | are illusirated in Figure 3,12, in
the words “Pam, tan, kang.” There is. of course, no word “kang:” it is just the
first pant of the word “kangarco.” Again the word 2™ [ 2 | has becn put in front
of each of these syllables. The release of the aspirated stops is marked by a shamp
spike corresponding 1o the onset of a burst of poise. This noise has a compara-
tively random pattem. mainly in the upper frequencies. The burst for [p ] in
“Pam” has the lowest frequency. For both [ 1] and [ k ] the noise extends sbaove
the 4,000 Hz shown in the spectrogram, as we will see in later figores. The high-
est frequencies are actually in the [ @] burst rather than the [ k ]. IV you whisper a
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sequence of consonamts [ L L L K, k. k. p, p, p ] in that order, [ 1, k. p ], you can
hear that the highest pitch is associated with [ 1 ], the next with [ k ], and the low-
est with [ p ). You can also hear that [ 1] is the loudest, [ k | next, and [ p ] is the
least loud. The intensity of the [ p ] burst is sometimes o low that there is hardly
any evidence of a sharp spike in the spectrogram. The formant transitions after
voiceless aspirated stops take place during the period of aspiration and are there-
fore not as apparent in Figure 8.12 as they are after the voiced stops in Figure
.11, However, you can see the upward movements of the second and third for-
mants during the aspiration (above the [ * 1) in “Pam.” In addition. the transitions
into the stops from the vowels before them ane easily visible. The second and
third formants are falling at the end of [ 2 ] before [ p ], the second formant is ris-
ing, and the third is almost level before [ 1], and, most distinetive of all, tee see-
ond and third formants are coming together before [ k ).

The masal consonants [ m, n, 1 ] are also illustrated in Figure 8.12. A clear
mark of a nasal (or, as we will see, a lateral) consonant is an abrupl change in the
spectrogram at the time of the formation of the articulmory closure, indicated by
an arrow just before the nasal symbols in Figure 8.12. Each of the nasals has a
formiant structure similar o that of a vowel, except that the bands are Fainter and
are in panticular frequency locations that depend on the characteristic resonances
of the nasal cavities, In nasal consonants, there is usually a very low first for-
il centered at about 250 Hz. The location of the higher formants varies, but
generally there is a large region above the first formant with no energy. This
speaker has a second, rather fwint, nasal formant just below 2,000 Hz. The dif-
ference between each of the nasals is often determinable from the different for-
mani transitions that occur at the end of each vowel. There is a decreass in the
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second Formant of the vowel before | m | and formants two and three are coming
together before the velar nasal at the end of “kang.” Bul the place cues are some-
times not very clear,

Figure 5.13 shows the words “fie, thigh, sigh, shy,” illustrating the voiceless
fricatives. The frequency scale for these spectrograms has been increased to
8.0 He, as the highest frequencies in speech occur during fricatives. In [ 5]
sounds, the random noise cxiends well beyond the wpper limits of even this spec-
trogram. The spectrogram of the first word, “fie,” shows the diphthong that oc-
curs in each of these words, The second and third formants in this diphthong
start close together in the position for a low central vowel, They then move apart
s that at the end of the diphthong they are in locations similar to thoss in [ 1] in
Figure 8.7. As the formant pattern for the diphthong is the same in “'fie, thigh,
sigh, shy,” only the first part has been shown for the last theee words.

All these sounds have mndom energy distributed over a wide range of frequen-
cigs. In [ F] and [ 8 ] the pattern 15 much the same, What distinguishes these two
wowdls is the moverment of the second formant into the followang vowel, marked by
arrows in the figure, There is very lithe movement in [ £ ], but in [ 8 ] the second
formant starts a1 around 1,200 He and moves down, Because the differences be-
tween these two sounds are so small, they are often confused in noisy circum-
stances, and they have fallen together as one sound in some accents of English,
such as Lomdon Cockney, which does not distinguish between “fin' and “thin."”

m A spectrogram ol the wards “fic, thigh, sigh. shy.” The Frequency
igale poct ap 1o B0 He m ks figure. The armaws mark the onsets
af the second Formant tangitions. Ondy the Tirst wond is shown in
figll. The second pan of the diphibong has been deleted for the ather
wiardi

(r a 11100




L ¥

The noise in [ 5 ] is centered ot a high frequency, between 5,000 and 6,000 Hz
in Figure 8.13. In [ [ ] it is lower, extending down to about 2,500 Hz. Both [ 5
and [ [ ] have a comparatively large acoustic intensity and hence produce darker
patterns than [ 7] or [ 8 ). They are also marked by distinciive formant trand-
tions. The apparent ofigin (the locus) of the sccond formant transition incresses
throughout the four words “fie. thigh, sigh, shy,” so that in the “shy™ it is in a po-
sition comparable with its location in the vowel [ 1 ] and falls considerably.

The voiced fricatives comesponding 1o [ 1, 8, 5, [ ] do not contrast at the be-
ginnings of words. Accordingly Figure 8.14 shows [ v, 8, 2. 3 ] in between vow.
els. These voiced fricatives have patterns similar to their voiceless counterpans,
but with the addition of the vertical stristions indicative of voicing. The fricative
component of [ v ] in “ever” is even fainter than the [ 1] in “face” and is really
only visible at the stan of the following vowel. The vertical striations due to
voicing are apparent throughout the aniculation. The same is tree of [8] in
“whether,” As with their voiceless counterpans, [ 1, 8 ], it i the formanis in the
adjacent vowels that distinguish these words. In this figure, both these fricatives
are preceded by [ e ] and followed by [ ], The second formants are much
higher around [ & | than asound [ v |,

The fricative energy in the higher frequencies is very apparent in [ 2] and
[ 3 ]. There is a faint voice barin [ = 1. but in [ 3 ] the voicing is hard 1o see. There
are only a few vertical strintions due to voicing in the 6,000 to 8,000 Hz range at
the beginning of the fricative noisc. The formant transition from [ 2 | into the
vowel [ & | is bevel, but that from [ 3 ] falls considerably. This last word, “plea-
sure.” also enables us to see what happens when an aspirated stop such as [ p ] is
followed by an approximant such as [ 1]. Most of the [ 1] 15 voiceless, audible
only by the effect it has on the [ p | burst and the aspiration noise,

m-ﬁ- H‘#ﬁmﬁﬁnmr“:tn. wather, fizer, pleasune.™
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The last set of English consonants to consider are the lateral and central
aproximants, [ 1. r, w, j . Figure 8,15 shows these sounds in the words “led, red,
wed, yell”™ All these voiced approximants have formants not unlike those of
vowels, The initial lateral is the first word has formants with center frequencies
of approximately 250, 1,100, and 2,400 (low intensity), which change abrupily
in intensity ai the beginning of the vowel. As we noted earlier, a marked change
in the formant pattemn is characteristic of vorced nasals and laterals, At the end of
a word, as in “yell” in Figure 8.14, there may be a less marked change. A final
lateral may have litile or no central contact, making it not really a lateral but a
hack unrounded vowel. A formani in the neighborhood of 1100 or 1,200 Hz is
typical of most initial laterals for most speakers.

The second word in Figure 8,15 illustrates the approximant [ r ] in “red.” (Re-
member that in the broad transcription of English used in this book, the symibol
[r] iz used fior the approximant [ 3 L.y The most obvious feature of this kind
of [ r]is the very low frequency of the third formant. In this example, its onigin
{above the symbaol [ r])is aroond 1,600 Hz, only just above the second formant,
which also rises for this from vowel. There is a great deal of similarity beiween
“red’’ and the thind word, “wed,” which is why yvoung children sometimes have
difficulty keaming 1o distinguish them. The approximant [ w | also starts with a
low position of all three formants, but this time it 15 the second formant that has
the sharpest nise, The movements of the formants for [ w ] are like those in a
movement away from a very shont [ u ] vowel, Finally, the movements of the
formants for [ 1, as in “yell” or “yes."” are like those in a movement away from
o very short [ i | vowel, Both [ w | and [ § ] are appropristely called semivowels,

I hope that the vagueness of many of the remarks in the preceding paragraphs
has bed you to realize that the interpretation of sound spectrograms is often not
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all straightforward. The acoustic comrelates of some articulatory features are
summarized in Table 8.1, But in a book such as this it is impossible 1o give a
completely detailed account of the acoustics of speech. The descriptions that
have been given should be regarded as rough guides rather than accounts of in-
variable structures that can always be seen in spectrograms. When any of the
segments described occurs in a different phonetic comext, it may have a very
different acoustic structure,

All the words illustrated in spectrograms so far were spoken in a fairly dis-
tinct way. In connccted speech, as in the remainder of the spectrograms illustrat-
ing this chapier, many of the sounds are more difficult to distinguish. Before
reading the next paragraph, transcrbe the segments in Figure 8.16, given the in-
formation that the utterance was “She came back and staried again,” as spoken
by the speaker who produced the vowels in Figure 3.7

Looking at the segments one at a time, we can see that the initial [ [ ] sound is
similar to that in “shy” in Figure 8.12. The frequency scale is not as extended as
that in Figure 8.12 (so that more attention can be paid 1o the vowel formants),
but it is quite casy (o see that this i [ [ ], not [ 5 ] as in segment (12), which has
a higher frequency. The second segment, [ i ], has second and third formant fre-
quencies that are a linke lower than in this speaker’s vowel in Figure 8.7, At the

descriptions should be regarded only as rough gaides. The sciual
acoustic cormelales depend to a gres extenl on (he pasticular
combimation of aniculsiory lcabarcs i a sound, and an the
neighboging vawels,

Volcad Vartical striations corresponding to the vibrations of the vocal Tolds,
Bilaklal Lacus of both second and third formants comparatively low.
Alveolar Locus of second formant abeut 1, 700-1, 800 Hz.

Vo Lisusally high locus of the second formant, Commeon origin of second

and third formant transitions,
Retroflax General kwering of the third and fowrth formants.
Stop Gap in pattern, followed by burst af nolse for voloeless stops or

sharp beginning of formant struciure for velced stops.
Fricative Random nodse pathemn, especially in higher frequency regions, buf
dopandant on the place of articulation.

Hasal Formant structure similar 1o that of vowels bul with nasal foemants
at about 250, 2,500, and 3,280 Hz,
Lateral Formant structure similar to that of vowels but with fermants n the

meighborhood of 260, 1,200, and 2,400 Hz. The higher formants
are consicenably reduced in intensity,
Approximant  Foemant structure similas to that in vowels, usually changing.
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A spectrogram of “She camse back and stamed again™
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end of segment (2) the second and third formants come together for the velar
stop | k | that forms segment (3). This stop is followed by a burst of aspiration,
marked as scgment (4) before the onset of the vowel. The vowel in “came.” (5,
is a diphthong, [ e ], with a faint additional formant around 1,100 Hz, associaied
with the nasalization of the vowel. Al the end of the hilabial nasal (&), there i a
short [ b ] closure (T), in which the voicing is just barely visible. The upward
transitions afier the bilabial stop ai the beginning of [ a2 | (8) in “back” are much
more evident. There is no difficulty in secing the coming together of the second
and third formants before the velar stop [ k ] (93, There 15 enly a short period of
aspiration, nod given a separple segment number, followed by a transition, the
coming apan of the second and third formants, before a neutral vowel, [ o ] (100
This is followed by an alveolar nasal [ n ] {113

The [ =] (12) in “stanied” is followed by a shom [ o], {13) which is only
slightly aspirated (as is normal for [ ¢ ] whenever it occurs after [ 5 | in English),
The Falling second formant inte the vowel, [a ] (14) is typical of the wansition
from [ ¢ ] into [ a J. The low third formant for the last pant of segment (14) 15 as-
sociated with the r-coloring. Approximately the kast hall of the vowel is rhola-
cized. The stop in (15) has a voice bar, and could symbolized by [ r ] in a narmow
phonetic ranscrption, For many people, incheding this speaker, past tense “-od”
forms after an alveolar stop have a Fairly high second formant and a low first for-
mant, | would transcribe the vowel in segment (160 as [ 1 ] rather than [ 2 ). Seg-
mecnl (17, like segment (13), isa tap [ ¢ ]. The vowel in segment (18) 15 also [ ];
unstressed vowels before velar consonants are often [ 1] rather than [ 2 ]. The
velar stop [ g | in segment (195 15 cleardy marked by the coming together of the
secomnd and thind formants in the vowels on cither side of it. The final syllable in
“agmin” has a fairly low vowel—formant one is about as high as it is in segment
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(&), the vowel [ 2 ]in “back.” Segment (20) could be transeribed as [ ¢ ] or [=].
Segment (21} is the final nasal [ n ).

MNow you should try segmenting a more difficult unterance. Figure 8.17 shows
a spectrogram of my saying, “T should have thought spectrograms were unread-
able.” This phrase was spoken in a normal, but rapid, conversational stybe. This
time, instead of marking the separate scgments, | have simply placed evenly
spaced lines above the spectrogram, so that [ can refer 1o particular places. Try to
write a transcription below these lines. Make sure that the symbols you write
comectly indicate how the phrase was actually pronounced. rather than how you
might say it

When given a problem like this. it is always best 1o find the obvious things
firs1. The voiceless fricatives [ s ] and [ [ ] stand out from other sounds, so begin
by trying to find the [ [ ]in “should” and the [ 5 ] in “spectrograms.” The [ [ ] is
al (3) and the [ 5 ] is between (9) and (10). You can now star at the beginning
and find the vowel [ a1 ] in the first word. It is below (1) and (2), ending where
the [ [ ] begins. You know that the [ 5 ] in “spectrograms’™ is between (9) amd
(10, =0 the vowel in “thought™ must be at (7}, with the [ ] after it at (8), What
happens before the vowel in “thought™ and after the [ [ ] in “should ™ Is there
any voicing in any of the segments between these sounds? Il seems as if the
whole of the phrase “should have™ was pronounced withowt any voicing. There
must be & [ 1] at (4) and an [ 7] and a [ B ] at (6). A narrow transcription of the
phrase “T should have thought™ is [ aifu @t ],

Now go on from the [ s ] in “spectrograms,” bearing these points in mind. Try
1o transcribe “specirograms were unreadable,” remembering that zome of the

W'EiMMHM IBcught spectragrams wens =

unresdshie,” spoken in a normal, bul rapid, conversational syl
{Ennsh Englishi
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soumds you might have expected to be voiced might be voiceless. When you
have done this, read the next paragraph.

As you might expect, thene is no aspiration afier the [ p ] in “spectrograms,”
which 15 between (100 and {11), The vowel [ & ] at (11) iz very short, bat you can
see the coming together of the second and third formants forthe [ k ] at(12), The
[t]is alsos ot (12) and is highly aspirated, so that the following [ r ] is almost
completely voiceless (and hence in a namow transcription [ J ]k There is viru-
ally mo voicing in the shom [ 2 ] at (13 The velar stop [ g ] at (14) is released
ity [ 4 ), easily located by the lowering of the thied and fourth formanis. The
vowel [ 2 | &t (15-18) is followed by a long [ m ], with its faint formants accy-
pying mast of (17} and (18}, The fricative ot the end of this word, below (18-19),
appears to be voiceless. [ would transeribe it as [ ¢ | rather than [ 5 | because of
its Lack of intensity.

Crz of the next most identifiable poimts is the drop in the third formant below
(210 &t the end of the word “were.” showing that on this oceasion [ did pro-
mounce the [ 1 ] in this word. This is normal for most speakers of British English
when the next word beging with a vowel. The [ w ] at the beginning of this word,
a1 {20}, 1s distinguishable by the low second formant, The syllable [ an | of “un-
readable’ is below (22) and (23}, The lowenng of the third formant at {24) marks
the beginning of the syllable “read,” the high vowel [ i | af (25) having a low first
formant and a high second formant. The very short [ d | and [ 2 ] at (25-26) are
followed by a comparatively long [ b ] at (26-27), and the final syllabic [ 1] at
(27-28) looks like a back vowel.

If wou want a mone difficult exercise in inerpreting sound spectrograms, look
al Figure 8.18, and see if you can say what it is. It is an ordinary English sentence

m A specirogram of an English senience as descrbed in ke texl
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spoken by the American English speaker who said the vowels in Figure 8.7, You
will find it hard to determine the whole sentence, bul some segments are quite
easy. For example, what must be there when the third formant is below 2,000 Hz,
near (14-13)7 Can you see a distinctive patiern of the second and third formants
at (26}, and perhaps also a1 (24=25)7

At the beginning, below (1), there is a small fricative noise near 3,000 Hz
Then at (2) there is a vowel that might be [ § ] or [ 1 ]. A sharp break in the pattern
is followed m (3) by a scgment with faint formants a1 about 250, 1,300, and
1,400 Hz. This break must indicate a nasal or a lsteral, with a lateral being the
more prabable here. If vou ook at Figure 8.7 you will see that the vowel at (3) is
something like [ & ] or [ € ]. This is followed by a fricative a1 (6) that could only
be [8]or [f]. Av(T) there is a voiceless stop [ p 1. [ 1], or [ k ]. with the aspira-
tion af (8) being strong and high frequency, making it most likely [ © ). The vowel
al (%) is again either [ ] or [ 1], judging by the first two formants. But you can
also sec that the third formant is low at (10), indicating r-coloring.

As there seems 10 be o pawse after (10), we can stop there for a moment and
wrile out our possible transcription choices:

m @ & @ & e (M &
(] i 1 o f t b ' r
Im, m, £ r kp i

Can you make a path through these possible choices? The second syl-
lable could be “laugh™ or “laughed”™ or “lefi,” making a possible phrase “He
laughed” or “He lefi.,” What was actually said was “He left here,” bt it would
be very difficult to get this. You should, however, get segments such as those
listed here,

Now look at the last part of the semence in Figure 8.18, which is a bit easier,
There is a fricative at (13-14) that is [ 8] or [ 1], followed by a low third for-
mant af (15} indicating [ 1], and then a vowel at (16=17) in which the first
formant is lower and the second formant is higher than anywhere else in the sen-
temce, making it clearly [ i | This gives ws the syllable “frec” of “three.” You can
see a little bit of voicing near the baseline at (17-18) during what is presumably
a voiced stop. The intensity of the burst, the high frequency energy, and the level
formants at the onset of the vowel all suggest that this is [ d ]. The vowel at
(20-21} s long and aleost as high (first formant low) and front (second formant
high} as the preceding vowel, making it probably [ 1 . Segment (23) is clearly a
fricative looking like [ s ], but, becouse of its lack of intensity, it may be [ 2]
with voicing 100 faint 1o be seen. There is a very short vowel at (24), and a good
rule for such vowels is to regard them as [ 2 ]. The consonant a1 {25-26) must be
i velar stop. The final long vowel ab (27-29) is a diphthong, ending in a back
vowe] (low second formant) like [ u ).
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Putting this last part together we have the following:

(13-14) (15) (15-16) (17-18) (20-21) (23) (24) (25-26) (27-29)
] a i d €l ] o q L]
1] b ] k

Read these possible transcriptions and you may be able w find a path that
gives you the whole sentence; “He left here—three days ago.”

Try another of these sentences on your own, Figure 8,19 is a spectrogram of
the American English speaker. The wtierance was a normal English sentence,
containing no proper nouns. As before, many of the sounds occur in new combi-
nations, which means that they have slighily different patterns. But if you stan
with the more obvious sounds, and use your knowledge of possible English
words, you should be able to succeed, Many users of the earlier editions of this
book have already done 5o,

The spectrograms that have been used 1o illustrate this chapier so far are called
wide-band spectrograms. They are very accurate in the time dimension. They
show each vibration of the vocal folds as a separate vertical line and indicate the
precise moment of a stop burst with a vertical spike. But they are less accurate in
the frequency dimension. There are usually several component frequencies pres-
ent in a single formant, all of them being lumped together in one wide band on
the spectrogram.

[t 15 a fect of physics that one can know either fairly precisely when a sound
occurred of, 1o a comparable degree of accuracy, what its frequency is. This should
be imuitively chear when you recall that knowing the frequency of a sound in-
vilves observing the vanations in air pressure over a pericd of time. This period
of time has 10 be long enough o ensure observations of a number of repetitions

m A spectrogram of an ordinary English senience containing no names

{British sccent).
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of the variations of air pressure, You can either know that a pulse from the vocal
fiolds has happened (producing the vertical voicing striation in all the spectro-
grams we have considered so far), or, if the piece of the sound wave being ana-
Iyzed contains two or three pulses of the vocal folds, we can tell how far apan
they are and hence know the frequency.

Spectrograms that are mwne accurale in the frequency dimension (at the ex-
pense of accuracy in the time dimension) are called namow-band spectrograms.
Figure 8.20 shows both wide- and namow-band spectrograms of the question “Ts
Pat sad, or mad?" In the wide-band spectrogram, there ane sharp spikes at the re-
lease of each stop, for example, for the [d ] at the end of the uierance. The
spikes are smeared in the time dimension in the narrow-band specirogram. But
the frequencies thal compose each formant are visible,

When the vocal folds vibrate, they produce what are called harmonics of their
fundamental frequency of vibration, Harmonics are vibeations sl whole-number
multiples of the fundamental frequency. Thus when the vocal folds are vibrating

Wide-bamd (upper pan of the figane) and narmow-band (bower pan)
specirogram of the question “11 Pag sad. or mad™ The fifth, tenth,

asd fifieenth harmsonies have been marked by white squares in fwo
al the vawels.
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ol 100 Hz, they produce harmonics at 200, 300, 400 Hz, and 5o on. In a given
vowel, the particular harmonies that are evident are those that comespond to the
resonances of the vocal tract shape occwrming in that vowel. [ have put two small
white squares in the middle of the fifth. tenth, and fifteenth harmonics in the
middle of the vowels in “sad" and "mad.” The vecal folds are vibsating a1 about
118 He in “sad.” 20 the filth harmonie has a frequency of 5 X 118 = 500 Hz, the
tenth harmonic a frequency of 1,180 He, and the fifleenth harmonic a frequency
of 1,770 He. The first formant is formed by the fifth and sixth harmonics, and the
main components of the second formant are the fouricenth and fifteenth har-
menics. Compare this with the vowel in “mad.” which has very similar for-
mants, both being examples of the f & / phoneme. Mear the beginning of the last
word the third harmonic is the main component of the first formant and the
eighth harmonic the main component of the second formant, As we have noted,
the quality of a vowel sound depends on the frequencies of the formants. But the
pitch depends on the fundamental frequency, which is determined by the rate of
vibration of the vocal folds,

In women's vaices, which usually have a higher pitch, the formants are some-
times more difficult to locate precisely. Figure 8.21 show spectrograms of a fe-
miabe speaker of Amernican English saying the same set of vowels as those of the
male speaker in Figure 8.7, Even though these spectrograms have been made
with considerable care, choosing the most appropriate degree of narmowness of
the spectregram o beal how the formant frequencies, the harmonics sull inter-
fere with the display of the formants, Motice, for example, the change in vowel
quality in the vowel [ u ], which appears as a senes of steps as different harmon-
ics become available 1o make up the formant. In a narrow band spectrogram it is
even mone difficult to locate the centers of the formants when the fundamental
frequency is high.

Narmmow-band spectrograms are  obviously wseful for determiming the
intonation—or tone—of an utterance. One can do this by looking at the funda-
mcntal frequency atsell, but when this goes from, say, 100 0 1200 Hz, the fre-
quency of the tenth harmonic will go from 1,000 o 1,200 Hz, which is much
casier to soe. The actual pitch—on, 1o be rore exact, the fundamental frequency—
at any moment will be one-temb that of the wemh harmonic, As we saw earlier in
this chapter (amd also in Chapter 5), computers can analyze specch to give a
good record of the fundamental frequency (the pitch). But most fundamenal fre-
fuiensy routines make occasional crmors when the pitch is oo low or when the
vocal felds are not vibrating regularly. In these cases, a marmow-baml spectno-
graphic analysis can be very useful,

We may now summarize the kinds of information that can and cannat be ob-
tained from spectrograms. The most reliable measurements will be those of te
length of the segments, for which purpose spectrograms are ofien even betler
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m A ipectragram al the words “heed, Bid, bead, had, kad, bawed,
bood,, who'd™ ns spoken by a female speaker of American Emglizh,
The lecatbons of the figst thiee fermants are shown by armows.
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than waveforms. Differences among vowels, nasals, and Iserals can be seen on
spectrograms, whereas it may be impossible to see these differences in the wave-
forms.

Spectrograms are usually fairly reliable indicators of relative vowel quality.
The frequency of the first formant certainly shows the relative vowel height
quite accurately. The second formant reflects the degree of backness quite well,
but there may be confusions due 1o variations in the degree of lip rounding.

It is also possible to tell many things about the manner of amiculation from
spectrograms. For example, one can useally see whether a stop has been weak-
ened o a fricative, or even 10 an approximant. Affrication of a stop can be seen
om el eocasions. Trlls can be separated from faps and voiced from woloeless
sounds, One can also observe the relative rates of movement of different articu-
lstions,

Spectrograms cannid be used to measure degrees of nasalization, nor are they
much help in differentiating between adjacent ploces of articulation. For study-
ing these aspects of speech, other echniques are more useful,
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INDIVIDUAL DIFFERENCES

The last subject that must be dealt with in this chapter is differences among indi-
vidual speakers. This is imporiant for several reasons, First, anyone working in
phonetics should be able to form an opinion as to the extent of idiosyncratic
qualities in an individual's voice. Second, one must know how to discount purely
individual features inan scoustic record if one is to measure features that are lin-
guistically significant. This is an imporiant matter for anyone interested in com-
puter speech recognition, IF we all spoke with exactly the same voice quality
then recognizing the patterns of individual words would be much casicr. Com-
puter speech recognition has to disregard individual differences and report just
the words that have been spoken. Third, spectrograms have become used in
forensic siluations.

Spectrograms of a person’s vodce are sometimes called “voice-prinis,” and
they are said 1o be as individual as fingerprints, This is a greatly exaggerated
clasm, If it were true 1t would be very useful. Banks would be able to verify a de-
positor's identity over the telephone, and the police would be able to make a pos-
itive idemification of criminals whose conversations had been recorded. Some
imdhvidueal charactenistics are recorded in spectrograms. The position of the
fourth and higher formants in most vowels is indicative of a speaker’s voice
quality rather than the linguistic aspects of the sounds, Similary, the exsct loca-
tions of the higher formants in nasals depend to a great extent on individual
physiclogical charactenistics of the speaker,

There are also a number of femures observable on spoectrograms that indicate
a speaker's speech habits and are not language dependent. For example, there is
a great deal of vdividuality in the length and type of aspiration that eccurs after
initial voiceless stops. The rate of transition of the formants afier voiced stops
also varies from one individual to another,

Mobody knows how many individuals share similar characteristics. There are
occasions when ane can say thal the visdce on a particular recording is prodably nor
the same as the voice on some other recording, and times when one can say that the
voice on a recording could be the same as the voice on another. Speaker identifica-
tiom wsing spectrographic evidence has been used in a number of criminal cases,
My best guess at the moment, based on studies reported in the literature, my own
examination of thousands of spectrograms, and appearances in a large number of
coun cases, is that an expert may be wrong about one time in twenty in making a
positive identification of an unknown voice on a recording. In my view, il is come-
pletely irmesponsible to say, as | have heard witnesses testify in coun, “The voice
on the recording is that of the accused and could be that of no sther speaker.”

