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To Roman Jakobson



PREFACE

This study of English sound structure is an interim report on work in progress rather
than an attempt to present a definitive and exhaustive study of phonological processes in
English. We feel that our work in this area has reached a point where the general outlines
and major theoretical principles are fairly clear and where we can identify the areas requiring
additional intensive study with a reasonable expectation that further investigation within
the same general framework will not significantly alter the overall picture we have presented,
although it may well be that new and different insights-perhaps along the lines discussed
in Chapter Nine-will lead to signifcant modifications. We have decided to publish this
study in its present intermediate stage in the hope that it wiil stimulate criticism and dis-
cussion of basic issues and perhaps involve other investigators in the immense task of
extending this sketch to the whole of English, providing the same sort of description for
other languages, and enriching and sharpening (and, no doubt, revising in many ways) the
phonological theory on which it is based.

This book is organized in the following way. Part I opens with an introductory
chapter, Chapter One, in which background assumptions are briefly sketched. In Chapter
Two of Part I our major conclusions with respect to phonological theory and the phonology
of English are outlined. Also discussed are the possible implications of this work with regard
to perceptual processes and the conditions under which knowledge of a language (and,
presumably, knowledge of other sorts) can be acquired. We have tried in Part I to present
an informal account of the main conclusions that we reach and to illustrate the kinds of
data that support them. Thus, readers interested only in general conclusions may wish to
read no further.

Part II of the book is an elaboration of the topics treated in Chapter Two of Part I.
Chapters Three and Four examine in considerable detail two aspects of English sound
structure which were only sketched in Chapter Two. In the course of this detailed investi-
gation of English sound patterns and their underlying structure, certain rules of English
phonoiogy are developed. These rules are restated in Chapter Five, which concludes Part
Two. The primary emphasis in Part II is on the phonology of English; theory is developed
informally as needed for the exposition and analysis.

Part III deals with certain aspects of the historical evolution of the sound patterns
revealed in the synchronic study in Part II.

Part W is devoted to phonological theory. The informal discussion in Part I is ex-
panded upon, and the theory presented in an ad hoc manner in Part Il is systematically



Preface

developed. The first chapter of Part fV-Chapter Seven-is concerned with universal pho-
netics, that is, with the general theory of linguistic representation of speech signals. Chapter
Eight deals with the principles of organization of the phonological component of the gram-
mar, that is, with the rules that relate syntactic structures to phonetically represented speech
signals. In the ninth and concluding chapter, a proposal is presented for an extension of
phonological theory that takes into account the intrinsic content of features. Part IV is not
concerned with the structure of English but is intended rather as a contribution to universal
grammar.

We have made no attempt to avoid redundancy or repetitiousness where we felt that
this would assist the reader in following the analysis or argument. Thus, much of the dis-
cussion in Part I is repeated in Part II, with additional detail and analysis, and Part IV
recapitulates, more systematically, much of the contents of Parts I and II. Each of the four
parts of the book is very nearly self-contained. In particular, readers famiiiar with the general
background of this work and its major conclusions as outlined in lectures and publications
during the last few years might prefer to skip Part I altogether.

In writing the book we have had two classes of potential readers in mind: first,
readers who are concerned only with the general properties of English sound structure, with
the consequences of these properties for general linguistic theory, and with the implications
of general linguistic theory for other fields; second, readers who are concerned with the
detailed development of phonological theory and the theory of English, that is, English
grammar. Part I of the book is dirscted to the first class of readers; Parts II, III, and IV,
to the second.

One other point of clarification is needed. We have investigated certain topics in
considerable detail and have neglected certain others in what might appear to be a rather
idiosyncratic and unmotivated pattern. For example, we have studied the stress contours of
English in some detail, but we say nothing about the gradations of aspiration that can easily
be observed for English stop consonants. For one concerned solely with the facts of English,
the gradations of stress may not seem more important than the gradations of aspiration.
Our reason for concentrating on the former and neglecting the latter is that we are not, in
this work, concerned exclusively or even primarily with the facts of English as such. We are
interested in these facts for the light they shed on linguistic theory (on what, in an earlier
period, would have been called " universal grammar ") and for what they suggest about the
nature of mental processes in general. It seems to us that the gradations of stress in English
can be explained on the basis of very deep-seated and nontrivial assumptions about universal
grammar and that this conclusion is highly suggestive for psychology, in many ways that
we will sketch. On the other hand, gradations of aspiration seem to shed no light on these
questions, and we therefore devote no attention to them. We intend no value judgment here;
we are not asserting that one should be primarily concerned with universal grammar and
take an interest in the particular grarnmar of English only insofar as it provides insight into
universal grammar and psychological theory. We merely want to make it clear that this is
our point of departure in the present work; these are the considerations that have determined
our choice of topics and the relative importance given to various phenomena.

This general aim of our book also explains why we have not included a full discussion
of exceptions and irregularities. Had our primary concern been the grammar of English,
we would have said very little about the principle of the " transformational cycle " (see
Chapters Two and Three) and its consequences (in particular, the properties of English
stress contours), but we would have provided a complete account of irregular verbs, ir-
regular plurals, exceptions to rules of stress placement and vowel alternation, etc. Since our
main interest is, rather, in universal grarnmar, we have followed exactly the opposite course.
We discuss the transformational cycle and its consequences in detail and we do not include
an account of irregularities and exceptions, except insofar as these phenomena seem relevant
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to the formulation of general principles of English phonology. Given the goals of the research
reported on here, exceptions to rules are of interest only if they suggest a different general
framework or the formulation of deeper rules. In themselves they are of no interest.

We do not doubt that the segrnent of English phonology that we develop in detail is
inaccurate in certain respects, perhaps in fundamental respects; and it is a near certainty
that the phonological theory we propose will be shown to require substantial revision as
research progresses. We mention many difficulties, inadequacies, and exceptions as we pro-
ceed. It would be a time-consuming but straightforward task to compile a complete list of
exceptions, at least for the rules of wordJevel phonology. Given the purpose of this study
such an effort would be beside the point unless l't were to lead to the formulation of new and
deeper rules that explained the exceptions or to a different theory that accounted both for
the regularities that our rules express and for some of their defects and limitations. We see
no reason to give up rules of great generality because they are not of even greater generality,
to sacrifice generality where it can be attained. It seems hardly necessary to stress that if we
are faced with the choice between a grammar G, that contains a general rule along with
certain special rules governing exceptions and a grammar G, that gives up the general rule
and lists everything as an exception, then we will prefer Gr. For this reason, citation of
exceptions is in itself of very little interest. Counterexamples to a grammatical rule are of
interest only if they lead to the construction of a new grammar of even greater generality or
if they show some underlying principle is fallacious or misformulated. Otherwise, citation
of counterexamples is beside the point.

We stress this point because of what seems to us a persistent misinterpretation, in
linguistic discussion, of the significance of exceptions to rules-a misinterpretation which in
part reflects a deeper misunderstanding as to the status of grammars or of linguistic theory.
A grarnmar is a theory of a language. It is obvious that any theory of a particular language
or any general theory of language that can be proposed today will be far from adequate, in
scope and in depth. One of the best reasons for presenting a theory of a particular language
in the precise form of a generative grammar, or for presenting ahypothesis concerning general
linguistic theory in very explicit terms, is that only such precise and explicit formulation can
lead to the discovery of serious inadequacies and to an understanding of how they can be
remedied. In contrast, a system of transcription or terminology, a list of examples, or a
rearrangement of the data in a corpus is not " refutable " by evidence (apart from inad-
vertence --€rrors that are on the level of proofreading rnistakes). It is for just this reason
that such exercises are of very limited interest for linguistics as a field of rational inquiry.

In addition to features of English phonology which seem of no general systematic
importance, we have omitted from our discussion many topics about which we have not
been able to learn enough, though they may very well be of considerable importance. For
example, we have omitteci pitch from consideration because we have nothing to add to the
study of the phonetics of intonation and have not yet attempted to deal with the still quite
open question of the systematic role of pitch contours or levels within the general framework
of syntactic and phonological theory as we so far understand it. (See Stockwell (1960),
Bierwisch (1966), Lieberman (1966) for discussion of these topics.) Thus pitch and terminal
juncture will never be marked in the examples we present. As far as we have been able to
determine, the various omissions and gaps have no serious bearing on the questions that we
have dealt with, although, clearly, one must keep an open mind on this matter.

The dialect of English that we study is essentially that described by Kenyon and Knott
(1944). We depart from their transcriptions occasionally, in ways that will be noted, and
we also discuss some matters (e.g., stress contours beyond the word level) not included in
their transcriptions. For the most part, however, we have used very familiar data of the sort
presented in Kenyon and Knott. In fact, their transcriptions are very close to our own speech,
apart from certain dialectal idiosyncrasies of no general interest, which we omit. It seems to

ax
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us that the rules we propose carry over, without major modification, to many other dialects
of English, though it goes without saying that we have not undertaken the vast and intricate
study of dialectal variation. For reasons that we will discuss in detail, it seems to us very
likely that the underlying lexical (or phonological) representations must be common to all
English dialects, with rare exceptions, and that much of the basic framework of rules must
be common as well. Of course, this is an empirical question, which must be left to future
research. We will make only a few remarks about dialectal variation, where this seems to
have sorne bearing on the problems we discuss.

The general point of view that underlies this descriptive study is one that several of
us have been developing for more than flfteen years, at M.LT. and elsewhere, at first inde-
pendently, but increasingly as a joint effort. It is represented in such publications as Chom-
sky, Syntactic Structures (1957a); I{alle, The Soand Pattern of Russian (1959); Chomsky,
Current Issues in Linguistic Theory (1964);Katz andPostal, An Integrated Theory of Linguistic
Descriptions (1964); Chomsky, Aspects of the Theory of Syntax (1965); Matthews, Hidatsa
Syntax (1965); Katz, The Philosophy of Langmge (1966); Postal, Aspects of Phonological
Theory (1968); and in many articles, reports, and dissertations. Much of the apparent novelty
of this point of view is the result of historical accident. Aithough it naturally owes very much
to the important studies, both of general linguistics and of English, that have been carried
on during the past thirty or forty years, the approach that is developed in the works cited
and that we follow here has much deeper roots in an older, largely forgotten, and widely
disparaged tradition. (See Chomsky (1964, 1966a) and Postal (1964b) for discussion.) It
seems to us accurate to describe the study of generative grarnmar, as it has developed during
recent years, as fundamentally a continuation of this very rich tradition, rather than as an
entirely novel departure.

We have been working on this book, with varying degrees of intensity, for about ten
years, and have discussed and presented various aspects of this work at several stages of
development. One or the other of us has lectured on this rnaterial at M.I.T. for the past
seven years. No system of rules that we have proposed has survived a course of lectures
unchanged, and we do not doubt that the same fate awaits the grammatical sketch that we
develop here.

The research for this book was conducted largely at the Research Laboratory of
Electronics, M.I.T., and has been partly assisted by grants from the National Science
Foundation and, more recently, from the National Institute of Health (Grant I pol MH
13390-0l).

It would be impossible for us, at this point, to acknowledge in detail the contribution
that our students and colleagues have made to the clariication and modification of our
ideas. we would like to thank Robert Lees and Paul Postal for their many invaluable com-
ments and suggestions; Paul Kiparsky, Theodore Lightner, and John Ross for the questions
they have raised and the answers they have supplied or forced us to find; Richard Carter,
S. Jay Keyser, S. Y. Kuroda, James Sledd, Richard Stanley, and Robert Stockwell for
reading and criticizing various parts of the book in different stages of its evolution. we owe
thanks to Patricia wanner, who has been in charge of typing the numerous versions of the
manuscript, to Karen Ostapenko, Deborah MacPhail, and Michael Brame, who have pre-
pared the Bibliography and Indexes, and to Florence Warshawsky Harris, our editor and
former student, who has devoted a major part of her life during these last two years to seeing
our difficult and forever unfinished manuscript through the press.

We dedicate the book to Roman Jakobson to mark, albeit belatedly, his seventieth
birthday and to express our admiration and gratitude for his inspired teaching and his
warm friendship which for so many years have enriched our lives.

Nolrr,t CHon,lSxv
Monms Her_rr
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Chapter one

SETTING

7. Grannrnar

The goal of the descriptive study of a language is the construction of a grammar. We may
think of a language as a set of sentences, each with an ideal phonetic form and an associated
intrinsic semantic furterpretation. The grammar of the language is the system of rules that
speciies this sound-meaning correspondence.

The speaker produces a signal with a certain intended meaning; the hearer receives
a signal and attempts to determine what was said and what was intended. The performance
of the speaker or hearer is a complex matter that involves many factors. One fundamental
factor involved in the speaker-hearer's performance is his knowledge of the grammar that
determines an intrinsic connection of sound and meaning for each sentence. We refer to
this knowledge-for the most part, obviously, unconscious knowledge-as the speaker-
hearer's " competence." Competence, in this sense, is not to be confused with performance.
Performance, that is, what the speaker-hearer actually does, is based not only on his
knowledge of the language, but on many other factors as well-factors such as memory
restrictions, inattention, distraction, nonlinguistic knowledge and beliefs, and so on. We
may, if we like, think of the study of competence as the study of the potential performance
of an idealized speaker-hearer who is unaffected by such grammatically inelevant factors.

We use the term " grammar " with a systematic ambiguity. On the one hand, the
term refers to the exptcit theory constructed by the linguist and proposed as a description
of the speaker's competence. On the other hand, we use the term to refer to this competence
itself. The former usage is familiar; the latter, though perhaps less familiar, is equally
appropriate. The person who has acquired knowledge of a language has internalized a sys-
tem of rules that determines sound-meaning connections for indefinitely many sentences.
Of course, the person who knows a language perfectly has little or no conscious knowledge
of the rules that he uses constantly in speaking or hearing, writing or reading, or internal
monologue. It is this system of rules that enables him to produce and interpret sentences
that he has never before encountered. It is an important fact, too often overlooked, that
in normal, everyday discourse one understands and produces new utterances with no
awareness of novelty or innovation, although these normal utterances are similar to those
previously produced or encountered only in that they are formed and interpreted by the
same grammar, the same internalized system of rules. It is important to emphasize that
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there is no significant sense of " generalization " in which these new utterances can be de-

scribed as generalizations from earlier experience, and no sense of the term "habit" in

which the normal use of language can be described as some kind of " habit system " or as

" habitual behavior." We cannot, in other words, characterize the internalized, mentally

represented system of rules that we call the " grammar " in terms of any other significant

concept of psychology.
To summarize, then, we use the term " grammar " to refer both to the system of

rules represented in the mind of the speaker-hearer, a system which is normally acquired

in early childhood and used in the production and interpretation of utterances, and to the

theory that the linguist constructs as a hypothesis concerning the actual internalized gram-

mar of the speaker-hearer. No confusion should result from this standard usage if the dis-

tinction is keot in mind.

2. Linguistic uniaersa,ls

General linguistics attempts to develop a theory of natural language as such, a system of

hypotheses concerning the essential properties of any human language. These properties

determine the class of possible natural languages and the class of potential grammars for

some human language. The essential properties of natural language are often referred to

as " linguistic universals." Certain apparent linguistic universals may be the result merely

of historical accident. For example, if only inhabitants of Tasmania sutvive a future war,

it might be a property of all then existing languages that pitch is not used to differentiate

lexical items. Accidental universals of this sort are of no importance for general linguistics,

which attempts rather to chalacterize the range of possible human languages. The significant

linguistic universals are those that must be assumed to be available to the child learning a

language as an a prio , innate endowment. That there must be a rich system of a priori

properties-of essential linguistic universals-is fairly obvious from the following empirical

observations. Every normal child acquires an extremely intricate and abstract glammal, the

properties of which are much underdetermined by the available data. This takes place with

great speed, under conditions that are far from ideal, and there is little significant variation

among children who may differ greatly in intelligence and experience. The search fot essen-

tial linguistic universals is, in effect, the study of t}t!e a priori faculti de langage that makes

language acquisition possible under the given conditions of time and access to data.