Individual variation is also important from a general phonetic point of view.
In summarizing the uses of spectrograms, [ was careful 10 say that spectrograms
showed relative vowel quality. It is clearly true that one can use spectrograms
such as that in Figure 8.18 to tell that the speaker has a higher vowel in “three”
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than in the beginning of the vowel in “here.” One can also use formant plots such
as that in Figure 8.9 1w show that the average American English vowel in
“who'd” is fanther forward than that in “hawed.” But it is not so easy to say if the
vowel in a given word as pronocunced by one speaker is higher or lower than that
of another speaker.

In gencral, when two different speakers pronounce sets of vowels with the
same phonetic quality, the relsive positions of these vowels on 5 formant chart
will be similar, but the absolute values of the formant frequencies will differ
from speaker to speaker, Figure 8.22 shows the formants for the vowels in “heed.
hid, head. had. hod, hood, who'd™ as pronounced by two speakers of Californian
English. The Californian English of most university students does not distin-
guish between “hod™ and “hawed” or between “cot™ and “caught,” so it was pos-
sible 1o show only seven of the eight vowels in Figure £.7. The relative positions
of the vowels in each set are similar, but the absolute values are different.

A fearnant chuast shewing some of the vowels of two speskers of
Callifornizn English, The frequency of the first formant is plosied on
the crinane (the vertical axis), and the differemss Betwoen the
frequuencies of the second and first formants is plotied an the
ahsciiea (the honizontal axizs),
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There is no simple technique that will enable one 1o average oul the individ-
ual characteristics so that a formant plot will show enly the phonedic qualities of
the vowels. The simplest way to deal with this problem is probably (o regard the
average frequency of the fourth formant as an indicator of the individual's head
size, and then express the values of the other formants as percentages of the
mean fourth formant frequency, But this possibility is not open when the fourth
formant frequencies have not been reported for the sets of vowels that are being
compared. An alicrmative methed is 1o assume that each set of vowels is rep-
resentative of the complete range of a speaker”s vowel qualitics. Then we can
express the formant frequency of each vowel in terms of the tial range of that
formant in that speaker’s voice. This method will minimize differences between
extreme vowels, falsely assuming that all speakers of all languages pronounce
[ i @, w] in much the same way as one another, Phoneticians do not really know
hiow to compane acoustic data on the sounds of one individual with those of an-
other. We canmot write a computer program that will accept any individwal's
vowels as input, and suiput a namow phonctic ranscription. If we could solve
this problem, we might be able 1o isolate the individual characteristics of a per-
s0n"s voice S0 that a “voices-print” would really be as distinctive as a fingerprin.

Much of the work of the applied phonetician today 15 concerned with come
puter speech technodogy and directed towand improving speech symhesis sys-
tems, The greatest challenges in the field of speech synthesas are concemed with
improvements in intonation and rhythm. Synthetic speech often sounds unnatu-
ral becouse the intonation 15 oo stereotyped. In order 1o get the comect pitch
changes, one must know the speaker’s attitude to the world in general and to the
topic under discussion. In addition. the syntax of the utterance must be taken into
sccount, as well as vanous higher level pragmatic considerations, such as
whether the word or a synoenym of it has been used in a previous sentence. The
rhiythm of the semence depends nol only on all the segmental influences tha
were discussed in earlier parts of this book, but also on the particular emphasis
that the speaker wishes to comvey al that moment, If we are going o make syn-
thetic speech lively and imeresting, we have 1o develop computer programs tha
are very linguistically sophisticated, and can also simulate heman emotions.

Specch recognition systems are largely the provinee of engineers, but pho-
neticians also play a part. For a long time, we have been able 1o use computers 1o
distinguish single words, such as the digits zero through nine, More recently,
several systems have been developed that can recognize limited sets of words in
task-specific situations, in which the compater can structure the dialogue. For
example, in an mirling reservations system, the computer can ask, “Which day of
the month do you wish to travel? At what time? On what airline? To what air-
pont? For each of these guestions there is only a limited set of possible answers.
Compaters can do all this and more, with sufficient sccuracy for commercial
purposes. But they cannol as vel serve as courl reporters, producing an accurnle
wrilten transcnpt of ordinary speech as spoken by people with a wide range of
sccents and different personal characieristics.
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EXERCISES

A Put a transcription of the segments in the phrase “Please pass me my book™
above the waveform that follows. Draw lines showing the boundaries be-
tween the segments,

B The following spectrogram shows the phrase “Show me a spotied hyena,” Put
a transcription above it, and show the segment boundaries. In places where
there are no clear boundaries (as in the first part of “hyena™) draw dashed
limis.
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C In the following spectrogram, the segments have been delimited, some with
dashed lines as they do not have sharp boundaries, In each of the spaces
abowve the spectrogram writec a symbol for a sound that has the same manner
of articulation as that segment. Those for the first segment have been filled in
as examples, A few other segrents that are particularly difficult 1o determing
have also been filled in,

The spectrogram is an ordinary English sentence, containing no names, 0 ob-
viously the third possibility shown for the first segment could not be cormect, as
e English sentence could begin with [ g |, Bearing in mind what sequences of
sounds are possible in English, write as many wonds or syllables as you cam,
This is a true statement,

D Look of the sentence in Figure .19, a spectrogram for which the text is not
given. Say as much as you can abowt the different segments.



VOWELS AND VOWEL-LIKE ARTICULATIONS

In previous chapters we saw that there are three main aspects of vowel quality:
(1) vowel height, which is inversely proportional wo the frequency of the first
formant; (2) backness, which is proportional 1 the difference between the fre-
quencies of the second and first formants; and (3) the degree of lip rounding. an
articulstery feature that has complex scoustic comelmes, This chapier will dis-
cuss these three features in greater detail and will also consider some additional,
less prominent, features of vowel quality.

Figure 4.2 in Chapter 4 shows the relative auditory qualities of the English
vowels and diphthongs, As 1 mentioned at that time, the precise locations of the
points in this dingram reflected acoustic measurements, not mere audilory im-
pressions, It can, therefore, be considered to be a formant chart, similar to that
shown in Figure 9.1, Some of the acoustic measurements were the formant fre-
quencies reported in the previous chapier. They were supplemented by micasure-
ments of the formant frequencies of the other vowels and diphthongs, all taken
from published sources. (For bibliographical details, see the section on sources
af the end of the book. )

Most phoneticians would agree that Figure 9.1 is a fairly accurate reflection
of both the way in which American English vowels have traditionally been de-
scribed as well as the way in which listeners perceive the relative awditory qual-
itbes. During the discussion of this diagram in Chapter 4, you probably made up
your owm mind on the extent to which it agrees with your own perception of the
relative distance between vowels. But remember that if it seems inaccurate 1o
you, this may be because your accent is not identical with the form of American
Englizh represented in the figure.

ﬂA_H'_D INAL VOWELS

When describing the vowels that occurred on a particular occasion, one may not
have access 10 measurements of the formant frequencies, Phoneticians who want
to describe the vowels of a certain diakect or of a certain speaker often have to

1%
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m A combéned scoustic and maditory representation of some of the
vowchs of American English. (Compare Figuses 4.2 and §.9.)
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rely on their apditory abilities. They plot the vowels on a vowel char, so that
anybody knowing about vowel chants can see whene the points are and can infer
the quality of the vowels they are describing.

If a vowel chart is to be truly interpretable, the vowels on it must be plotted
with reference to certain fixed points, These points must be known to both the
people originally plotting the vowels and to the people who are going to interpret
their descriptions, The space within a vowel chant represents a continuum of pos-
sitde qualities. Before 1 can convey anvthing to vou by telling you that & cemain
vowel is halfway (or a third of the way) between one vowel and anather, 1 mus
be cenain that we both know the exact qualiny of the vowels that act as reference
points. There are several ways in which known fixed points can be provided.

In the first place, we can rely on the fact that a vowel chart shows the limits of
possible vowel quality. Thus a point in the extreme upper beft comer of the chan
represents a vowel with the highest and most front quality possible, IF the 1ongue
were moved higher or more forward, a palatal consonant would be produced, A
vowel in the extreme lower right comer represents the lowest and most back
quality possible. Further movement of the tongue would produce a pharyngeal
consonant. Similarly, the points in the other two comers of the diagram represent
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extreme qualities. We would have some fixed reference point if [ could rely on
the fact that you and | both know the sound of the highest and most front possi-
ble vowel, the lowest and most back possible vowel, and so on.

This use of a vowel chan is quite satisfactory for the description of vowels
that are near the comers of the possible vowel area. But it does not provide
enough fixed points for the description of other vowels, Recognizing this prob-
lem, the British phonetician Daniel Jones proposed a series of cight cardinal
vowels, evenly spaced around the owtside of the possible vowel area and de-
signed 1o act as fixed reference points for phoneticians. In no case is the quality
of a cardinal vowel exactly the same as that of an English vowel. It can happen
that a particular language may have a vowel that is vinually identical with a car-
dinal vowel. Several of the vowels of a conservative form of Parisian French
vowels are very similar. But by definition the cardinal vowels are arbitrary refer-
CRCE [Hnls,

Two of the cardinal vowels are defined in articulatory terms. Cardinal vowel
(1} is produced with the lips spread and the tongue as high and far forward as
possible without causing audible friction. It is therefore something like the
vowel [ ], but with & more extreme quality. The symbaol for it is aleo [ i ].

The other cardinal vowel that is defined in articulatory terms is cardinal vowel
(5). This vowel is made with the lips in a peutral position—neither spread nor
rounded—and with the tongue as low and as far back as possible. Accordingly, it
is something like some forms of the American English vowel [ a: | as in “father,
hot™ or the British English vowel [ o ] a8 in “hot.” The American [ a: ], however,
is mol ususlly made with the tongwe as far back as possible, and the British [ o )
usually has slight lip rounding. The symbed for cardinal vowel (S)is [a ).

Try 0 make cardinal vowels (1) and (5) in accordance with these descrip-
tons, Remember 1o have your lips fully spread when saying [ i ]. Make sure that
your tongue is so close to the roof of the mouth that you would produce a voiced
palatal fricative [ j ] if you mised it any higher. Similarly, when producing [ a ],
make sure that the tongue is pulled so far down and back in the mouth that you
are almost producing a voiced pharyngeal fricative [ 5 ] (not 1o be confused with
a glottal stop, whichis [ 7 ]).

Cordinal vowels (20, (3), and (4) are defined as front vowels that form a series
of auditorily equidistant steps between numbers (1) and (3). As we saw in the
previous chapter, the acoustic definition of front vowels is that the distance be-
tween formant one and formant two is as greatl as possible, We can also specify
in acoustic terms what is meant by suditorily equidistant steps. It implies that
when these five vowels are plotted on a formant chart of the kind we have been
discussing. they will be represented by points that are equal distances apart.
(There are some complications in this respect that we will discuss later.)

Cardinal vowels (6}, (7), and (3) are defined as vowels that continue on from
number (5), with the same size steps as in the first pant of the series, but that are
in the case of these vowels as back as possible (that is, with as small a distance
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a5 possible between formants one and twa), In onder 1o continue with these same
size steps, the back vowels have to becoms not only increasingly higher but also
increasingly more rounded. Az a result, cardinal vowel (8) is in fact the highest,
mst back, most rounded pessible vowel—even though it is not defined in this way.

The symbols for cardinal vowels (2), (3), and (4) are [ e, &, a ], respectively.
The symbols for cardinal vowels (6), (7}, and (8) are [ 3, o, u | Most of thess vow-
els have qualities something like those of the English vowels we have been sym-
balizing in & similar way. In accordance with the principles of the [PA. ihe symbols
chosen for most of the English vowels are those of the nearest cardinal vowels.
The major exceplion is the vowel in "fat," which, following the tradition of many
English-speaking phoneticians, has been symbolized by [ @ | rather than [a ],

The cardinal vowel system has been extensively used by phoneticians in the
description of a wide variety of languages, There are, however, o number of dif-
ficulties in this respect. First, as Daniel Jones said in An Queline of English Pho-
nesics (London: Heffer, 1957) “The values of the cardinal vowels cannot be
learned from written descriptions; they should be leamed by oral instruction
frem a teacher who knows them." It was for this reason that §did not suggest that
you try to produce a complete serics of cardinal vowels immediately after read-
ing the descriptions given previously. If you have access to a recording of the
cardinal vowels and if there s someone who can listen critically 1o your imita-
tiens of them, then it is possible 1o leam 1o produce them with a fair degree of ac-
curacy. Recordings of cardinal wowels are available on the Web s the address
mientioned in the Preface 1o this edition.

A second problem with the cardinal vowel system is the notion of auditory
equidistance between the vowels. The traditional description of the cardinal
vowels armnges them on a plot as shown in Figure 9.2, in which the points are
not equidistant. Cardinal vowels (3} (6), (7). and (8) are musch closer wogether
than (1), {2}, (3), (4), and (5). This plot is somewhat in agreement with the notion
that vowel height corresponds inversely 1o the frequency of formant one and
backmess commesponds o the distance between formant two and formant one. The
line on the left-hand side of the figure slams becawse the degree of the distance
between formants one and two deoreases in going from [§] o [a]. Tt is come-
paratively straight on the right-hand side because the distance between the first
two formants is much the same for these vowels: both formant one and formant
two go steadily down from [ a ][ u ]

Another problem with the cardinal vowel system is that there has been a great
deal of confusion over whether vowels are being described in terms of tongue
height or in terms of acoustic properties. Many phoneticians—and many text-
books on phonetics—talk about diagrams such as Figure 9.2 as if they specified
the highest point of the tongue. The distance between the points representing the
back vowels is therefore said w be less because the movements of the tongue are
said o be less (which is not sctually true), The differences in auditory quality are
presurmed 1o be the same in bodh front and back vowels, despite the supposed
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smaller movements of the tongue in back vowels, because back vowels also
have increasing lip rounding. But diagrams such as Figures 9.1 and 9.2 do not re-
ally specify the position of the highest point of the tongue. Figure 9.3 shows the
relative positions of the highest point of the tongue in a set of cardinal vowels,
and these positions form an owling very different from that in Figure 9.2, The

The highest points of the tongue as shown in o poblished se of
x-rays of cardinal vowels (see Sources), The canlin of the upper
surface of the vocal irsst 2 not Clesr on the x-rays and is, therefore,
eatimatod.
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same podnt can be made by refemring to Figures 1B and 1.9, which show the ar-
ticulaiory positions of some of the vowels in Figure 9.1, The position of the
highest point of the iongue is not a valid indicator of vowel guality. [ have tried
o avgdd describing vowels in terms of tongue height, using instead the term
vowel height—meaning an auditory quality that can be specified in acoustic
terms rather than in aticulatory tenms,

Despite all these problems, the cardinal vowel sysiem has worked fairly suc-
cessfully, It allowed the vowels of a large number of languages and dialects to be
described with far greater precision than any other method. The descriptions may
have been said in the past 1o be descriptions of 1onguee height, but in fact phoneti-
cians had all along been making very accurate judgments of the frequency of the
first formant and the distance between the frequencies of the second and first for-
mants. It is now becoming more common (o describe vowels simply in terms of
theeir formant frequencies. But the ability wo make asditory judgments in terms of
a %zl of reference vowels is 2ull a necessary skill for any phometician,

SECONDARY CARDINAL VOWELS

The cardinal vowels have increasing degrees of lip rounding, [ i | having spread
lips, [ @] a neutral lip position, and [ v ] being fully rounded. IF we consider
vowels b be specifiable in terms of three dimensions, this implies that the candi-
nal vowels fall on a plane in this three-dimensional space, as shown in Figure
S.4. Most of the vowels of English would also fall on this plane, although for
many speakers of American English, [ @] 12 a back vowel that is comparatively
unrounded and would therefone be nearer the back of the dingram,

As an aid in the deseription of vowels with different degrees of lip rounding,
there is a seres of secondary cardinal vowels numbered (9) through (165, These
vowels differ from the eight primary cardinal vowels in having an opposite
amaunt of lip rounding. Cardinal vowel (9) is defimed as a vowel with the sane
longue position as cardinal vowel (1), but with closely rounded lips. Cardinal
vowels (100 through (16) have the same tongue positions as cardinal vowels (2}
through (8), but continually decreasing—instead of increasing—lip rounding.
Cardinal vowel (16), therefore, is an unrounded version of cardinal vowel (8).

Figure 9.5 shows the symbols for these vowels, together with 2ome additional
symbols for central vowels. The symbols [ ] and [ 4 ] are used for unrounded
and rounded vowels midway between cardinal vowels (1) and (8) The symbol
[ =] is mot defined in terms of cardinal vewels but is used. as we have scen, for a
range of mid-central vowels, In addition, note that the symbol [ 4 ], which is the
symbod for an unrounded cardinal vowel (6), is often used for a lowered mid-
central vowel,

Even if you cannod make a complete set of the primary cardinal vowels, you
should try to make some of the secondary cardinal vowels. Practice rounding
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and unrounding vour lips while sayving cardinal vowel (1), 5o that youo say [ iy iy
iv ]. Make sure that you maintain an absolutely constant tongue position and
move only your lips. Mext, repeat this exercise with cardinal vowel (2) or some
similar vowel of the [ ¢ ] type. Remember that the rounding for [ @ ] is aot a5
close as that for [ v ). Last, iy uarounding cardinal vowel (8), producing |wu
uel i |, The useal difl'lu.ﬂl:,.' kere 1% in |I1.:|i:|'|.lui:|1'i|'|g a sufficeently back 1ongue

The symbols for some secondary cardinal vowels and some central

vowels,
(17r {18}
1'5‘13'\ fa't 1)
(16 @ ¥ {13}

{11 ha [14)

(12} m jo (13




CHAFTER * = YOWELS AND ¥OWEL-LIKE Fnl.Tllti.l_l._flL':l_N_i_
F{L]

IS

position, as most dialects of English do not have a very back variety of [u ].
Node also that the secondary candinal vowels that you leam to produce by doing
these exercises are arbitrary reference points and not necessanly the same as the
vowels in any particular language. However, the vowels [ y ] and [ @ ] are fairly
similar 1o the French front rounded vowels that occur in ™ [ty ] (you) and
“pea” [ po | (small).

Distances on an appropriately scaled vowel chart are similar to asditory dis-
tances for vowels in the plane of the cardinal vowels. But this is not so for vow-
els with degrees of rounding that are unlike those of the nearest cardinal vowels.
Fromt wowels that are rounded or back vowels that are unrounded will be mis-
placed on a chan if we rely simply on acoustic criteria. The degree of rounding
is an independent dimension that must be stated separately from the degree of
height (the inverse of the first formant) and the degree of backness (the distance
between formant two and formant one). The perspective of the vowel space in
Figure 9.4 was chosen %o &% 1o reflect the formant frequencies of the secondary
cardinal vowels as much as possible. A secondary cardinal vowel [ ¥ | will have
a lower formant two, bringing it more 1o the right on the figure, and secondary
cardinal vowel [ w ] will have a higher formant two, bringing it more to the left,
But the first formant of cach of these vowels is much the same as the come-
sponding primary cardinal vowel.

VOWELS IN OTHER ACCENTS
AND OTHER LANGUAGES

For those who do not know the cardinal vowels, an alternative method of de-
seribing vowels is to use a5 reference points the vowels of a particular dialect of
a language that is known 1o both the person making the description and the per-
son reading the description. This is what [ have been irying 1o do in reference 1o
the vowels of American English as shown in Figure 9.1, If you and I both know
what these vowels sound like, then the points on Figure 9.1 provide good refer-
ence points. When 1 remark, for example, that in some forms of Scottish English
the vowel in “sacks” is only a little bower than the American English [ £ | vowel,
then you should be able to proneunce this word in this particular way.

Any language will serve 1o provide knovn reference poinis. For example,
when izaching English as a second language, one might use the vowels of the
first language of the students as reference points for comparison with the dialect
of English that one is trying to teach. If a chart of the vowels of this language is
not available, then the instrector's first step should be 1o make one, This will in-
volve comparing the vowels of this language with the vowels of some language
known to the instructor for which there is a chart available.

Fortunately, there are published descriptions of the auditory quality of the
vowels in a large number of languages. There are also several sets of acoustic
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measurements available. We can now make precise statements about many ac-
cents of English by reference 1o the average formant frequencics of groups of
speakers, The accent of American English represented in Figure 9.1 is fairly con-
servadive, typical perhaps of elderdy newscasters. The first two formams of a
group of university students in California are shown in Figure 9.6, We have al-
ready noted that this accent does mot contrast the vowels in oo™ and “caught™—
they are both [ oz ). Now we can see that younger Californians have a higher
vowel (bower first foemant) in [0 ] than in [ 1], The high back vowels scem
e fromt in that they have a higher second formant. In the case of the vowel
[ 41 ] a5 in “gocad,” this is largely a matter of unrounding. This vowel is often pro-
nounced with spread lips.

Anacther change is going on in a number of nonhern citbes in the United S1aes,
such as Filtsburgh and Detroat. As yvou can see from Figure 9.7, in this accent
[ 2 ] has raised (formant one has decreased) %o that is very ¢lose 1o [ & 1. The
back vowels have a lower second formant, making them all further back than in
Califormian English. This accemt does distingwish [ o ] ond [ 22 1.

m A plot ol the first fwo formanis of the vowels of a groop of

Califomian English speakers.
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Finally among accents of English, consider the vowels in Figure 9.8, which
are the mean of a group of BBC English speakers, The main feature (o be noted
here 15 the distinction between the three back vowels [ o | as in “father, can,”
[ o] as in “bother, cot.™ and [ 2 ] as in “author, caught.” Note also that [ a ] has
i very low position in comparison with most forms of American English. British
English speakers distinguish the vowel [ & ] in “cwt™ from the vowel [3] in
“curt” (which does not have any r-coloring) mainly by the frequency of the first
formant.

Mext we will consader the vowels of three other languages for which acoustic
measurements are available. Vowel charis for all three languages are shown in
Figure 9.9, The sources for the data are listed at the end of the book,

Spanish has a very simple system, contrasting only five vowels, Note that the
symbols used in broad transcriptions of Spanish are [i, e, a, o, u ]. Obviously,
these symbols do not have the same valwes in Spanish as they do in Englizh or in
descriptions of cardinal wowels,

Japanese also has a w2t of five vowels. In a broad phonetic transcription, these
might also have been transcribed [ 6. ¢, a, 0, u ]. Bul in a narrewer transenplion
that reflects the phonetic quality of the vowels more accurately, the high back
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vowel could be transeribed as [ w ], as has been done in Figure 9.9, The point
representing this vowel has been distinguished from the others. It has been
marked by an asterisk to show that this vowel does not have the lip rounding as-
sociated with the primary cardinal vowel in this arca. It is not, however, really
unrounded. The lips are fairly close together. In a more detailed phonctic analy-
sis one could say that there are two types of lip movements, In one the comers of
the lips are brought forward, 20 that they are somewhat protruded, and in the
other they are simply nammowed vertically so that they may be said to be com-
pressed. Mote also that [ ¢ ]| in Japanese is slightly lower than it is in Spanish,
This is the kind of small difference between vowels that is easily and conve-
nienily expressible in terms of vowe] charis,

Asterisks have also been used to represent the quality of some of the Danish
vowels shown in the third chast in Figure 9.9, But in this case it is to indicate that
those vowels differ from the primary cardinal vowels in the arca by having more
rather than less lip rounding. Danish has three front rounded vowels, only two of
which are in phonemic contrast. The high front rounded vowel [ ¥ | contrasts
with [ @ ] in some contexts and with [ o2 | in other contexts. All the Danish vow-
els shown in Figure 9.9 can occur in long or short form. The qualities of most of
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the short vowels are very similar to those of the long vowels, but in the case of
[ &, 2, 0], the short versions are slightly bower and more centralized. The sccent
of Danish represented is rather conservative, and perhaps not typical of vounger
speakers.

The three charts showmn in Figure 9.9 are good examples of the way in which
vowels may be described, They are in part descriptions of the relative anditory
guality, in part aniculatory descriptions. For the vowels in which the lip rounding
is the same as that of the primary cardinal vowels, they reflect the acoustic dala
exacily. In these cases they are equivalent to plots of the first formant frequency
against the difference between the frequencies of the second and firs) formants.

Front rounded and back unrounded vowels cannot be represented in terms of
a vowel chart that assumes that the degree of lip rounding is like that of the pri-
mary cardinal vowels, In describing these other vowels, the degree of lip round-
ing must also be specified. One way of doing this is to use asterisks rather than
ordinary points. The asterisks indicate that the lip rounding is more like that of
the secondary cardinal vowels than that of the primary ones. The locations of the
asterisks indicate the vowel gualities in much the same way a8 the points indi-
cate the qualities of the other vowels. It is as if they show what the formant
frequencies would have been had the lip rounding been like that of the primary
cardinal vowels.

When we consider the aciual formant frequencics of front rounded vowels
and back unrounded vowels, we can see why these vowels are not quite 50 com-
meen in miost languages. Adding lip rounding o froat vowels lowers the higher
formanis. As a result, a high front rounded [ ¥ | sounds as if it were between [ i ]
and [ u ], as we noted at the end of the preceding section when discussing Figure
9.4, Similarly, [ o |, which is the front rounded vowel comesponding to [ £ |, has
a lower formant two than [ £ ]. When its formanis are plotied on a formant chart,
it appears nearer the center. Conversely, removing lip rounding from the back
vowel [ u] to produce [ w ] raises formant two, so0 that it would also be nearer
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the center of a formant char. If the vowels of a language are 10 be maximally
distinct from one another, then the front vowels will have 1o be unrounded, the
back vowels rowmded.

One of the forces acting on languages may be called the principle of sufficienr
percepinal separation, whereby the sounds of a language are kept acoustically
distinet 5o as to make it casier for the listener to distinguish one from another. As
a resull of this principle, the degres of lip rounding can be predicted from the
degree of backness and, 1o a lesser extent, the degree of height in by far the ma-
Jority of languages. Front vowels are usually unrounded. and back vowels are
usually rounded. with the degree of rounding increasing with the degree of
height. In this way the vowels of a language arc kept maximally distinct.

ADVANGED TONGUE ROOT (ATR)

Differences in vowel quality can usually be described in terms of variations in
the degrees of height, backness, and lip rounding. But in some languages, there
are differences in vowel quality that cannot be described in these 1erms, For ex-
ample, in Akan (0 West African language spoken mainly in Ghana) there are two
sets of vowels that differ mainly in the size of the pharynx. In the one set, there
are vowels in which the root of the 1ongue is drawn forward and the larynx is
kowered, so that the part of the vocal tract in the pharynx is considerably en-
larged. These vowels are called Advanced Tongue Root (or, more simply,
+ATR) vowels. In the other set, there are vowels in which there is no advance-
ment of the tongue root or lowering of the larynx (- ATR vowels), Figure 9.10
shows the shape of the vocal tract in two Akan vowels that differ in this way. In
the +ATR vowel [ e ], the whole tongue is bunched up lengihwise in comparison
wilh the =ATR vowel, here symbolized as [ § ]. We should also note that not all
speakers of Akan make the difference between these two vowels in this way.
Some seem 1o rely more on movements of the root of the tongue, and others
mare on differences in larynx height, What matters for ithe distinction betwesn
the two sets of vowels is that one should have a comparatively large pharyngeal
cavity, and the other a comparatively small one.