It is useful to divide linguistic universals roughly jnto two categories. There are, first

of all, certain " formal universals " that determine the structure of grammars and the form

and organization of rules. In addition, there are " substantive universals " that define the

sets of elements that may figure in particular grammars. For example, the theoly of trans-

formational generative grammar proposes certain formal universals regarding the kinds of

rules that can appear in a grammar, the kinds of structures on which they may operate,

and the ordering conditions under which these lules may apply. We shall study these ques-

tions in detail, in connection with the phonological component of a generative grammar.

Sirnilarly, general linguistic theory migbt propose, as substantive universals, that the lexical

items of any language are assigned to fixed categories such as noun, verb, and adjective,

and that phonetic transcriptions must make use of a particular, fixed set of phonetic features.

The latter topic, once again, will occupy us in this book. we will be concerned with the

theory of " universal phonetics," that part of general linguistics that specifies the class of
.. possible phonetic representations " of sentences by determining the universal set of pho-
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netic features and the conditions on their possible combinations. The phonetic form of each
sentence in each language is drawn from this class of possible phonetic representations.

3. Phonetic representations

What exactly is a phonetic representation ? Suppose that universal phonetics establishes
that utterances are sequences of discrete segments, that segments are complexes of a par-
ticular set of phonetic features, and that the simultaneous and sequential combinations of
these features are subject to a set of specific constraints. For example, universal phonetics
may provide us with the feature " consonantal," which distinguishes [+consonantal] pho-
netic segments such as [p], ttl, tel, tsl, [5] from [-consonantal] phonetic segments such as
[u], [i], [a]; and the feature " strident," which distinguishes [+ strident] segments such as
[s] and [5] from [- strident] segments such as [p], [t], and [0]. Among the " simultaneous
constraints " of universal phonetics would be the condition that no phonetic segment can
be both [-consonantal] and [+ strident]; the feature " strident " does not provide a further
classificatjon of the category of [*consonantal] segments. Among the " sequential con-
straints " might be certain conditions that assign a maximal length to a sequence of [+con-
sonantal] phonetic segments, that is, to a consonant cluster. There will be many other con-
straints of both sorts, and they must be met by each phonetic representation in each
language.

More specifically, a phonetic representation has the form of a two-dimensional
matrix in which the rows stand for particular phonetic features; the columns stand for the
consecutive segments of the utterance generated; and the entries in the matrix determine
the status of each segment with respect to the features. In a full phonetic representation, an
entry might represent the degree of intensity with which a given feature is present in a
particular segment; thus, instead of simply subdividing segments into [+ strident] and
[- strident], as in the example just given, the entries in the row corresponding to the feature
" strident " might indicate degrees along a differentiated scale of " stridency." The phonetic
symbols tp], ttl, tel, [i], [u], etc., are simply informal abbreviations for cerrain feature
complexes;each such symbol, then, stands for a column of a matrix of the sortjust described.

To recapitulate, the phonetic representation of an utterance in a given language is
a matrix with rows labeled by features of universal phonetics. The glammar of the language
assigns to this phonetic representation a " structural description " that indicates how it is
to be interpreted, ideally, in this language. More generally, we may say that the grammar
of each language assigns a structural description to each member of the universal class of
possible phonetic representations. For example, the grammar of every language will assign
structural descriptions to phonetic representations such as (1) and (2):r

( ' ) ilvy6dradem6 (" il viendra demain ")

hilkrmftamara (" he'll come tomorrow ")

I We omit much phonetic detail that should be specified in universal representations but that is irrelevant
to the exposition here. This is the course we will generally follow in discussing particular examples. In the
representation (2), and in other representations in this chapter, we include the " boundary symbol " *,
which can be taken as specifying a certain type of transition between phonetic elements. Actually, however,
we will suggest later that boundary symbols do not appear in phonetic representations.

(4
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The grammar of English will assign to (l) a structural description indicating that it is not a

sentence of English at all, and to (2) a structural description that specifies the elements of

which it is composed on the various linguistic levels, the manner of their organization, the

interrelations of these abstract representations, and so on. The grammar of French will

supply this information for (l), and will designate (2) as a nonsentence. Many elements of

the class of possible phonetic representations will be designated as " semi-grammatical

sentences," not well-formed but nevertheless interpretable by analogy to well-formed

sentences in ways that are, for the moment, not well understood.2

4. Cornponents of a grarrrtn'ar

The class of possible phonetic representations is of course infinite. Similarly, the class

of phonetic representations designated as well-formed sentences in each human language

is infinite. No human language has a limit on the number of sentences that are properly

formed and that receive a semantic interpretation in accordance with the rules of this

language. However, the grammar of each language must obviously be a finite object, re-

alized physically in a finite human brain. Therefore, one component of the grammar must

have a recursive property; it must contain certain rules that can be applied indefinitely

often, in new arrangements and combinations, in the generation (specification) of structural

descriptions of sentences. Every language, in particular, contains processes that permit a

sentence to be embedded within another sentence, as the English sentence John left is

embedded in the sentence I was surprised that John left. These processes can apply indefi-

nitely often to form sentences of arbitrary complexity. For example, the sentence 1n'as

surprised that John left can itsell be embedded in the context Bill expected -, giving,

frnally, Bill expected me to be surprised tlrut John left, after various obligatory modifications

have taken place. There is no limit to the number of applications of such processes; with

each further application, we derive a well-formed sentence with a definite phonetic and

semantic interpretation.
The part of a grammar which has this recursive property is the " syntactic com-

ponent," the exact form of which will not concern us here.3 we witl, however, make certain

assumptions about the abstract objects generated by the syntactic component, that is, about

the " syntactic descriptions " that can be formed by the application of its rules'

The syntactic component of a grammar assigns to each sentence a " surface structure "

that fully determines the phonetic form of the sentence. It also assigns a far more abstract

" deep structure " which underlies and partially determines the surface structure but is

otherwise irrelevant to phonetic interpretation, though it is of fundamental significance for

semantic interpretation. It is important to bear in mind that deep structures are very

different from the surface structures to which we will restrict our attention and that they

provide a great cieal of information not represented in surface structures.

To recapitulate, a grammar contains a syntactic component which is a finite system

of rules generating an infinite number of syntactic descriptions of sentences. Each such

syntactic description contains a deep structure and a surface structure that is partially

determined by the deep structure that underlies it. The semantic component of the grammar

2 For discussion of this matter, which we will exclude from consideration henceforth, see Section IV of

Fodor and Katz (1964), and pages 148 ff. of Chomsky (1965), as well as many other references.
3 For recent discussion, see Katz and Postal (1964) and Chomsky (1965)-

1
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is a system of rules that assigns a semantic interpretation to each syntactic description,
making essential reference to the deep structure and possibly taking into account certain
aspects of surface structure as well. The phonologicai component of the grammar assigns
a phonetic interpretation to the syntactic description, making reference only to properties
of the surface structure, so far as we know. The structural description assigned to a sentence
by the grammar consists of its full syntactic description, as well as the associated semantic
and phonetic representations. Thus the grammar generates an infinite number of sentences,
each of which has a phonetic and semantic representation; it defines an infinite sound-
meaning correspondence, this correspondence being mediated by the abstract syntactic
component and the structures it generates.

We are not concerned here with deep structures and the rules that generate them,
the rules that relate them to surface structures, or the rules that assign semantic interpreta-
tions to syntactic descriptions. We are limiting our attention to surface structures, phonetic
representations, and the rules that assign a phonetic representation (possibly several pho-
netic representations, in the case of free variation) to each surface structure.

5. Surface structures

The surface structures generated by the syntactic component have the following character-
istics. Each consists of a string of minimal elements that we will call " formatives." Each
formative is assigned to various categories that determine its abstract underlying form, the
syntactic functions it can fulfill, and its semantic properties. For example, the formative 6oy
will belong to the category of elements with initial voiced stops,a to the category " noun,"
to the category " animate," to the category " male," etc. This information about formatives
will be presented in a " lexicon," which forms part of the syntactic component of the gram-
mar. The organization of the lexicon will not concern us here; we simply assume that the
full categorization of each formative is represented in the surface structure. In fact, we may
think of the lexical entry of a formative as nothing other than a list of the categories to
which it belongs. The categories are sometimes called " features." We will refer, as we pro-
ceed, to phonological, syntactic, and semantic features.

The surface structure must indicate how the string of formatives it contains is sub-
divided into " phrases," each phrase being a certain continuous substring of the string of
formatives. The analysis of strings into phrases is a " proper bracketing " in tbg,ggfUg_lb!

for the string may be bracketed either as ((AB)C) or as (A(BC)) but not in both ways
simultaneously.

The phrases furthermore are assigned to certain categories, and this information
may be represented by putting labels on the brackets. Take, for example, the sentence (3):

phrases can oigrlap glrly if one is contained in the other.TTus, tf A,I3-:C are formatives,
as a phrase and BC as a phrase,

(,) we established telegraphic communication

In (3), the string underlying we is assigned to the same category as the string underlying
a This underlying representation will be abstract in a sense that we will later describe in detail. For example,

although the formative 6oy is always represented phonetically with a back vowel, we will present evidence
showing that it should be represented in surface structure-that is, before the phonological rules apply-
with a front vowel.
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telegraphic communication, namely, to the category "noun phrase." Similarly, the other

phrases are assigned to certain universal categories.
We will make the empirical assumption that the suface structure of a sentence is

precisely a proper bracketing of a string of formatives, with the bracketed substrings (the

phrases) assigned to categories selected from a certain fixed universal set of categories. The

complete string is assigned to the category "sentence"(S); the other phrases are also as-

signed to categories that are provided by general linguistic theory, such as the categories

"noun phrase " (NP) and "verb phrase " (VP). These universal categories are on a par

with the phonetic categories (bilabial closure, frontness, etc.) provided by universal phonetic

theory. As we noted earlier, the categories of universal phonetic theory determine a certain

infinite class of possible phonetic representations from which the phonetic forms of sentences

of any human language are drawn. Similarly, the universal set of phrase categories (NP,

VP, etc.), togetherwith the universal lexical categories (noun, verb, adjective) and the universal

lexical features that define the class of " possible formatives," provides us with an infinite

class of possible surface structures, from which'the surface structures of sentences of

any particular language are drawn. In other words, general linguistics should provide

definitions, in terms independent of any particular language, for the notions " possible

phonetic representation " and " possible surface structure." The grammar of each language

relates phonetic representations to surface structures in a specific way; and, furthermore,

it relates surface structures to deep structures, and, indirectly, to semantic interpretations,

in ways that are beyond the scope of our present study.
To give a concrete example, the grammar of English might assign to the sentence (3)

a surface structure which can be represented in the equivalent forms (4) and (5):s

lwel {establish! -lpast*lt

/.\ 1, 1n" [n-f rle*]n ln" [t* fv lvlestablishf ]" f pastf It k" [^ $*telel
\'/ fsreu* graphllrr"r 1," f rc*l,r fel fy I commurticate l'1" *ron *1" 1"" lvp ls

5 Once again (see note t), we omit details which are irrelevant here. We assume, for the purposes of this

example, that the formatives ate we, estqblish, past, tele, graph, ic, communicale,loz. The node labeled A

represents the lexical category .. adjective "; the other labels have been mentioned previously.

(.)

N

_i_t ]  It t l
l " l ' l  I  I

e le | | graph | | icl { communicat e! lionf
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The interpretation of the notational devices used in (4) and (5) should beobvious. We intend
these representations to indicate that the formative we is both an N and an NP, the forma-
tive establish a V, the formative string tele graph an N, the formative strtng tele graph ic
communicate ron an NP, the full string an S, etc.6 Furthermore, each formative has an
analysis as a set of intersecting categories, in a way that we shall specify in more detail
below. The f symbols represent formative boundaries which, by convention, automatically
mark the beginning and end of each formative.

5.1. LEXICAL AND PHONOLOGICAL REPRESENTATIONS
To recapitulate, we presuppose, for our description of English sound pattems, a

grammar with a syntactic component that assigns to each sentence a surface structure such
as (a)-(5), that is, a proper labeled bracketing of a string of formatives. Our main concern
here will be the " phonological component," that is, the system of rules that applies to a
surface structure and assigns to it a certain phonetic representation drawn from the universal
class provided by general linguistic theory. In particular, the phonological rules of English
must assign to the surface structure (a)-(5) a phonetic representation much like (6):

wiyast6bliStf tdlegrrifi kf kemyiwnek6ySan

The phonetic representation (6), corresponding to the underlying surface structure
(4)-(5), is a feature matrix of the sort described earlier. In the surface structure, the individual
formatives (for example, the lexical formatives we, establish, tele, graph, communicate, arrd
the grammatical formatives past, ic, ion) will themselves be represented as feature matrices
of an abstract sort, and we must now say a few words about this kind of representation.
We shall distinguish between " lexical representations " and " phonological representations."
We shail use the term " lexical representation " in reference to formatives which are provided
directly by the lexicon, i.e., the lexical formatives as well as certain grammatical formatives
which happen to appear in lexical entries. There may be other grammatical formatives
introduced directly by the syntactic rules themselves. Thus the syntactic rules and the lexicon,
applied in a manner that does not concern us here, provide for each utterance a representa-
tion as a string of formatives with surface structure.

Notice, however, that the surface structure must meet two independent conditions:
first, it must be appropriate for the rules of phonological interpretation; second, it must be
" syntactically rnotivated," that is, it must result from the application of independently
motivated syntactic rules. Thus we have two concepts of surface structure: input to the
phonological component and output of the syntactic component. It is an empirical question
whether these two concepts coincide. In fact, they do coincide to a very significant degree,
but there are also certain discrepancies. These discrepancies, some of which we discuss as
we proceed, indicate that the grammar must contain certain rules converting the surface
structures generated by the syntactic component into a form appropriate for use by the
phonological component. In particular, if a linguistic expression reaches a certain level of
complexity, it will be divided into successive parts that we will call " phonological phrases,"
each of which is a maximal domain for phonological processes. In simple cases the whole
sentence is a single phonological phrase; in more complex cases the sentence may be re-
analyzed as a sequence of phonological phrases. The analysis into phonological phrases

6 Since in representations such as (4) the category labels are placed above the elements in the string that
belong to these categories, one frequently speaks of the category as " dominating " a string or a part of a
string. Thus, with respect to (4), we will say both that we "is an" N and that we "is dominated by" N.
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depends in part on syntactic structure, but it is not always syntactically motivated in the

sense just mentioned. If the syntactic component were to be connected to an orthographic

rather than a phonetic output system, the reanalysis into phonological phrases would be

unnecessary. Writers, unlike speakers, do not run out of breath, and are not subject to

other physiological constraints on output that require an analysis into phonological phrases.

In addition to a reanalysis into phonological phrases in complex cases, the " readjust-

ment rules" relating syntax to phonology make various other modifications in surface

structures. It seems that in general these modifications involve elimination of structure,

that is, deletion of nodes in representations such as (4) or of paired brackets in representa-

tions such as (5). One can easily imagine why this should be so. Reasoning along lines

suggested in Miller and Chomsky (1963, Part 2), let us suppose that perception involves a

two-stage memory. The first stage is a short-term system quite limited in capacity and

operating in real time in the sense that it must remain available for receiving the incoming

signal, and the second stage is a very large system that operates on information supplied

to it by the short-term real-time system. The short-term first stage must provide an initial

analysis of the signal that is just sufficient in detail to permit the second-stage system to

derive the deep structure and semantic interpretation. we might expect a language to be so

designed that a very superficial analysis into phrases can be performed by a system with

limited memory and heavy restrictions on access. To relate this speculation to the discussion

of surface structure, it appears that the syntactic component of the grammar generates a

surface structure X which is converted, by readjustment rules that mark phonological

phrases and delete structule, to a still more superficial structure !'. The latter then enters

the phonological component of the grammar. We might speculate, then, that a first stage

of perceptual processing involves the recovery of E' from the signal using only the restricted

short-term memory, and that a second stage provides the analysis into X and the deep

structure that underlies it. From this point of view, it would be natural to suppose that the

readjustment rules that form !'from ! will have the effect of reducing structure. It is,

incidentally, worthy of note that the transformations that form surface structures from

deep structures also characteristically have the effect of reducing structure, in a sense which

can be made precise.T
kt us return now to our discussion of lexical and phonological representations.