In English, no pairs of vowels are distinguished simply by this longue gesture
although it does operate 10 some extem in conjunction with varistions in vowel
height. The tense high vowels [ i: | and [ w: ], as in “heed” and "wha'd,” have a
mdre advanced tongue root than the lax mid-high vowels [ 1] and [ 6], a% in
“hid"” and “hood.” However, the distinction between +ATR vowels and -ATR
vowels i not the same as the distinction Between tense and lax vowels in En-
glish, which was discussed in Chapter 4. The two sets of English vowel are di-
vided by phonological considerations, such as the fact that lax vowels can occur
before [ 1 ] and tense vowels cannot, rather than by a particular tengue gesture or
shape of the vocal tract
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RHOTACIZED VOWELS

As we saw in Chapler 4, many forms of Amencan English have rhotacized vow-
els in words such as “sir, cur, bird.” 'We also noted that r-coloring can be pro-
duced in more than one way. Figure 9.11 shows the tongue positions of three
different forms of American English [ = . Some speakers usc one of these, other
speakers use another position. As shown by the heavy black line, the 1wongue can
e bunched up in the cener of the mouth, with the up down and pulled back
from the lower eeth. An imponant feature of this kind of rhotic amiculation is
ihat there is also a shight namowing in the phanyngenl cavity. A second possibil-
ity, shown by the thin black line, is that the tp of the tongue can be raised to near
the back of the alveolar ndge, forming a post-alveolar approximant. This is ac-
companied by a numowing of the pharyngeal cavity at a slighily higher level.
The third possibility, the gray line, is shown in the figare o indicate that there
may be in-between positions. IT you are a speaker of this form of American
English, see if you can determine which of these articulations vou use, One way
of getting helpful information 15 10 insert a toothpick between the teeth while
you hold the position for the vowel [ = ]. Does the toothpick ouch the upper
surface of your tongue, or is your tongue tip raised £o that it touches the tip or the
under surface of the blade of the tongue? It seems likely (see sources) that abow
60K of speakers have the tp up, 35% have a bunched tongue position with the
tip down, and the remainder, a small number, have an intermediate position.
Ehotncizaton is an suditory quality, which. like height and backness, is mios)
appropriately defined in acoustic terms. In a rhotacized vowel (or portion of
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a vowel) there is a marked lowering of the frequency of the third formant. The
frequencies of the first two formams determing the vowel height and backness,
The frequency of the third formant conveys comparatively litthe information
aboun either of these aspects of vowel quality. If you book back a1 Figure 8.7, you
will see that the third formant falls only slightly throughout the whole series of
nonrhadncized vowels. But, a5 you can see in Figure 9.12, there is a large fall in
the frequency of the third formant in words sech as “deer” and “bear,” in which
the emds of the vowels are considerably rhotacized in many forms of American
English. Furthermose, throughout most of the word “heard,” the thied formant
may be low, indicating that even a1 the beginning of the vowel there is a rhota-
cized quality.

NASALIZATION

In all the vowels we have been considering in this chapter so far, the sofl palae
has been raised so that there is a velic closure and air does not flow oul through
the nose, Vowels will be nasalized if the soft palate is lowered 1o allow part of
the airsiream to escape through the nose. The dincntic [ © ] may be placed over
any vowel 1o indicate that it is nasalized. Vowels of this kind are commonly
called nasal vowels.
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m A specirogram showang the lowening af the froquency of the third
farmant (amd the second formant) daring rholacized sounds in s
sentemce in American Eeplish.
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Leam 1o produce a variety of nasalized vowels, Stan by saying the low vowel
[&] as in “man” [ mdn |. Allernate a series of nasalized and non-nasalized
vowels, saving [2 & & & @& & |, You should be able to feel your soft palate
moving up and down when you say these vowels. Try 10 say a whole series of
nasalized vowels [ T& £ & & 3 & 4 . Altlemate cach of these vowels with its non-
nasalized counferpar.

Many languages have contrasis between nasal and oral vowels, Thus French
comrasts “main” [ me ]| (hand) with “mets”™ [ me ] (dish), and “ment™ [ md |
(lies, vl with “md” [ ma | (mast).

Consonants such as [ m, n, g ] are, of course, nasals, but they anc not frasal-
ized, since this term implics that pant of the air goes out through the nose and part
through the mouth, Contrasts between nasalized and non-nasalized consomants
do not occur in any language, bat some consonants such as [ w, j. 5, 1 ] may be
nazalized if they ocour next to nasalized vowels. In Yoruba, the word for “they”™
is [ w5 ], with the whole syllable being nasalized.

SUMMARY OF VOWEL QUALITY

Table 9.1 summarizes the discussion on vowels. There are two features of vowel
quality—height and backness—that are used to contrast one vowel with another
in nearly every language, and thers are four other features that are used bess fre-
quently. OF the six features, three reflect relatively amiculsory properties, and
three reflect anditory properties, each of which may be produced in more than
one way from an ariculatory point of view.
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m The features of vowel qualizy 3 .
Cuality Caorrelates
height frequency of formant one
backness difference betwesn fnequencies of formant tea and Tanmant one
rounding lip position
ATR width of the pharyna

rhotacization frequency of farmant thres
nasalization position of the 50ft palate

SEMIVOWELS
Without being oo precise about the meaning of the terms syllable and syllabic (a
matter we will discuss in the next chapter), we can say that all sounds function ei-
ther as the peaks of syllables, or at the syllable margins. Vowels are clearly a1 the
peaks of syllables and are syllabie, consenants are generally not—although some
consonants such as [ 1 ] and [ n ] can be syllabic in words like “shuttle™ [ *[atl ] and
“batton” [ 'bain ). We can also divide sounds into those that that have no obstrue-
ton in the center of the mouth, which may be called vocolds, and those that have
such an obstruction, which will include most consonants. This gives us a pair of
divisions that we can armnge as shown in Figure 9,13,

Giiven this division we can define vowels as syllabic vocoids and semivowels
as nonsyllabic vocoids. The term semiconsonant is sometimes used for syllabic
nonvocoids, but we will refer to them simply as syllabic consonants, Similarly
nonvocoids are sometimes called true consonants, a term that could be applica-
ble whether they are syllabic or not.

The tweo dimeasions thal are needed 1o divide sounds inlo vowels
and comsosanls.
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Here we are concerned with semivowels, which are vocoids that function as
the beginning or end of a syllable. When st the beginning of a syllable, & semi-
vowel usually consists of & rapid glide from a high vowel position to that of the
following vowel. The semivowels in English are [ j ] and [ w ], which are like
monsyllabic versions of the English high vowels [i] and [ u ], respectively. In
some languages (for example, French), there are the three high vowels [ i, u, v .
In somie of these languages, there is also a semivowel comesponding to the high
front rounded vowel [ ¥ | The syebol for this sound is [ y ], an inverted letter &,
Examples of words contrasting the three semivowels in French are given in
Tablz 9.2

Earlier in this chapter we noted that Japanese has a high unrounded vowel
[ w ). It does not have spread lips like [ i ], but it has lips that are fairly close to-
gether, compressed vertically, with the comers neither drawn back as in a spread
vowel nor pulled together as in a rounded vowel, There is a Japancse semivowel
bearing the same relation to this vowel as [ w ] does to [ u ] in English. The sym-
bol for this semivowel is [ w ],

Because a semivowel is a kind of approximant, it can be considered to have a
particular place of articulation, just like any consonant. We have already noted
that [ j ] is a palatal approximant and [ w ] is a labial-velar approximant. The
semivowel [y ] is a labial-palatal approximant. We have not discussed this place
of articulation before because approximants are almost the only sounds that are
made using these two places of articulation simultaneously. The semivowel [ w
15 & velar approximant.

When leaming 1o produce the distinction between the French sounds £ w /
amd /g £, note that the English / w / is in between the two French sounds, It is
neH the same as French £ w £ T is, of course, also true that 7u f in English is in
between the two French sounds [ o | and [ v |. As 15 often the case, when a lan-
guage does nol have 1w distinguish between two possibilitics, it produces a
sound that is in between the two. Recall, for example, the quality of English
vowels before [n] and before [ r], where there are no oppositions between
tense and lax vowels.

Canirasts imvolving palsial, lsbinl-palaes], and lshial-velas
approximants in French

Palatal Labial-Palatal Labial-Velar
mpe [crumiby) et (e EWEL [sea gull)
lpe [Ried] Iyt {hémi) fra [Lowis)

it (esght) wi [yes)
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In order 1o produce the French sownd / w / as in “oui”™ [ wi | (yes), stan from o
high rounded vowel that is fully back. like a cardinal [ u ]. Glide from this vowel
very rapidly o the following vowel. The result will be similar but not identical o
the English word “we” [ wi ]. Now try to say the French sound [ y | as in “huir*
[ yit ] (eigha). This time stan from the secondary cardinal vowel [ v |, and glide
rapidly to the following vowel,

It is also possible 1o consider the common form of English [ 1 ], as in “red.” as
a semivowel. In the same way as [ w ] may be said 10 be a nonsyllabic counter-
part of [u ], 50 [ 1] as in “red” may be said 10 be a nonsyllabic version of the
wowel in “fur.” From a phonetic point of view. regarding [ 1 ] in “red” as a semi-
vowel may be a valid description. But from a phonolegical poim of view, it may
nol be appropriate in describing the sound patterns that occur in English,

EEBUHDlET ARTICULATION

It is appropriate to consider secondary articulations in conjunction with vowels
because they can usually be descnibed as added vowel-like amticulations, The for-
mal definition of a secondary articulation is that it is an anticulstion with a
lesser degree of closure occurming at the same time as another (primary ) articula-
tion. We will consider four types of secondary articulation,

Palatalization is the addition of a high fromt 1ongue position. like thatin [ 1 ], 1o
another articulation. Russian and other Slavic languages have a series of palatal-
nzed consonants that contrast with their nonpalatalized counterparts. Palaalization
can be symbolized by [ 7] after a symbol. Russian words illustrating palaalized
sounds are given in Table 9.3,

m Comrasts invalving palsalization in Russian,

forma (e e rmx {Farm)

wil {1 howl) il (Lo i)

sak {julca] vk i lashed)

2ol {all) ol {yawm)

paki {pact) peas! ifve)

kil {he was) kil (he stroked)

tal {that) Podis [aund)

dioma (it homis) dioemna (Ceyoamea [ nichnae |)

o ! (b @a) kundeika {di=h)
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The werms palatalization and palatalized may also be used in a slightly different
way from the way in which [ have been using them so far. Instead of describing a
secondary articulation, these terms may be applied in describing a process in
which the primary amiculation 15 changed so thit it becomes more palatal. Thus
soundls are sad 10 be palaalized if the point of ariculation moves toward the
palatal region in some particular circumstance. For example, the English /& / in
“key” may be said to be palstalized because, instead of the velar contact of the
kind that occurs in “car” [ kas ], the place of articulation in “key” is changed so
that it is nearer the palatal area. Similarly, palatalization i said w occur when the
alveplar fricative [ 2 ] in “is” becomes o palato-alveolar fricative in “is she . . .7
[ m3fi 1. A further extension of the term palatalization occurs in discussions of his-
toncal sound change. In Old English the word for “chin™ was pronounced with a
velar stop [ k | at the beginning. The change of this sound into Modemn English
[1]] s sabd 1o be one of palatalization, due 1o the mfluence of the high fromt
wiwel, All these uses of the 1erms palatalization and palatalized involve descrip-
tions of a process—something becoming something else—rather than a siate,
swch s o secondary aniculation.,

Velarization, the next secondary articulation o be considered, invalves rais-
ing the back of the tongue, It can be considered as the sddition of an [ u J-like
tongue position, but without the addition of the lip rounding that also occurs in
[u]. We have already noted that in many forms of English, syllable final £1/
soumds are velarized and may be written [ § .

As an exercise, so that you can appreciate how it is possible 1 add vowel-like
articulations 1o consenants, iry saying [ 1] with the up of your tongue on the
alveolar rdge. but with the body of your tongue in the position for each of the
vowels [ 1, ¢, £, &, a, 2, 0, u |, The first of these sounds is, of course, a palatal-
ied sound very simdlar to [ F ], The Inst of the series is one form of velarized
[t ). Make sure that you can say each of these sounds before and after different
vowels, Mow compare palatalized and velanzed versions of ather sounds in syl-
lables such as [ n'a ] and [ #a . Remember that [ & ] is simply [ n | with a super-
imposed unrounded nonsyllabac [ u ] ghide (hat i%, an sdded [ w ] glide).

Pharyngealization is the supenmposition of a namowing of the pharynx,
Since cardinal vowel (5)—[ a ]—has been defined as the lowest, most back pos-
sible vowel without producing pharyngeal friction, pharyngealization may be
considered as the superimposition of this vowel quality. The [PA diacrtic for
symbolizing pharyngealization is [ - ], exactly as for velarzation. If it 15 peces-
sary to distinguish between these two secondary aniculations, then the IPA
suppests using small mised symbols comespending 1o velar and pharyngeal
fricatives, representing a velarized alveolar nasal as [ n¥ | and a phanmgealized
alveolar nasal as [ n® ].

There is very litile difference berween velarized and phanyngealized sounds,
and no language distinguishes between the two possibilities. In Arabic there is o
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series of consonants that Arabic scholars call emphatic consonants. Some of
these sounds are velarized, and some are pharyngealized. All of them can be
symbolized with the IPA diacnitic [ - |. (Arabic scholars ofien use a subscript
[ - 1.} There is some similarity in quality between retroflex stops and velarized or
pharyngealized stops. This is due to the fact that in all these sounds the from of
the tongiee is somewhat hollowed.

Labialization, the addition of lip rounding, differs from the other secondary
articulations in that it can be combined with any of them. Obviously palataliza-
tion. velarization, and pharyngealization involve differem tongue shapes that
cannot occur simultaneously, But nearly all kinds of consonants can have added
lip rounding. In a sense. even sounds in which the primary articulators are the
lips—for example. [ p, b, m }—can be said 1o be labialized if they are made with
added rounding and protrusion of the lips. Because labialization is often sccom.
panied by raising of the back of the tongue, it is symbolized by a raised [ * ], In
a more precise system, this might be taken to indicate a secondary articulation
that we could call labiovelarization, but this i seldom distinguished from labial-
ization,

In some languages (for instance, Twi and other Akan languages spoken in
Ghana), labialization co-oceurs with palatalization. As palatalization is equiva-
lent to the superimpasition of an articulation similar to that in [ § ], labialization
plus palatalization is equivalent 1o the superimposition of a rounded [ 1 ]—thm
is, [ ¥ ]. As we have seen, the cormesponding semivowel is [ y . Accordingly.
these secondary articulations may be symbolized by a raised [ ¥]. Recall the
pronunciation of [ y ] in French words such as “hoit™ [ yit | feight). Then try 1o
pronounce the name of one of the dialects of Akan, Twi [ 4]

Table 9.4 summarizes the secondary articulations we have been discussing.
As in some of the previous summary tables, the terms in Table 9.4 are not all mu-
tally exclusive, A sound may or may not have a secondary anticulation such as
palatalization, velarization, or pharyngealization; additionally, it may or may mol
be labialized: and also it may or may not be nasalized. To demonstrate this for
yoursell, try o make a voiced alveolar lateral [ 1] that is also velarized, lobinl-
ized, and nasalized.

BRI scooior snicusions. S

Phonetic Term Briel Description Symbals
palatalizaticn ralsing of the front of the tongue i@
velarization raising of the back of the tengue wid
pharyngaalization retracting of the root of the tongue & b

labialization rounding of the lips £ I~ d~
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EXERCISES

A Look o the positions of the tongue in the English vowels shown in Figure 1.5,
[t has been suggested (see Sources) thal vowels can be deseribed in lerms of
three measurements: (1) the area of the vocal tract at the point of maximum
consiriction; (2) the distance of this point from the glottis; and (3) a measure
of the degree of lip opening, Which of the first two comesponds to what is tra-
dittonally called vowel height for the vowels in “heed. hid, head. had ™"

Which corresponds to vowel height for the vowels in “father, good, food ™"

Can these two measurements be used to distinguish front vowels from back
vowelsT

B Another way of describing the tongue position in vowels that has been sug-
gested (see Sources) is 1o say that the tengue is in a neutral position in the
vowel in “head” amd that (1) the body of the tongue is higher than in its neuiral
position in vowels such as these in “heed, hid, good, food"™; (2) the body of the
tongue is more back than in its neutral position in “good, food, father™; (3) the
roid of the tongue is advanced in “heed, food™; and (4) the oot of the longe is
pulbed back so that the pharynx is more constricted than in the newtral position
in “had, father.” How far do the data in Figure 1.8 suppont these suggestions?

C In the seventeenth, cighteenth, and carly nincteenth centuries (sce Sources),
there wene said o be thres sets of vowels: (1) a set exemplified by the vowels
in “see, play, father” {and intermediate possibilives), which were said 1o be
distinguished simply by degree of jaw opening: (2) a set exemplified by the
vowels in “fool, home, father” (and intermediate possibilities), which were
sard to be distinguished simply by degree of lip rounding: and (3) a sct exem-
plified by the vowels now symbolized by [ v, @ ] as in the French words “tu,
pen” (you, small), which were said to be distingoished both by the degree of
jaw opening and the degree of lip roanding. These notions wene shown in di-
agrams similar to that in Figure 9.14. How do they compare with contempo-
rary descriptions of vowels? What general type of vowel cannot be described
in these terms?

D Try to find a speaker of some language other than English. Elicit a sct of min-
imal pairs exemplifying the vowels of this language. You will probably find it
helpful 1o consult the proaunciation section in a dictionary or grammear of the
language, Listen 1o the vowels and plot them on a vowel chan. (Do not 1=
tempt this exercise until you have worked through the Performance Exercises
for this chapter.)
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EETERRTI 11 ol clasification used by Helmboltz (1863). with keywords
suggesicd by Ellis (1885).
(there) Imachims)
E I -
A iy u
{father) {Fr. peia) {Fr. pul
o u .
(more) (sure)

PEHFI‘JH‘H_A.HEE EXERCISES

The object of many of the following exercises is 10 get vou 1o produce a wide va-

riety of vowels that are not in your own language. When you can produce small

differences in vowel quality, you will find it casier to hear them,

A Say the monophthongs [ i, ¢ ] cormesponding 1o a1 least the first pant of your
vowels in “see, say.” Try to make a vowel with a quality in between [ i ] and
[ ¢ ]. Then make as many vowels as you can in a series between [ i ] and [ e ).
Finally, make a similar serics going in the opposite direction—from [ e Juo [ i ).

B Repeat this exercise with monophthongs comesponding 1o the following pairs
of vowels in your own speech. Remember 1o produce each series in both di-
rections.

[ 1= ]
[ e=ae]
[e-a]
[ &= 1. if oecurming in your spesch
[9-0]or[o-0]
[ o-u]
C Try moving continuously from ene member of cach pair to the other, slurring

through all the possibilities you produced in the previous exercises. Do this in
each direction.
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D For each pair of vowels, produce a vowel that is, as nearly a8 you can deter-
mine, halfway between the two members,

E Repeat Exercises A, C, and D wiith the following pairs of vowels, which will
involve producing larger adjustments in lip rounding. Remember 1o produce
cach seres in both directions, and be sure that you try all the different iasks
sugpested in Exercises &, C, and D

[i-u]
[e-o]
F Mow repeat all the same exercises, but with no adjustments in lip rounding,
wsing the following pairs of vowels, Go in both directions, of course.
[ - ]
[e=v])
[ y—u]
[oo]

G Practice distinguishing different central vowels. When vou have leamed 1o
produce a high-central unrounded vowel [ § ], try to produce mid- and bow-
central vowels, which may be symbolized [ 2 ] and [ 4 |, Try Exercises A, C,
and D with the following pairs of vowels:

[i-a]
[a=a]
H Produce the following nasal and oral vowels, When making the nasalized

vowels, be careful 1o keep the same tongue position, moving only the soft
palate.

[#=i=i]
[e-t-e]
[ me—ie—ge |
[ a=d-a ]
[ o= |
[ u=-u |
I Now compare nasalized vowels with oral vowels that have slightly different
Longue posilions, Say:
[ === ]
[ e=B-p=i ]
[ e—f-m—E |
[ u=fi—o=ii |
[ o=f—a-i ]
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J Make sure that you can produce a variety of different vowels by saying non-
sense wiords such as those that follow, preferably 1o a partner who can check
vour profunciation.

petuz syt

‘iynob digud
Tanged MGl
nispp guiddob

“haedid kurtyp

‘minod
P
degin
51N
ks

K Learn to produce diphthongs going to and from a vasiety of vowels. Using the
vowel symbols with their values as in English, read the following, first col-

umn by co

] 1 i

i = el

1 It 1]
FH e el
ia ] &0
i 13 &3
[T} I &0
i 1L &
i i 2u
in 1A 24

£1
€1
Eg
L
Ed
L]
Ed¥
E
Eu
Ca

lumn. then row by row.

&l ai 2 oi ui ui Al
i a1 & 1] ol H un al
G i b LH L AR
®E ag M i1 L ue AE
a0 = L] e e ue  Am
S a3 M 1 LH1 (i} Al
] alu] 1] (L= L (157 Ad
il [A1H] fa H] LF] LK1 [1]4] Al
E: L ki i T Ly RILk ALk
w®A 4 a1 LT AL [1E3 Al

L Try saying some of these diphthongs in one-, two-, and three-syllable non-
sense words such as those that follow, These are good items 10 use in ear

training practice with a partner,
top ‘doemand samlaonewy
Laep ‘deulmand SMIEONH
tasp ‘dhedrmaad SOETEUnLE
teap ‘doebmond SEATUinui
LoAp e bmued ST

M Mow extend your range by including front rounded and back unroumded vow-

els as exemplified in the following:

iy
i
i

ey ay
ed o
ew oW

uy
LI
KILLE

i i wi oy Ay wy
¥e o #e  We YW U we
YO #0 WO yu  $u  wu
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N These vowels con also be incladed in nonsense words such as those shown
heere for both performance amd car iraining practice,

dureh ‘tyahmeyd
digsh ‘s g
deuh ‘tapbmaund
doub ‘s mnuaed
dazob ‘wabimiod

Uy nEasad
TR LT
LEUI IOy S
LY TIRYE0D
g naesty

O Practice all the vowels and consonants discussed in the previous chapiers in
mare complicated nonsense words such as the following:

yoarolig aveden
he’je3ud Gagybig
idysen seiapae
ko | figcicel

Feony sl hefiur g

Jeuried
¥ omek]
Aemok mx
klinsgod
wup' skjem



SYLLABLES AND
SUPRASEGMENTAL FEATURES

Throughout this book there have been references to the notion syilable, but this
term has never been defined. The reason for this is simple: there is no agreed
phonetic definition of a syllable. This chapter will discuss some of the theories
that have been advanced and show why they are not entirely adequate. We will
also consider suprasegmental features—those aspects of speech that involve
more than single consonants or vowels, The principal suprasegmental features
are siress, length, tone, and intonation. These features are independent of the cat-
cgorics required for descrnbing segmental features (vowels aml consonants),
which involve airsiream mechanisms, states of the glodtis, primary and second-
ary amticulations, and formant frequencies.

SYLLABLES

The fact that syllables are important units is illostrated by the history of writing.
There are many writing systems in which there is one symbal for each syllable.
A well-known present-day example is Japanese. But only once in the history of
humankind has anybody devised an alphabetic writing system in which syllables
were systematically split into their components. About 4,000 years ago, the Greeks
modified the Semitic syllabary so as to represent consonants and vowels by sep-
arate symbols. The later Aramaic. Hebrew, Arabic, Indic, and other alphabetic
wriling systems can all be traced hack to the principles first and last established
in Greek writing. It seems that everybody finds syllables to be comparatively
easy unils 10 identify. But people who have not been educated in an alphabetic
wriling system find it much more difficult 1o consider syllables as being made up
of segments (consonants and vowels),

Mot syllables contain both vowels and consonants, bul some, such as “eye™
and “owe” have only vowels. Many consonants can also function as syllables,
Alveolar laterals and nasals (a5 at the ends of "button" and “bottle”} are common
in English, but other nasals may occur, as in “blossom™ and “bacon,” panicularly
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in phrases such as “the blossom may perish™ and “bacon goes well with eggs,”
in which the following sounds aid the assimilatory process, Fricatives and stops
may become syllabic in unstressed syllables as in “suppose™ and “today,”
which may be [ §'pouz ] and [ t*der ] in a narrow transcription. It is possible 1o
consider all the cases in this paragraph as consisting of a consonant and an as-
socioted [ 3 ].

Although nearly everybody can identify syllables, almost nobody can define
Ehem. IF 1 ask you how many syllables there are in “minimization” or “suprascg-
mental,” you can easily count them and tell me. In each of these words, there are
five syllables, Mevertheless, it is curiously difficult to state an objective phonetic
procedure for locating the number of syllables in a word or a phrase in any lan-
guage; amd it is interesting that most people cannot say how many svllables there
are in a phrase that they have just heard without first saving that phrase them-
selves.

There are a few cases where people disagree on how many syllables there
are in a word in English. Some of these are due 1o dialectal differences in the
way that particular words are spoken. [ would say that the word “predatory™ has
three syllables because [ say [ ‘predown | Other people who pronounce it as
[ ‘predataa | say that it has four syllables, Similary, there are many words such
as “hottling” and “brightening™ that some people pronounce with syllabic conso-
namts in the middle, so that they have three syllables, whereas others do nol,

There are also several groups of words in which people do not differ in their
promumciation, but neverthebess differ in their estimates of the number of sylla-
bles. Ome group of words contains nasals tha may or may not be counted as sep-
arate syllables. Thus words such & “communism, mysticism”™ may be said 1o
have three or four syllables, depending on whether the final [ m ] is considered
o e syllabic, A second group contains high front vowels followed by 71 7. Many
people will say that “meal, seal, reel” contain iwo syllables, but others will con-
sider them to have one. A third group contains words in which / r/ may or may
nol be syllabic. Some people consider “hire, fire, hour” 1 be two syllables,
wherens others (who pronounce them in exactly the same way) do nol. Similar
disagreements also arise over words such as “mirmor”™ and “error” for some
speakers. Finally, there i3 disagreement over the number of syllables in a group
of words that contain unstressed high vowels followed by another vowel without
an imtervening consonant. Examples are words such as “mediate, heavier, neo-
lithic.” Differences of opinion as 1o the number of syllables in these words may
be due 1o differences in the way that they are actually pronounced, just as in the
case of “predatory™ cited earlier. But, unlike “predatory,” it is often not clear if a
syllable has been omitted on 3 particular sceasion.

It is also possible that different people do different things when asked 1o say
how many syllahles there are in a word. Some people may pay morne attention Lo
the phonological structure of wonds than others, Thus many people will say that
“realistic™ has three syllables. But others will consider it to have four syllables
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Because it is like the word “reality,” which everybody agrees has four syllables.
Similarly, “meteor” will be two syllables for some people. but three syllables for
thise wheo consider it is the same as the stem in “meteornic.”

Judgments of the number of syllables in words such as “hire” and “hour” may
also be affected by phonological considerations. Some people distinguish be-
tween “hire™ and “higher” and proscunce “hour'™ so that it does not end in the
same way as “tower.” These people are likely 1o consider “hire”™ and “hour” 1o be
manosyllables and “higher™ and “tower” to have two syllables, But others who
do net differentiate berween “hirg” and “higher” and who pronounce “hour” in
the same way as “tower” may say that cach of these words has two syllables.
Thus two speakers may pronounce “hire” in exactly the same way, but one will
consider it to have one syllable. and the other two, because of the way in which
they pronounce other words.

Having cited a number of words in which there are problems in determining
the number of syllables that they contain, it is important to remember that there
15 no doubt about the rumber of syllables in the majosity of words. Consider a
random list of words (the first word on each three-hundredih page of Webster's
New World Dicrionary), “compline, gauger, maroon, radiometer, lemperate.”
There is complete agreement on the mumber of syllables in each of these wornds
except for the last (“temperate”™). In the case of this word, the disagreement is not
over what constitutes a syllable but whether the pronuncistion is [ 1empnt | o
I vermpsant ]

In looking for an adequate definition of a syllable, we need to do two things.
We must account for the words in which there ix agreement on the number of
syllables, and we must also explain why there 1% disagreement on some other
words. One way of trying to do this is by defining the syllable in terms of the in-
herent sonority of each sound. The sonority of a sound is its lowdness relative 1o
that of ather sounds with the same length, stress, and pitch. Try saying just the
vowels [ i, ¢, @ o, u]. You can probably hear that the vewel [ a ] has greater
sonofty (due, largely. to its being pronounced with a greater mouth opening).
You can verify this fact by asking a friend 10 stand some distance away from you
and say these vowels in a random order, You will find that it is much easier 1o
hear the low vowel [ a | than the high vowels, [ i, u].

We saw in Chapter 8 that the loudness of a sound mainly depends on its
scoustic intensity {the amount of acoustic energy that is present), The sonority of
a sound can be estimated from measurements of the acoustic intensity of a group
of sounds that have been said on comparable pitches and with comparable de-
grees of length and stress. Estimates of this kind were used for drawing the bar
graph in Figure 10.1. As you can see, the low vowels [ a | and [ 2 | have greater
sonority than the high vowels [ u | and [ i |. The approximant [ | ] has about the
same sonority as the high vowel [ i ). The nasals [ m, n | have slightly bess sonor-
ity than [ i ] but greater sonority than a veiced fricative such as [ = . The voiced
stops and all the voiceless sounds have very linle sonority.
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The degrees of sononty shown in Figure 10,1 should not be reganded as exact
measurements. The acoustic inensity of different sounds may vary quite consid-
crably for different speakers. Thus, in a paricular circumsiance one speaker may
pronounce [ i | with a greater sonority than [ 1 ], whereas another may not,

Wi can now see thal one possible theory of the syllable is that peaks of syl-
labicity coincide with peaks of sonority, This theory would explain why people
agree on the number of syilables in the majority of words. In words such as
“wigil, divided, condensation,” there are clear peaks of sonority. In these wonds,
each of the syllable peaks has much more sonority than the surrounding sounds,
The theory also explains why there are disagreements over words such as
“prism, seal, meteor,” Different individuals may vary in the number of peaks of
sonarity that they have in some of these words, The final [ m ] in “prism” might
have greater sononty than the preceding [ = | for some people, but not for others.
Similarly, the [ | ] in “seal” and the second [ i ] in “mefeor” might or might not
constitute distinguishable peaks of sonority.

A sonority theory of the syllable will not, however, account for all the ob-
served Ffacts, It obviously fails in a word such as “spa.” This word is one syllable,
but il must be said o contain o peaks of sonerity. It consists of three segments,
the first and last of which have greater sonogity than the second, A sonority the-
ory also fails to account for the difference in the number of syllables in the
phrases “hidden aims” and “hid names.” Each of these phrases contains the same
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sequence of segmends, namely, [ hidneima |. Therefore, there ane the same num-
ber of peaks of sonority. But the first phrase has three syllables, and the second
has two.

There are also a number of words that many people can pronounce with or
without one of the syllables. Typical of these words are “paddling. frightening.
redidening.” Each of these words can be said as two syllables, with the division
between them as shown by the inserted period: [ ‘poed. g, Datnm, ‘sed.ng ]
Alternatively (still using an inserted period to show the syllable breaks),
they can be said as three syllables, with a syllabic nasal or lateral in the maddle:
[ 'peed.).m. Taantnan. Sedanam | Some people claim that they make a distine-
tion between “lightning”” (in the sky) [ Tai.ning ] and “lightening”™ (making light)
[l | and between “codling”™ (a luke codfish) [ Rad.lg | and “coddling™ (a
way of cooking an egg) [ ‘kad L ]. In all these cases a sonority theory of the syl-
lable is inadequate. The variations in the number of syllables canmot be said o be
due to variations in the number of peaks of sonority.

Ome way of avoiding this difficulty is to say that syllables ane not marked by
peaks in sonority but by peaks in prominence. The relative prominence of two
sounds depends in pant on what their relative sonority would have been if they
had had the same length, stress, and piteh; but it also depemds in part on their ac-
twal siress, kength, and pitch. Then we can say that, for example, the [ n ] in “hid-
den aims™ constitutes a peak of prominence because it has more stress or more
length (or boah) than the [ n ] in “hid names.”

The problem with this kind of definition is that one cannot stste a procedure
fior combining sonority, length, stress, and pitch o a2 to form prominence. There
15 nas way in which one can rmeasure the prominence of a sound. As a result, the
notion of a peak of prominence becomes a completely subjective affair, so that it
does not really throw any light on how one defines a syllable. A sound is promi-
nent because it forms the peak of a syllable; it is syllabic because it is prominent,

A completely different approach is to consider syllabicity not as a property of
the sounds one hears bul as something produced by the speaker, A theory of this
kind was put forward by the psychologist R, H, Stetson, He suggested that every
syllable is initiated by a chest pulse—a contraction of the muscles of the rib cage
that pushes more air gut of the lungs. Stetson made numerous observations of
the actions of the respiratory system. But his claims about the sctions of the mus-
ches were nearly all deductions based on his observations of the movements of
the rik cage and his measurements of the pressure of the air in the lungs. Unfor-
tunately, subsequent direct investigations of the activity of the musches them-
selves have failed to confirm his theory. I is clearly untrue 1o say that every
syllable is initimed by a chest pulse.

Yet another way of considering syllables is 1o regard them as abstract units
that exist at some higher level in the mental activity of a speaker. They may be
Pecessary units in the organization and production of utterances. The support for
ithis view comes from various sources. Consider, for example, the emors—ithe
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slips of the tongue—that people make when talking. Perhaps one of the com-
monest is the interchanging of consomants, so that “our dear queen” becomes
“our gqueer dean.” In virtwally all cases of errors invelving the interchange of
COMSONAMS, i is not a matler of one consonant merchanging with any other con-
sonant. Instead, it is always the case that there is an interchange between conso-
nants in the same place in the syllable. Observations such as these are hard to
explain unless we consider the syllable to be a significant unit in the production
of speech. Further evidence of a similar kind is provided by descriptions of the
sound patterns that eccur in languages. We have seen in the carier chapters that
it is difficull o describe English {or, indeed, most langunges) without consider-
ing syllables as uniis.

In summary, we can say that there are two types of theories attempting to
define syllables, First, there are these in which the definitions are in terms of
properties of sounds, such as sonority (acoustic energy) or prominence (some
combination of sonority, length, stress, and pitch), Second, there are theories
based on the noticon that a syllable i< a unit in the organization of the sounds of an
uiicrance.

In one sense, a syllable is the smallest possible unit of speech. Every utter-
ance must contiin af keast one syllable. It is convenient to 1alk of speech as
being composed of segments such as vowels and consonants, but these seg-
ments can be observed only as aspects of syllables. A syllable can also be di-
vided for descriptive purposes into 15 onset and rhiyme. The rhyming par of a
syllable consists of the vowel and any consonants that come after it—a fairly
familiar nodion, Any consonants before the rhyme form the onset of the sylla-
ble. The rhymie of a syllable can be further divided inio the nucleus, which is
the vocalic part, and the coda, which consists of any final consonants, Words
such as “l, owe™ consist of single syllables that have only a rhyme, which is
also the nucleus. They have neither an onset nor a coda, Words such as “splint™
and “stripes” are single syllables containing onsets with three consonants and
codas with v conaonants.

Sometimes it is difficult 1w say whether a consonant is the coda of one sylla-
ble or the onset of another. How do you divide a word such as “happy™ into syl-
Inbles” Some people will say it is [ hax.pi ), others regard it as [ hazp.i ] Another
solution is 1o consider the [ p ] as belonging in both syllables, and to call it ambi-
syllabic. The result of doing this would be 1o ranscribe “happy™ a& [ haepi | with
no syllable division. There is disagreement among phoneticians as to the comrect
solution to this problem, and we will not discuss it further here.

Languages differ considerably in the syllable structures that they permdl. As
we have naded. English has complex ongets and codas. Hawaiian allows ne mone
than one consonant in an onset, and pone in the coda, so that every word (such as
“Honglulu™ and “Waikiki™) ends in a vowel. Standard Chinese allows only nasal
consonants in the coda, producing words such as "Beijing” and *Shanghai,”
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Siress is a suprascgmental feature of unerances. It applics nod 1o individual vow-
els and consonams but to whole syllables—whatever they might be. A stressed
syllable is pronounced with a greater amount of energy than an unstressed sylla-
ble, and i1 is more prominent in the fow of speech.

English and other Germanic languages make far more use of differences in
siness than do most of the languages of the world, In many languages, the posi-
tion of the stress is fixed in relation 1w the word, Crech words nearly always have
the stress on the first syllable, imespective of the number of syllables in the
word, In Polish and Swahili, the siress is usually on the penuliimate svilable,

Variations in the use of stress cause different languages to have differem
rhythms. But we do not have a good way of describing these rhythmic differ-
ences. [t used to be said that some languages (such sz French) could be called
syllable-timed languages in which syllables tend to recur af regular intervals of
time. In contrasi, English and other Germanic languages were called stress-
timed in that stresses were said 1o be the dominating feature of the fhythmic tim-
ing. We now know that this is not true. In contemporary French there are often
strong stresses breaking the chythm of a sentence. In English the rhythm of a
sentence depends on several interacting factors.

Perhaps a better typology of rhythmic differences among languages would be
I divide languages into those that have varable word stress (such as English
and German}, those that have fixed word stress (such as Czech, Polish, and
Swahili}, and those that have fixed phrase stress (such as French). This is, how-
ever, another area in which phoneticians must do more rescarch before there is
an agreed typology that can be set forth in a textbook such as this one, There are
many languages that do not seem 1o fit into any of these divisions,

In contrast 1o the nature of syllables, the nature of stress is faidy well under-
stood. Stressed sounds are those on which the speaker cxpends more muscular
energy. This usually involves pushing out more air from the lungs by contracting
the muscles of the rik cage and perhaps increasing the pitch by the use of the ln-
ryngeal muscles. The extra activity may result in the sound having greater
length, There may also be increases in the muscular activity involved in the ar-
ticulatory movemenis.

When there is an increase in the amount of air being pushed out of the lungs,
there is an increase in the loudness of the sound produced. Some books define
stress simply in terms of loudness, but this is not a very useful definition if boud-
ness is considered to be simply a matter of the amount of acouslic energy in-
volved. We have already noted that some sounds have more acoustic energy than
others because of factors such as the degree of mouth opening.

A much more important indication of stress is the rise in pitch, which may or
may ol be dus 10 lanyngeal action. You can check for vourself that an increase



CHAFTER 10 » SYLLABLES AND SUPRASEGHEMTAL FLATURES
—_— 2
FER

in the flow of air out of the lungs canses a rise in pitch even without an increase
in the activity of the laryngeal muscles, Ask a friend to press against the lower
part of your chest while you stand against a wall with your eyes shut. Now gay a
long vowel on a steady pitch and have your friend push against your chest at an
unexpecied moment. You will find that at the same wme s there is an increase in
the Mow of air out of your lungs (as a result of your friend's push), there will also
be an increase in the plich of the vowel,

There is a final factor to note when discussing stress in English. We saw in
Chapter 5 that a syllable in English is cither stressed or mol stressed, IF il is
stressed it can be at the center of an intonational pitch change so that it receives
a tomie accent, which might be said to raise it 10 a more primary level of siress, If
it 1% unstressed it can have a full vowel or a reduced vowel. In some views, a re-
duced vowel implies that there 15 a bower level of stress, but in the view ex-
pressed here this is not a matter of stress but of vowel quality. We also saw that
there ane pairs of words, such as “{an) insult™ and “{1o) insult,” that differ only in
stress. What happens when these words appear to lose their siress because of a
heavy stress elsewhere in the sentence? Consider a pair of sentences such as “He
meeded an increase in price™ and, with an equally strong stress on “nreeded,” “He
needed 1o increase the price.” The answer is that the stress difference between
the two words is not completely lost. There may be no changes in pitch associ-
ated with the difference in stress, but there are still differences in the relative
lengths of the syllables. A stressed syllable is pronounced with a greater amount
of encrgy than an unsiressed syllable, and this difference may be manifested
simply in the length of the syllable.

LENGTH

The individual segments in a syllable may also vary in length. Many varieties of
scottish English make a length contrast betwesn “week™ [ wik | and “weak™
[ witk |, both having the same monophthongal vowel quality. In most varieties of
English, variations in lengths are completely allophonic. We saw, for example,
that the vowel 1n “bad” is predictably longer than the vowel in “bat.” because,
other things being cqual, vowels are always longer before voiced consonants
than before voiceless consonants,

Many other languages make considerable use of lengih contrasis. Long vow-
cls contrast with short vowels in several languages—for example, Estonian,
Finnish, Arabic, and Japanese, Danish examples are given in Table 10,1, Length
may be shown by placing [ : ] after a symbol or by doubling the symbol.

Contrasts between long and short consonants are ned 0 commen, but they do
occur. Luganda has contrasis such as [ “kkild |, meaning “treasure,” and [ kil ],
meaning “grow up.” HNalian has contrasts such as “nonno™ [ nanno | (grandfa-
ther) versus “nona” [ ‘nano | (ninth) and “Papa” [ ‘papa | (Pope) versus “pappa™
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IRRZEICAENIIN oot in vowel lapih in Dasish

vids “hvide™ (white)  vila  “vilde-  (wikd) vida  “hvile™  (rest)
vexds “Pvide” (wheat) mena  “ménde”  [remind) mema  Cmens”  (mean)
veals “wapde~  (wel) lesa “lemgse™  (load) lesa "lemge”  [read)
vieuks “wade~  (wade) mEsy “masse”  (mass) masa  “mase”  [mash)

[ 'pappa ] (porridge, baby food). Long consonants (or vowels) that can be ana-
Iyzed as double consonants (or vowels) are called geminabes,

The Italian geminate consonants can be compared with the contrasts between
English consonants in “white te™ [ wamtm |, “why tie"” [ warian |, and “whie
eve” [ warL.an |. The difference is that in [talian a long consonant can occur
within a single morpheme (a grammatical term for the smallest meaningful unit).
But in English, geminate consonans can occur only across word boundaries, as
in the previous examples, or in a word containing two momphemes, such as “un-
knwn™ [ anmocm | or ~guileless™ [ “gailkas .

Probably one of the most interesting languages in the way that it uses length
is Japanese. Japanese may be analyzed in terms of the classical Greek and Latin
unil called a mora. A mora is a unit of iming. Each mora takes about the same
length of time 1o say. The most common type of Japanese mora is formed by a
consonant followed by a vowel, Japanese words such as [ kakemono | (scroll)
and [ sukijaki ] (beef stew) each consist of four moras of this type. Note that in
the latter word the high vowel fu/ is voiceless because it occurs between two
voiceless consonants; but it siill takes about the same length of time 10 say as
do the vowels in the other syllables. Another type of mora is a vowel by itself,
as in the word [ ik | ibeeath). This word has two moras, each of which lakes
about the same length of time to say. A consonant cannct occur after a vowel
within a mora, but it too can form a mora by itself, The word [ nippon | (Japan)
mesd be divided into four moras [ nd p po g 1. Although it has only two vowels,
il takes approximately the same length of time to say [ nippoq | as it does 1o say
[ kakemono | or [ sukijaki ],

PITCH
The pitch of the voice is determined by several factors. The most important is the
tension of the vocal folds, I the vocal folds are stretched, the pitch of the sound
will go up, Altering the tension of the vocal folds is the normal way of producing
most of the pitch variations that occur in speech. In addition, as we saw in the
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sectbon on stress, an increase in the flow of air out of the lungs will also cause an
increase in pitch, so that stressed sounds will usually have a higher pitch. Finally,
vanaions in pitch occur in association with the variations in the position of the
vocal folds in different phonation types. Thus ereaky voice usually has a low
pitch as well a5 a particular voice quality.

Many different kinds of information can be conveved by variation in pitch.
A i the cose with other aspects of speech soumds, some of this information sim-
ply indicates the personal charscteristics of the speaker. The pitch of the voice
usually indicates whether the speaker is male or female and, (o some extent, his
or her age. In addition, it conveys a great deal of nonlinguistic information abouwt
the speaker’s emolional state—whether the person is calm or angry, or happy or
sad. As yel, nobady knows if the pitch changes conveying this son of informa-
tion are universal. But it is apparent that speakers of many different languages
have similar inflections when conveying similar emotional information,

There also seem to be some universal aspects 1o the ways in which languages
use pitch differences to convey linguistic information. All languages use pitch to
rark the boundaries of syntactic units. In nearly all languages, the completion of
a grammatical unit such as a nermal sentence s signaled by a falling pitch. The
Last syllable (or the last stressed syllable) is on & lower pitch than it would have
been if it had been nonfinal. Conversely, incomplete utterances, such as mid-
semtence clause breaks where the speaker intends to show that there is something
still 1o come, ofien have a basically rising intonation. There are, of course, excep-
tions 1o these two generalizations. In some styles of English, for example. it is pos-
sitde to have a rising intonation on many sentences. Bul the use of a falling pitch to
mark noninierrogative senlences occurs in by fur the majority of utierances.

Syntactic information is the only linguistic information conveyed by pitch in
English amd most cther Indo-Eoropean languages. But in many languages, pitch
varistions have another function, Differences in pitch can be used 10 change the
meaning of a word, For example, in Chinese, the consonani-vowel sequence
[ ma | pronounced with o high and level pitch means “mother,” but the same se-
quence pronounced with a high falling pitch means “scold,”

Pitch varintions that affect the meaning of a word are called tones. The mean-
ing of a word depends on its wne in the majority of the languages in the world.
All languages also use inonation, which is the use of pitch variations 1o convey
syniactic information, The intonmion patterns are superimposed on the tones in
a way that we will discuss lnter.

The simplest kind of tonc language is that in which there are only two possi-
ble tones, high and low. In many Bang languages, such as Shona (spoken in
Zimbabwe). Zulu, or Luganda, every vowel may be classified as being on a high
or on a low pitch. Thus, in Shona the sequence [ kinférd |, meaning “1o draw
waler,” has a low tone on the first syllable and a high tone on the second and
third syllables. But when this sequence is [ kit[és | with low tones on each syl-
kable, it means "o dig "
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Tones may be transcribed in many different ways, One of the simplest sys-
tems is to mark a high pitch by an acute accent over the vowel [ 4 ] and a low
pitch by a grave accent [ 4 |. Middle pitches can be left unmarked. This is the
kind of transcription I have been using in the examples cited in some of the ta-
bles illustrating sounds not found in English (see, for example, Tables 6.3, 7.5).
In a language with three tones, such as Yoruba (spoken in Migeria), the mid 1one
would be left unmarked. In this way we could transcribe a three-way opposition
such as occurs in Yoruba; [ 6 wil | (he comes), [ & wa ... ] (he looked for, . .0,
[ & wi ] (he existed).

Speakers of English often find it hard to consider the tone as an important,
meaningful part of a word. But for speakers of a tone language, a difference in
tone is just as significant as a difference in consonant or vowel quality. IF you are
trying to say “he looked for (zomething)” in Yoruba, and you say [ & wi ] instead
of [ 6 wa |, it will sound just as odd as if you had said “he licked"” instead of “he
looked™ in English,

Contrastive tones are usually marked over the vowel in a 1one language. But
they are often properties of the syllable as a whole. They can also occur on
voiced consonants that can be regarded as syllabic. The Igbo (spoken in Nigeria)
for “I'm beautiful™ is [ ni ma& ni m& |. Occasionally, tones occur on consonants
that are ned normally syllabic. In the section on kength in this chapter, 1 iran-
seribed the Luganda word for “treasure™ as [ " kkald ], with a low tone mark be-
fore the first [ k ]. Obviously, the silence preceding a voiceless consonant canndgl
be said on a low pitch. Only voiced sounds can have a high or a low pitch, This
tone had 10 be transcribed simply because (for reasons 1o be explained later) it is
a necessary unit when considering the sound pattern of Luganda as a whale.

Tone languages make two slightly differem uses of pitch within a word. In the
examples given so far, differences in picch have affected the bexical (dictionary)
meaning of a word. But many, if not most, tone languages also use pitch differ-
ences 1o make changes in grammatical (morphological) meaning. Thus in Igho
the idea of possession—roughly the equivalent of “of” in English—may be ex-
pressed by a high tone. This high tone appears, for example, in the phrase mean-
ing “the jaw of a monkey.” The word for “jaw" is [ dghd | with two low tones,
The word for “monkey” is [ égwé |, also with two low tones. But the phrase “the
jaw of & monkey™ is [ dghd &nwe ], with a high tone on the second syllable of
the word for “jaw.” Thus the English word “of ™ can sometimes be represented
simply as a hmh tone on a particular syllable in Igho.

Another example of the grammatical use of tone oocurs in the tense system of
Eda, spoken in Nigeria, as shown in Table 10,2 In what meay be called the tinseless
tense {indicating a habitual action), there is a low tone on both the prosoun and the
verb. In what may be called the continuous tense (indicating an action in progress),
there is a high tone on the pronoun, a low 1one on monosyllabic verbs, and a tone
going from low to high on disyllables. In the past tense, there is a low tone on the
premoun, a high tone on monosyllabac verbs, and high o low on disyllables.

l'| TCH
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The use of tone in pan of the ese sysem of Edo

Maomosyllabic Werbs Disyllabic Verba
Tirneless iemd (] show) 1 hrilhi il risn)
Continucus imid {l am showing) Thrabe ] @ running)
Fast Vi (I showed) Vheibe {1 ran)

Before considering mone complicated tonal systems, you should check thm
¥ou can pronounce correctly all the tones that have to be pronounced in the ex-
amples cited in the previous paragraphs. You should, of course. say the high
tones on i piich i the upper part of vour own pitch range, and the low ones on
i pitch in the lower pant. If you are working with a friend or with recordings of a
speaker of a tone language, be careful nor to imitate their exact pitches, unless
they have just the same pitch range as you normally do. Contrastive tones must
always be considered relmtive to the presumed mean pitch of the speaker. (One of
my problems in doing fieldwork with speakers of tone languages is that they
aften say | am mispronouncing a word when [ imitate them fairly exactly. [ have
a rather deep voice, and my repetitions are apt to be misunderstood unbess |
make a distinet effont (o say them not in the same way as the speaker, but on a
somaewhat lower patch.)

The tones in many languages can be described in terms of given points within
the speaker’s pitch range. If the speaker is aiming at a single target pitch for a
syllable, the tone can be regarded as a level tone, Luganda, Zulu, and Hausa are
examples of tone languages in cach of which there are basically just two tones,
high and low. Yoruba is an example of a tone language with three 1ones, high,
mid, and low. Additional gliding tones do occur in Yoruba, but they can be
shown to be the result of combining two of the tones within a single syllable.
Tone languages with four pitch levels are somewhat more uncommon. Egede
and Kutep (both spoken in Nigeria) have tones that can be distinguished as being
tiap, hagh, mad. and low.

The tones of some languages cannol be conveniently described in terms aof
single poinis within a pitch range, In Mandarin Chinese, there are four lones,
three of which involve gliding movements. Tones of this kind are callad contour
tomes. When making tones of this type, the speaker's aim is 1o produce o charae-
tenshic pitch movement, rather than a single point in the pitch range. In addition
to Chinese. many of the languages of Southeast Asia (for example, Thai and
Vietnamese) have contour tones.

The transcription system that we have been using i sufficient for languages
that have only level tones. It can be expanded to incorporate languages with four
bevel tones, perhaps by marking the lower of the two mid tones with a horizontal
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bar, [ & ], and leaving the upper one unmarked. But it canmot be used to specily
accurately the tones of a contour tong language.

Ome wiay of representing comour tones is 0 consider five equally spaced
points within the normal pitch range of a speaker’s voice: (1) bow, (2) half-low,
(3} middle, (4) hali-high, and (3} high. We can then describe a contour tone as a
meoversent from one of these points to another. We can represent this informa-
tion graphically. If we draw 3 vertical line to indicate the nomal range of a
speaker’s valce, we can plot o simplifved graph of the pitch to the left of this line.
In this way we can form a letter-like symbol that represents the tone.

The fowr “tome letters’™ that are required for describing Mandarin Chinese are
shiown in the fourth column of Table 10.3. Each consists of a refercnce lime o e
right, preceded by a line indicating the pitch of the tone. Thus tone 1 is a high-
level tone remaining at pitch level 5. Tone 2 i3 a rsing tone, going from patch
level 3 1o pitch level 5. Tone 3 begins by Malling from pitch level 2 10 the lowest
possible level and then rises 1o pitch level 4. Tone 4 falls from pitch level 5 all
the way o pitch level 1. It is wsually impractical to use tone letbers in a tran-
scription of a language, A convenient system is 10 describe each tone in a partic-
wlar language by means of tone letlers and then numbers specifving the pitch
levels, as in the third column, or tone letters, as in the founh column, and then
use superscript numbers, as in the fifth column in Table 10.3.

Oither tone letters designed in the same way can be used for the description of
tones in other languages. The tones of Thai are illusirated in Table 104, Noge
how the numbers that are conventionally wsed in specifying Thai tenes do pot
have the same values as those conventionally wsed for Mandanin Chinese in
Toable 10.3. Tone | in Thai is a falling tone, whereas in Mandanin Chinese it is a
high-lewel tone. Im Thai there is also a ffth tone, designaied the conmon tone,
which is left unmarked in transcripiions.