We have used the term " lexical representation " to refer to the representation of formatives

provided by the lexicon. As we have stated, however, the structures generated through the

interaction of syntactic and lexical rules are not quite applopriate, in certain cases, for the

application of the rules of the phonological component. They must be modified by certain

readjustment rules (of a sort to which we will return in chapter Eight, Section 6.5, noting,

however, that our investigation of the effects of surface structure on phonetic representation

has not yet reached a level of depth and complexity that requires a detailed, formal analysis

of these processes).8 These readjustment rules may somewhat modify the labeled bracketing

of surface structure. They may also construct new feature matrices for certain strings of

lexical and grammatical formatives. To take an obvious example, the verb sing will appear

in the lexicon as a certain feature matrix, as will the verb mend. Using letters of the alphabet

as informal abbreviations for certain complexes of features, i.e., certain columns of a

feature matrix, we can represent the syntactically generated surface structure underlying the

7 See Miller and Chomsky (1963). See also Ross (1967) for further relevant observations of a different

sort on reduction of structure under transformations.
8 See Bierwisch (1966) for a very interesting study of readjustment rules of the sort mentioned here.
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Iorms sang and mended as fy fysingly past I 
" 

and [y frmend'|, pastlr, respectively, where past
is a formative with an abstract feature structure introduced by syntactic rules. The readjust-
ment rules would replace past by d, as a general rule; but, in the case of sang, would delete
the item past with the associated labeled brackets, and would add to the i of. sing a feature
specification indicating that it is subject to a later phonological rule which, among other
things, happens to convert i to e. Designating this new column as *, the readjustment rules
would therefore give the forms [rs*ng], and f" frmendl" d]r, respectively. We shall refer
to this representation-and in general to the representation given by the application of
all readjustment rules-as the " phonological representation."

Other terms that might have been used in place of the terms just proposed are
" morphophonemic representation " or " systematic phonemic representation." We have
avoided these terms, however, because of the technical meaning they have been given in
various theories of sound structure developed in modern linguistics. The term " morpho-
phonernic representation " seems to us appropriate only if there is another linguistically
significant level of representation, intermediate in " abstractness " between lexical (phono-
logical) and phonetic and meeting the conditions placed on " phonemic representation "
in modern structural linguistics. We feel, however, that the existence of such a level has not
been demonstrated and that there are strong reasons to doubt its existence.e We will make
no further mention of " phonemic analysis " or "phonemes" in this study and will also
avoid terms such as " morphophonemic " which imply the existence of a phonemic level.
Notice that the issue in this case is not terminological but rather substantive; the issue is
whether the rules of a grammar must be so constrained as to provide, at a certain stage of
generation, a system of representation meeting various proposed conditions. The references
in note 9 explain our position, and we will say no more about the matter here.

5.2. ON THE ABSTRACTNESS OF LEXICAL REPRESENTATIONS
We have said that the underlying representations, lexjcal as weil as phonological, are

abstract as compared with phonetic representations, although both are given in terms of
phonetic features. The meaning of this remark will become clearer as we proceed. There is,
however, one very obvious sense in which the underlying representations are more absuact
than the phonetic representations. Consider, for example, the word telegraph. This has
several different variants in actual phonetic representations:1o

(') teLgre'f 1r (in isolation)

77

(')

(')

3l

telagref

telegraf

(in the context - ic' i.e., telegraphic)

(in the context - !; i.e., telegraphy)

It is quite obvious, however, that this phonetic variation is not fortuitous-it is not of the

" We have presented our reasons for doubting the existence of a phonemic level, in the sense of modern
linguistics, in various places. See Halle (1959), chomsky (1964, 1966b), and chomsky and Halle (1965),
as well as Postal (1962, 1968), for arguments that seem to us fully convincing.

10 Notice that in the sentence (6) it has still another representation because of the stress modifications that
take place in that context.

t t Stress levels are indicated here and throughout by numerals, with " 1 " representing primary stress, ..2 "
representing secondary stress, etc. (See also note 3 in Chapter Two on this subject.)
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same type as the variation between I and we, which depends on specific assignment of the
latter to the category of plurality. Given the grammar of English, if we delete specific
reference to the item we, there is no way to predict the phonetic form of the plural variant
of L On the other hand, the rules for English grammar certainly do suffice to determine the
phonetic variation of telegraph without specificmention ofthis lexical item, just as they suffice
to predict the regular variation between cat and cals without specifically mentioning the plural
form. It is quite obvious that English grammar is complicated by the fortuitous variation
between /and u'e but not by the totally predictable variation between cal and cals. Similarly,
the grammar would be more complicated if telegraph did not undergo precisely the variation
in (7)-(9): if, for example, it had one phonetic form in all contexts, or if it had the form (7)
in the context _ic, (g) in the context _y, and (9) in isolation.

In short, the phonetic variation of telegraph in certain contexts is not an idiosyn-
cratic property of this particular lexical item but is rather a matter of general rule, applying
to many other lexical items as well. Regular variations such as this are not matters for the
lexicon, which should contain only idiosyncratic properties of items, properties not pre-
dictable by general rule. The lexical entry for telegraph rrlust containjust enough information
for the rules of English phonology to determine its phonetic form in each context; slnce
the variation is fully determined, the lexical entry must contain no indication of the effect
of context on the phonetic form. In fact, as we shall see, the lexical representation for the
word telegraph should be ( 10), where each of the symbols t, e, . . . is to be understood as an
informal abbreviation for a certain set of phonological categories (distinctive features):r2

Jtol ftele-l graff
l - - t

Thus the lexical representation is abstract in a very clear sense; it relates to the signal
only indirectly, through the medium of the rules of phonological interpretation that apply
to it as determined by its intrinsic abstract representation and the surface structures in
which it appears.

An analogous argument can readily be constructed for the abstract nature of the
phonological representations, i.e., those representations that are determined from lexical
representations by application of certain readjustment rules (and which, for the most part,
are in fact identical with lexical reDresentations).

5.3. ANALYSS INTO WORDS
One additional aspect of surface structure is crucial for our discussion. We will see

that the pho4ological rules fall into two very different classes. Certain of these rules apply
of any size. up to the level of the phonolo ; others apply only

words. We must therefore assume that the surface structure of an utterance provides an
analysis into a sequence'of words. For example, the sentence (3), we established telegraphic
communicotion, will be analyzed by its surface structure into the four successive words
u,e, establish-lpast, telelgraphlic, communicatef ron. The rules that form surface structure
(or, perhaps, the readjustment rules discussed above) must provide this information, since
it is required for the correct application of the rules of the phonological component of the
srammar.

As a first approximation to the problem of analysis into words, let us assume that
each lexical category (e.g., noun, verb, adjective) and each category that dominates a lexical

12 In addition, the lexical entry will provide the other idiosyncratic syntactic information represented in
(4)-(5), namely, the information that graph is a stem and telegraph is a no\n.
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category (e.g., sentence, noun phrase, verb phrase) automatically carries a boundary
symbol # to the left and to the right of the string that belongs to it (i.e., that it dominates,
in tree representations such as (4), or that it brackets, in bracket representations such as (5) ).
Under this assumption, we replace the representation (4) by (l l) and modify (5) in a cor-
responding way :

NP

(")

I
I

N

I

# # #we# # # # #establish# pdst# # # #telefgraph# ic # # #communicate# ion# # # #

Let us tentatively define a word as a string of formatives (one or more) contained in the
context # # and containing no occurrences of # # .13 Thus the words in (11) are
we, establishf past, tele+grdph#ic, and communicate # ion, as required. The principle just
stated can be regarded, tentatively, as a universal principle for the interpretation of surface
structures, and, as a first approximation, it works quite well. Among the readjustment rules
discussed above, there will be some that modify the representation provided by this inter-
pretive principle in ad hoc ways. For example, we shall see that although the boundary I
is appropriate in establish#ed, as distinct from ordinary formative boundary (which we
have been representing as f ), it must be replaced by ordinary formative boundary in
telelgraph#ic and communicate# ion, lor reasons having to do with the applicability of
certain phonetic rules.

To recapitulate, the rules of syntax will generate surface structures and a universal
principle of interpretation will assign the boundary symbol I in certain places. The re-
adjustment rules will modify the surface structure in various ad hoc ways, demarcating it
into phonological phrases, eliminating some structure, and replachg some occurrences of
# by +. The abstract object thus constructed (which we will also refer to as a " surface
structure," or, if more expiicitness is necessary, a " phonological surface structure," to
contrast it with the syntactic surfac€ structure generated by the syntactic component) enters
the phonological component of the grammar and is converted by the phonological rules
into a phonetic representation, in ways that we will specify in detail as we proceed. Certain
of the phonological rules will apply only to words; others will apply freely to strings of forma-
tives which may be words or subparts of words, or phrases that include words.

13 See Chapter Eigbt, Section 6.2, for a more careful analysis of the notion " word."

N
I
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We will find it convenient to use labeled bracketing such as (5) rather than tree
diagrams such as (4) and (11) for the representation of surface structure in the presentation
of phonological rules. Since, by convention, every lexical category or category dominating
a lexical category has # boundaries associated with it on the left and right, we will sometimes
omit reference to these boundaries in the statement of ruleS. For example, a rule of the
form (12) is to be understood as applying to the string (13):

(t ')

(")

A --  B I  X-Y)v

xAY#lv

Rule (12) states that an element of the type I is rewritten as a corresponding element
of the type .B when I appears in the context X - y (th^t is, with X to its left and I to
its right) and when the item in question is a verb, i.e., is dominated by V or, equivalently,
is bracketed by [t ]r. we will make these informal specifications more precise as we proceed.

6, Suntntary

The phonological component is a system of rules such as (12) that relates surface structures
such as (11) to phonetic representations such as (6). As we proceed in our discussion, we
will propose various specific hypotheses regarding the detailed form of representations such
as (1 1) and (6), and we will also make specific proposals concerning the system of phono-
logical rules that assign a phonetic interpretation to each surface structure.

We have already suggested that a phonetic representation such as (6) is actually a
feature matrix in which the rows correspond to a restricted set of universal phonetic cate-
gories or features (voicing, nasality, etc.) and the columns to successive segments. we will
propose further that such representations are mentally constructed by the speaker and the
hearer and underlie their actual performance in speaking and " understanding." we will
consider the question of the relation between such phonetic representations and actual
speech signals, and the steps by which such representations might be constructed by the
hearer on the occasion of reception of a speech signal. we have suggested, moreover, that
each formative of the surface structure can also be represented as a feature matrix inter-
preted in a rather similar way, with rows corresponding to the universal phonetic and gram-
matical categories. The formative structure is much more abstract, however; its relation to
the speech signal is not as direct as that of the phonetic representation.

we will propose that the rules of the phonological component have a fixed form and
a specific organization, that they apoly in a fixed manner determined by the labeled bracket-
ing of the surface structure, and that they meet various additional conditions depending
on their formal relations. These we propose as universal conditions, as aspects of general
linguistic theory. we will try to show how, on the basis of these assumptions, many particular
phenomena of English sound structure can be explained.

with these remarks on background assurnptions, we can proceed to the analysis of
English sound structure and of general phonological theory.
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A SKETCH OF

E,NGLISH PHONOLOGY AND

PHONOLOGICAL THEORY

7. The principle of the transform.ational cycle and its

application to English str€ss contours

We turn here to the problem of how a surface structure of the sort described in the
precedilg chapter determines a phonetic representation.

It is well known that English has complex prosodic contcurs involving many levels
of stress and pitchl and intricate processes of vowel reduction. It is clear even from a
superficial examination that these contours are deternined in some manner by the surface
structure of the utterance. Furthermore, it is natural to suppose that in general the phonetic
shape of a complex unit (a phrase) will be determined by the inherent properties of its parts
and the manner in which these parts are combined, and that similar rules will apply to
units of different levels of complexity. These observations suggest a general principle for
the application of rules of the phonological component, namely, what we shall call the
principle of the " transformational cycle."2 Regarding a surface structure as a labeled
bracketing (see representation (5) in Chapter One), we assume as a general principle that
the phonological rules first apply to the maximal strings that contain no brackets, and that
after g!!-19l9v44l1gles have applied, the innermost brackets are erased; the rules then
reapply to maximal strings containing no brackets, and again innermost brackets are erased
after this application; and so on, until the maximal domain of phonological processes is
reached. In terms of the tree representation of a surface structure (see representation (4)
in Chapter One), the rules apply to a string dominated by a particular node I only after
they have already applied to the strings dominated by each of the nodes dominated by l.

The actual operation of the transformational cycle can now be illustrated with
some simple examples. It is clear, first of all, that there are at least two processes of stress

1 As we explained in the Preface, we will have nothing to say about pitch in this study.
2 This principle was first formulated in Chomsky, Halle, Lukotr (1956) in a slightly different but equivalent

terminology. It has since been applied to phonetic study of a variety of different languages: French
(Schane, 1965), Russian (Halle, 1963, Lightner, 1965a), Japanese (McCawley, 1965).
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( ' )

A
I

# #black#

N

I
#boardg 4

(b)

k)

N

I

#bodrd# #

(b) [n"# #black# #board##fxy

We must now apply rules that weaken the rightmost primary stress in case (3a) and that
weaken the leftmost primary stress in case (3b). For many reasons, it is necessary to state
the rules that determine stress contours as rules of placement of primary stress, rather than
as rules of stress weakening. We will therefore formulate the rules that apply to (3) as
processes that place primary stress on the leftmost and the rightmost syllables, respectively,
and we will adopt the following convention: when primary stress is placed in a certdin

3 There are various conventions in use for marking stress, which, at least in part, appear to difer in factual
content. We return to this matter later. Here, as mentioned in Chapter One, note 11, in place of the
conventional symbols ', ^, ', " for primary, secondary, tertiary, and quaternary (zero) stress, respectively,
we will simply use numerals, starting with I for primary stress. It should be kept in mind that the numbers
go down as the stress goes up, admittedly a disadvantage of this notation. To minimize confusion, we will
speak of strengthening and weakening stress, rather than of increasing and decreasing it.

General suraey

assignment in English. Thus 6/a ckboard,3 with a falling stress contour, must be distinguished

from black board, with a rising contour. The elementary constituents, black, an adjective,
and board, a noun, are the same in both cases; the difference lies in the way these constituents
are combined, as reflected in their different surface structures, shown here in the two
notations of the preceding chapter:

(a) N

lx# lt# b lack #1 
^ 

ln# board #Jx #1x

NP

A
I

# #black#

(r) (a) [n# #btick+ *bkrd.##]x

lNp# f^#bldck#f l-f'l-#board#1" #lxr

In case (la), where the entire phrase belongs to the category "noun," the phonological
rules must give the contour 13; in case (lb), where it belongs to the category " noun phrase,"
the rules must give the contour 21. According to the principle of the transformational cycle,
the phonological rules apply first to the strings dominated by A and by N, the lowest-level
categodal nodes of (1); in other words, the rules apply first to black and, to board. In isola-
tion, each of these would receive primary stress. We therefore might propose the rule:

In monosvllables. the vowel receives orimarv stress.

Applying this rule to the structures of (1) and then erasing innermost brackets in accordance
with the principle of the transformational cycle, we have, in the bracket notation, the
representations (3a) and (3b):
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position, then all other stresses in the string under considerdtion at that point are automatically
weakened by one.We can now state the following two rules:

Assign primary stress to a primary-stressed vowei in the context
i . . . r*

Assign primary stress to a primary-stressed vowel in the context
v. . ._. . . lNP

In rules (a) and (5), the symbol V stands for "vowel," and i stands for a vowel with
primary stress. The dash indicates the position of the segment to which the rule applies.
Thus rule (4) assigns primary stress to a primary-stressed vowel whichisfollowed by another
primary-stressed vowel in a noun, and rule (5) assigns primary stress to a primary-stressed
vowel which is preceded by another primary-stressed vowel in a noun phrase. By the con-
vention stated above, the actual effect of these rules is to weaken the other stresses in the
string to which the rule applies. Thus, applying rule (4) to (3a), we derive the representation
(6a); applying rule (5) to (3b), we derive the representation (6b).