Even in a tone language, the pitch of the voice changes continuously through-
out sequences of voiced sounds, There are seldom sudden jumps from one pitch
kevel 1o another, As a result, assimilations occur between tones in much the sams
way as they do between segments. When a high tone precedes a low tone, then
the low tone will usually begin with a downward patch change, Conversely, a

m Tosal contrasts in Mandarin Chimese.

Tone Mumber  Description Piteh  Tone Letter Example  Gloss
ol high ezl 5& ] ma’ e
2 high rising a5 4 s’ hesmip
3 low Talling rising 14 A ma* harse
4 high Talling 51 | mart scald
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Tone Number  Descrption Piteh Tome Letter Example Gloss
| kow fallling b | d noat {8 nicknase)
2 high falling 51 | naa’  Tace
3 high rising 48 1 i’ A
4 low falling rising 214 ’ naat thick
“Cormman” i Talling 32 . | nas Tield

high tone following a low tone may begin with an upward pitch movement. Con-
sidering twe adjacent 1ones, it is usually the first that affects the second rather
than the cther way around. There seems 1o be a tendency in the languages of the
workd for tone assimilations to be perseverative—the tone of one syllable hang-
ing over into that of later syllables—rather than anticipatory—the tone of one
syllable changing because it anticipates that of the syllable yet 10 come.

Changes of tone due to the influence of one tone on another are called tone
sandhi. Sometimes these changes are fairly complex. For example, in Mandarin
Chinese the word meaning “very” is [ hao' ], with a falling-rising tone. But in
the phrase meaning “very cold!™ it is pronounced with a high rising tone [ hao?
been’ | In this way, Mandarin Chinese avoids having two falling-rising tones
one after another. Whenever a tone-3 word is followed by another tone-3 word,
the low falling-rising tone is changed into tone 2—the high rising tone. As an-
other example of tone sandhi. we can congider what happens 10 compound
words in Shanghai Chinese. The word for “sky™ is [ ™ |, with a pitch fall going
from high (3) to low (1). The word for “eanth” is [ di ], with a pitch rise going
from low (1) to high (5). Put together, these form the word for “universe”
[ ™*idi ], which has a pitch fall going from high on the first syllable 10 low on the
second. Thus the pitch pattern associsted with the first syllable has extended
over the whole compound word. This is the general rule in Shanghai Chinese for
compound words beginning with a syllable that is high falling when it occurs in
isolation. The word for “symphony™ is composed of the words meaning “ex-
change,” “sound,” and “song.” When said in isolation, the first of these, [1ia ],
has a high falling tone (51); the second, [ [id ], has a mid rising tone (35); and the
last, [1[%07 ], has a short high tone (5). But when put together 1o form
[ tfiafifiod | “symphony,” the first syllable is high (5). the second mid (3), and
the third bow (1),

As | mentioned earlier. tone languages also use intonational pitch changes, In
many tone languages, ordinary statements will have a generally falling into-
nation, and at least some questions will have a rising intonation over pant of the
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utterance, Dhuld, anger, excitement, and many oiher emotional signals will be
conveyed by intonations not all that dissimilar from those in Enghish, the dis-
tinctive tones of individual words being superimposed on the overall patierns,

As in English, the regular intonation of a sentence ofien marks syntactic
boundaries. In most languages there is a downward trend of the pitch over a syn-
tactic unit such as a sentence. This general pitch lowering is known as decling-
tion. In some languages, such as Hausa, declination invalves the falling of the
mcan pitch level throughout the sentence. Both high tones and low tones at the
beginning of a sentence are higher than they are o the end. A high tone at the end
of a Hausa sentence may even have about the same absolute pitch a5 a low tome
had a1 the beginning of the same sentence.

In other languages the declination may take a slightly different fosm. The low
tones may remain af about the same level throughout the semence, so that the
declination affects only the high tones. In Luganda, there 15 3 rule whereby high
tones are lowered slightly whenever they are preceded by a low tone within the
same sentence. This was the reason why | had 1o mark the low tone a1 the begin-
ning of [ " kkili ] “treasure,” even though it could ma be pronounced. The high
tone in this word is slightly lower than it would have been if this (silent) low
tone had not been there,

To summarize, variations in pitch are used in a number of different ways, In
the first place, they convey nonlinguistic information about the speaker’s emo-
tional state and, to some extent, personal physiological charactenistics, Second,
in all languages, differences in pitch convey one or more kinds of linguistic in-
formation. The linguistic uses of pitch are intonation (the distinctive pitches in a
phrase), which in all languages conveys information about the syntactic compo-
nents of the uiterance, and tone (the distinctive pitches within a word), which
may convey both lexical information about the meaning of the word and the
grammatical function of the word. Within tone languages, the tones can be di-
vided into contour tones, which require the specification of a change in pitch
within the syllable, and so-called level tones, in which only a single contrastive
height needs to be specified for each syllable, the pitch changes within a syllable

being regarded as simply the resull of putting syllables together to form a sen-
|G [

It i clear that Chinese is a tone language, in which the meaning of a word is af-
fected by the pitch, and that English is not, despite the fact that we can describe
cerain syllables in an English sentence as having high or low tones, as we saw
in Chapter 5. The “tones”™ in an English sentence do not affect the meaning of
the individual words, although they may affect the meaning of the phrase or
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sentence. English has stress contrasts, such as “below” versus “billow,” bui not
Lofe comrasts.

S0 far we have been considering languages 10 be either stress or tone lan-
guages, but this is an oversimplification. There are some languages that have
bhoth. Pirahd, for example, a language spoken in the Amazonian rain forest, has
iwo contrastive tones, The word / bagiai /, with a high one on the second vowel
(and bow tones unmarked), means “friend.” but / bagidi /, with the high tone on
the next vowel, means “thief.” Pirahd also has stress differences, in that / ga'ba /.
a species of fruit, has stress on the second syllable, whereas / 'kaba /, “no,” has
stress on the first svllable. Both these words have two low tones, Thus Pirahi has
both stress and tone from a phonetic point of view., However it should be noted
that the stress differences in Pirahi are predictable from the phonetic structure of
the words, It is the vosceless consonant at the beginning of / “kaba / thal causes
it tr have stress on the first syllable.

There are some European languages in which pitch plays a role in apparently
distinguishing words. Swedish has stress differences that can be described in
much the same way as stress differences in English. But it also has a pitch con-
trast between, for example, “anden™ (the duck) and “anden” (the ghost). In the
Stockholm dialect, the word for “the duck™ has a high pitch early in the word,
whereas “the ghost™ may have two pitch peaks. Swedish phoneticians describe
the difference as accent | versus accent 2, We should note, however, that this is
nol really a difference in tone, The base form of the word for “duck” is fand /,
with the suffix / -en { making it “the duck.” The word for “ghest” is / ande /
with the suffix being simply /-n /. The difference in the composition of the
words accounts for the difference in pitch. Pitch may be said 1o play a robe in
showing the forms of words in Swedish, but it does not otherwise distinguish
meaAnings.

Scottish Gaclic spoken in the Outer Hebrides has words that differ in pitch,
but again they are not really differences in tone. For example, “duan’™ J tuan /
(song) contrasts with “dubhan™ / twan f (hook), the firs word having a rising
pitch, and the second word falling steeply at the end. Although these two words
have identical sequences of segments and often have the same length, the second
word is felt by speakers to have two syllables (as it did historically). and this af-
fiects the pitch, 1t is possible 1o argue that Scottish Gaelic is now becoming a tone
language,

Japanese is a more siriking case of a language that i% in some ways belween a
tonc language and a stress language. Words in Japanese have an accent on a par-
ticular syllable much in the same way as English words have one or more
stresses. In Japancse the accent is invariably realized as a high pitch, so that
Japanese is often called a pitch-accent language. Japanese words differ in the
placement of the accent, giving rise to contrasts such as fkidkiga /) “ovster,”
! kakiga [ “fence,” and f kakigd / “persimmon,”
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EXERCISES

A People differ in their judgments of the number of syllables that there are in the
following wonds. Ask several people (if possible, include some children) o
say these words and then tell you how many syllables there are in each of
them. Try to explain, for each word, why people may differ in their judg-
ments, even if the people you ask are all in agreement.
laboratory

spasm

B List four words for which the sonority theory of syllabicity is inadequate in
aceounting for the number of syllables that are present.

iC Make a list of ten words chosen a1 random from a dictionary. In how many
cases is there no doubt as to the number of syllables that they contain? Ex-
plain the reasons for the doubt in the case of the others.

D Look at dictionaries or inroductory textbooks on four or five foreign lan-
guages nol memioned in this chapier. Trv w state whether they have variahle
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word stress or fixed word stress, or whether stress does not seem 1o be a prop-
enty of the word.

E Again by looking at dictionaries or introductory textbooks, find examples of
tone: languages not mentioned in this chapier. For each language. try 1o state
how many contrasting tones it has, exemplifying the distinctions between
each of them with minimal pairs if possible.

F In Luganda, many words fall into one or the other of two classes, each with a
different patlern of permissible tones, a5 exemplified in the following lists:

| 1
Ckinibd {m book) akisdri {a hall)
amil nid @ msan) ormikdz (2 woman)
alidgdd dd (m road) bl ia dog)
dkiwdking (1o dispute) dklisala ilo cut)

Describe the permitted sequences of tones in each class. (In fact, Class 11 is
more complicated than is indicated by the data given here.)

G Roughly speaking, when making a declarative statement in Luganda, the ini-
tial vowel is dropped and the 1ones in Class [ words become as shown here:

kitdhd it iz a book)
it {he 1% a man)

ligpicebidi (it is a road)
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State the rule affecting the tones in this grammatical consiruction.

FEHF’DHMAHGE EXERCISES

A Practice saying nonsense words with long and shon vowels. Say partially
English phrases such as those shown here. Try to make the length of each
vowel independent of the quality—so that [ ab ] is as long as [ bib J—and of
the following consonant—so that [ bip | is as long as [ bib ). The syllables are
included within a phrase so that you can make sure that you keep the overall
rate of specch constant.

g ‘bizh Qe
L ‘hiby Fgen
e ‘bt Fgen
el bk FgeEn
wel "hizp Fgen
Sl bip Fgen
sl “hip Fgen
el ‘bisp Fgen

B Repeat this exercise with other syllables such as those shown in the following
list. Continue using a frame such as “say again.”

b
b
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C Leam 1o differentiate between singhe and double, or geminate, consonants.
Say the following:

&pem o'num WEVS
eppem onnum B EYE
‘epem ‘onun "Brys
'eppem 'onnun WEEYS

I¥ Take a sentence that can be said with sirong siresses recurring at roughly reg-
ular intervals, such as ihe following:

What is the ‘difference in rhythm between English and French? Say this
sentence with as regular a chythm as you can, while wapping on the stressed
syllables. You should be able to say it slowly, then at a normal speed, and fi-
nally fast, in exch case tapping out a regular rhythm. Mow try saying it as a
French-speaking person just learning to speak English might say i1, with each
syllable 1aking about the same length of time. Make regular taps, one corme-
sponding 1o cach syllable throughout the sentence. Say it slowly. at a normal
speed, and fast in this way,

E Omne of the best ways of leaming about suprasegmental features is to leam to
say o short sentence backward. To do this properly, you have 1o meverse the in-
tonation pattern of the sentence, make the aspiration come before rather than
after voiceless stops, and take into account all the vanations in vowel and
consonant length dise to the phonetic context, If you can make a recording of
yoursell on a compuler, you may be able o judge how successfully you can
do this by playing the recording backward, so that the reversed sentence
should sound as if it had been said normally. Begin with a faidy casy phrase
such as the following:

Mary had a little lamb.
Then go on with a more difficuli one such as the following:
Whose fleece was white as spow.

Im each case it is besi to begin by making a narrow transcription of ihe phrase,
including the intonation pattern, and ihen o write this in the reverse order.

F Practice tonal conirasis by leaming to say the following set of words in Thabio,
a language spoken in Nigeria. Ibibio has three tones: high [ © ), low [ © |, and
falling [ ~ 1. The six contrasting patterns in disyllabic words are illustrated
here. {Saying these words also gives you practice in saying the labial velar
[ kp 1. which is discussed in Chapter 7 at the end of the section “Places of Ar-
ticulation.™)



Tone Sequence

high followed by hagh
high followed by low
high followed by falling
low followed by high
low followed by low
low followed by falling

Closs

expanse of ocesn
priest

sgquare woven basket
first

species of ant
rubber tree

PERFORMANCE EXERCIEEL _
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G Canmtonese Chinese has a different tone system from Mandarin Chinese
(shown in Table 10.3). In Cantonese there are six tones that occur on open
syllables and three that eccur only on syllables containing a final consonant,

Say each of the following Cantonese words:

Description Fitch Tone Letter Example O i
high 55 | si poem
mid 33 4 si 1o iry
low 22 4 si mialter
exira low 11 J sl time

mvidd rising a5 1 si 10 cause
low rising 13 4 si city

high 5 1 sik to know
mid 3 4 %t o relense
low 2 4 sik b el
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LinGuisTIC PHONETICS

This chapter will consider the way articulatory movements are organized and
will look s some phonetic processes that affect the way languages get 1o be the
way they are. We will then summarize ways of making linguistic phonetic de-
scriptions, first by reviewing the system of phonetic transeription proposed by
the International Phonetic Association and then by considering a set of featurcs
of spesch sounds.

CONTROLLING ARTICULATORY MOVEMENTS

Throughout this book we have been considering speech madnly in terms of the
articulations required for segments. But we have not really considered in detail
how these segments are put together, simply acknowledging that all utierances in-
volve coarticulations—the overlapping of adjacent anticulatory gestures. Conso-
nants vary their place of anticulation so that they become more like the next sound.
As we have seen, English /1, d / ase usually alveolar stops, but when they occur
before dental fricatives they are pronounced with tengue contact on the teeth, so
that they become [ 1, d ] as in “eighth” [ el ] and “width” [ wigd |. (Some people
pronounce the latter word with voiceless consonants at the end, making it [ wfl |.)

Angther neticeable change in the place of articulation oceurs in the promunci-
ation of / k. g/ before a front vowel as in “key, geese™ [ kiz, gizs | as compared
with a back vowel as in “caw, gauze” [ kaz, gacz ). The different forms of / k /—
the allophones—occur because of the influence of the following vowel. The
whole body of the tongue has to be pulled up and forward for [ i ). This action
begins during the formation of the closure for / k /, which is consequently farther
forward than the closure in the allophone of / k / before /2 /. In the latter case.
the / k / anticipates the low back position of the body of the wngue in / 3/,

You should be able o feel that the place of aniculaiton of 7k / is much fanher
forward before a front vowel, Check that in your own pronunciation of “key” the ar-
tculatory contact is between the tongue and a point on the roof of your mouth near
the hard palate. Now compare this with your pronunciation of “caw,” in which the
articulation is a1 the back of the mouth fairly low down on the soft palate.

247
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Mow try to find out whether there is as much variation in the place of anicu-
lation when the Fk/ occurs affer vowels in words such as “peak”™ [ pik | and
“hawk™ [ hak |, You will probably discover that there is very little difference be-
tween these allophones of £k /. In general, English may be said o be an antici-
patory lamguage—ihat is, one in which the articulations of the sounds ver o
come are anficipated to some extent. Some other languages, such as French or
Tialian, are mone perseverative i that the articulation of one sound tends 1o per-
severe, or continue, Mo the following sound.

There are many other examples of the tendency of English to anticipate future
articulations. We noded that when a stop eocurs before another consonant—as in
“apt” amd “zct"—it is unexploded, so that these words are pronounced [ 2p ]
and [ &kt |, the diacritic [ * ] indicating that the stop is unexploded. This may be
regarded as a case of the articulation of the last consonant being anticipated dur-
ing the chosune of the previous consonant. The [ p ] in “apt™ is unexploded be-
canse the closare for the [ & ) ocours before the lips come apart. French and lialian
are more likely to have expleded stops, but in English, an articulator that 15 mol
necessanily involved in a given sound will nearly always start moving toward its
position in the next sound in which it 15 the primary amiculator. This phenomenon
is known as anticipatory coarticulation. There are also cases in which the ac-
tions inviodved in making one sound contimee into the next. For example, when it
1" [ it 1z ] is elided into “it's” [ s ], the voicelessness aseociated with the [ ]
persists into the next soand. This is known as perseverative eoarticulation.

We must also note that we often use different muscular actions 1o produce es-
sentially the same sounds, Thus, as we have seen, pitch changes can be produced
either by extra respiratory effort pushing the air out of the lungs more rapidly, or
by mereasing the tension of the vocal folds in one of a variety of ways, or by a
combination of these technigques. | have recorded some speakers who produce
the mising intonation af the end of tag questions (sentences such as “That's your
ook, isn't itT") mainly by extra respiratory effort, and others (the majority of
speakers) who produce it mainly by increasing the tenston of the vocal folds,
Uniil T made these instrumental recordings, T could not tell the difference be-
tween these two groups of speakers. They all sounded very much alike. An ap-
propriate phonetic description of these utierances would show no differences.

When the same sound can be produced by different actions, we can say that
there is phonetic motor equivalence between these actions. 1t does not matier 1o
the listemer which of the equivalent medor actions is used when producing a
given sound. Accordingly, it is also irrelevant to the description of speech from a
linguistic point of view, When we are concemed with just the meaningiul as-
pects of utherances, we want to characterize simply those things that speakers
control, and to which listeners attend. Consequently, we describe tone and into-
nation in terms of varatons in pitch, ror in terms of actions of the larynx and the
rEsparalory Feechanisms,




CONTROLLING ARTICULATORY MOVEMENTS

The notion of phonetic motor equivalence can be further exemplified by ref-
erence o other material previously discussed. [ deliberately gave a vague defini-
tion of what constitutes a stressed syllable (one “pronounced with a greater
amount of energy than an unstressed syllable™). There are several different ways
of producing gremer respirmory energy, most of them producing precisely the
same acoustic effect. To take two examples, we can contract the muscles of the
rib cage (the internal intercostals), or we can push against the diaphragm harder
with the abdominal muoscles (rectus abdominiz and others). Either of these ac-
tions will produce an increase in the pressure of the air in the lungs, and either
will produce a stressed syllable. The precise action used is irrelevant to the pho-
netic specification. The panicular muscular movements involved may be impor-
tant 1o the speech pathologist or teacher of speech who is trving to alter the
speaker’s behavior. But phonetic descriptions specify the goals that speakers
have, rather than the underlying muscular mechanisms.

Putting this another way, we can explain the phenomenon of motor equiva-
lence in terms of what are called eoordinative structures—physiological sys-
tems that act together to produce the required effects. Thus we can think of the
variations in subglottal pressure that occur during an utterance as the product of
a coordinative structure consisting of the lungs, the sensory systems that supply
the brain with information about the state of the lungs (for example, whether
they are expanded or whether they have very linle adr in them), the muscles in-
vidved in adjusting the positions of the rb cage and the diaphragm, and the cen-
tral processes relating all these, The subglottal pressure that can be produced at
any given moment is constrained by this coordinative structure, Similarly, the
control of the tension of the vocal folds depends on a complex coondinative
structure involving the laryngeal muscles, sensory information on the positions
of the cricoad, thyroid, and arytenoid cartilages, and other factors. The control of
the position of the lower lip depends on a coordinative structure involving the lip
muscles and the muscles fixing the position of the lower jaw, and on information
on the state of these and other factors, including the movements of the upper lip.
When t1alking a speaker simply sets the goals for the actions of the vocal organs,
and the coordinative structures make the required movements.

For further simple examples of coordinative structures, we will consider the
production of vowels. As you can see quite casily for yoursell, it is possible 1o
produce the same vowel with many different jaw positions. Try 1o say [ i ] with
your teeth almost logether, and then say it again with the teeth fairly far apart.
There need be very little, if any, difference in the sounds you produce. The same
15 true of many other vowels. In fact, it is possible to produce a complete set of
English vowels with your teeth almost wogether or with them held apart by a
wedge such as a small coin. Obviously. the motor activity must be very different
in these two circumstances. When the teeth are held far apart, you can feel the
muscles of the tongue raising it up in the jaw when you say [ i ]. When the teeth
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are close together. the raising of the jaw iiself contributes greatly to the lifting of
the tomgue for [ 1 ). You can also observe the results of the molor equivalence of
different gestures that people use when making vowels by watching them say the
words “heed, hid, head. had.” You will probably be able 1o see that some people
lower the longue by lowering the jaw as they say this series of words, But others
keep the jaw comparatively steady and simply lower the tongue within the jaw.

Motor equivalence nearly always involves pans of the speech mechanism being
considered in more detail than is necessary for the description of differences in
meaning. In each of the cases we have been considering, it has been possible to
characterize the sounds in a unique way in physiological or aniculatory lerms.
Thus if two sounds have the same piich, they have the same mte of vibrtion of the
vocal folds, imespective of the mechanism wsed 1o produce the vocal fold vibra-
tioms. Similarly, the different ways of producing stressed syllables that we were
discussing will all result in the same increases in subglottal pressure. Lastly, the
different jaw positions in vowels will not affect the position of the highest point of
the tongue or its shape relative to the upper surface of the vocal tract,

There are only a few cases in which it has been shown that a person can pro-
duce the same sound with different vocal tract shapes. When this oceurs, the co-
ordinative structures permil what we may call compensatory articulations. The
first case 15 in producing r<olored vowels, which, as we saw in Chapter 9, can
be made with the tip of the tongue up or with a more bunched tongue position
farther back in the mouth. Amother case involves rounded vowels that can be
made cither with a small amount of rounding and lowering the larynx or with a
large amount of lip rounding and the larynx in o more mised position. Try saying
the vowel [ u ] with a more lowered larynx than usual, Mow say it with a normal
larynx position and note the difference in sound. I you could make a spectro-
gram of these two sounds, vou would find the frequencies of all the formants are
lower when the larynx is lower. Mow try saying [ u | with a normal larynx posi-
tion and then increasing the lip rounding. This will also lower the formant fre-
quencies, 5o that it is possible to make a sound identical with the first [ u ] (the
one with a lowered larynx). For high back vowels, lip rounding and lowering the
larynx are compensatory articulations, each having the same acoustic effect.

In general, speakers are goal oriented. They produce uticrances sometimes
using one se1 of muscles and sometimes another, but always with reference 1o
whal they hear and what utterances sound like. They vary their vocal gestures
andd do whatever they have to do to get the sounds produced.

THE BALANCE BETH'E_EH PHONETIC FORCES

When we consider how sounds pattern within a language, we must take imo
account both the speaker’s point of view and the listener’s point of view. Speak-
ers often like 1o convey their meaning with the least possible articulatory effort.
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Except when they are striving for clarity of articulation, they tend to produce ut-
terances with a large number of assimilations, with some segments left out, and
with the differences between other segments reduced to a minimum. Producing
utierances in this way requires a speaker 1o follow a principle of sase of artic-
larion. The main way of reducing anicelatory effort is by making wse of coartic-
ulations between sounds, As a result of coarticulations, languages change. For
example, in an earlier form of English, words such as “nation, station” contained
[ % ], s0 that they were propounced [ ‘nasion | and [ ‘stasion |, As a result of coar-
ticulation, the blade of the tongue became raised during the fricative, in antici-
pation of the position needed for the following high front vowel, Thus the [ 5 ]
became [ [ 1. [1] was lost, and the unstressed [ o ] became [ 3 ]. (The “1" was
never pronounced in English. It was intreduced into the spelling by scholars who
were influenced by Latin.)

Further examples are not hard to find. Coarticulations involving a change in
the place of the nasal and the following stop oceur in words such as “improper™
and “impassible.” In words such as these, the [ n ) that occurs in the prefix “in-"
{as in “imolerable” and “indecent™) has changed 10 [ m ]. These changes, which
occurred before these words were borrowed into English, are even reflected in
the spelling. There are also coarticulations involving the state of the gloats.
Words such as “resist” and “result” are pronounced as [ rozst | and [ razalt ],
with a voiced consonant between the two vowels. The stems in these words orig-
inally began with the voiceless consonant [ 5 ], as they sill do in words such as
“condast’” and “consult.” in which the [ 5 ] is not intervocalic, In all these and in
many similar historical changes, one or more segments are affected by adjacent
segmenis so that there is an economy of anticulation. These are historical cases
of the phenomenon of assimilation, which we discussed at the beginning of
Chapier 5.

Ease of articulation cannot be carried too far. Listeners need 1o be able to un-
derstand the meaning with the least possible effort on their part. They would
therefore prefer utterances that have sounds that remain constant and distinet on
all occasions. Perceptually, what matters is that sounds that affect the meaning of
a word should be sufficiently distinct from one another. A language must always
maintain sufficient perceptial separation. Therefore languages constrain speak-
ers 5o that they keep words sufficiently far apart. The language makes sure that
there is sufficient percepiual distance between the sounds that occur in a con-
trasting sei, such as the vowels in stressed monosyllables (as in “beat. bit, bet,
bat.” etc.).

The principle of perceptual separation does not usually result in one sound af-
fecting an adjacent sound, as occurs with the principle of maximum ease of ar-
ticulation, Instead, percepiual separation affects the set of sounds that potentially
can oocur af a given position in a word, such as in the position that must be oc-
cupicd by a vowel in a stressed monosyllable. Articulatory processes ane syntag-
matic, affecting adjacent items in a sequence, whereas perceptual processes are
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paradigmatic, affecting the set of items that ¢an occur in a given place in a se-
quence,

We have already noted some of the ways in which languages tend 1o maxi-
mize the perceplual scparation between sounds. As we saw in Chapler 9, this
tendency explains why some vowel systems are more likely to occur than others.
If the vowels of a language are to be maximally distinet, the formant frequencies
will be such that the vowels are as far apart as possible when plotied on a vowel
chart. Consequently, there is a natural tendency in languages for vowels 1o be
spaced at approximately equal distances apart and for them 10 be on the outside
of the possible vowel arca. This tendency 13 most evident in languages with a
comparatively small mumber of vowels, There are hundreds of languages that
have only five contrasting vowels (e.g., Spanish, Hausa, Japanese, and Swahili,
1o name four completely unrelated languages). In all these languages, the vowels
are roughly evenly distributed so that there are at least two froal vowels and tao
back vowels. There is no language in which there are only five vowels unevenly
distributed 5o that all of them are front vowels, But there are, of course, many
languages like English that have five front vowels and an approximately similar
number of back vowels,

If there is a possibility for a pair of contrasting sounds to occur in the same
Place within a word, then there will be a tendency for the perceptual distance be-
tween them to be increased. Conversely, whenever a language does not distin-
guish berween two similar sounds, the actual sound produced will tend to be in
between the two possibilities. Thus, as we have scen, English distinguishes be-
tween wiaced and vosceless stops as in “pie, buy" Bui this distinction cannot
occur after / 5/, Consequently, the siop in “spy™ is in between these two possi-
bilities (but closer to the stop in “hbuy™).

Other examples of this phenomenon have also been mentioned, We saw that
before [ 1 |, English does not distinguish between tense and lax vowels, Conse-
quently, the vowel that occurs in, for example, “sing,” has a quality in between
that of [i:] and [1]. Similacly, there is no distinction between tense and lax
vowels before [ r ], The vowel in “here” in most forms of American English is
also intermedinte between [ i Jand [1].

The principle of maximum percepiual separation also sccounts for some of
the differences between languages. French has two high rounded vowels, [u ] as
im “tout”™ [gu ] Cally and [y ] as in “w® [ ¢y ] (vou). These two possibilities ane
kept distinct by one being definitely a front vowel and the other definitely a back
vowel, But English does not have this opposition. Consequently, the high
rounded vowel that occurs in, for example, “who, two™ varies considerably. In
some dialects (for example, most forms of American English), it is a central or
back vowel, and in others (for example, some forms of Scottish English), it is a
Tromt vowel nod very different from French [ v ]. As far as this vowel is con-
cemed, what matters most in English is that it should be high and rounded,
Whether it is front or back is less important,
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All these examples illustrate the way languages maintain a balance between
the requirements of the speaker and those of the listener. On the one hand, there
is the pressure to make changes that would result in easier anticulations from a
speaker's point of view. On the other hand. there is the pressure from the lis-
tener’s point of view that requires that there should be sufficient perceptual con-
trast between sounds that are able to affect the meaning of an witerance,

THE INTERNATIONAL PHONETIC ALPHABET

One way of reviewing the notions of phonetic description is 1o consider the In-
ternational Phonetic Alphabet (IPA). This is the set of the symbals and dincritics
that have been officially approved by the Intemational Phonetic Association.
The association publishes a chart, which is reproduced (with permission) inside
the front and back covers of this book. This chart is really a number of separate
charts, which have been rearranged for this book. At the top inside the front
cover is the main consonant chart. Below it to the left is a table showing the sym-
bals for nonpulmonic consonants. To the rght s the vawel chan. Inside the back
cover there is a list of “Other symbols,” and, below it, a table showing the dia-
critics. To the right there is a set of symbols for suprasegmental events, such as
tone, intonation, stress, and length,

In the usual arrangement of the IPA chart, the material on the back page is
placed below that on the front. It is an attempt to summarize a complete theory of
linguistic phonetics in a singhe page, rather like a table of chemical elements sum-
marizes a theorem of chemistry. The IPA chart does not iry to cover all possible
types of phonetic descriptions, including, for example, all the types of voice qual-
ity that distinguish one person from another or that characterize pathological
forms of speech. Instead, it is limited to those sounds that can have linguistic sige
nificance in that they ¢an change the meaning of a word in somc language.

You should be able to understand all the terms in the consonant chart. If you
have any problems, refer to the glossary o1 the end of the book. The symbols in
this chart are arranged in such a way that if there are two items within a single
cell, the one on the right is voiced, This enables the consonant chart to be taken
as a three-dimensional representation of the principal features of consonants:
where they are made (across the chart), their manner of articulation (down the
chart), and the state of the glottis (within each cell).

The consonant chart thus summarizes the major features required for describ-
ing consonants. It even shows, by the use of shaded areas, which combinations
of features arc judged to be impossible. Thus it is considered that no language
could have a velar trill or tap—a sound in which the back of the tongue vibrated
or moved in a ballistic tap gesture against the soft palate. The blank cells on the
chart—those that are neither shaded nor contain a symbol—indicate combina-
tions of categorics that are possible but have not been observed in any language.
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For example, it is perfectly possible for a language 1o have a voiceless retroflex
laeral fricative, No symbol was provided because there was no documentation
in the phonetic literature of a language containing such a sound, But it in fact oc-
curs in Toda, a Dravidian language spoken by about 1,000 people in the Nilgiri
Hills in Southern India. This language has a contrast between a voiced retroflex
lateral approximant [ | ] and a voiceless retroflex lateral fricative. We will con-
sicler later how this sound shoold be symbaolized.

Some of the other blanks and shaded arcas should also be considered as simply
reflecting the judgments of the phoneticians who drew up the chart. Go through
cach of these cells and see whether you agree with its assignment as a blank or 2
shaded area, For example, can you make a labiodental plosive? Some people have
good teeth and can make a complete stop of this kind. But would it really be a pos-
sibke speech sound in a language, which has to be capable of being produced by
speakers with varying teeth placement? As another example, could you make a
pharyngeal plosive? | think [ can make a complete stop in the upper part of the
pharyax, but there 15 mo symbol for o sound of this kind because it is not used con-
trastively in any known language. On the whole, the makers of the chan have been
fairly conservative in their addition of shading, only putting it in when it was rea-
sonably clear that the sound could mot be produced, [t is quite certain that nobody
could produce a voiced gloual stop (that is, a sound in which the vocal folds were
simublansously vibrating with normal voicing, and were also held tightly 1o-
gether), or a pharyngeal nasal in which the air was completely stopped by a closure
in the pharynx, but neventheless simultaneously escaped through the nose.

When considering the status of the rows and columnas on (he char, it 15 wonh
considering the placement of [ h | and [ f |, Are these sounds really glottal frica-
tives? As we noted earlier, [ h ] usually denotes a voiceless transition into {or, in
some languages. out of) a syllable. I1s place of articulation depends on the adja-
cent sounds, There i£ usually virtually mo glottal friction (furbulent airflow) pro-
duced a1 the glottis, [ i ] is also best regarded as a siate of the glouis without a
specific place; like [ h ], it is not a fricative. Both [ ] and [ i ] might have been
better placed under “'other symibaols ™

Below the consonant chart on the left there is a set of symbols for consonants
made with different airsiream mechanizsms, The IPA recognizes three possibili-
ties: clicks, voiced implosives, and ejectives, This does not mean that the IPA de-
nigs the existence of voiceless implosives. It is simply that the IPA considers
them sufficiently rare not 1o necessitate separate symbols and would suggest
using a diacritic. For example, a voiceless bilabial implosive, which occurs in
only a handful of languages, can be symbolized by combining the voiceless dia-
critic with the vedced symbol, forming [ 6 ). The ejective svmbol, [ ° ). is like a
diacritic in that it can be added to many different consonants, including frica-
tives, as exemplified by [ 5" ).

The vowel chart on the right implies that there are three dimensions applica-
ble 1o vowels: Froni-back across the top of the chart, close—open on the vertical
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dimension, and rounding specified by the relative locations of members of pairs
of vowels. Again, these are only the principal types of vowels, Other types, such
a5 those that are nasalized or have an advanced tongue root, can be symbolized
by mdding diacritics.

The: “other symbals™ at the top left on the inside back cover represent sounds
that could not be conveniently deseribed in terms of the main sets of cmegories
we have been considering. They include symbols for sounds with multiple
places of articulation (labial velar and labial palatal) and the epiglottal sounds,
which occur in Arabic, Hebrew, and some of the languages of the Caucasus,
These sounds would have been hard to place on the chart without the addition of
further columns that would have had a considerable number of empiy cells,

The diacritic section of the chart allows a number of additional aspects of
sounds to be represented by adding a mark above or below the symbol for the
prancipal features of the sound. Some of the diacritics comrespond 10 the provi-
sion of additional features or dimensions applicable to many different sounds.
Thus sdditional states of the glottis are recognized by the provision of aspirated,
breathy-voiced, and creaky-voiced diacritics. More specific features, such as
particular tongue shapes, are recognized by providing diacritics for linguolabi-
als, dentals. apicals, and laminals. Purther vowel qualities can be symbolized
with many of the ather diacritics.

In addition. the IPA provides for the representation of siress, length, tone, and
intonation. In the characterization of stress, only three possibilities are recog-
nized: primary stress, secondary stress, and unstressed, There are four possible
lengths: long, half-long. unmarked, and extra-shon, The possibilities for tone
and intonation allow for five contrasting levels and numerous combinations,

The IPA does not provide a symbel for every contingency, so when phoneti-
cians come scross some previously unreconded event, they have to improvise. Let
us pow retum to the question of how o symbolize the vosceless retroflex lateral
fricative that occurs in Toda, One possibility that is always open 1o us is to use an
asterisk. and add the following, after giving a consonant chart or iranscription of
Tosda: “[ * ] represents a voiceless retroflex lateral fricative " Another possibility
is 1o use the symbol for the voiced retroflex lateral approximant [ L 1 and add the
diacritic [ | ], which indicates that the symbol 10 which this diacritic has been
addled should be taken as representing a voiceless sound. It is sometimes difficult
b widd a diacritic below a symbol that itself descends below the level of the wril-
ing line. A possible way in this case is to put the [ | ] slightly in front of the [ | ],
making [ | 1. This symbol would really designate a voiceless retroflex lateral ap-
proximant, and an explanatory note would still be needed, saying *{ | | is a frica-
ve rather than an approximant.” However, this might almost be taken for
granted, as no language contrasts any kind of voiceless lateral fricative with a
voiceless lateral approximant made at the same place of articulation, Try saying
a voiceless version of an ordinary English [ 1], You will probably find that you
are making a lateral [ 1 ] with audible friction rather than a voiceless approximant.
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The avowed aim of the IPA is 10 be able 1o symbolize all the distinctive
sounds in languages. The intent is to represent by separate symbols the sounds
that serve to distinguish one word from another in a language. The IPA would
like 1o deo this by using, as far as possible, ordinary letters of the roman alphabet
or simple modifications of these letters. Occasionally, when this would mean the
creation of a large number of symbols for a set of related sounds, the TPA favors
the wse of diacritics. This happens, for example, in the case of nasalized vowels,
oF cjective stops.

IPA symibols can be used in a variety of ways. There is no sense in which one
can speak of the IPA transcription of a given utterance. Many styles of transcrip-
tron are possible, as we saw in Chapter 3 in the discussion of English vowels,
The relation between some different styles is summarnized in Figure 11,1,

The first distinction is between a transcription which in some way reflects the
systematic, linguistic, facts of the uiterance being described, as opposed 1o one
in which the symbols are used just 1o provide an impressionistic record of the
sounds as heard—the kind of record that might be made by a linguist, wtally
withoul amy preconceplions, hearing the first few words 10 a language that had
never been transcribed before. In theory, an impressionistic transcription is one
in which the symbols represent imtersections of general phonetic categorics.

Phoneticians very seldom make a totally impressionistic transcription. Gener-
ally, within a few minutes of starting 1o transcribe a language we have not
worked on before, we begin 1o use symbols that rely on our linguistic hunches
and preconceptions. We very soon stop noting small differences between repeti-
tions of the same utterance, particularly if they are of the kind of which the
speaker seems 1o be unaware, Vinwally the only occasion when a completely im-
Pressionislic ranscnplion 1% necessary is in the investigation of an infant's pre-
linguistic babbling,

Withan the class of systematic (phonctic) transcriptions, there are wo independ.-
ent divisions. Firsi, a transcription may be phonemic or allophonic, A phonemic

FIGLIRE 11,1 A schemalic representation of some lermas used for describang
different types of transcription.

Transcription

I 1

Systemntic Impressionistic

Phonemic  Allophonic  Simple Comparative




FEATLRE Hl{i.Al.-cH_'r
157

Iranscription is one in which all the different words in a language are represenied
by the smallest possible number of different symbals. An allophonic transcription
is one that uses a larger number of distingt symbals, so thai it can differentiote
among systematic, allophonic differences in the sounds of an utierince,

As we noted when discussing the sounds of English, phonemic and allophonic
transcriptions are related 1o each other by a set of statements that, by their appli-
cation, convert the one form of transeription into the other. A phonemic transcrip-
tion plus the statements convey exactly the same information as an allophonic
transcnplion. The difference between these two types of transeription is simply
whether the detailed phonetic information is made explicit within the transerip-
tion itself or within the set of statements that accompanies the transeription.

The other kind of distinction among systematic phonetic transeriptions is that
between a simple and a comparative use of particular symbols. The simplest IPA
symbols are those that use ondinary letters of the roman alphabet such as [ a )
and [ ¢ ]. More exotic ketters such as [ o, o, & ] and [ &, 5, r | convey greater pho-
netic detail. A transcription using more unusual symbols is called a comparative
transcription, on the grounds that the use of more specific symbols implicitly re-
flects a comparison between the general phonetic values of the simple symbols
and the more precise values of the exotic symbols, In general, as we noted ear-
lier, a broad transcription is one that is both phonemic (as opposed to allophonic)
and simple (a3 opposed to comparative). A namow transcription may show allo-
phonic distinctions, or it may show more phonetic detail by using more specific
symbols, or it may do both these things,

When we think about transcriptions, we can sce that phonology and phonetics
are inextricably intenwined, It is generally recognized that phonology must rest
on accurate phonetic observations. But it is equally true that most phosetic obser-
vations are made in terms of a phonolegical framework. The enly pure phonetic
description is the instrumental daa derivable from a high-quality recording. As
soon s the data is segmented or described in any way, then phonological con-
siferations are bound 1o be present.

FEATURE HIERARCHY

The second way in which we will review phonetic descriptions is by consider-
ing @ set of linguistic phonetic features. A feature, in this sense, is a component
of a sound that may itself be composed of other features or may be a terminal
feature. Each terminal feature specifies a set of phonetic possibilities, Thus there
is a feature Place of amiculstion, which dominates terminal features like Labial
and Dorsal, and these terminal features have particular values like [bilabial] and
[labiodental]. Features form a hierarchy, some dominating cther features, and
some, the terminal features, consisting of a list of possible phonetic values.
When discussing features, it is good 10 be carcful 1o distinguish between the
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nams of & feature and the possible values that it can iake, a distinction that is not
always made in books on phonetics and phonology. 1 will follow the practice of
using a capital letter when naming a feature and putting square brackets around
possible valwes that the feature may have,

The major linguistic features are shown in Figure 11.2. All sounds have
sorme Supra-Laryngenl charscteristics, some Lanmgeal charscteristics, and some
Aarstream mechanism. The Supra-Laryngeal charscteristics can be divided into
those for Place of articulation, Manner of aniculation, the possibility of Masality,
and the possibility of being Lateral.

A detailed specification of the Place feature is given in Figure 11.3. The first
division is into the major regions of the vocal tract, giving us the five features,

m Fearares dosnirated by the feature Place.

Lkl tikataal]
L [isbbodessaal ]

[ demtal]

b= [alvendar]

= [palat-alvealar
~[retrllex]

i— Cowonal

= |gslatal]
~— Drarzal [welar]
L [evulas]

| Ralicyl rIphanmgeal ]
k- [epigloral]

e { FEA] [gleral]
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Labial. Coronal, Dorsal, Radical, and Glottal. We used the first three of these
terms in Chapter 1. Now we are adding Radical 1o apply as a cover term for
[pharyngeal] and [epiglodtal] articulations made with the root of the tongue. We
also have a feature Glomal, with only one value, [glotial], to cover various anic-
ulations, such as [ h, 7 ]. If we are 1o have a convenient groaping of the features
for consonants. we have 10 recognize that Supra-Laryngeal features must allow
for the dual nature of the actions of the larynx and include Glotial as a Place of
articulation,

A sound may be articulated at more than one of the regions Labial, Coronal,
Dorsal, Radical. and Glottal. We have described sounds such as [ y | that simul-
taneously have ariculations that have feature values [labial] and [palatal], and
[ w ], which is simultanecusly [labial] and [velar]. Within the five general re-
gions, Coronal articulations can be split into three mutually exclusive possibili-
ties: Laminal (blade of the tongue). Apical (tip of the tongue), and Sub-apical
(the under pant of the blade of the tongue). The mutually exclusive possibilities
for each of these and for the ather places of articulation are shown on the right of
Figure 11.3. Some of these possibilitics have not been discussed in this introduc-
tory textbook. but they are all needed for deseribing the sounds of the languages
of the world.

In a simple framework it is sufficient to consider Coronal 1o be a terminal fea-
ture like Labial and Diorsal, as shown in Figure 11.3. A more elaborate feature hi-
erarchy would include the apicallaminal distinction we discussed in Chapter 7.
In this way we could deal with a wider range of languages, using the distinctions
shown in Figure 11.4,

The features for possible manners of articulation are shown in Figure 11,5,
Four of the features we have been using—Siop. Fricative, Approximant, and

ricuns 11+ RS E—E—

— [lingeo-labiat]
— [imerdamal |

— Dol L [lsmtinad deetal]

— [laminall alveolar]

[ laminad post-alveedar|
i n ] (— = patsin-ahwealar)

— [agecal densal]
| Apical [apical alveolar]
— [apheal post-alveolar]

— Sub-Apical e oo apical palaid]
i® petredlex)
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Yowel (without explicitly calling ihem features)—can be grouped together as as-
pects of another feature, Aperture, This grouping reflects the fact that the four
features, Stop, Fricative, Approximant, and Vowel, are all dependent on the de-
gree of closure of the articulstors, In some older feature sysiems, these possibil-
itses are split into twoe groups, but it is now thought better 10 recognize that they
form a continuem. The changes in the pronunciation of iy own pame, for ex-
ample, fall on this continuum. The name i of Danish origin. | pronounce it
[ lazdifowgad | in English, with consonants as they once were in Danish. These
stops. firel became fricatives. which later became approximants in Danish
[ ledefoyad | = [ ledofouyad |, making it apparent that there is & continuum
going from [stop] through [fricative] 1o [spproximant]. (Note the use of the dia-
eritic [ | |, meaning more open. turning the fricative symbols inte symbols for
approximants.) My name is simply two Danish words put together: “lade,” a
bam, and “foged.” something like a steward or bailifl. Spanish also has a process
whereby stops first become fricatives and then approximants.

The feature Stop has only one possible value, [s1op], but Fricative has two,
[sibilant] and [nonsibilant], The possible values for Approximant and Vowel will
be discussed in the next paragraph, but first we should note that there are two
other Manner features, Trill and Tap, cach of which have only a single possible
value, [inll] and [tap]. The further relations among all the Manner features are
beyond ihe scope of this boolk,

As shown in Figure 11.6, Approximant and Vowel dominate other features.
There are five principal features, the first of which, Height, has five possible
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values: [high], [mid-high], [mid], [mid-low], and [low]. As far as we know, no
language distinguishes more than five vowel heights. Backness has only three
values, [front], [center], and [back]. As we saw in Chapier 9 when discussing
Japanese [w ], there are two Kinds of Rounding: Protrusion, with possible val-
ues [protreded] and [retracted], and Compression, with possible values [com-
pressed] and [separated]. The feature Tongue Root has two possible values:
[+ATR] and [-ATR]. Pharyngealized sounds may be classified as having the o
posite of an advanced 1ongue root and are therefore [=ATR]. The feature Rhaotic
has only one possible value, [rhotacized].

Separate figures have not been drawn for the other two Supra-Laryngeal fea-
tures, Nasality and Laterality, as each of them are themselves terminal features.
Masality has the possible values [nasal] and [oral]; Laterality has the possible
witlues [lateral] and [central].

The Laryngeal possibilitics, shown in Figure 11.7, involve three features.
Glottal Swricture specifics how far apart the vocal folds are. Languages make use
of five possibilities: [voiceless]; [breathy voice], as we saw in languages such
as Hindi; [modal voice], which is the regular voicing used in every language:
[creaky voice] in languages such as Hausa: and [closed] forming a glottal
slop. Many in-between possibilities occar, but if we are simply providing cate-
gories fior the degrees of glottal opening that are used distinctively, these five are
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sulficient. A separate feature, Glottal Timing, is wsed to specify voiceless aspi-
rated stops and breathy-voiced aspirated stops. A third featare, Glotial Movement,
is also included among the Laryngeal features, to allow for the specification of
implosives and ejectives. Some books, including previous editions of this book,
prefer to consider these sounds as simply involving a different airstream mecha-
nismh. This is the way | began describing them st the beginning of Chapter 6. At
the end of that chapter | included them in the summary of actions of the glottis.
As pointed out there, they imeract with other Laryngeal features and are accord-
ingly put at this poant in the hierarchy.

The arrangement in Figure 11.7 leaves the Airstream feature, shown in Figure
1.8, dominating only two features, Pulmonke and Velaric. Each of these has
only one value, In a more elaborate arrangement it would be appropriate to con-
sider whether the pulmonic airsiream mechanism varied in force, but this possi-
Bility will mot be considered here.

The figures discussed earlier provide a hierarchical arrangement of the fea-
tures required to describe nearly all the sounds of the worlds languages. Try
working through this hicrarchy from the top down, 5o that you get a complete
specification of a variety of sounds. Table 11.1 gives a panial specification of a
mumber of English segments.

mu:udnmmud_hv the fesiure Airseream,

Polmcnic [ ol airwiream]
EATLT o p— -.[

L Hchick]
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“. A partial feature specification of soms En;hihmnu (vowels

that may nod ocour im all accents are omitted).

Labis [ bilablal | pb.m
[ Iabsadantal | [
[ dental | 8, o
Place Coronal [ ahveciar | Ldomlsz
[ postatveciar] | r
| palato-avectar ] | .3
Dorsal [ walar ] kg.g
| stop ) p Lk b.d g mnq
Fricative sibilant ] Ll.n3y
| nonsibiant ) f,é,va
| high | i
|mu-hgh] I, 13, €1, &b
Helght I mid | 2,3
Apprture | imibkdHerw | E. 3
Approximant | low | =
Vel Backness | [ front | i 181, ¢, =
[ back | 0. 3 00 U 1
Rounding rounded | 3, 3, 13 1
[ unrounded | hhetl e ®a
flasality [ nasal | M. mg
[ oral | [all othairs)
Laterality [ lateral | i
[ central | {all gthwers)
Larymgeal | Glattal Strictung [ woiceless | oLk s |
[ {mosdal) woice | | {all others)

PERFORMANCE EXERCISES

The material &1 the end of this chapter is intended tw help you review many of the
sounds that have been described in previous chapters, It consisis of real words in
some different languages. If possible, you should compare your pronunciation of
these words with that of a native speaker. Most of these sounds can be found on
the Web site mentioned in the Preface. If the sounds are not available, vou should
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try to pronounce the words just on the basis of the transcnption provided. You
might begin your review by trying 1o pronounce the data given in the following
tables, which provide material on specific languages:

6.1  Lakhota (ejectives)

6.2 Sindhi (implosives)

6.3 Xhosa (elicks)

6.5  Gujarati {murmured vowels)
6.6 Tha slops)

6.7 Hindi {slops)

7.1 Malayalam  (places of articulation)
1.2 Quechua (palatal, velar, and uvular plosives and ejectives)

7.5 Margi {prenasalized stops)
Mow try o say the following words,
A Navajo

Mavajo has a three-way stop contrast that will require your making voiceless
unaspirated and ejective stops that do not occur in English. There are also
several different affricates,

Voiceless Unaspirated  Volceless Aspirated Ejective
1 1 '4h
“not™ “fhires" “just”
Tufinits ishah 12"ah
“you will speak™ “aw]™ “sagebrush™
ibah nif a:
“ointment” “lef™*
1fi tfast 1[*ah
"d-ﬂ:f" -hh'“'ll nhull-
bk k'asd
1% surface” “arraw’
B Fulu
Fulu has a series of clicks, which are zimilar o those in Xhosa,
Dental Alveolo Palatl Alvealar Lateral
kidgh klak!d kfzgd
“1o whitewash™ “1o undo™ “put into & fix”
ki K1hck P kfdagh

Yo identify” “to rip open™ “to link horses'™
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Dental Alvealo Palatal Alveslar Lateral
b glidhd gt
“to grease” “to milk” “1o beat”
sk isighé isioge:lé
ikind of spear) “ramp”’ “left hand™
C Burmese
Burmese contrasts veiced and voiceless nasals at four places of anticulation.
Viced Nasals Voiccless Masals
mj “lif up” mi “from™
nd “pain” 0 “mose’
pa “right” né “considerate™
nd “fish” B “bomow”

D Greek
Greek is one of the comparatively few langunges that contrasts both voiced
and voiceless palatal and velar fricatives, It also has interdental fricatives,

Dental Palatal Velar
fiki  “hox” cern “hand” xsma “soil”
tiki  “‘tmal” jeri  “old men” yoma “eraser”

E Ewe
Ewe contrasts voiced and voiceless bilabial and labiodemal fricatives both in-
tervocalically and in clusters with [ 1],

Voiceless Bilabial Eddi idle

“he polished™ “he bought”
Yoiceless Labiodental L £

“he was cold” “he splin ol
Voiced Bilabial BpE Lo

“Ewe"” (the language)  “mushroom™
Voiced Labiodental By Evld

-Illwn_I'

“he is evil™
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F Zulu

In addition 19 4 complex set of clicks, Zulu has several different contrasts in-
volving laterals,

Voiced Lateral  Voiced Lateral  Voiceless Lateral

Approximant Fricative Fricative/AfTricate
Alveolar Tl Balik iz

“sleep™ “play™ [ imper. ] “yomit”
Nasal + Alveolar inkdli indl"antl"a
“hunger” “good luck™
Velar kL 'ing
“be naughty™

The following exercises review vowels and semivowels. As noted in Chapter
%, the main features of vowel quality cannot be adequately described by
means of writlen descriptions, Listen to recordings, or, if you can, find native
speakers of some of the languages listed here, and try to imitate their pronun-
Cration,

Mote that the symbols do not have the same values as they do in the tran-
seription of English,

G French
French has 12 contrasting oral vowels. (Some speakers of French do not make
all these distinctions. )

li it (bed)

le Fles™ (the, plural)
le “Taid™ (ugly)

la S {there)

la “las™ (lired)

12k “loque™ (rag)

lor “lea”™ (prize)

Tu “loup™ (wolf)

Iy “Iu” (read, past part.)
I e ithe, m. sing.)
loes “Peur” {their)

I “lin™ {flax)

I3 “kent™ {slow)

[ “long” (bong)

i “lundi” {Monday)



French also has three contrasting semivowels.

H German

i
I'I'I:l.[ﬂ

“miette’”

1&T

(erurmby)
(e}
(seagull)
(tied)
{him)
{Louis)
{eight)
(yes)

German has so-called tense and lax vowels, which differ in both length and
quality. The symbol [ ¥ ] denotes a slightly lowered high fromt vowel—a

rounded version of [ 1].

I Swedish

tizl
e
(2 H

“tief”
“Tea"

(deep)
(lea)
(deed)
(dead)
(100t}
(paper bag)
(kill)
(1ahle)
(1est)
(paw}
(top)
(Mourish)
(dot)
(hell)
(lead)
lute)
{peaple)

Swedish has long and short vowels; the short vowels are followed by long
consonants. The symbol [ v ] denotes a slightly lowered high fromt vowel—a
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rounded version of [1]. The symbol [ o] denotes a more centralized high
rounded vowel—a slightly lowered [ a |,

1A “rita” {draw)

Jeiia “pefa” {1ease)

T F| “rita™ (straighien)
haez “hir™ {here)

Bl “rala” (refuse)

soita “Rota™ (name of a valley)
EIEH ] “rota” {Foal)

1yita “ryta” (roar)

NI HH “rata”™ {rot)

hie “hisr'" (hear!)

Jaiti “rata” (window pane)
FTT3 “rn” (ride. m.)

el i fcoemect, )
haea: “hemr”™ (Mr.)

aat: “rail” (steering wheel)
aal: “rin” {raw)

FIT “redr {rowed)

L= “nytia™ {use, n.)

Joed; ™ {red)

T “runt” {route)

J Vietnamese
Vietnamese has eleven vowels, including contrasting back rounded and un-
rounded pairs. Tones in this exercise are marked as follows: mid-level tone is
unmarked: high-rising tone has an acute sccent [ ).