(a) # #black# #boardg 4 (b) # #black# #board# #

We will refer to (4) as the Compound Rule and to (5) as the Nuclear Stress Rule.
It is important to observe that rules (a) and (5) make use of the bracketing given in

the surface structure for their proper cyclic operation, and that the labels on the brackets,
that is, the syntactic categories indicated in the surface structure, are necessary for deter-
mining the correct application of the rules.

To derive the stress contour for blackboard, we must apply still another rule, weaken-
ing the secondary stress on the second syllable to tertiary. This process can be formulated
in the following way (with Co standing for a string of zero or more consonants):

/.\ Assign primary stress to a primary-stressed vowel in the context
\ ' /  # #coico#lN

Application of rule (7) to (6a) gives the desired stress pattern 13 by the conventions estab-
lished above; primary stress is placed on the first syllable, and the stress on the second
syllable is automatically weakened to tertiary.

Clearly, both the Compound Rule and the Nuclear Stress Rule are of much greater
generality than is indicated by the formulation we have given. Thus, rule (4) actually applies
no-t only to compound nouns such as blackboard, but also to compound adjectives (heart-

313
broken) and compound verbs (air-condition). rt must therefore be extended to lexical
categories in general. Similarly, the Nuclear Stress Rule applies not only to noun phrases,
but to any phrase which is not a lexical category-for example, to verb phrases (read the

r21 2

book),to adjective phrases (eager to please), and to whole sentences (John kh. we therefore
replace rules (a) and (5) by the formulations (8) and (9):

i ̂ \ Assign primary st.ress to a primary-stressed vowel in the contextt6 l
\  /  V. ' .1,*^t

(r\ Assign primary stress to a primary-stressed vowel in the context
\ /  

- -Y- ' : - ' -  "  l '
/ -S-;a* 

r 'cJtr-r  i  : ' .

t *nsr*. . "rc$;'l

77
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where l" stands for a bracket with any label except N, A, or V. We can make the notion

" except " precise in a very simple way, namely, by requiring that the rules (8) and (9) apply

in the order given. We can then take a in (9) to be simply a variable ranging over all cate-
gories. If rule (8) has applied, the resulting string will contain just one primary stress and

thus will not fit the required context for (9). Therefore (9) will never apply when c: N, A,
or V.

Using familiar notations, we can now formulate the Compound and Nuclear Stress
Rules in the following way:

('9 (a) coMPoUND RULE

(b) Iruculn srREss RULE

In rule (10), we suppress the variable o. We interpret the rule as a sequence of two rules rn
accordance with the following quite general convention: a rule of the form (11) is an
abbreviation for a seouence of rules of the form (12).

X--- .Y

X---Y
X---Y

X---Y

IZt \
t  lz , l
I  \ . - l/  l :  I

\2")

lz ,
lz ,

lz"

(")

( ' ,

The i'h rule of ( l2) is interpreted as stating that any symbol meeting the condition X acquires

the features listed as Iwhen it is in a context meeting the condition Zr. In accordance with

these conventions, which will be generalized as we proceed, the rules (lOa)-(l0b) have
precisely the same content as the sequence (8)-(9).

The rules so far discussed iliustrate two general observations that have proven

valid in every careful study of phonological processes that has so far been undertaken
within the framework of generative grammar, namely, the following:

/, .\ It is always possible to order the rules in a sequence and to adhere strictly to this

\''l ordering in constructing derivations without any loss of generality as compared to
an unordered set of rules or a set ordered on a different principle.

i..\ Such linear ordering makes it possible to formulate grammatical processes that
I  l4 l
\'-/ would otherwise not be expressible with comparable generality.4

a We shall see later that certain qualifications are necessary in the formulation of (13) and (14).
The observations (13), (14) are implicit in Bloomfield's "Menomini Morphophonemics " (1939).

In Bever (1967), it is shown that tbe depth of ordering of Bloomfield's grammatical description is at least
eleven; that is, from the linear sequence of rules constituting this grammar, a subsequence of eleven rules
can be extracted with the property that the grammar becomes more complex if any two successive rules of
this subsequence are interchanged in the ordering. In this same sense of depth of ordering, a depth of at
least twenty-five is demonstrated in Chomsky (1951).
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Neither of these statements is a necessary truth;5 each represents an interesting and, for

the present, reasonably weli-confirmed empirical hypothesis. With the modification already

stated as the principie of the transformational cycle, we wili accept the empirical hypothesis

5 This fact is sometimes overlooked in the case of (13). To illustrate the empirical character of(13), consider
three hypothetical languages Lb L2, L3, each containing the phonological segments ,4, 8, X, Y and the
lexical enfies ABY, BAX. Suppose, furthermore, that in each of these languages it is a fact that B is
realized as -Y before I and that .4 is realized as I'before X. Thus the grammars contain the rules (a) and
(p) as the most general statement of the facts:

(a) B -> X l -Y

(9) I  *  Y l -Y

Suppose now that the lexical entries l-By and BAX are realized phonetically in the following ways in
Lv L2,Lr:

In L1 ABY is realtzed, as YXY BAX is realtzed as BYX
In L2 ABY is reahzed. as AXY BAX is rcalized as XYX
In L3 AB y is rcalized as AXY BAX is realized as BYX

The facts of Lt and Lz can be accounted for by letting the rules (a) and (9) apply in different orders:
in L' (a) precedes (p); in L, (p) precedes (a). Then in Lr we will have the derivations of (I) for the lexical
entries.4Byand BAX, and. in L2 we will have the derivations of(II) for the same lexical entries:

ABY BAX
AXY rv nulr (a)
YXY BYX nv nuu (p)

([) ABY BAX
BYX BY RULE (p)

AXY XYX BY RULE (a)

Hence the hypothetical languages L1 and L2 support the empirical generalizations (13) and (14). However,
th€ facts of L3 cannot be accounted for in this fashion. As we have just seen, neither the ordering (d), (9)
nor the ordering (B), (a) will give the result required, namely, that ABY is realized as AXY and that
B,4Xis realized as B yX. Nevertheless, rules (6() and (9) state the facts in the simplest and most general way.
Therefore the hypothetical language L3 refutes the empirical hypothesis (13). In fact, L3 supports a dif-
ferent empirical hypothesis concerning rule ordering, namely, that rules be unordered and that they apply
simultaneously, so that each derivation has only two steps. With this convention (call it the " simultaneous
application " convention), we have the derivations (III), as required for L3 :

19

u)

(rII) ABY
AXY BY RULE (d)

BAX
BYX rv r.urr (p)

The simultaneous application hypothesis was first made explicit by Z. S. Harris (1951, Appendix to
$14.32), in a discussion of an example from Bloomfield (1939) in which statement (13) was explicitly
assumed. It has since been restated several times by Lamb (1964 and elsewhere), who, however, introduced
a new element into the discussion by his assumption that the simultaneous application hypothesis is
simpler, in some absolute sense, than the hypothesis that rules apply in sequence, in a fixed order. We see
no justification for such assumptions about an absolute sense of " simplicity," in this case, nor any rele-
vance to such assumptions if they can be given sense. The issue seems to us an empirical one; that is, the
issue is whether the case posited in the hypothetical language L3 actually is representative of natural
language. So far as we know, it is not. On the contrary, the empirical evidence in natural language rules
against the hypothetical situation of L3, and therefore against the simultaneous application hypothesis
and in favor of the hypotheses (13), (14). We shall have more to say about this matter as we proceed. In
fact, we shall note that there are situations, formally well delined, in which something like the simul-
taneous application hypothesis is correct, e.g., in the case of rules that switch values of a feature. (See
Chapter Eight, Sections 3, 4.) Thus the situation is complex, but, we think, quite clear.

For further discussion, see Chomsky (1964, $4.2; 1967) and Chomsky and Halle (1965).
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that the rules are linearly ordered as the basis for the work to be presented here, and will
give many examples that support this hypothesis. We assume, then, the following principles:

/- -\ (a) The rules of the phonological component are linearly ordered in a sequence
I  l< l

\ ' " /  R,,  . . .  ,R,.
(b) Each rule applies to a maximal string containing no internal brackets.

(c) After applying the rule R,, we proceed to the rule Rl.

(d) Unless an application of R, intervenes, the rule Rj cannot be applied after the

rule Rr (7 < i) has applied.

(e) R, is the rule: erase innermost brackets.

The joint effect of these principles is that the rules apply in a linear sequence to a minimal

phrase of the surface structure, then reapply in the same sequence to the next larger phrase

of the surface structure, and so on. When we speak of the principle of the " transforma-

tional cycle," we are referring to the empirical hypothesis (15). The statement of principle

(15) is not yet sufficiently precise to resolve all questions as to how rules apply, and we

will sharpen and refine it as we proceed.

In the technical terminology of the theory of generative grammar, the term " gram-

matical transformation " refers to a rule that applies to a stdng of symbols by virtue of

some categorial representation of this string. We use the term " transformational " in

referring to the principle just established since the rules in the cycle are transf ormational

in the usual sense; that is, the domain of their a licability and the_q1qrlner,iuwhich they
is determined by the phrase structure of a string, npl!-iullL by the sequence of elementary

symbols of which the strins is constitqle_d.o More specifically, the application of the cycllcal
rJq4gpenql not only upon the formatives in the surface structure but also upon the way

ihey are categorized. For example, the specification of N, A, or V is necessary for determin-

ing the applicability of the Compound Rule.
Notice, once again, that the principle of the transf ormational cycle is a very natural

one. What it asserts, intuitively, is that the form of a complex expression is determined by

a fixed set of processes that take account of the form of its parts. This is precisely what one

would expect of an interpretive principle that applies to phrase markers, in this case,

surface structures.?
Returning now to actual examples, let us consider the more complex phtases black

board-eraser ("board eraser that is black "), blackboard eraser (" eraser for a blackboard "),

and black board eraser (" eraser of a black board "), with the stress contours 213, 132, and

312, respectively.s Application of the rules discussed to the surface structure of these forms

6 The rules involved here are, however, transformations of a very narrow and restricted class, the class
referred to as " local transformations " in Chomsky (1965).

? Observe that the interpretive semantic rules must apply in accordance with essentially the same principle

as the one stated here for the phonological rules, as has been pointed out by Fodor and Katz (1963) and
by Katz and Postal (1964). The basic semantic rules apply to deep structures rather than to surface struc-
tures, however. In a sense the transformational syntactic rules also meet a similar cyclic condition. See
Chomsky (1965, Chapter 3) for discussion

8 Phoneticians might vary slightly in their description of the contours for these phrases. Whether these dis-
crepancies are a matter of fact or of convention is a question to which we will return below. In any event,
the matter is of little importaDce for the present. Our rules could be slightly modified to accommodat€
different decisions. For example, a slight revision of rule (7) would provide the contour 313 instead of

312 for the last example.
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gives us the following derivations (with all occurrences of f suppressed):

(a) [ryp [16/ack]1 [1 [pboard].. [Nerdrer]* l* lNp
t1

I

27

(")

(")

( ' ,

(b) [" [" [^b/cck]^ lnboardlnln [neraser]n ln
l l

1

(c) [" [". l^blackf^fnboard]n ln" [neraser]n ln
1l

I

lnboard eraserln

fp.black board eraserlpp

nurp (2)

nuI-l(10a)

RULE (10b)

RULE (2)

nure (10a)

nure (10a)

nur,r (2)

RULE (10b)

nurr (10a)

These derivations illustrate the expository conventions that we will use henceforth. tet us
now consider them in detail.

In the case of (16a), in the first cycle primary stress is placed on the minimal phrases
black and board, which are monosyllables and therefore subject to rule (2). Also in the first
cycle, primary stress is placed on eraser by a rule which we have not yet presented. Inner-
most brackets are then erased, and we return to the first of the linear sequence of trans-
formational rules. The string now under consideration is (17), this being the only maximal
string of (16a) which, at this point in the derivation, contains no internal brackets.

Rule (10a), the Compound Rule, is applicable to (17), and assigns primary stress on the
first word, giving the stress contour 12 for this string by the conventions established pre-
viously. Since (lOb) is inapplicable, we conclude this cycle, erasing innermost brackets.
The strine now under consideration is

Rule (10a) is not applicable to this string, so we turn to rule (10b), the Nuclear Stress Rule,
which assigns primary stress to board, weakening all other stresses in (18) by one. This gives
the contour 213 as the final line of derivation (l6a).

The derivation (16b) has the same first cycle as (16a), but for the second cycle, the
string under consideration is the noun blackboard rather than the noun board-eraser. The
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Compound Rule assigns to this noun the contour 12. Erasing innermost brackets, we pro-
ceed to the next cycle, considering now the notn blackboard eraser (whereas at the analogous
stage of the derivation (l6a), we considered the noun phrase black board-eraser). Being a
noun, this string is subject to the Compound Rule, so that primary stress is placed on the
first word, giving the contour 132.

Now consider the derivation (l6c). The first cycle is exactly the same as in the other
two derivations of (16). But in the second cycle we consider not the noun board-eraser, as
in (16a), nor the noun blackboard, as in (16b), but the noun phrase black board, meaning
" board that is black." To this, only the Nuclear Stress Rule applies, placing primary stress
on the second word. This concludes the second cycle. In the third cycle we consider the
noun black board eraser,which at this stage has the contour 211.'fhe Compound Rule (l0a)
applies to this string, assigning primary stress to the leftmost primary-stressed vowel and
weakening all the others. This gives the desired contour 312.e

To illustrate the transf ormational cycle with one more example, consider the noun
phrase John's blackboard eraser, which undergoes the following derivation (where D stands
for the category " determiner ") :

I

t

*

t( 'n)
ln, foJohn'sf, [p [n [^b/ack]^ lyboardln 1,.. [,"eraser]," 1,,. l,*"

l1

A

RULE (2)

RULE (l0a)

RULE (10a)

nuLB (10b)

I

I

I

I

I

I

I

I

I

I

I

T
!
t

The phrase blackboard eraser tndergoes the three-cycle derivation (16b); the determiner
John's receives its primary stress on the first cycle. In the fourth cycle, the string under
consideration is the noun phrase John's blackboard eraser, with the stress contour 1132.
The Nuclear Stress Rule assigns primary stress to the rightmost primary-stressed vowel,
weakening all others, and giving the stress contour 2143.r o

Suppose that the phrase John's blackboard eraser appears in the context
stolen.'fhe whole phrase in this case is a sentence, i.e., is bounded by [s . . . ].. The word
stolen wlll receive primary stress on the first cycle, and Joltn's blackboard eraser will have
the derivation (19). In the final cycle, at the le.vel of [s . . .]s, primary stress will be placed

on stolen by the Nuclear Stress Rule, giving John's blackboard eraser v'as stolen.ll

e Though examples (l6a) and (16c) may appear somewhat artificial, the reality ofthe syntactic patterns they
illustrate can hardly be doubted- They appear, for example, in such phrases as American history-teacher,
meaning " American teacher of history," which is analogous to (16a) and has the same stress contour
Zl3i and in American-history teacher meaning " teacher of American history," which is analogous to
(l6c) and also has the stress contour 312 (or 313-see note 8). We assume here that the word American
receives primary stress on the second syllable, although we have not yet given the rules that determine this.
Similarly, the phrases ciuil rights bili and excess profts tax are of the form illustrated in (l6c), whereas
unciuil game warden or excessioe profilJ tax are of the form illustrated in (l6a). There are many other exact
or near minimal pairs, e.g., ciuil engineering student (" stsdent of civil engineering " or " polite student of
engineering "), srzc ll boys school (" school for small boys " or " boys' school that is small ").

ro See note 8.
rr See note 8. To prevent ras from receiving primary stress by rule (2), we restrict this rule, as a first approxi-

mation, to the lexical categories, namely, noun, adjective, verb. We assume, on s]'ntactic grounds, that
the auxiliary be is not introduced as a member of a lexical category.
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Suppose that the phtase John's blackboard erdser appea$ in the context take-,
the whole constituting a sentence (in this case, an imperative). The word take receles
primary stress and -/oftn's blackboard eraser receives the contour 2143 by the derivation (19).
In the final stage of the cycle, the Nuclear Stress Rule (10b) places primary stress on 6/ac&,
giving the final contour 23154.