Front Back
Unrounded Rounded
1] w 1]
“hureau”™ “fourth™ “10 drink”™
5 I (4]
“numb'™ “silk™ “soup bow]”
té Al L3
“io fall down™  “favor™ “large”
bl | 1a

I‘Iﬂ ¢:qlill i, 1 L



FURTHER READING

Phonetics has been studied for many centuries. In this alphabetized list of
baoks, | have limited myself 1o some of the more important books that have
been published in the past forty or fifty years. Of course, many imponant find-
ings have appeared in journals rather than in books. If you want 1o keep up to
date in the subject, you should look at the following journals: Journal of the fn-
tematignal Phonetle Association, Journal of Phoretics, Journal of Speech and
Hearing Research, Language and Speech, and Phonetica, as well as more spe-
cialized journals in other fields, such as acoustics (motably the Jourmal of the
Acoustical Sociery of America), linguistics, speech pathology, and panticular
language areas.

Phonetic Dictlonaries

Jones, Daniel. English Pronouncing Dictionary, 15th ed. (edited by Peter
Roach and James Hartman) Cambridge: Cambridge University Press. 1997,

Wells, John. Longman Prommetation Dictienary. Harlow, UK. Longman,
1990, 2nd ed. Harlow: Pearson Education, 2000,

Both these dictionaries are great reference books that all students of phonetics
should consult.

General Books on Phonetics

Abercrombie, David. Elements of General Phonerics. New York: Aldine, 1967,
A classic book on a number of the most important concepts in phonetics. It is
very casy o read and a good introduction to the topics sebecied, ba it is
somewhat limited in scope.

Catford, John C. Fundanental Problems in Phonetics. Bloomington: University
of Indiana Press, 1977. Not a beginner's book, but a good account of the
phonation types and acrodynamic processes involved in speech production.

Celce-Murcia, Marianne, Donna Brinton, and Janet Goodwin, Teaching Pro.
nunciation: A Reference for Teackers of English to Speakers of Other Lan-
grages. Cambridge: Cambridge University Press, 1996, A pood baok for
teachers.

Clark, John, and Colin Yallop. An Introduction to Phaonetics and Phonology.
Oxford: Blackwells, 1995, Covers much the same ground as here, but more
specifically aimed at linguisis,

T
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am

International Phonetic Association. The Handbook af the Imtermanional Pho-
netic Association. Cambridge: Cambridge University Press, 1909, A refer-
ence book that every student of phonetics should possess.

Johnson, Keith. Acoustic and Auditory Phonetics Oxford: Blackwells, 1997, An
up-to-date account of acoustic phonetics, paying special attention o how we
hear sounds.

Ladefoged, Peter. Elements of Acoustic Phonetics, 2nd. ed. Chicago: University
of Chicago Press, 1996, A basic account of just those aspects of acoustics
that are relevant for students of phonetics. The second edition is consider-
ably enlarged and contains an introduction 1o computer speech processing.

Ladefoged, Peter. Vowels and Consonanrs. Oxford: Blackwells, 2000, A shorter.
simpler, more casual intreduction to phonetics than this book. It comes with
a CIx illustrating all the sounds of the Inemational Phonctic Alphabet and
sounds from many different languages.

Ladefoged, Peter, and lan Maddieson. Sounds of the World's Languages. Ox-
ford: Blackwells, 1996, An attempt to give a comprehensive acoount of all
the different sounds that have been reported in the world's languages.

Laver. John. Principles of Phonetics. Cambridge: Cambridge University Press,
1994, An extensive overview of the field.

Lieberman, Philip, and Sheila Blumstein. Speech Physiology and Acoustic Pho-
nretics. Cambridge: Cambridge University Press, 1988, An introductory text-
book concerned with experimental phometics,

Maddicson, lan. Patterns af Sounds. Cambridge: Cambridge University Press,
I984. A survey of the sound systems of more than 300 languages, providing
a basis for a description of a number of universal phonetic lendencies.

Fickett, 1. M. The Acoustics of Speech Communication: Fundamentals, Speech
Ferceprion Theary and Technology. Allyn and Bacon, 1999, This book goes
considerably further than other introductory books on acoustic phonetics,
discussing several aspects of speech perception.

Pike, K. Phonetics. Ann Arbor: University of Michigan Press, 1943, Subtitled
“A Critical Account of Phonetic Theory, and a Technigue for the Practical
Deseription of Sounds,” this is a classic book for advanced studens.

Fullum, Geoffrey, and William Ladusaw. Phoneric Symbol Guide. 2nd. ed.
Chicago: University of Chicago Press, 1996. An invaluable reference book
describing a wide variety of phonetic symbols, including all the symbols of
the [PA.

Stevens, Kenneth, Acoustic Phonetics, Cambridge, Mass.: MIT Press, 1999,
Clearly the leading technical book, describing everything that is known
about the acoustics of speech

Lemlin, W. R. Speech and Hearing Science. Englewood Cliffs, N.J.: Prentice-
Hall, Znd. ed. 1981. A gosd account of the anatomy and physiclogy of the
wiscal organs,



Node: The explanations given in this glossary should be regarded not as formal
definitions, but as general guides for use in review.

Advanced Tongue Root (ATR) Having
thee ront of the pongise pulled forward 50 03
i widen the pharyax (and, often, s rasse
thse: by of the tangss nesrer 1 the roof of
ithee moibh. Pharvapeal sounds are

[ -ATR . & the pharynx is narrowed.

Affricate A stop followed by a homos-
Eanks feicative,

Allophens A vasiant of a ploneme. The
allophoses of a phomeme Form & set of
siunds that {13 do net change the mcaning
of o word, (2} are all very similar 1o ane
anpiber, and (3) cocur in phosetic costexls
different from ome snolber—(or axample,
syllable initial & opposed 1o syllable final,
The &Eilerences among allophoses can b

slated in terms of phonologicsl nubes,
Alternatbons Variations im woeds tha can
b described i terms of phosalogical
nulesifor example, the diference between
[ @] amd [ 1 ] in “divine=divindiy),”
Alveolar An articulalion involving the tip
if blade af the toague and the alveolar
ridge, us in English [ d | in “die.”

Alveolar ridge The pas of the upper swr-
face of the meouth immediaiely behind the
frons ek,

#Mﬁh—plhhl A post-alveolar consomast
mude with cossiderable ratsing ol the front
of the toegpae, maling it equivabent to a pallat-
alized palate-alveolar. Polish and Chinese
have alveolo-palainl fricsives. [¢, 2 1.

Ambisyllabic Belonging to two syllables.
A ¢onsonant such as | p | in “happy” ks
sometimes said o be ambisyllabic.
Amticipatory coartbcalation An action in
which ome ﬂfﬁipﬂﬁhn‘p:ul]ﬂ i
Envolved in making a particular scand
moves bowand its position for o subsogquent
sound. For exampde. the rounding of the lps
daring [ ] n “swim™ is dee to the anticipa-
tion of the lip action required for [ w ],
Apleal An articulation involvisg the tip of
the 1ongue.

Approximant An sticulation in which
ome articulator |3 ¢lode to another bat
withoan the wract being namowed 1o such
an eagonl that a turbulent abrsireasm i
produced. In many forms of Esglish,
4, b 5w are approaimants.

Articulatlen The approach or contact of
twn speech angans, wouch as the dip af the
tengue and the upper teeth,

Arytenoid cartilages A pair of stnectunes
o the posierior emds af (e vocal folds,
Their movements control differen phona-
Tian Eypes.

Aspiration A period of voscebesiness after
the release of 35 aniculation, as in English
Tpie” [ ptar L

Assimilation The change of one sound
anto another sownd because of the influence
af neighboring sounds, as in the change

of undertying [n ] s [ m | in “inpat”
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[ ‘vpit | o of underlying [z |
v [ 4 ] in “does sha™ [ dayi ).

Back vowels Vowels in which the body of
the tongue is imthe back pan of the aral
cavity (mosih), The vowels [w, 0, 3, )
Formy 3 3¢l ol back reflerence vimels,

Bark scale A scale in which equal isier-
valt of paich as perceived by lisieners are
represenéed by equal distances on ihe scale.

Bilabial An sticulation invalving both
ligs, a5 im Enghish [ m ] in “my."

Binary festure A (canane (for cxample,
Lateral that <an be used io classily scunds
in kermns af o poasibilities.

Bresthy voice Ancther name for murmsar,
4 type aof phomation in which the voesl
folds are caly slightly apart so that they
vibeaie whale allowing a bigh rate of ale-
fiow through the globis, s in Hindd [ B,

Broad transcripthon A iranseription (hat
daes nod show o great deal of phosetic
d_-mil.nl'u.n a mmgle plonemic tmnscrip-

Cardinal vowels A st of reference vowels
(1] defimed by Damicl Jones. The vowels
of asy language cam he described by stating
their relstions oo the candinal vowels.

Citation formy The form a wond has when
it is cited or prosounced in isolation.
Click A siop made with an ingressive
welaric aletream, such as Zalu [ 1],

Closed syllable A syllable with a conso-
nant 3 the end, as the firu syllables in
English “magpéc. paniry, completion.™
Coarticulation The overlapping of adja-
ol aficulations,

Coda The consonants cegurring afler the
viwel in o syllable,

Contour tome A lome 6 3 langasge such
as Chinese tha has 1o be specified as a
gliding movement within the pitch range.

Coordinaiive sirvciores The fanctional
organizalion of a group of mascles inbo a
simgle uniz,

Coroaal Scounds anbalatcd with the tip or
blade of the 1ongue mited toward the 1eealy
or the alveolsr ridge (or, sometimes, the
hard palage), such s [ G5, 1]

Creaky voice See Larmpealizarion,

dB {decibeels) A messure of the relative
intenity of two soshids, comesponding o
fen times (e commmon logarihm of ke
pawer ralio of the two sounds, The power
ralio is the square of the amplitude ratio o
this is equivalent 1o Iwenly times the com-
o logahen of the amplinsde ratio of the
o soumds.

Declination The genersl downward trend
in palch in o symtsctic wni such as a sen-
temce in many langaspes.

Dimcritles Small added marks that can he
uded v destinguish differest values of &
wvmbal. For example, the sddition of [ - |
distinguishes a velarized from a nonvelar.
ized sound, as in [ § ] as opposed to [ 1],

Diphthong A vewel i which there is 2
change kn guality during a single syllable,
a5 in English [ ar ] in “high~

Dorsal Sounds articulated with the back of
the kongue.

Dorsam The back of the woague,

Downdrift The tendency for the plich 1o
fall throughout an intonstional phrase.

Downstep Lowering of & high piich accent
ar high tone afier a similar high piach
sccent of high tone.

Ejective A stap made with an egressive
glomalic asretream, such ss Mouss [ k' ).

Epenthesis The insertion of o or e
sounds in the middie of 2 word, such as the
prosunciation of “senie™ a% [ senis L

Feature A compement of & sound that may
igself be composed of other features or may
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be & lerminal feabare. Each terminal feabure
specifies a limited set of discreie phonetic
passabilitics with specific phonetic proper-
ties.

Flap An articulation in which cae amiculs-
tor, usiasdly the sofgue p, is dramm back
and them allowed o strike against snother
articulator in retaming (o it fest podition.

Formani A group of overtones comespans

ding to o resonating frequency of the air in
the: vocal aract. Yowels are characterized by
\Bres foemants.

Frequency The rabe of variation in air
[peesEne in & soumd.

Fricative Narrowing of the distance
between two articulators =0 the the
airsiream is pariially obstrocted and a bar-
bulesy aisflow is produced, as in English
[ 2] in=gea

Front vowels Vowels in which the body of
the tongue is in the front pan of the oral
cavily (mouth). The vowels [ 4, ¢. &, a ]
form: @ sei of front refercnce vowels.

Geminate Adjaceni segnsests that are the
same, such & the wa consonants in the
midddle af alian “folla™ [ Tolla | (onowd).

Glottal An articulation invelviag the ghot-
tig, as [ ] in many feams of English “taa-
ioa” [ hain .

Glottalic alrstream mechanism
Mevement of pharvax air by the aciion of
the glaniz. Epectives and implosives are
produced with a glouslie aiaream mecha.
nism,

Glotlis The space berween the vocal fodds,

Hard palate The bony stnuctane that forms
the reod of the frant par of the mowth.

Homargande Made with the same place of
antscalalion. Thmn:h[d]md[nj.u
in English “hand,” are :

Implosive A stop made with a8 iagressive
glottalic afrsivesm, such as Sindhi [ 6 .

7

Impresslenkstic transcripiion A transcrip-
tan i which the symbaols indécane anly the
genersl phanetis value of the sounds,

Imitiater A prime mover of an airsream.
The closed gloiis is the initiator in gloealic
EfTeisive slops.

Intenshty The amoust of acowsic CRETRY
in & soumsd.

Interdental Aniculated with the tongue
between the upper and lower socth. Mamy
speakers of American Enghish use an inter-
demial artscalatbon in wands such as “thick,
this.~

Intonathan The pattormn of pitch chasges
tha cccur during a phamse, which may be a
complebe senlence,

Infonational phrase The e of an wiier-
ance over which 3 panicular inlonation pat-
berm exiends,

Labial An mriculation invelving one or
becith liges, smch as [ F v, mi ]

Labializatien A secondary amticulation in
witich Hp roundang is added 1o a soand, as
in Englizh | | J.

Labial velar (labiovelar) An anticulaicn
ivoliving simulinneous scticn of the back
of the tongss forming a velar closure and
ik liges fosming a balabial closare,

Lablodendal Am amiculation invalving the
lewer lip and the wpper front teeth,

Laminal An asticulaion made with the
Made ol the 1ongue.

Laryngeal The region of the vocal trset @
the glogtis in which conzonantal amicula-
tions such s [ h, 7 ] ane made.

Laryngealization Ancther name for
creaky vobie, 4 type of phanation in whick
the arybenoid castilages hold ibe possemior
end of the vocal folds togeiber so that they
cam vibrabe only a1 the other end, a5 in
Hamsa [ b |
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Laterad Am asticulaion in which the
airigream Mows over the sides of the
tongue, as in English [ 1] in “beaf.”

Lateral plosion The rebease af a plosive
by lomerieg the sides of the tongwe, s at
the el of the word “saddle.™

Lax A neem with mo specific phonetic cor-
relates, wsed when dividing vowels (o
classes on phonclogical groanids. In
English, the lax vowels are those that can
cocur in manosyllables closed by [ ] such
as “sing, lengik, hang, long. hung.”

Linguo-lablal Arkcislsied sabk ke oague
NEAr OF COMECHng the wpper lip.

Lip rounding The sition of bringing the
caomers of the laps toward ane another so
tkat the mouth opening is reduced,

Liguid A cover term for lmerals and vari-
ous forma of r-sounds,

Lodis The appareni poisd of origin of the
formants for each place of articulation.

Lowdness The saditory propeny of a
sound that enables a listener bo place it on a
scale podng frosn woll bo boud without con-
sudering the acoustic properiies, such as the
ingemsity of the sound.

Momophibomg A vowel in which there is
nio appreciable change ia quality dusing a
syllable, ad in Englishi [ a ] in “father™
Compare diphrhong.

hhhl'ﬂﬂh‘l]mﬂ Two different gesbares
of ¢ voeal organs that will produce the
same sound.

Mator theory of speech perception The
notion thai listemers perceive some aspects
of an ublerasee by reference Lo iheir own
activitics, considering what (bey wouhd
have 1o do in ceder 1o make simalar sounds.
Mubtivalued featore A feansre such as
Height that cam be used 1o classily sounds
in tevens of more than bwo possibillides,
Murmur Anolber name for breaiby valce,
a iype of phosation in which the vocal

Folds are oaly alughtly apart so that they
wibrate while allowing n high rate of air-
Flow theough the glonis, as in Hindi [ B* ]

Nurrow irnnscription A wanscription hat
shows phonetic dtails (such &, in English,
apiration, kenegth, ic.) by using a wids vari-
oty of symbols and, in many caies, discritice.
Masal A sound in which the soft palae is
lowered 20 that there 12 no velie dlosane
#ndl aly may go oul theoagh the nose, as in
English [ m | im “my."

Masalization Lowering of the sofl pala:
during a sound in which alf is going cul
throasgh the enoith, as im the vowel [ |
between masals in English “man™

Nasal pleslon The release of a plosive by
lowering the soft palate so that xir escapes
through the nose, as 1 the end ol e woed
“hidden.”

Nasal slop A complee oppage of the
aral caviey 4o that the airstream passes only
through the nose. Usually nasal stops anc
simply called nasals,

Nasal vowel A wowel in which pam of the
nirstresm passes out (heouph the nose.

Mucheus The cenier of 5 syllable. usaally
Just the vomed,

Obstruent A fricaiive, scop. or affricane.

Omset The consomnts acourring belfone
the wowel in a syllahle,

Open syllable A syllable without 3 conso-
ramd at the end, as the firsi syliables in
English “heehive, bylaw, sawing.™

Orral stop Coreplete stogpage of both the
oral and maial cavities. asin[b. d, g |

Palatal An asticulation invalving the from
of the tongee and the hard palate, as (s
English [ ] in “you.”

Falataliration A secondary aricalsibon in
which the front of the onguwe is rised
tewegarcd L hard palate, as in the so-called
sl sounds in Bussian,
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Palato-alveolar An articulation berween
the tonguse blade and he back of the alveo-
lar ridge.

Perseveratlve coartbculation The persisi-
ence of as aspecl of the articulation of one
wound into the follewing sound. For exam-
ple, ik nasalizadon of a vawel after a
nasal consanant.

Pharyngeal An asticulation invalving the
roat o the tonguee and the back wall of b
pharyn, as in the Arable [ 5]

Pharyagealization A secomdary arboala-
tian in which the root of 1he ongue i
drawn back sothat the pharyna is nar-
sorwed, az im some so-called emphatic can-
aonands in Arabic.

Phomneme One of o set of shstrac units
that cam be wsed for wriling a langusage
down im 8 sysiematic and unambiguous
way, See alio allophore.

Phenology The description of the sysiems
and panems of soands thai oocur in & lan-
Fuage.

Piteh The auditory property of 3 sound
that enables o lisener 1o place it on a scale
going from low 1o hagh, without consider-
ing the acouwslic properties, ssch as the fre-
quency of the soussd,

Plosive A stop made with a pulmonic
airstream mechunlim, such as in English
[plor(b)

Post-alveolar An amiculation involving
the part af the alveolar ridge posterbar 1o

the point of maxienum curvabare, for exams:

ple [ J ] in English or [ n ] in Malayalzm,
Prominence The cxtent to which @ sound

stands oul From others becsuse of B ponor-

ity. length, stress, and picch,

Palmanic airstrenm meechanism The
mevenseet of lusg aie by the respiratary
mascles. Mot sounds are produced with a
pulmonic airsiream mechanizm.

Riadical An sticulstion mads with the
root of the tongss,

FEL]

Redoced vowel A wowel thal s pronounced
with & noncontrasting centralized quality,
althowgh in the underlying form of & wond it
is part of a fall set of contrasts. The second
vorwel in Vemphasia™ 18 a reduced form of

the voawel [ae ), 2t in “emphatic.™

Reiroflex An articalation involving thss R
af the oague and the back pan of the alve-
alar ridge. Some speakers of English have
remrodien approninants in “rye” and “err,”
Relrodlexn stops ocoar in Hindd and other
languages spolen in India

Rhotacization The auditory propeny
known as rcoforfeg that resubts from the
bowering of the thard Forman.

Bhotic A foeen of English in which /i
can ogeud afler a vowel and within a sylla-
Bie in words such as “car, Bargd, caily.”
Most forms of Midwenem American
Erglish are rhotic, shercas most forms

of English spoken i the southem pan of
Ergland are monrhotic.

Rbymie The vowel (nuclens) and any cos-
scnanls occuming afier the vowel in a syl
labde.

Roanded A sound with added lip rounding,

Secondury artbculstion An articulaiion
maacde by pwe af e organs of speech ihat
are mot involved in the primary articalation.
The English alveolar lateral a1 the end of a
syllable, 25 i “eel,” ix often made with the
hack of the tongwee raised, and ihas has the
secondary articulation of velarization,

Semivowel A sound amiculased im1he
same way as o vowel, but nid forming a
syllable an s own, a in [ w ] in “we™

Sibilant A speech sousd in which there is
high-pitched, narbulent nodse, as in English
I8 Jand [ ]in “sip™ snd “ship.”

Soft palate The soft, moveable pam of the
palatc ol the back of (ke mowth.

Sonority The boudness of & soumd relative
to tha of oiber sousds wilk the same
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Spectrogram A graphsc representation of
wfinids im lerms of their compomee fre-
quencies, in which ame i shown on the
horizomal anis, freguency on the vertical
anis, and the inlensity of each frequency an
each moment im time by the darkness of the
mak.

Stop Complese closare of two anicalators.
This pewen usually implics an aral sop—
that is, compleie chosure of two sticulators
and 3 velic chosure, as in English [ b ] in
“buy.” Bul nasals, & in English | m | in
“my,” can also ke considered stogs.

Stress The use of exim respirsory gy
duaring a syllsble,

Strong ferm The Form in which a word is
promounced whes it i stressed. This ferm
i uiually applicd only to words that nor-
mially ocoar unstressed and with a weak
form, sisch s o™ asd 2™

Suprusegmental featares Phonetic fea-

pures such i siress, Il'l;ih..Ll:ll'IE.l.rﬂ!'rl-tﬂ-
ration, which are mot propemics of single
comsonanis of vowels

Syllable A unit of speech for which there
is mo satisfactony defistion, Syllables seem

b0 b pecessany mnits in the mental orgassd-
zabon and production of utierances.

Syulematic phonelic transcription A
transcriplion that shows sl the phoncic
dietails that 3se pan off the language and can
b wtated in bermns of phonological nales,

Tap A rapid mevement of the lap of the
tongus aprwand 1o contact Lhe roof of the
enauth, them retuming o the foor of the
maouth alosg the same path.

Targel positbon An ideslized anscalaiory
peosition thal can be used & a reference

paint inm descnbing how o speaker produces

uEranes.

Tense A term wilh no specific phonetic
cormelses, wix when dividing vowels inba
classes on phosalogical grounds. In
Englizh, the tense vowels are thess hat can
cocur i stiesesd open syllables such as

“hee, bay, bak, saw, bow, boa, bay, boagh,
oy, ciae”

ToRl A syssem for transeribing the inbona-
tion of ublcrances im lerms of & sequence of
pitch sccests—Hiigh) and Liow) and com-
binstioni—aon stressed syllables, intons.
with a set of Break Indices indscating the
degree of connection between adjacent
words ranging from 1 iclose connectban) ta
4 {maximuemn beeak),

Tome A pitch that comveys pan of the
mezaning of a word. In Chinese, for exam-
ple. [ ma | promounced with a high-bevel
lome mezans “meother” and with a kigh
falling sone means “wold.”™

Tome sandhl A change of tane doe 1o the
infMeence: af neighboring tones.

Tonle syllable The syllable wilkin a tone
Eroup that stands out because it carries the
major pich chasge,

Trill An articulstion in which one amicila-
ior is held loosely near anober 2o that the
Mo of air between them sets them in
midliaon, allermately sucking them I;ngﬂh:[
and blowing iheen apart. In some forms of
Scottish English, [ ¢ ] in “rip™ is trilled.

Unreunded An ardcalation in which the
lipis are i a gpeead o newtral position.

Uwalar An aniculaton invalving the back
of the longws and the uvala, as in Premch

[ % ] in “roage™ [ wag ]

Velar An aniculation invalving the back
of the tengue asd the velum, or the sofl
palate, a5 in English [ g ] in “guy.”

Velaric nirstream mechanlsm Movemes
of mouth ale by action of the longue.
ﬁkhﬂpﬁxﬂuﬁ& a velasc
airsiream mechanksm,

Velarization A secondsry smiculstion in
which the back of the tonges is raised
toward the sofl palate. In many forms of
English, syllable final [ §] as in “Hill" is
stromgly velarized.



Velic [nvolving the upper surfnce of the
velum, or sofi palae, and the pharyns. A
velic clasinre prevents air from escaping

thercagh the nose.

Yelum The salk, movable part of ike palaic
= the back of tbe mouth,

Vocal tract The air passages shove the
vocal folds, The vocal tract condasts of the
oral tract and the masal racl.

Vocobd A sound wilk no obdtruction in the
cemter of the mouth, Vowels and semivow-
el are vacaidi.

Vobee bar A dark area near the baseline in
a specirogram, indicating vobcing durisg a
Consoral.

GLOSRARY

Voleed Having sibrations of the wocal
fodds during an articalation, az in English
e ] bn e 15 a partially voiced sound,
vl Fold sibrations oocur during only pan
af the articulaton, & ofien in English [ 4]
in "die.”

Vaoleeless Promouseod witkoul vibrations
of the vocal folds, as in Engllish [ 5 ] in

Vaoloe Onset Time (VOT) The momen a
which the vodcing stans relative o the
relense of 2 closuse,

Weak forma The unstressed form of any
word, sisch a5 “bat” o “as.” thal does nod
manntaen s Nall fiorm when it occurs in
ponversational speech.
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Some of the data presented in this book are from published sources or from per-
sonal communications from colleagues.

The IPA charts inside the front and back covers have been reproduced with
permission from the International Phoretic Association. Inquiries conceming
membership of the Association should be addressed to the Secretary, Interna-
tional Phonetic Association, Department of Linguistics, University of Victoria,
Victoria, B. C. VEWIP4 Canada. E-mail; esling @uvic.ca

Many of the statements on English allophones in Chapler 4 are based on ob-
servations by my colleagues of the TIMIT database and other databases that re-
flect the pronuncistion of a large number of American speakers of various di-
alects,

The recordings for the pitch curves in Chapter § and the spectrograms of
American English were provided by my colleague Bruce Hayes.

The photographs of the glowis in Chapter & were taken by John Ohala and
Ralph Vanderslice.

The relation between frequency in Hz and pitch in Bark is given in:
Schroeder, M. R., B. 5. Anal, and J. L. Hall (1979). “Objective Measure of Cer-
tain Speech Signal Degradations Based on Masking Propenties of Human Audi-
tory Perception.” In B. Lindblom and 5. Ohman (Eds.). Frontiers of Speech
Communication Research (pp. 217-229). New York: Academic Press,

The x-rays of candinal vowels used in Figure 9.3 were published in: Jones, 5.
“Radiography and Pronunciation.” British Journal of Radiology, New Series,
Vol 3 (1929), 149-50.

The acoustic data on the formant frequencies of vowels (Figure 8.7 and 9.1)
are from: Petersen, G. E., and H. L. Bamey. “Control Methods Used in a Siudy
of the Vowels.” Journal of the Acoustical Society of America, 24 ( 1956),
175-84. Holbrook, A., and G. Fairbanks. “Diphthong Formants and Their
Movements.” Journal of Speech and Hearing Research, Vol, 5 (March 1962),
353-58.