These examples show how complex and varied phonetic representations are deter-
mined by very simple rules when the principle of the transformational cycle is presupposed;
in other words, they illustrate the kind of evidence that can be offered in support of the
hypothesis that it is the principle of the transformational cycle that underlies the phonetic
interpretation of utterances. Observe that no rules at all are needed beyond those required
for the most elementary phrases. The interplay of these rules in more complex phrases is
determined by the principle of the transf ormational cycle, which is, it should be noted, not
a rule of English grammar but rather a general principle governing the applicability of
phonological rules in any grammar.

Notice that the rules, as presented, assign a different internal stress contour to the
phtase John's blackboard eraser depending upon whether it appears in subject or object
position in the surface structure. In subject position, as in the context - rrdJ stolen, the
contour of the phrase is 3254, with the same internal relations of stress as in the phrase in
isolation, though weakened in each case by one degree. In object position, on the other
hand, as in the context take - , the contour of the phrase is 3154, with internal relations
that are different from those of the phrase in isolation. Similarly, a simple adjective-noun
construction such as sad plight will have the contour 21 in isolation, the contour 32 in the
context ,fu - shocked ars, and the contour 3i, with different internal relations, in con-
sider his - . As the structure of the sentence becomes more complex, the internal relations
of stress within a phrase of this sort will continually be modified. Thus in the sentence
my friend can't help being shocked at anyone who vould fail to consider his sad plight,
the surface structure might indicate that the word plight terminates no less than seven
phrases to which the Nuclear Stress Rule applies, so that successive applications of this rule

a!

would give the contour sad plight. Presumably, the actual internal relations of stress
in sad plight are the same, in this case, as in consider his sad plight, or even in sad plight in
isolation.

In connection with this problem, several comments are called for. First, it is very
likely that certain readjustment rules of the sort mentioned in Chapter One, page 10, must
be applied to surface structures before the application of phonological rules, delethg
structure and restricting the number of applications of the transformational cycle (and,
consequently, the fineness of stress differentiation). Second, it is necessary to formulate a
principle for interpretation of phonetic representations that nullifies distinctions that go
beyond a certain degree of refinement. Thfud, there may very well be additional principles
that modify the convention weakening stress when primary stress is placed in a complex
construction. Finally, it is necessary to take note of the qualifications with respect to
phonetic representation in general that we discuss in the next section.

Before leaving the topic of stress contours within phrases, we should make it quite
clear that the rules discussed above give accurate results only for very simple constructions.
We have not investigated the problem of determining the stress contours of compiex phrases
of varying syntactic types; our investigation has been limited to the very restricted types of
constructions that have been discussed in the literature on English phonetics and phonology
of the past several decades. There is, for the moment, little useful data on more complex

23
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constructions. Such observations as have been made suggest that the problem of extending

this description to a wider class of cases may be nontrivial. For example, Stanley Newman,

in his important article on English intonation (1946), points out that in the sentence he has

plans to leaoe, the contour on plans to leaue is rising if the meaning is, roughly, " he intends

to leave," but is falling if the meaning is " he has documents to leave." It is not at all clear

what features of syntactic structure determine this difference. Another class of phenomena

not accounted for are those involving obligatory contrastive stress (sometimes stress shift)

as determined by syntactic parallelism, as in such sentences as he wanted to study electrical

rather thdn cioil engineering, or instead of encouraging the teacher to make the work interest-

ing, the school ddministrators actually dscourage her. Many other problems can be cited,

all indicating that many questions of fact and, perhaps, of principle still remain unresolved

in this area.

2. On the reality of phonetic representdtion

Utilizing the principle of the transformational cycle, the speaker of English can determine

the phonetic shape of an utterance on the basis of such rules as the Compound and Nuclear

Stress Rules, even though the particular utterance may be quite new to him. He need not

deal with the stress contour as a property of the utterance independent, in whole or in part,

of its syntactic organization. There is no doubt that stress contours and many other phonetic

properties are determined for new utterances with quite a bit of consistency among speakers.

This is a fact that must be accounted for by an empirically adequate grammar. In the case

of English we can approach an explanation by incorporating in the grammar such rules as

the Compound and Nuclear Stress Rules and by postulating the principle of the transfor-

mational cycle. Before going on to investigate the rules of English in greater detail, let us

briefly consider the question of how these rules and the general principles that govern their

applicability relate to psychological processes and to physical fact.
We might suppose, on the basis of what has been suggested so far, that a correct

description of perceptual processes would be something like this. The hearer makes use of
certain cues and certain expectations to determine the syntactic structure and semantic
content of an utterance. Given a hypothesis as to its syntactic structure-in particular its

surface structure-he uses the phonological principles that he controls to determine
a phonetic shape. The hypothesis will then be accepted if it is not too radically at vari-
ance with the acoustic material, where the range of permitted discrepancy may vary widely

with conditions and many individual factors. Given acceptance of such a hypothesis, what
the hearer "hears" is what is internally generated by the rules. That is, he will "hear"

the phonetic shape determined by the postulated syntactic structure and the internalized
rules.

Among the internalized rules are some that are particular to the language in question

and thus must have been learned; there are others that simply play a role in setting the con-
ditions on the content of linguistic experience. In the present case, it would be reasonable
to suggest that the Compound and Nuclear Stress Rules are learned, while the principle of
the transformational cycle, being well beyond the bounds of any conceivable method of
" learning," is one of the conditions, intrinsic to the language-acquisition system, that
determines the form of the language acquired. If this assumption is correct, we would expect
the principle of the transformational cycle to be a linguistic universal, that is, to be consistent

I

I

I

I

I
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with the empirical facts for all human languages;l2 the Compound and Nuclear Stress Rules,
on the other hand, might be in part language-specific.

We do not doubt that the stress contours and other phon€tic facts that are recorded
by careful phoneticians and that we will study here constitute some sort of perceptual
reality for those who know the language in question. In fact we are suggesting a principled
explanation for this conclusion. A person who knows the language should " hear " the pre-
dicted phonetic shapes. In particular, the careful and sophisticated impressionistic pho-
netician who knows the language should be able to bring this perceptual reality to the level
of awareness, and there is ample evidence that phoneticians are capable of doing this. We
take for granted, then, that phonetic representations describe a perceptual reality. Our
problem is to provide an explanation for this fact. Notice, however, that there is nothing
to suggest that these phonetic representations also describe a physical or acoustic reality
in any detail. For example, there is little reason to suppose that the perceived stress con-
tour must represent some physical property of the utterance in a point-by-point fashion;
a speaker who utilizes the principle of the transformational cycle and the Compound and
Nuclear Stress Rules should "hear" the stress contour of the utterance that he perceives
and understands, whether or not it is physically present in any detail. In fact, there is no
evidence from experimental phonetics to suggest that these contours are actually present
as physical properties of utterances in anything like the detail with which they are perceived.
Accordingly, there seems to be no reason to suppose that a well-trained phonetician could
detect such contours with any reliability or precision in a language that he does not know,
a language for which he cannot determine the surface structure of utterances.

Considerations of this sort lead us to suspect that the question of how highly differ-
entiated the stress contours in a representation should be is of little significance. In a com-
plex utterance with a rich surface structure, the rules outlined in the preceding section will
lead to a shess contour of many levels. There may be no empirical sense to the question
of whether the resulting representation is correct in full detail. Because of the completely
impressionistic character of judgrnents of reiative stress, decisions over a broad range are
of little value. It is not at all surprising that there should be great dimculty, within im-
pressionistic phonetics, in determining how many stress levels should be marked and how
they are distributed in utterances that exceed a certain degree of complexity. The shape
and the degree of differentiation of a stress contour are largely determined by obligatory
rules and are therefore below the level of systematically significant representation. Once
the speaker has selected a sentence with a particular syntactic structure and certain lexical
items (largely or completely unmarked for stress, as we shall see), the choice of stress con-
tour is not a matter subject to further independent decision.l3 That is, he need not make a
12 In one sense, a general principle counts as a linguistic universal if it is compatible with the facts for all

human languages. As linguists, of course, we are concerned not with principles that happen by accident
to be universal in this sense, but rather with those that are universal in the domain of all possible human
languages, that is, those that are in effect preconditions for the acquisition of language. (See the discussion
in Chapter One, p.4.) Such principles, and such alone, can serve to explain and account for the phenomena
of particular languages. The distinction in question is not easy to draw, but is no less crucial for this
reason.

Notice, incidentally, that tbe transformational cycle might apply vacuously in a certain language,
in particular ifthe language has very shallow surface structure. Thus a highly agglutinative language might
be expected to offer little or no support for the principle of the transformational cycle, at least within the
bounds of a word. This, if true, would be entirely irrelevant to the status of this principle as a linguistic
universal.

13 We assume that the position of emphatic stress is marked in the surface structure, and we neglect marters
that we have assigned to the theory of performance (see Chapter One, p. 3).
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choice among various " stress phonemes " or select one or another " superfix." With

marginal exceptions, the choice of these is as completely determined as, for example, the

degree of aspiration. Similarly, a hearer who has grasped the structure and morphemic
constitution of an utterance from a rough sampling of the physical input need not attend

to stress variation, to whatever extent this may actually be a physical property of utterances.
It is to be expected that determined phonetic features should be quite difficult for

the user of the language to learn to identify, whether they involve stress or degree of aspira-

tion (where undoubtedly there are many levels, predictable, at least roughly, by general

rules).ra The apparent ease with which phoneticians trained in the same conventions can,

to a large extent, agree on the assignment of four or five stresses in utterances may very well

be traceable to their ability, as speakers of the language, to grasp the syntactic structure of

utterances and to assign to them an " ideal " stress contour by the rules of the transforma-

tional cycle. Such an achievement may have little to do with any physical fact. This is,

incidentally, a matter which should be subject to experimental investigation.ls

To summarize this discussion of phonetic representation, we do not doubt that

representations of stress contours and similar predictable phenomena correspond, up to a
point, to some perceptual reality that can be brought to consciousness with training and

care. That this must be true is shown by the fact that phoneticians trained in the same system

of conventions can reach considerable agreement in transcribing novel utterances in lan-
guages that they know. These perceptual facts may be of interest only to the exJent that

they provide data for testing empirical hypotheses such as the principle of the transforma-

tional cycle. Accordingly, perceived stress contours are of very great linguistic interest since

they offer evidence bearing on this hypothesis, whereas degree of aspiration will be of no

linguistic interest if, as one might suspect, it is determined by principles of little depth or
generality. Furthermore, the representation of the perceptual facts is likely to be governed

in part by arbitrary convention or irrelevant cognitive limitations after a certain degree of

complexity is reached. Thus, it is impossible to expect (and, for purposes of investigating

linguistic structures, unnecessary to attain) a complete correspondence between the records
of the impressionistic phonetician and what is predicted by a systematic theory that seeks

to account for the perceptual facts that underlie these records.

3. The transfortnational cycle within the uord

Let us return now to the problem of how the phonologicai component of a grammar is
organized, and the more specific matter of the rules of English phonology. In the deriva-

tions given in Section l, we did not provide rules for determining stress placement in the

word eraser or, for that matter, in any word that is not a monosyllable (see rule (2)). In
fact, it is evident that eraser is itself a complex form based on the verb erase and, an agentive

la As noted, there is no acoustic evidence to support the view that perceived stress contours correspond to a
physically definable property of utterances. However, even if such differentiations did exist alonga single
dimension of the acoustic signal, there would be some reason to doubt that they might be identified by
phoneticians. There is evidence that even under experimental conditions, where complex stimuli are to be
sorted along several dimensions, more than two or three distinctions along each dimension will overload
the perceptual capacity. See Pollack and Ficks (1954) and Miller (1956).

15 P. Lieberman (1965) has shown that a phonetician who is capable of describing a pitch contour with
great accuracy in isolation may represent this very same contour quite differently when it is associated with
an utterance of his language. This strongly suggests that what the phonetician " hears " in utterances
depends very heavily on internalized rules that predict perceived phonetic shape. Similar results were
obtained for stress.
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A sleetch of English phonology and phonological theory

affix. Thus, at the level where phonological rules of the kind we are now considering become
applicable, the structure of this item is something like (20):16

lx# lv# erase#1r r# Jx-P9
If the principle of the transformational cycle is perfectly general, then this word too should

_ have more than one cycle in its derivation. The rules should first apply to the underlying
vetb erdse and then, in the next cycle, to the noun eraser. The verb erase is bisyllabic, and
we see that stress is placed on the second syilable. As a first approximation to the rule of
stress placement for lexical items, we can formulate the rule (21), which places primary
stress on the final vowel of the string under consideration where this item is a noun, ad-
jective, or verb. The symbol Ce, as before, stands for a string of zero or more consonants.

l t r l  V + [stress]  /X-Col, ,ov

Notice that rule (21) now includes, as a special case, rule (2), which placed primary
stress on the only, hence final, vowel of a monosyllabic item. We can thus dispense with
rule (2), and the rules of stress placement become rules (21), (10a) and (l0b) (the Compound
and Nuclear Stress Rules), and (7), which appears to be quite marginal.

There is a difficulty, however. If these ruies apply in a cycle, rule (21) will be applic-
able to nouns such as blackboard, blackboard eraser, and so on, incorrectly assigning
primary stress to the final vowel. We must therefore place some restriction on rule (21) to
eliminate this possibility. The simplest way to do this is to require that the string to which
(21) is applied must contain no occurrences of the boundary #. We therefore add to rule
(21) the conditior. (22):

(rr) X contains no internal occurrence of #.

With rule (21) replacing rule (2), we have provided sufficient information to complete
the derivations that were given as examples of the operation of the transformational cycle.
In the first stage, rule (21) applies to assign primary stress to the final vowel of each of the
ilems black, board, John, erase.'lhe second cycle wiil be vacuous in the case of John's or
erdsef, stress simply being reassigned to the stressed vowel.l? Otherwise, the derivations
proceed as before.

The transf ormational cycle operates within word boundaries in a much more far-
reaching and extensive way than suggested by examples such as these. In complex deriva-

_ tional forms, for example, it seems quite natural to suppose that the phonetic shape of the
full form is determined by general rule from the ideal representation of its parts in much
the same way as in syntactic constructions. Investigation of English and other languages

- confirms this expectation and permits us to formulate the principle of the transformational
cycle in full generality, applying to all surface structure whether internal or external to the
word. The word is, as we shall see, a significant phonological unit, but its unique properties do

- not lead to violation of the general principle of the transformational cycle. We assume, then,
that the cycle operates from the minimal units included in (or, in special cases, constituting)
words up to the maximal domain of phonological processes, with no discontinuity.

16 On the placement of I boundaries, see Chapter One, pages 12-14.
r? We shall see that the reason for the inapplicability of any rules in the second cycle of these forms is actually

quite different from what is suggested here. In both cases it is th€ # boundary preceding the affix which
blocks all phonological rules that would otherwise be applicable.
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4. The segnr,ental phonology of English-a first approxin 'ation

We have described the phonological component as a system of rules, organized in accord-
ance with the principle of the transf ormational cycle, which maps surface structures into
phonetic representations, where a surface structure is a labeled bracketing of a string of
formatives. Furthermore, we have been assuming that the formatives can themselves be
regarded as strings, consisting of consonants and vowels. The lexicon, which is a part of

the syntactic component of the grammar, determines the intrinsic structure of a formative

in terms of phonological properties: in particular, the lexicon determines how a formative
is represented as a string of consonants and vowels. We will refer to the consonants and
vowels that constitute a formative as its " segments." The phonological rules modify the
segmental structure of a string of formatives in accordance with the specified labeled
bracketing. At the termination of the transformational cycle, all labeled bracketing has

been erased, and we are left with a string of phonological elements which we will also refer

to as segments, in this case " phonetic segments." These segments too can be analyzed as
consonants and vowels of various types. We assume that linguistic theory includes a uni-
versal phonetic alphabet-of a sort that we will later describe in detail-which provides a
uniform, language-independent system for the representation of phonetic segments. In
brief, then, the phonological component maps a surface structure into a string of universal
phonetic segments.

Let us for the moment assume a standard phonetic system for the representation
of consonants and turn our attention to the system of English vowels.

For our immediate purposes, we may regard a formative as a string of consonants
and " vocalic nuclei." The vocalic nuclei may be " simple," as in the boldface positions of
pit, pet, pat, put, putt, analyze. We will use the phonetic symbols i, e, e, u,,r., e, respectively,
for these simple vocalic nuclei, delaying a more detailed analysis until later. The segment
represented as e will be referred to as the " reduced vowel."

In addition to simple vocalic nuclei, there are " complex vocalic nuclei," such as those
that appear in the boldface positions in confide, feed, fade, feud, road, and others. For the
time being, we will use the symbols I, E, A, U, O, respectively, for the complex nuclei of the
cited forms; that is, we use each capital letter with its conventional name as its phonetic
value.

Following this convention, we will have quasiphonetic spellings such as the following:

ErAs
IrAt

i
I
il
i'

I
t
I
l

il

il

I

P,) erdse

irate

t
I

I

I

_l
I

- l /-l

mutation mUtAien
' '  , ,8ecumenrcal eKUmenrKal-

cupidity kUpiditE
citation sItASon

I

maintain mAntAn

collapse kelaps
3l

r3 Or, perhaps, [ekUmenakel]. As indicated in the Preface, we will generally follow the phonetic representa-
tions of Kenyon and Knott, which agree quite well with our own normal speech in most respects. Although
there are some differences which we will comment on later, non€ of them are very crucial, and for the
moment we can ignore them.
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The representation of other vocalic nuclei and a more detailed analysis of all of these
elements will concern us in later chapters. We will discover, in fact, that the representations
just proposed are somewhat more than a mere notational convenience.

In terms of the above notions, we can distinguish between "weak clusters " and
" strong clusters " in the following way. A weak cluster is a string consisting of a simple
vocalic nucleus followed by no more than one consonant; a strong cluster is a string con-
sisting of either a vocalic nucleus followed by two or more consonants or a complex vocalic
nucleus followed by any number of consonants. In either case, the cluster is assumed to be
followed either by a vowel or by the boundary symbol # (with possible intrusions of the f
boundary). These definitions will be emended and made more precise later on.

Using the symbol S for a strong cluster and W for a weak cluster, we can see that

the items of (23) are phonetically of the following form in terms of clusters (with initial
consonants omitted) :

ErAs
IrAt

29

\,1 SS

SS
SSWmUtASen

ekUmenikel WSWWW
I

kUpiditE swws
I

sItASen SSW
I

mAntAn SS
1

koleps WS

5. More on the transforntational cycle uithin the uord.

We can now proceed to deepen the account of stress placement within words. Rule (21),

the only rule given so far that places stress within words, assigns primary stress to the final
vowel of the string under consideration. Thus it assigns primary stress to the final syllable
of words such as euade, supreme, exist, absurd. Observe, however, that all these examples
have final strong clusters phonetically. In fact, if a verb or adjective has a final weak cluster,
then stress is placed on the penultimate rather than the final syllable. Thus we have words

such as relislr, corct, deoelop, stolid, common, clandestine, all with penultimate stress and
final weak clusters.le These observations suggest that rule (21) should be divided into two
cases, the first assigning primary stress to the vowel preceding a final weak cluster, the
second assigning primary stress to the final vowel of the string under consideration. We can
give this rule in the following form:

{zsl V --+ [1 stress] i  x-Co(W)l
t - - ,

where Xcontains no internal occurrences of # (see condition (22)'1 and W is a weak cluster.
We interpret (25) as an abbreviation for two rules, in accordance with the general conven-
tion that a rule of the form (26), with a string in parentheses, is an abbreviation for the

1e Exceptions to the rules we are now sketching will readily come to mind. To a considerable extent they
will be taken care of by the more careful formulation given in the next chapter. Exceptions do remain,
however. (See the Preface on the subject of exceptions-)

Notice that the rule we are discussing here is, in effect, the familiar Latin stress rule-
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sequence of rules (27) (where either Z or Q contains - ) :

lzal  X----+ Y lz(P)e

\,,)

General suraey

(a) X---- '  Y IZPQ
(b) x ---r Y lzQ

The order in (27) is crucial: in a sequence of rules abbreviated by the parenthesis notation,
as in (26), the case (27 a) that includes the string in parentheses is applicable before the case
(27b) without the parenthesized string. In accordance with these conventions, rule (25) is
an abbreviation for the two rules (28a) and (28b), in that order:

{zr I
(a) V --- [1 stress] / X-CoWl
(b) V --- '  Is t ress]  |X-Col

Words such as relish, deaelop, common, with final weak clusters, are subject to (28a) and
receive penultimate stress. Words such as eoade, supreme, exist, w:,lh final strong clusters,
are not subject to (28a) and receive stress on the final syllable by (28b).

There is one additional condition to be noted in connection with rule (25). Suppose
that we apply this rule to a word with a final weak cluster,_ stch as edit. By case (28a),

primary stress is placed on the penultimate syllable, giving 
-edir. 

But then. by case (28b),
primary stress will be shifted to the final syllable and the first syllable will be weakened to

[2 stress], resulting in the incorrect form*idit. The simplest and most general way to avoid
this is to establish a condition on the parenthesis convention itsel{. In fact, in all descriptive
work in generative grammar with which we are familiar, it has been tacitly assumed that
in the case of a rule such as (26), the two subcases (27a) and (27b) are ordered not only as
shown, but are " disjunctively ordered," in the sense that if rule (27a) applies, then rule (27b)
is not permitted to apply. Thus a sequence of rules abbreviated in terms of the parenthesis
notation constitutes a disjunctively ordered block; as soon as one of these rules is applied,
the remaining rules are skipped within any one cycle of a derivation. We now establish
this as a general convention with regard to the parenthesis notation, to be extended and
generalized as we proceed. We thus extend the general theory of the organization of a
grammar expressed in the principle of the transformational cycle, by observing that certain
subsequences of the linearly ordered rules may be disjunctively ordered. To return to the
rules we have been discussing, the two cases (28a) and (28b) abbreviated by (25) will be dis-
junctively ordered, and the difficulty noted at the beginning of this paragraph will not

arise, once case (28a) has applied to give the correct form edit, then case (28b) is prevented,
by the principle of disjunctive ordering, from applying to that form.

Like other general conditions on the organization of a grammar, the convention just
proposed constitutes an empirical hypothesis subject to refutation by linguistic fact. The
hypothesis is, in this case, that if a sequence of rules is to be abbreviated by the parenthesis
convention,20 then this sequence forms a disjunctively ordered block. Obviously, this is
not a necessary truth, by any means.
20 The question of when a sequence ofrules is to be abbreviated by the parenthesis convention is not a matter

of choice but rather one of fact. That is, the convention regarding parentheses is just one part of an
evaluation procedure to be applied to grammars. This procedure is perfectly general (language-indepen-
dent) and performs the function of determining which of the grammars consistent with the data is to be
selected as the grammar of the language for which the data provide a sample. Fordiscussion, see Chomsky
(1965) and many earlier references.

The matter of defining " optimal representation " is nontrivial. In the ensuing discussion we
make certain tacit assumptions about " optimality " that will be explored further in Chapter Three,
Section l See Chomsky (1967) for further discussion.
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It is not to be expected that an absolutely crucial test case for this hypothesis will be
very easy to come by. In any real case, there will presumably be other aspects of a gram-
matical description which, if modified, will allow this hypothesis to be retained in the face
of superficiaily disconfirming evidence. This is the usual situation when an empirical
hypothesis of such generality is at issue. Still, it is quite clear what sort of evidence is relevant
to increasing or diminishing the plausibility of the hypothesis.

Returning now to the problem of stress assignment, we see at once that rule (25)
requires refinement and elaboration if it is to account for the facts. Each of the examples
given to illustrate the rule contains just a single formative. Where a word has an internal
analysis in terms of formatives, rule (25) must apply in a slightly different way. To see this,
consider the derived forms personfal, theatliclal, anecdotlal, dialectlal.If rule (25)
were to apply directly to these forms, it would assign primary stress to the penultimate
syllable (the final cluster -al being weak), giving *personal, *theatrical, anecdotal, dialectal,
only the last two of which are correct. Notice that ail four words would be assigned primary
stress in the correct way by rule (25) if the affix -al were excluded from consideration at the
point when the rule is applied. The residual |orms person- and, theatric-, with final weak
clusters, would have primary stress assigned to their penultimate syliables by case (28a);
the forms anecdOt- and dialect-, on the other hand, would be exempt from (28a) because
of their strong final ciusters and would instead have primary stress assigned to the final
syllable by case (28b). This observation is in fact quite general for affixes, and we therefore
replace rule (25) by the following sequence of rules:

(a) V -' [1 stress] / X-Co(W)fatrxl
(b) V ---) [1 stress] / X-Co(W)l

Clearly there is a generalization being missed by the formulation (29), for the obvious
similarity between the two cases is not expressed. To permit us to capture generalizations
of this sort, we extend our notations to permit rules such as (30) :

(,.) X-.- .> Y lZ-R lP-Q

In general, a rule of the form (31)
where Z and R are strings:21

{ l t l  x
\ , /

(,,)

can be regarded as an abbreviation for the rule (32),

---+ Y I Z-R

ZXR ---+ ZYR(,')

Following this convention, we i:rterpret (30) as an abbreviation for (33), where Z and R
are strings:

ZXR ---> ZYR I P-Q

This is now a rule of a famiiiar form. Reapplying the convention that defines (31) in terms
of (32), we interpret (33) as an abbreviation for (34):

PZXRQ --- PZYRQ

2r We will give more precise definitions of these notions in Chapter Eight. For the present, one can t6nk of
rule (31) (equivalently, (32)) as stating that a linguistic element of the form Xis extended to contain the
features I, (or is modified to contain 1, if I differs in some respect from ,Y) when this element of the form
,Y appears in a context of the form Z- ,R. There are ambiguities in this account; they will be resolved
later, and are not of the sort that should lead to misunderstanding in the present context.
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Thus, when Z and R are strings, the notation (30) is well-defined. Suppose, however, that

Z and R are not strings, but notations of any complexity, including braces, parentheses,

and so on. Then it would not do to say that (31) is an abbreviation for (32); rather, (31)

is an abbreviation for the sequence of rules (35), determined by the conventions for braces,

parentheses, etc. The sequence (35) is then an abbreviation for the sequence (36), by the

i
I

:
I

it
:
:
ia

t

j

i

ia

i
:

:

i

i
;
:t

I

L

I

convention just stated.(") F:
l" ..-

Y lZ1-\ \
Y I  Z.-R, I- t

"  
)  z^-^^)

(X -  Y lzt-R'  lP-Q\

lx  -  
y lz,  .  R, lP-Q\

l " - - '  v  lz^:  n^ lP-o)

(,,)

( , ' )

(Z1XRt -  ZtYRr

lZ,XR. "-  Z"YR,
( '
t :
\Z^XR^ ---+ Z^YR^

This leaves us with only the problem of explaining the meaning of (30) in the case

when Z and R involve notations such as braces and parentheses. Since (31), in this case, is

an abbreviation for (35) (ultimately, (36)), the conventions already given will interpret
(30) as an abbreviation for (37):

(,4 (x - '  Y l  z ' -R'  \
t - l

lx  -  Y l .z2-R2) t r_g
l : l
\x - .  Y lZ^-R^)

The above can be seen to be (35) (or, equivalently, (36)) in the context P-Q' By the

usual brace conventions, we can now interpret (37) as an abbreviation for (38):

In (38), each Z, and R, is a string of symbols, so that (38) is itself interpretable by the

convention that gives (30) as an abbreviation for (33).

We see, then, that there is a very natural way of interpreting familiar conventions

so that a rule of the form (30) has, in effect, the following intuitive meaning: first, expand

the context P-Q, in accordance with the brace and parenthesis conventions, into the

sequence of its special cases Pr - Qt, . . . ,Pr.- Qrl next, apply the rules abbreviated

as X ----+ Y I Z - R in the usual sequence, under the condition that the element ZXR under

consideration is in the context P, - 0r; next, apply the same rules under the condition

that the elemenl ZXR is in the context P2 - Qz; etc.

With these notational remarks, we can return to the generalization left unexpressed

in rule (29) which can now be captured by the following rule:

(,') V -+ [1 stress] / x-Co(W) 7 -(]affix)J

where W is a weak cluster, Co is a string of zero or more consonants, and X does not

contain an internal # boundary.22 Our conventions interpret (39) as an abbreviation for

22 Actually, the amx must be restricted to a glide or to a monosyllabic formative with a simple vocalic
nucleus, for reasons that will be developed in the next chapter-
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the foliowing sequence of rules:

33

(..)
(a) V --- [1 stress] 7 Y- aow]affixl
(b) V ---+ [stress] i X-Cofaffixl
(c)  V---  [stress]  /X-CoWl
(d) V ---+ [1 stress] | X-Col

ln lntheatrln ic{all^
I (RULE To rr cweN)

The parenthesis convention proposed earlier imposes the following ordering conditions on
(40a-d): (l) the order of application is (a), (b), (c), (d), as given; (2) if case (a) applies, then
case (b) is inapplicable; (3) if case (c) applies, then case (d) is inapplicable; (4) if either case
(a) or case (b) applies, then cases (c) and (d) are inapplicable. Summarizirg, the convention
impiies that the ordering of (40) is totally disjunctive; if one case applies, then all later cases
are skipped.

In forms such as personf al and theatrliclal, case (a) of rule (40) assigns primary
stress in the antepenultimate syilable. Case (b) of (40) applies to words swh as dialectlal
and anecdOtlal assigning primary stress in the penultimate position, which contains a
strong cluster. Cases (c) and (d) are simply the two cases of rule (25); they apply to such
words as edit and deuelop, assigning penultimate stress, and to words such as eaade and
supreme, assigning primary stress in the final syllable. Rule (39) thus expresses in a precise
way the linguistically significant generalization that underlies this class of examples.

Notice that some of these examples involve more than one cycle. The word theatical,
for example, is clearly derived from theater, which will receive primary stress on the initial
syllable in the fust cycle (by a rule which will be given in the next chapter); thus, in isolation
the stress will be in that position. But in the second cycle, the stress is shifted to the second
(antepenultimate) syllable by rule (39). We thus have the derivation (41). (Recall that we
assume all formatives to be automatically bounded by *, by convention. We therefore
need not indicate all occurrences of this boundary in a derivation.)

( . ' )

k4

RULE (39), crsa (40a)

The stress on the first syllable is then weakened as a special case of rules that we will go into
later.

Suppose that we have a still more complex form such as theatricality, for example.
For this form, the same rules provide the following derivation:23

al

[,. [^ [nriearr]., icfa\oiltyl"
1 (nun ro ne ctwN)

nuu (39), csr (40a)

nur.r (39), cAsE (40a)

23 The analysis of -ity as i+ty might be disputed, but it seems well motivated on morphological grounds.
There is, first of all, a noun-forming affix -tJ, (loyalty, nooelty, etc.) Furthermore, the forms in -it), often
have other derived forms with affixes beginning with -i (sanctity-sanctify-sa cfiude, clarity-clarify,
etc.), which suggests that -r'- is a stem-forming augment. We shall see, in fact, that there are good reasons
to suppose that no amxes are polysyllabic.

As rule (39) is stated, this analysis of -lty is necessary. From considerations presented in the next
chapter, however, it can be shown that even if -ity were to be analyzed as a single formative, the rules
would still provide the derivation (42). Therefore, in this instance at least, phonological considerations do
not require the analysis into two formatives.