The data for the plots of different accents of English are from: Hagiwara, R.
(1995) “Acoustic Realizations of American / r/ as Produced by Women and
Men,” unpublished Ph.D. dissertation, University of California, Los Angeles
(Californian English); Hillenbrand, J., L. A. Getty, M. J. Clark, and K. Wheeler
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(1995), “Acoustic Characteriztics of American English Vowels.” Journal of the
Acoustical Society of Amenica, 97(5), 30993111 (Morthern cities); and Deter-
ding. D. (1990). “Speaker Normalisation for Automatic Speech Recognition.”
unpublished Ph.D. dissertation, University of Cambridge (BBC English). The
data on American English / r / are also from Robert Hagiwara's Ph.D. disserta-
tion,

The data on Spanish vowels in Chapter 9 are from: Delattre, Pierre, “Com-
paring the Vocalic Femures of English, German, Spanish and French.” Interna-
tiomal Review of Applied Linguistics, Vol. 2 (1964), 71-97. The data on Japan-
ese vowels ane from; Micke Han. Japanese Phonology. Tokyo: Kenkyuusha,
1962. The data on Danish vowels are from: Fischer-Jorgensen, Eli. “Formant
Frequencics of Long and Short Danish Vowels.” in Studies for Einar Haugen,
ed. E. 5. Firchow et al, The Hague: Mouton, 1972,

The x-rays of the Akan vowels (Figure 9.6) were provided by Mona Lindau.

The description of vowels mentioned in the first exercise at the end of Chap-
ter 9 is published in: Stevens, Kenneth N., and Arthur House. “Dievelopment of
a Quantitative Description of Vowel Articulation.” Journal of the Acoustical So-
ciety of America, Vol. 27 (1955), 484-93.

The description mentioned in the second exercise at the end of Chapter 9
was suggested by Morris Halle and Kenneth N, Stevens, Historical descriptions
of vowels mentioned in the third exercise may be found in: Helmholtz, Her-
manm. Sensartons of Tone, First published in German in 1863, the fourth edition
was translated by A. 1. Ellis and published in English in 1885, Reprint. New
York: Dover Publications, 1954,

Much of the dma on particular languages is from my own fieldwork, usually
conducted with the invaluable assistance of other linguists who were more fa-
miliar with the linguages being investigated, Many of these data have been
published with appropriate acknowledgments to the linguists who wese the
origingl sources, in Sounds af the World's Langiages, Peter Ladefoged and lan
Maddicson, Oxford: Blackwells, 1996,

As noted in the Preface, much of the data in the tables and exercises is in-
cluded in the UCLA database on Sounds of the World s Languages, which is
available on a set of disks for Macintosh computers and partially available on
the Web at a site also noted in the Preface.



Terms in bold are also in the glossary,

Acoastic comelates, of consomastal fea-
tures, 155
Agoasiie ingonsity, and boudmess, 165
Acoastic phonetics, 161-104
BCOUSLIC Masarements in. 166-160
consanants, 179-184
[armand chans in, IT6=1TH, 195-1946
individual differences and, 194196
lusdness asd isnensaly in, 165-166
pivct and frequency in, 164=165
o] waves amd, 161=163
vowels, 1 TO-1TE
Advanced Tengue Reot (ATE), 211-212,
10, 53, 140, 149
African languages
hilabial fricamves in, 139-140
clicks in 119, 121, 2od=D65
cjoctives in, 115
Iahial velar scops in, 146147
laryngealiration in, 125
lmerals an, 153, 266
nasal vowels in, 214
prenssalized dops in, 145
trillls, taps, and Flaps in. 151-152
vowels im, 211
Albr pressuse, vaniations in, 161=162
Ariiream
indtiators of, 113
Abrsiream mechanisms, 113-122
gloaalic, 114=118, 122
pulmomic, 113, 122
velaric, 119, 122
Akan
labiakization im, 219
palaial mogs in, 144
vowels im, 211=212

Aleut, 145
Allophanes
defimition af, 37
glomal stops as, 49
rubes For, S6-60, $£2-85
of slop condcnanis, 44
Allaphenic transcription, 19, 279
Alternations, 19, 80, 91
Alveolsr sffricmes, 140
Alveolsr approximants, | 54-155
Alvgolar consomants, acoustic cormelmes of,
172181
Alveolsr nacal phosion, 49-50. 147
Alveodar ridge, 3
Alveolar stos, 59
Ambisyllabic, 230
Amsrican Englash
alkophaone rales in, $2-93
Boston ares, T2
Califoemdxn, 75, 141, 195, 207
Canadian English, T6
dental fricatives in, &
Eastern, M), 75
Midwestem, 26, 30, ¥, Ti=T6
Mew Yook, B2
Moathern cies, 207
rhodasaration in, 77=-7%, 212
standard, T0
syllabdc [ r] in, 3&
Lapd im, 36-37, 58, 1501=152
tense and lax vowels in, %1
retrodlex flags in, 152
welarizason in, 56
wowels in, B2-82, 10020y,
207208
wigles o pronunciation of, 70

e}
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alfricates in, 150, 167
cfectives in, 115
implosives in, 117
laryngealizaizon &n, 126
Antleipatory coarticulation, 56, 84, 93,
248

Apertare feature, 260
Apleal sousds, 143, 156, 255, 259
Approximants, 11, 36, 54-57
acousiic coarelaes of, 185
lateral, 152-155
sermavonels ax, 206-217
in Spanash, 144145
statas of i, 56
vopitbess, 5T
Arabic
empatic consenanls in, 219
epighottal sounds in, 163, 255
pharyngeal sounds in, 146
writing. X6
Articulation
oo-accurming ariscoulaisons, 146
e of, 267-204
besziss of place of, 179
manmers af, 8=12, 147=154
places of, 3-8, 139147, 271
secondary, 21 7-220
Anicubarors, im oral ract, 3
Arvtenoid cartilages, 123125
Aspiration, 44
Assimdlation, proccss of, 93
+ATH. Sre Advanced Tonguee Root (+ATR)
Auditory equadisiance, betwesn vowels,
02, 252
Australian aboriginal languages, 143

Back vowels, 12-13
Backness, vowel gaality and, 200, 214-215
Banta languages, 235
Bark scale, 167
Bilakinl, 5
Bitabial affrecabcs, 150
Bilabial clscks, 119, 146
Bilzbial consonants, acouitic comelases of,
185
Bilabial fricatives in Ewe, 140, 265
Bilabial orlls, 152
Bresthy vaioe, glotis in, 123=124
British English
denials im, &

[armants im, 175

glotinl siops in, 4%

lateral plosson in, 50-51

Londan, Cockney 43, 76-77, 150, 152

Scogiizh Ehil'ﬂh. 12, 71, 78, 151, 208,
233, 152

spocirograms of, 175

works on pronungiatios of, 70

Broad transcripiion, 34
Burmese, 150, 265

Califormdan Brglish, See American English
Canadian English, 76
Canionese Chinese, topes in, 246
Cardinal vowels, 101-106
defined, 201
secandary, 20d=30
Chadic lenguages, 1216
Chaga, 154
Chimese
Alveolospalacals in, 144
Cansoncss oncs, 246
pitch in, 235
Shonghai tope sandhi, 238
Swllables, codas in, 230
1@ in, 235-238
Cilation form, of wards, 92
Clicks, 119-1X2
apelling of 121
i fala, 264165
Chosed syllabie, #1
Coarticulation
anlickpatony, 56, B4, 93, 248
languazge change and, 25|
perseverative, 93, 248
Cockrey English
plotial stop im, 48
vowel sounds and, 76
Coodm, of syllables, 230
Computers, 197
Condonant chards, 14, 253-254
Consonants,
scoiasieg ormelascd of, 185
allophone nules for, S6-60
of English, 28-2%, 4350
length of, G0-61, 233
Contour tomes, 236-238
Coordinalive structares, 249
Coronal smiculmioss, 3, 51, 142, 259
Cough, ghoteal stop in, 45
Creaky vobee, 132
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im Arabec, 146 Epaglogtiz, 4, T
im Hausa, 136, 131 Eskimo, uvalar stops in, 145
a5 a Gloital Stricnere value, 261 Estonian, length is, 233
plottis and, 124, Ewe
jpitch and, 234 bilabial frécatives in, 140, 265
vvwel ovenonss Im, 170-171 labis] welar ssops in. 146
wanvehorm ol 163
Crech Feslures
stress fm 231 hberarchy, 252-257
ks wn, 152 of wowels, 21d4=215
Fennish, lengih in, 233
Dranish, Flap, aniculson of, 12, 151-155
Prosunciation of “Ladefoped,” 260 labdadental, 153
voswels an, 210, 233 in specirograms, 193
dB (decibel), 154 Formaniz
Declinatbon, 335 charts, 177178, 2001, 207-209
Deenral elicks, 119-120 defined. 171
Deental conscmaniz, 141 fredpaencies of, 172
Diwcritics, 38, 333, 158 French
Diphthangs, 28, 30-32. 7677 approximants in, 152
Dorial dental stogs i, 141, 143
articalation, 5, § nasals in, 141, 143144
as & Place valbge, 258 palmal nassls in, 144
Dorsum, 145 perseverative coaticulation in, 248
Downdrill, 106 semavowels im, 216=217, 268
Downstep, 104, 106, 107 siress in, 231
Dravidien languages irills in, 153
Malayalam, 141 uvular fricatives in, 145
Touda, 254 vioice omsel cimse in, 129
Duich, 27 vorwels (m, 170, 200, 206, 214, 252, 26
Froquemscy
Ease of articulation, 251 delined, 1864
Eastern Ametican English. See Anserican jpitch and, 164
English Fricatives, 51-53
Epede, T2 acousiee commelabes of, 184-183%
Ejective affricuics, 147 articulation of, 10, 149150
Ejective staps, 131-132 bilabdal, 130-140
Ejectives, 115-116 epighoeal, 146
in IPA, 254 glotial, 254
in Lakhkoua, 115 interdenasl, 265
in Mavajo, 264 palatal, 144
lageral, 154 pharyngeal, 146
Elemenis of Acoustic Phonetics (Lade. retodlex, 142-143
faged), 272 sibalant sounds as. 11, 155
Emghatic consomans, 21% avular, 145, 152=<]4%
English. See American English: Hritish wvelar, 144, 365
English; valeeless alveolar lateral, 153154
EFD. Englich Pronsuncing Dietionary voiceless paluinl, 144, 265
{lones), T vaiceless retrallex, 254-255
Epenibsais. & Froni vowels

Epighottal sounds, 146, 255 Fandamental frequency, 165, 174, 191-192



Giachic
iyl lables amd 1ome, 240
ke Oweet Timee in, 129
Geminates, 234
aermisn
alveolar affricates in, 147
balabial affricabes in, 150
palatal fricaiives im, 144
velar fecatives in, 144
vomcls ing 2HE
Crermamic languages, stress in, 231
Crloital fricacives, 254
Cibotnal staps, 16, 4350, 131, 254
i ledtalic airstrean mechanisnas, 115,
1T, 1230
Gidoealic egnessive sounds, 122
Gillottalic ingressive sounds, 122
Grloatis
defaned, 122
stales of, 122=125
Groek, fricatives in, 265
Cigjaran, 124, 126,

Hard palate, 3
Harmsnics, 191-192
Hausa
declination im, 239
ejectives im, 115
Maps im, 152
laryngealization in, 126, 147
fone in, 236
wrillls, caps, and Naps in, 152
virwels in, 252
Hawaiian, syllgbles im, 230
Hebrew,
cpaglotial sounds in, 255
uriting, 22
Helmholez, Hermann, 174
Hemz, a8 unil of frequency, 163
Himedi
denaal stops in, 161
phonation types in, 124, 129-131, 261
relcoflex stops in, 142<143
Hizstory of writing, 226
Homaonyens, 93
Hemonganic sousds, 30

[hibsa, 245

Igho pones, 235

Implosives, | 17-119, 122, 131, 147, 254,
262

Impresshonistic tramscription, 3%, 257

Indiam {Asian) languages. See pames of
speciflic languages
Intensity
defined, 165
baudsess and, 165-167
Imerdenial fricatives, 265
Interdental scands, 6
[snermnational Phonetic Alphaber ([PA), 25,
251257
[sternmicnal Phosetic Association ([P,
L5, X9, 70, 7T,
Indonation, |4, 9-107. 170, Ser alse Tones
Acoustic analysis of, 164, 192
Creaky voice in, 125
defined, 234
im [P, 255
stresd and, 106=11T
symthetic speech and, 196
ToB] trasscripiion of, 103-107
IPA. Ser Intermnational Phomsetic Assocation
cend Intermational Phonctc Alphabet
lialinn
dental fiefis and nasals in, 141
jpeminales in, F3=2%4
laterals in, 154
palaial nasals in, 143, 144
perscverative coarticulstion in, 24%
rebeased conscnanis in, 48
NVOT im, 139
vowane] souskds in, 27
Japanese
lip rounding. 216, 261
Tength in, 234
o and, 234
pitch accent, 240
rscand, 154
vowels ine 209, 210, 216, 252
wriling, Y36

Jomes, Daniel

dictianary, 70
cardira vomwels, 201

Kele, mills in, 152, 153
Kulep, tome in, 236

Labial aniculations, 5

Labial velars, 146147, 355
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Labialization, 53, 21%
Labéndenca flap, 133
Labsodental nasal, 140
Labisdental chstnaction, &
Labiodents] stops, 140
Labsovelars. 146147

Lakkota
ejectives in, 113
velar fricatives in. 144

Laminal sounds, 143, 255, 258

Laryngeal feavare, 258

Larymgeabization, 126
inArabic, 146

Larymx, |

Laternl click, E30, 121, 134

Lateral ejetives, 154

Lateral phosion, 50-51, 154

Laterals {laters] scands)y, 11
sooastic comelates of, 185
palanal, 154
netrafles, 154, 254

Lax vowels,

im Enghishk, BO-%2, 211, 253
i Gierenan, 267

Leagih, 232-233

Linguo=lahial, §4)

Lip rcanding, 13, 56, 219
carhnal vowels and, 202-704
Formants and, 176, 17T, 153, 211
percepiual separation and, 152
wirwels and, 210

Liquid {consonants), 2

Locus, of place of amiculsion, 179150

{Wellsp, 7O

Loudmess
scoustle mensdly asd, 165-167
delfined, 187
intensity and, 187-158

LPD. 5e¢ Lorgean Froaunciation Diciic:

nurry | Wellsh
Lugareda
declinaiion in, 237
kngih in 233
Bones in, 25
Lungs
alrsream meckasisms and, 114
speech sounds and, |
as pan of a8 cooadinative snectane, 249
reladion 1w arees, 93
Malayalam

I8S

dientsd, alveolsr asd resrallex soands an,
141-142
laterals in, 154
trills in, 153
Mandaria Chinese, tones m, 235-23%
Margi
flaps in, 132, 133
imed stops in, 143
Midwestiern American English. See Ameri-
can English
Mliminaad ser, 25, 38
Manaphithongs, 73, 77
Mo, in Japanese, 354
Motor equlvalence, J48-23)
Murmwar, glotis in, 124
Musmured vowels, 126
Murmured stops, 129-151, 147

Mana, ks im, 120
Marmoa=hand spectrograms, 191<192
Murrew transcripthon, 28-39, 257
Maszal consanants, 9-10, 55, 150
scoustic cormelaes of, 1E]
Masal plosion, 4950, 147
Masalizathon, 213214
acoudtie correlates of, 186, 193
discaiic for, 59
Masalized vowels, 84, 215-214
Mative Americas languages. See American
[ndiam languages; and rames of spe-
cific langunpes
Mavajo
cpechive alfricales an, 147
lateral ejectives in, 147
slops im, 264
VOT im, 127-128
virwel sounds im, 30
Mew York Englisk, See American English
Mewton, Isaac, 174
Morwegian, 27
Nucleus, 1)

Obstruents, 53, 57-58

(44 Englich, 201

nzed, of syllables, 230

Oipem svliabile, £1

(ral stop, and aticulation, §

Chral pract, asticulation in, 3

Ce-masal process, 8

erline of English Phomerics, An {Jones),
Xz
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Crreriomes, of vowels, 170
&-r,l':!.r:l Covarize INctionary of Pronmecds-
rion, 69, 76

Pabatal fricatives, 144, 200
Palatal lalerals, 154
Paistsl nasals, 143-144
Palagsl obstruction, 7
Palatal stops, 144
Palatalizathon, 217-218. 219
Palate, 3
Palato-alveolar affricstes, 143
Palato-zlveolar Fricative, 28
Palao-alveolar obstruction, T
Perceplion
of pilch. 166
of #pess, 93
Perseverative aficulstions, 145, 238, 248
Percepiual sepamation, principle of, 211,
251-252
Pharyngeal fricatives, 146, 201
Pharyngesl sounds, 146
Pharyngealization, 215
Pharnx, 1.3
Phomemes
defined, 23-24
phonclogy and, 36-38
Fhoneisc trasscripion, 33-32
b Aransciplion. X8
af chicks, 119=121
comsonant and vowel chasts, 14-35
discritics wied in, &0
dsapgreements in, X7
impresskonistic transcription, 38
NArTOW IFAnseriplicn, 38
ivslentalic phometic irmnscripgion, 3%
Phaneticians
defin#tion of, 1, 23
Pheomolegical ranscription, 39
M\-B"Hr Huj-q
phometics and., 257
Fiech
defined, 1648
frequency and, 164-165
ingonation and. 15, ¥9=107
of overiomes, 170
atress amd, 15, 93, 06, 00, 232
inmes and, 233-239
on bonic syllables, 99- 103
vocal Folds and, 125, 233

Peich aceems, 103-107
Fuich bevel, im Mandanin Chimese, 2331-234
Place festure, 355
Plosson. lateral, 30=51, 154
nasal, 40-50, 147
Flosives
defimed, 11, 113
implisives compared with, 116117
Palish,
alveclo-palatals in, 143
SEfes im, 230, 234
Post-alveslur sounds, T, 143144
Prenasalized staps, 143, 147-148
Princaple of percepeual sepasation, 211,
251-252
Promidmence, 46, 229
Pulmoale airstream mechanins, 113,
122, 262
sccompasying clicks, 120

Quechua, stops in. 145

Radical, 25%
R-coloring. of vowels, T, 186, 159, 208,
212
Reduced vowel quality, T9-80, 55-06, 9§,
232
Respiratory system, in speech sounds, |
Reiredlex feavare. acoustic comelates of,
185
Retrodlex (mcatives, 1 59-160
Retroflex ohstaction, 7
Retroflex sounds, production of, 141-142
Retroflex slops, 143-143
Redroflex vowels, 78
Rhotacization, 77
Rhotacioed vowels, 77-78, 156,
22-213%
Rhotle, T8, 212, 261
Rbyme, of syllables, 230
Ehythm,
stress and, #E-99, 231
synihetic spoech and, 196
Rounding. See Lip rounding
Ruassell, G, Oscar, 177
Fiaisian
rakal plosion in, 147
palatslizateon in, 217-218

Sandhi, tone, 238
Schwa,
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Scotiish Enghisk., Ser British English
Stﬂndl.lj' articulation, 217=-21%
Semitic languages 146
Semitic eyllabary, 225
Semivowels, 155, 215=217
in French, 267
Semaence stress, 118-119
Semtences
English words asd, %1-107
fimal position in, 115
ehitial positicn i, 44, 56
imomation im, 15, $9=107, 234
stress in, 98, G-, 232
Skona, tone in, 24
Sibilanl, as a feanare value, 260
Sibilant sounds, |50
Sindki
breathy vosced staps in, 129
implosives in, 116=118
VOT, 120
wavefomeas, 126-127
Skavic languages, palatalization in, 217
Slips of the tongue, 240
Soft palate, 34
Sonority, syllables and, 227-220
Scand waves, 4446, 162=163, 166
acoustic phonetics and, 161=164
Spanish
laterals im, 154
palatal nasals in, 144
stops becomsing frecatives. 260
taps im, 151
il im, 151
welar fricaiives in, 144
WOT, 120
worwels an, 9, 105, 252
Spectrograms
of comnected speech, 186190
of consonants, 180184
individuzl differences and, 194-196
marrow-hand, 191-192
ai “vaiee—-prints.” 194, 196
of vowels, 17T3=1T5, 193
of women's voiges, 192193
Speech ervors, 230
Seetson, B H., 220
S5op consonanis, 49-55
Sops
acoustic comrelaies of, 1T9-1599, 145
mirstream mechasdsms and, 113-116
anigalation of, 8=9. 147=14%

287

nasal, %
Siress, 9399

alwrnations in, 94

defimed, 231232

degrees of, 94-9%8

functions of, 15, 93-94

im [P, 255

perception of, 93

pitch and, 15, 23, 96, #45, 232

rhythny asd, S5-04, 23]

senbepcs, 95, UE-09, 232
Serang farm, of wonds, 91-92
Suprasegmendal festures, 14-15

defined, 225

lengsh, 232-233

pitch, 233-239

siress, 2302332
Swahili

prenasalized stop in, 147

phonemic transcription in, 24

shress im, 231

vowels im, 252
Swedish,

pitch accent, 240

vormels in, 267268
Syllable—timned language, French as, 231
Syllabbes, 225-230

ambisyllabic, 230

i ancient wiitieg, Y15

chest pulss and, 279

cloded, 81

coda of, 250

delfimed, 230

ondet of, 230

open, 1

prosnimescs peaks in, 220

thyme of, 23

somority of, 2237-328

speaker activity and, 20

lamnic, =102

unsiressed, TH-50
Syminctic mformation

istonation and, 254

sbress and, 54

tone langeapes and, 139
Systematic phonetic transeripiion, 30,

256257

Tamal, 151
Taps, 11, 150-1355, 156, 260
Target toncs. 103-106
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Teise vowels
in English, 2082, 211, 216, 252
i Cermean, 267
Thaa
siops im, 129, 130
B k0, J36-23E
Titan, billahial orills im, 152
Tiw, kabdal velar spops in, 146
ToRl (Tone and Break Indices), 10%<107
Taoala, retroflex consonants in, 254, 255
Tone letters, in Mandarin Chanese, 237
Tome sandhi, 232
Tomes, 233-240. See alio Intonstion
comiour bones, 236258
in IP4, 255
Tangse
Advanced Toague Rool (#ATR),
2012132
i cardinal vowels, Tk-04
parts of, 4-5
slips of, 230
Tonmle accent. 96-102, 235
Trachea, |

Trasscripiion, See Phomemic transcription;

Fhoneti transcriplion; Phonological
Iranscription

Trills, 11, 150-152
Turkizh, vowel sounds in, 30
T, labsallization in, 219

Unroumsded vowels, 13
Uivula, 4
Uwualar sounds, 145, 151-152

Yelar cononanis, acoustic comelaies of,
180181, 15
Vielar fricalives, 144, 268
Velar nasal plosion, 50, 54
Vielar abstnaction, T
Velaric airciream mechankms, 119, 122
Yelurfzatlon, 35-56, 218 219
deacrivic for, 60
Vil closure. 4
click sounds and, 120
Vieluam (zalt palate), 4
Wictnamese
implosives in, 1ET-118
eme in, 236
wonelt ing, 265
Vocal folds, 1

piich and, 125, 233
Vocal organs, 1-5
Vocal tract, 2-5
Yocold, 215
Vaolee bar, 179
Vaice, in leabare hicrarchy, 363
Voice Onset T (VOT) 125-131
“Wodce—prings,” spoctrograms as, 194, 196
Voleed sowends, 1-2
WOT, 1251310
Viowel albophones, rubes for, 82-85
Verwed chans, 36-37, 74, 1 77=178, 200,
D07y, 254285
Vowel height, 176, 193, 202, 3, 261
Werwel quality, summary of, 214=215
Vowel space, T2, 204208
Wowels, 199-213
Advasced Tongue Rool, 211=212
aticulation of, 12=14
auditory qaslities of, 72, 214
back, 12-13
cardanal, 201 -HH
diphihongs and, 28, 30-32, T6-T7
front, 12
lax, B0-3F 211,252, 267
lengeh of, 232-233
nasalization of, 4, 213-214
phosalopical pules and, 75-06
quality, summary af, 214=215
r—oodoring of, 77, 186, 18%, 20, 212
in reduced syllables, T9-80, 9596, 98,
¥
hsmacized, TT-78, 156, 212-213
secondary cardinal, 204206
tense, 30-81 211, 252, 367
rongue position in, 12=14
a—ray studies of, T8, 177, 203

Waveforms, 4446, 162-163, 166
Weak form, of words, 91-93
Wehster's Mew Inrermirtbongd Dicrdonaey; 227

Wells, J..C. 70

Wielsh, laterals in, 153
Wide—band spectrograms, 191-192
Willis, Roberr. 173

Windpipe (trachea), in speech sounds, |
Wiveds

citatios form af, 92
miinimal el of, 25, 18
strong foem of, 91-92



ayllables in, 244247
wieak form of, 91-93
Wiriting, Bistory of, 225

Khosa, 1%, 121
X, 109

Yorubs
labis] velar stops in, 146

nasal vowels in, 214
o im, 235-236

Falw
clicks in, 119, 254-265
egectives, 121, 154
lmterads in, 133, 266
pitch in, 252
sones in, X34, %G

]
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MACRITICS Diacritics may be placed above a syssbol with a desornder, e.¢.. 1]

. Wolceless D | . Beeathy voiced Pa |. vema 5_11
. Voiced $1 |, Cralyvoiced D@ | apa td
Poagineet | vl 0 d | Laioa 1d
. Mocrousded 3 | % Labialiced *d* Nasalized é
Less rounded 3 | palatalived _l.illi;| 7 Mol rebeace d®
Aukaniced 1] ¥ Velarized YdY |1 Lateral relense el
|.  Rewrated i‘:- % Pharysgealized lflir— " Noauditlereleme o
“ Comliod & |~ Velarized o phasymgestiond § -
T Medceotralined & |, Raissd € (J wvoloed alveolar Fricative)
. Syllabic n . Lowered ¢ i[Bmvoicod bitabial approximant)
o Mon-ayllabec e r MTEI;IIM v .
+  Rhwticity T B Rerced Tonpue Rot € n
OTHER SYMBLS
M Voiceless labial-velar Erbcthie G 3 Alvelopaissl fricasvrs ]
W Voloed lablabvelar spprosimamt J  Alveolar lsteral Map
Y Voiced labial palassl spprosimant [} Simulasecus [ snd X
H  Voiceless epighotial fricative
¥ Voicod opighottal fricative Affricates and double amiculations. -
| can be represensod by two symbots K (5
[-? Epightal plosive o by @ the bt | eoeciary:
SUPRASEGMENTALS TONES AND WORD ACCENTS
" Mok avoe LEVEL CONTOUR
v Seommdary e
founa'ti[an 3 s e /| Wising
¢ Long e: 1 np e Y Falling
e &4 i i
* Estraibort & i Py
: & Lo g
| Minor ifoots group s
E J Extm e -"1 R_‘u,‘q-
I Major (mbonation) groug Jira e falling
. Syllshle break  Ji_geKI ¢ Downstep * Gilohal ring
_ Linking (absence of abreaky | | T Upsicp +  Giloal fal
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