21
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There is a generally accepted convention to the effect that secondary stress appears within
a word only if it is the main stress uithin that word. Accordingly, we add the following rule:

Within a word. all non-main stresses are weakened by one.

The exact status of this rule. rvhich we will call the Stress Adjustment Rule, is a matter to
rvhich s'e 'ivill return belou. We will see, in fact, that it becomes a special case of the Nuclear
Stress Rule{10b) when the.latter is properly formulated. The Stress Adjustment Rule (43)
converts theatricali\, to tlteatricality, which we can take to be the phonetic representation
for this word up to the degree of detail we have discussed so far.

In the same manner, rule (39) assigns stress contours to many complex forms, in
accordance with the principle of the transformational cycle. We can thus account for a
substantial class of cases in a very simple and general way.

Actually, rule (39) may be extended somewhat further. Consider pairs of words such

pltdtograph photosj'nthesis
m6nolith monomdnia
tdlescope telekindsis
prdtoplasm protozda

Each of the forms consists of a prefix (.photo-, mono-, tele-, proto-) followed by a stem (which
may, in certain cases, function as an independent word). With minimal assumptions about
surface structure, photograph, for example, will be represented lnphoto [51uygrapft]"ru, ]n .
In a case l1ke photosyntlresrs, the bracketing will be the same, but syntlrcsis will be labeled
as a noun rather than a stem.

We note that primary stress falls on the prefix if the stem is monosyllabic,2a and on
the stem if the stem is polysyllabic. Though this observation will be modified slightly when
a larger class of cases is considered, it can be accepted as a first approximation. We notice
further that stress placement on the prefix is in accordance with rule (39); that is, by case
(a0c) (: (28a)), primary stress is assigned to the syllable preceding the final weak cluster
of the prefix. (For reasons which appear below, the final vowel of photo, mono, etc., is
lexically lax though in some positions it is phonetically tense.)

Using these observations and the assumed surface structure, we can account for the
forms in (44) with a rule that accomplishes the following. After primary stress has been
assigned to the stem (or inner noun) in the first cycle, it will be shifted left to the prefix if
the stem (or inner noun) is a monosyllable, that is, if the form has a final stressed syllable
when it enters the second cycle. For example, photograplt will enter the second cycle as

1

photograplt, with a final stressed syllable, and our new rule will then shift the stress back to
give ph.itograph. 'fhe form photosynthesis, on the other hand, will enter the second cycle as

photosynthesis; since the syllable that is stressed is not final, the new rule will not apply and
the stress will remain on the inner noun. We can now proceed to formulate the rule as
follows:

V --' [1 stress] / x-Co(W) I ->l

2a We are using the term "monosyllabic" in a phonological, not a phonetic, sense in this context. Thus
p/asrz is phonologically monosyllabic (cf. plasma)but phonetically bisyllabic, since postconsonantal nasals
become syllabic in final position.

(r,)

(*/

i

(.')

1
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where W is a weak cluster and 5 a stressed syllable, that is, a string of the form CoVCo.
Making minimal assumptions about surface structure, as before, this provides derivations
such as (46):

lnphoto f"r"*g rapft] srsn ]N
I nurr (39), cesr (40d)

nure (45)

nurr (43)
2
J

Where the stem (or inner noun) is polysyliabic, the stressed syllable will not be final and
rule (45) will not apply. This accounts for the fact that in the examples in the right-hand
column of (44), primary stress remains on the stem (or inner noun.;.2s

Before proceeding to investigate other applications of rule (45), we can observe that
it obviously falls together with rule (39). Combining (39) and (45), then, we have the following
rule :

(or\  v -  Ustressl  /x-co(w) t - r { - l f f i * } l t
\ /  t2.  1

where Wis a weak cluster, Co is a string of zero or more consonants, I is a syllable of the
form CoVCo, and X does not contain # boundary internally. We will henceforth refer to
this rule, with its various elaborations, as the Main Stress Rule, since it is the main rule
applying to lexical categories. We return to this matter in Chapter Three.

In accordance with our notational conventions, rule (47) is an abbreviation for the
sequence of rules:

/or\ 
(a) V --- [ stress] / X-CoWfaffixl

\'-l (b) V -- [1 stress] / X-Cofaffixl
(c) V ---+ [1 stress] 1 Y - Coffff
(d) V -- [1 stress] I X-Coil
(e) V -. [l stress] I X -CoWl
(f) V 

- [1 stress] I X-Co1

Cases (a), (b), (e), (f) are, respectively, cases (a)-(d) of (40). As before, they constitute a
disjunctively ordered block; if one of the four cases of (40) applies, none of the later ones
is applicable. Furthermore, the notational conventions that we have given imply that if
case (48c) applies, then case (d) is inapplicable, and that if either case (c) or (d) applies,
then cases (e) and (f) are inapplicable. There are no further disjunctive constraints. The
only permitted sequences of applicable rules, then, are the following:
/ \ (a). (c)
l4el\ / (a). (d)

(b), (c)
(b), (d)

Apart from these possibilities, at most one of the rules of (48) can apply. The order in
which they become applicable is, aside from this restriction, the linear order of (48). These
empirical assumptions follow from the general hypothesis regarding notations and the fact
that (47) is the optimal representation of the processes so far discussed (see note 20).
25 We have not yet given the rules that assign primary stress to these stems and imer nouns in th€ first

cycle.
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Before we continue with the analysis of English stress placement, let us make quite

clear the status and character of our assumptions concerning the organization of grammars

and the conditions on the applicability of grammatical rules' We have, so far, placed the

following conditions on the grammar. The grammar is a linear sequence of rules of the form

illustrated in (48), applying in accordance with the principle of the transformational cycle
(see (15)). The relation of disjunctive ordering is defined on certain pairs of rules of this

sequence by virtue of their formal similarities. To determine disjunctive ordering, we apply

to the fullest possible extent the notational conventions involving parenthesization, bracket-

ing, and the slash-dash notation defined as in (30)-(3a). In this way we form an underlying

schema which represents this sequence of rules and which is expandable into this sequence

by the successive application of conventions involving the notations. (when this process

is formalized later in our discussion, we will guarantee that the order of expansion is

unique.) If at some stage in the expansion we reach a schema of the forfi Z(X) lz, expandable

into the sequence of schemata ZXY, ZY, then all rules derived by expanding ZX Y (or Z X Y

itself, if it is a rule) are disjunctively ordered with respect to all rules derived by expanding

ZY (or ZY itself, if it is a rule). In this way, disjunctive ordering is defined on the rules of

the sequence constituting the grammar. Notice that rules may be disjunctively oldered with

respect to one another even if they are not adjacent in the ordering; for example, in (48)'

rule (a) is disjunctively ordered with respect to rule (f), but not with respect to rule (c).

The conventions associated with disjunctive ordering make use of the notations

for stating grammatical schemata in a way that is rather novel witbin the theory of generative

grammar. In earlier work these notations have been regarded solely as part of the system

for evaluating grammars. They have been proposed as an explication of the notion " linguisti-

cally significant generalization "; the degree of linguistically significant generalization

attained by a grammar-its " simpiicity," in a technical sense of the term-is measured

by the number of symbols appearing in the underlying schema that expands to this grammar

by the use of the notations. (See Chomsky (1965) and many earlier references for dis-

cussion.) But now we are also making use of the notations to determine how the rules

apply, in particular, to determine disjunctive ordering. That is to say, we are proposing

that certain formal relations among rules, statable in terms of the notations that are used

for the evaluation of grammars, are significant in determining how the grammar generates

derivations. If the empirical hypothesis embodied in the definition of " disjunctive ordering "

is correct, then this fact offers a powerful argument in support of the empirical reality of the

evaluation procedures that have been developed within the theory of generative grammar,

as it has evolved in recent years.
We can now return to the role of the Stressed Syllable Rule, as we shall henceforth

refer to it-namely, cases (c) and (d) of the Main Stress Rule. We will refer to cases (a)

and (b) of (48) as the Affix Rule.
Consider now the following sets of words:

113r

torment torment torrent
113 I

conxict cont)ict nerdict
t13 I

export export efort
l13r

progress progress ttgress

t

I
i
I
I{
I

I
I
I*
a
t

!
I
:
{
t
a
:- t
ia

i.:

(')

The words in the left-hand column are verbs, with stress on the final syllable; those in the

other two columns are nouns, with primary stress on the penultimate syllable' Comparing
the words in the middle column with those in the right-hand column, we can see that they
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differ in the degree of stress on the final syllable and, concomitanlly, in the quality of the

final vocalic nucleus, which is reduced to [e] in the right-hand column but not in the middle

column.
We can account for the nouns in the middle column. that is. those with stress con-

tour 13, by reg3arding them as derived from the corresponding verbs. Thus we view the relation

between torment and torment as roughly analogous to the relation between aduertisement and

aduertise or impression and, impress. We then have derivations such as the following:

fn lrtormentl" fn
I nuu (47), case (48f)

nurr (47), c.rse (48d)

RULE (43)

In the first cycle, the Main Stress Rule applies to the underlying verb, assigning primary

stress in the final strong cluster. Since the verb undergoes no further applications of the
Main Stress Rule, in isolation it retains primary stress in this position. But the derived
noun must undergo a second application of the Main Stress Rule, in accordance with the
principle of the transformational cycle. In this application, the Stressed Syllable Rule applies,
shifting primary stress to the left. Secondary stress on the final syllable is then weakened to
tertiary by the Stress Adjustment Ru1e, giving the contour 13. The distinction between the
elements of the left and middle columns of (50) can thus be attributed to the extra cycle in
the derivation of the nouns. The distinction between the elements of the middle and right
columns can be attributed to the fact that the right-hand elements are not derived from
associated verbs and therefore have never received primary stress on the final syllable.26
In this way, the Stressed Syllable Rule accounts for a, distinction between tertiary and zero

stress in the final syllables of pairs such as toment-torrent, export-efort.27
We have not yet explained why stress falls on the final syllable of the verb progriss

in (50), even though this contains a weak cluster. As we will show in Chapter Three, Section
10, we must assume there to be a special boundary in such verbs-between pro and gress in
this case-which blocks the application of (48e) in the first cycle but not of (48d) in the
second cycle. Thus the derivation of the noun prdgress from the underlying verb progrdss
will be identical to that of t1rment in (51\.

We have now seen two rather different effects of the Stressed Syllable Rule. In the
t l

case of photograpl versus photosynthesis, it accounts for the distinction between a falling

26 We have not yet given the rule that determines stress placement in nouns such as those of the right-hand
column of (50). The fact is that in nouns, as distinct from verbs and adjectives, a final syllable with a simple
vocalic nucleus is disregarded for purposes of stress placement, and the Main Stress Rule is then applied
to the residue in the usual way. Thus, for nouns, a final syllable with a simple vocalic nucleus is treated in
the same way as an affix and a stressed syllable by rule (47). We do not give this rule here because it involves
certain assumptions with respect to notations and ordering that we prefer, for expository reasons, to leave
for the next chapter. The facts are clear, however. By extending the Main Stress Rule in this way, we
can account for the fact that primary stress appears in the penultimate syllable in the nouns of the right-
most column of (50), as well as in words such as phlOgiston and horfzon, which have a strong medial
cluster; that it appears in the antepenultimate s),llable in words such as adnison, cannibal, dlephant, with a
weak medial cluster and simple vocalic nucleus in the final syllable; and that it falls on the final syllable
(by rule (48f)) in words such as mqch[ne, care?r, which have a complex vocalic nucleus in the final
syllable.

2? Observe that in lhe case of torre t, we know that the vowel of the final syllable is e (cf. torrential).ln the
case of efort there is no way of determining the phonological quality of the underlying vowel, which need
not, therefore, be specified in the lexical entry for this formative.
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and- a rising contour for the prefix-stem combination, exactly as in the case of the noun
73 I  13r_13 I
export vercus the verb export; in the case oI export versus efort or torment versus tirrent,
it accounts for the difference between tertiary and zero stress in the final syllables.

Consider now words such as:

/ar\ 
(a\ relaxtitiott, annexdtion, enenddtion, connectit)ity, dontest{city, authert[city

\--/ \b) deuasrti on, demonstrdtion, contempldtion, opporfinit!
observe that in each case the cluster preceding the primary stress is of the form vc, and
is therefore a strong cluster, and that in each case this syllable has a weak stress.28 However,
the vowel quality is retained in the syllable preceding primary stress in the examples of
(52a) but is lost in the same position in the examples of (52b). This distinction is clearly
traceable to the fact that the examples of (52a) are derived from underlying forms in which
this vowel has primary stress, whereas the examples of (52b) are derived from underlying
forms in which this vowel is unstressed. Thus we have derivations such as the followine:2e

(a) [," ["relax]u Atlionfn
I RULE (47), ce.sr (48f)

(srr Norr 29)
(snr Norr 29)
RULE (43)

(sEe Norr 29)

(srE Norl 29)

nut.r (43)

i

(")

I
I
I

(b) ln f"deuastAtly ionln
t2

2
J

Although certain details are not given in these derivations, there is still sufficient information
to account for vowel quaiity in the weak-stressed syllable preceding primary stress. It is
clear that the process of vowel reduction depends in a fundamental way on stress; in particu-
lar, a vowel that is sufficiently stressed, in some sense that we will make precise later, is
protected from vowel reduction. Thus the degree of stress on the final syllable of tlrnlent
(see,derivation (51)) is sufficient to prevent vowel reduction, but that on the final syllable
of. torrent is not. Similarly, the second syllable of relaxation, having received primary stress
in the first cycle, is immune to vowel reduction, but the second syllable of deuastation,
never having received any stress, does undergo the process of vowel reduction. In this way,
we can account quite readily for the distinction between the examples of (52a) and (52b).

For some dialects (in particular, our own), we can find near minimal pairs to illustrate
these far-reaching phonetic effects of the rules of the transformational cycle. consider,

28 Here, as elsewhere, we rely on the phonetic representations in Kenyon and Knott, which agree with our
own pronunciation, with the provisos stated elsewhere. The stress on the syllable preceding primary srress
cannot be stronger than [4 stress] in any of these cases, since the first syllable in each case has teruary
stress and the second (pre-main-stress) syllable is clearly weaker than the fust. We would give the contour
3415 for (52a) and 3515 for (52b).

2e These derivations involve various principles that will not be discussed until the next chapter. In partrcular,
the affix -roz invariably places stress on the syllable immediately preceding it, and there is a rule changing
a -21 contour to 231, as a special case of more general processes that we will discuss. We also omit here
the rules that assign the proper stress contour I "2 (which would become 1'3 by the Stress A justment
RtJle) to deuastAt in the first cycle. Filling in these omissions will lead to no change in the analysis of the
facts under discussion here.

1
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for example, the words compensation-condensation.3o In condensation, the vowel in the sec-
ond syllable has received stress in the first cycle of the derivation because of the underlying
yer3b condense: therefore, it does not reduce, and we have the phonetic representation

[kandensA5en]. The corresponding vowel of compensation, never having received stress, is
subject to vowel reduction, resulting in the phonetic representation 1ti-pJnriSinl.

To conclude this preliminary discussion of the principles that determine stress
contours and the related phenomenon of vowel reduction, let us turn to the set of words
in English that have the noun-forming affx -/ (not to be confused with the adjective-
forming -y of such words as stringy and brawny, which has very different phonetic effects
and a different underlying representation). This is the affix that we find in such words as
aristocrac+y, economfy, galaxly. Before turning to its effect on stress placement,
let us consider its phonological representation.

Phonetically, this affix is either [i] or [E], depending on the dialect; that is, it is
a high front vowel of dialectally varying degree of tenseness and diphthongization. The
tenseness and diphthongization give no information about the underlying phonological
representation since there are no relevant contrasts in this position. As we shall see in the
next chapter, even phonologically nontense vowels (i.e., simple vocalic nuclei) become tense
and diphthongized in final position in the dialects in question. But, in fact, we do know that
phonologically the affix cannot consist of a complex vocalic nucleus [E] il it is to be subject
to the Main Stress Rule (47), since the cases of this rule that involve affixes. as we shall
see, are restricted to affixe.s with simple vocalic nuclei.

With this possibility eliminated, let us now ask whether the affix -y can be phono-
logically represented as the simple vocalic nucleus i. An argument against this analysis is
provided by consideration of the stem-forming vowel [i], which, along with the parallel
stem-forming vowel Iu], appears in the derived forms of pairs such as proxerb-prouerbial,
professor professorial, habit habitual, tempest-tempestuous. The underlying forms must be
represented in the lexicon in such a way as to indicate that they take the stem-forming
augment [i] or Iu] in their derived forms. A natural, and apparently the simplest, proposal
is to enter these words in the lexicon in the form professor{i, habit lu, etc., with the aug-
ment deleted in final position by rule (54):

('4 { i }  -  o t+-#
But if this suggestion is followed, then words such as economy cannot be entered with
the representation econom{i for the affix will be incorrectly deleted in final position by
rule (54).

These considerations suggest that the representation of the afiix -y in lexical entries
should be fy. That is, it should be entered as a high front glide, which later becomes a

30 The latter is the nominalized verb that means " act ofcondensing," not the noun that means " a condensed
state or form " or " a condensed mass " and that, although in some way related to tlte verb condense, is
not derived from it as rs condensation in the first sense. Kenyon and Knott give only the form with un-
reduced second syllable for condensarraz, and give both reduced and unreduced yariants for co mpensation,
as well as for the underlying form corzp ensate . Tltere is well-known dialectal divergence in these positions.
In general, with respect to phonetic minutiae of this sort, it is impossible to expect complete consistency
between speakers or for one speaker at various times. Nor should it necessarily be assumed that the
transcriptions suggested by phoneticians, at this level of detail, correspond in any very clear way to an
acoustic reality. As pointed out in Section 2 of this chapter, we are concerned here with ideal forms that
may undergo various modifications in performance and that may relate more closely to a perceptual than
an acoustic reality.
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vowel by an extremely simple rule. We shall see, in fact, that the required rule converting
y to i falls together with other rules that are needed on independent grounds. Thus, in terms
of its analysis in'ro vowels and consonants, ihe word economy is of ihe phonological form
VCVCVCC, consistent, in fact, with the orthographic representation.

Adopting this quite well-motivated proposal, let us now turn to the effect of the affix
-J, on stress placement. We have already provided one quite general rule describing the effect
of an affix on the assignment of primary stress, namely, cases (48a) and (48b) of the Main
Stress Rule (47). But the affix -1, does not seem to fall under this generalization, as we can
see by considering data of the sort presented in (55), where the symbols W, S, and A stand
for syllables terminating in weak, strong, and arbitrary clusters, respectively, and where
the formula to the left of the colon describes the underlying form of the examples to the
right:

( t t )  (a)  Awlv:
\ / (b) #AS*r,:

e:ono my, p olicy, aris tocr ac y

industD,, galaxy, modesty

(c) AWSIy: ortllodoxy, testimony, rhinoplasty, prontissory, auditory

(d) ASSfT: adrisory, 
"o*pllrory, 

refrictory, trai)crory"

The examples of case (a) are in fact consistent with the assumption that -y is simply
a regular affix subject to the Affix Rule that is part of the Main Stress Rule (47). Since the
syllable preceding ihe afix contains a weak cluster, case (48a) of (47) will assign primary
stress to the syllable preceding this cluster, in the usual way. The examples of (55b), however,
appear to be inconsistent with this assumption. If -y were subject to the Affix Rule, then
primary stress would be placed on the strong cluster immediately preceding the affix, in
accordance with case (48b) of rule (47), whereas in these examples primary stress is actually
on the syllable preceding this strong cluster. Examples such as these might lead one to
suggest another rule, unique to the suffix -y, namely, the rule that this suffix places primary
stress on the syllable preceding it by two. Under such a rule, the examples of (55a) and (55b)
would be accounted for.

The forms ir' (55c), however, show at once that this new proposal is incorrect. In
these examples, primary stress is three syllables removed from the affix -1', and there is an
unexplained tertiary stress on the syllable immediately preceding this affix (a syllable which,
we observe, contains a strong cluster). We cannot simply add a special case requiring that
stress be ihree syllables removed when -y is preceded by a strong cluster, for this possibility
is excluded by the examples of (55d).

With no further attempt at patchwork solutions. let us see how close we can come
to the facts by making the weakest and most general assumption, namely, that -y is simply
a regular affix obeying the Main Stress Rule as it now stands.

As we have already noted, the examples of (55a) are consistent with this analysis.
That is, the affix -y will now, like all affixes, assign stress to the syllable preceding a final
weak cluster.

Consider next the examples of (55b). Under the assumption that -1 is a regular affix,
case (48b) of the Main Stress Rule (47) will place primary stress on the final syllable of
the string preceding -1,, since this syllable contains a strong cluster. This gives, for example,

the form industry. Recall that according to the ordering constraints on the subcases (48a-f)

31 We assume here that these words have the same affix -Orl y as promissory, auditory. Other analyses might
be suggested for many of these words, taken in isolation, but the analyses we are supposing are at least
as well motivated, on grounds independent of stress placement, as any others. We shall see directly that
considerations of stress placement strongly support the analyses proposed here.
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of rule (47), after (48b) has applied, case (c) or (d) may still be applied (see (a9) ). Case (48d)
applies to a string of the form VCo!1, where ! is a stressed syllable, assigning primary
stress to the vowel. But, as we have noted above, the affix -y is a glide in the underlying

representation. Hence industry is a string of the form VCoVCol, which is a special case of

VCoil. Case (48d) thus applies to indltstry; giving the stress pattern inairrry, after which

the Stress Adjustment Rule applies to gqve indistry. Other rules, to which we retum below,

determine that a tertiary-stressed vowel in the context of the ; of irdlurry loses its stress
and reduces. This gives the desired stress pattern. The examples of (55b), then, are quite
consistent with the assumption that -y is a regular affix.

Consider now the forms of (55c), which, as ws have noted, are inconsistent with
the assumption that -y places primary stress two syllables back. Taking orthodoxy as a
typical example, the Main Stress Rule, as it stands, provides the following Cerivation:

ly lprtho l"r"rdox]srou l.r jr}.,
I nure (47), csr (48f)

nulr (47), casn (48c)

nure (47), c.qsr (48b)

nurr (47), c,rsr (48c)

nur,r (43)

2
I
I

I
2
J

In the first cycle, primary stress is placed on the monosyllabic stem dox (exactly as it is
placed on the monosyllabic stem graph in the derivation (46) of photograph). In the next

cycle we consider the adjective orthodox. The Stressed Syllable Rule (48c) places primary
stress on the syllable preceding the weak cluster, again exactly as in th"e case of photograph.

Thus, in isolation, the adjective would have the stress contour orthodox (the Stress Adjust-
ment Rule weakening the fina1 stress to tertiary). But in (56) there is still another cycle.
In this third cycle, primary stress is assigned by the Affix Rule (48b) to the syllable with
the strong cluster preceding the affix. The result is a string terminating with the stressed

syllable doxy, a syllable of the form CVCCC. Hence the Stressed Syllable Rule (48c)
applies once again, as it did in the preceding cycle, reassigning primary stress to the first

vowel. The Stress Adjustment Rule (43) now applies to give the desired form orthodixy.
The other examples of (55c) are similar. In sum, these forms are consistent with the assump-
tion that -.y is a regular affix. The examples in (55d) are derived in a manner parallel to that
of (55b), with case (48d) of the Stressed Syllable Rule applying on the last pass through the
transformational cycle.

We see, then, that by taking the affix -y to be nonvocalic phonologically, all of the
cases of (55) are explained on the assumption that it is a perfectly regular and unexceptional
affix subject to the general Main Stress Rule. This fact alone would motivate the repre-
sentation of the affix -1 as a glide in underiying forms, but, as we have seen, there is inde-
pendent support for this conclusion. The peculiar arrangement of data noted in (55) follows
from this assumption, with no modification of the general rules. Here, then, is a striking
example of the effectiveness of the principle of the transformational cycle, in conjunction
with the principie of disjunctive ordering, in explaining otherwise quite refractory data.

Other forms in -y support these conclusions. Before turning to them, however, let
us consider the followine:

47

('9

(") inudstigatioe, gdneratiue, ilhistratiDe, dem1nstrath;e
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Clearly these have the underlying forms:

( , ' )

\ur)
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faffixl 
.1 ta)

ftl | 
(b)

>l ) (c)

I rar
) (e)

z)r

3l4 2
415 3

z) l

11' , )

l fJ

inudstigAt, gdnerAt, lustrAt, ddnxonstrAt

But notice that the affix -iue should assign primary stress to the final strong syllable -lr, in
each case, giving the incorrect forms *inuestigatiue, * generdtiue, * illustrdtiae, a demonstrdtiue.
What actuaily happens is that the affix -ioe assigns primary stress to the syllable immediately
preceding -At iI that syllable has a strong cluster, or one syllable further back if the syllable
preceding -At has a weak cluster. In other words, primary stress is assigned just as if the
affix were not -iue, but rather -AtiDe. ln fact, we shall see that in general the element -ll is
considered to be a part of the affix for the purposes of stress placement. We can achieve
this effect by reformulating the Main Stress Rule (47) as:

(")

(") v * [lstress] / x-co(w) | -((At) 
{*fl},t"

expands to (60), which is then expanded to a seq

(,')

To resolve an ambiguity in the expansion of the schema (59), let us assume, as a general
principle, that braces are expanded before parentheses. With this assumption, schema (59)

of rules in the usual way.

V -- [1 stress] / X-C'(W) /

Disjunctive ordering holds between (60a) and (60b), between (60c) and (60d), and between
each of (60a) - (60d) and (60e).

Let us consider the effect of this slight modification of the rule on examples with
the affix -y. We will now have typical derivations such as (61) and (62), for conffscatory
(similarly, compdnsatory, ref6rmatory, etc.) and ant{cipdtory (similarly, reudrberatory, con'
cf liator y, etc.), respectively :

uence

(At

l+-\ i ,
l r t
\ l

l^l"confscAtlt Orlyln
tz (RULES ro BE GrvEN)

.qrrx nulr (60b)

srREssED svr-r-lnr,r nur,r (60c)

nure (43)

f^ franticip Atl, O r * yJ 
^I2 (nulrs ro ne crwu)

ArFx RULE (60b)

srREssED SYLLABLE RULE (60c)

nur-r (43)

The two derivations correspond point by point. In both cases the stress contour is assigned
to the underlying verb by rules that we will give later on. The verbs, in isolation, would be

1313

confiscate, anticipate. In the second cycle, the Afrx Rule shifts primary stress to the strong

32 Notice that the ordering implied by the use of parentheses carries over to this case, as we would expect.

Thus, if the Afiix Rule applies in the context -At+ioe (giving, e.g., illustrAtiue), it is not permitted

to reapply in the context -rre (giving *illustrAtioe\.
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syllable immediately preceding the affix -y, in the usual way. At this point the Stressed
Syllable Rule applies, under the modification (59)-(60)-that is, with the element -lt re-
garded as part of the context of application rather than as subject to the application of the
rule. Excluding -Atory frcm consideration in this way, the rule assigns primary stress to
the final strong syllable of the residual string confisc- in (61), and to the syllable preceding
the final weak syllable of the residual string anticip- in (62). Stress is then weakened and
vowels reduced in accordance with fairly straightforward rules to which we will return.
Here, again, the various cases of the Main Stress Ruie interact to generate some rather
complex phonetic structures, in accordance with the general principle of the transforma-
tional cycle and the general empirical assumptions regarding ordering that we have for-
muiated.

6. Particular and, uniaersal grarrtnrar

In Section 2, on the basis of some preliminary observations about stress contours in
English, we suggested that certain principles of organization of a grammar might serve as
preconditions for language acquisition, and we discussed some questions of psychological
and physical fact relating to this assumption. Now, after a more detailed account of English
stress contours, the tentative conclusions of Section 2 have been strengthened.

We have seen that simple rules applying under very general conditions can explain
data of a rich and varied sort. This fact raises interesting and important questions. To
facilitate the discussion of these questions, we can invoke a traditional distinction berween
" particular grammar " and " universal grammar." A particuiar grammar for a shgle
language is a compendium of specific and accidental (that is, nonessential) properties of
this language. A universal grammar is a system of conditions that characterize any human
language, a theory of essential properties of human language. It is reasonable to suppose
that the principle of the transformational cycle and the principles of organization of gram-
mar that we have formulated in terms of certain notational conventions are, il correct, a
part of universal grammar rather than of the particular grammar of English. Specifically,
it is difficult to imagine how such principles could be " learned " or " invented " in some way
by each speaker of the language, on the basis of the data available to him.33 It therefore
seems necessary to assume that these principles constitute a part of the schema that serves
as a precondition for language acquisition and that determines the general character of
what is acquired. While the general principles of organization of a grammar that we have
been discussing can most plausibly be regarded as part of universal grammar, it seems that
such rules as the Main Stress Rule must, in large part at least, be a part of the particular
grammar of English. A reasonable tentative assumption, then, is that the Nuclear Stress
Rule, the Compound Rule, and the Main Stress Rule must be learned by the child acquir-
ing the language, whereas the conditions on the form of rules, the principle of the transfor-
mational cycle, and the principles of organization embodied in the various notational con-
ventions that we have established are simply a part of the conceptual apparatus that he
applies to the data.

33 Furthermore, insofar as phonetic transcription corresponds to a perceptual rather than an acoustic reality
-see Section 2-departures from the rules are undetectable. Quite apart from this, it is dificult to imagine
that adults, whose perceptual set is extremely strong and whose phonetic acuity is very limited, could note
and correct deviations in lowlevel phonetic forms even where these do have a direct counterDart in the
physical shape of the utterance.
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The Nuclear Stress Rule, the Compound Rule, and the Main Stress Rule, in its
various cases, assign primary stress in certain positions. A very small body of data concern-
ing the position of primary stress in simple utterances is sufficient to justify these rules.
Correspondingly, a small body of data of this sort might be suftcient to enable the language
learner to postulate that these rules form part of the grammar of the language to which he
is exposed. Having accepted these rules, the language learner can now apply the general
principles of universal grammar to determine their effects in a wide variety of cases. As we
have seen, very simple rules can have extremely complex effects when applied in accordance
with these general principles. The effects in themselves might well be undetectable by the
native speaker or the language learner. When they are determined by a framework of
internalized general principles, they become quite accessible to him.

Phonetically untrained speakers of a language seem to find it quite easy to determine
the position of main stress in simple utterances, but extremely difficult to trace complex
stress contours in a detailed and consistent way. There is, furthermore, some doubt as to
the physical reality of these contours, although there is no doubt that with phonetic training,
a speaker of the language can identify stress contours and other phonetic details with reason-
able consistency. These observations are just what we would expect. given the assumptions
to which we have tentatively been led about universal and particular grammar. A small
body of data relating to the position of main stress can lead to the formulation of the major
stress placement rules. Their effects in complex utterances are determined by the universal
unlearned principles of organization of a grammar. There is no need for the speaker or
hearer to attend to these automatically determined aspects of an utterance, even wbere
they are physically real; but with training, they can be brought to the level of awareness,
whether or not they have acoustic reality. In particular, stress contours can be " heard "
with a fair degree of consistency even though they may not correspond in detail to any
physical property of utterances.

7. On the abstractness of lexical representation

The syntactic component of the grammar contains a lexicon which lists lexical items
with their inherent properties, in particular, those phonological properties that are not
determined by general rule. The considerations of the preceding sections suggest that these
underlying forms will in general contain no indication of the stress contour of the items or
of the distinction between reduced and unreduced vowels. In these respects the lexical
representation of an underlying form will be very different from the phonetic representations
of its variants in particular contexts. As we investigate further, we will find many more
dramatic examples of this discrepancy between underlying forms and their phonetic
realizations.

In note 26, we pointed out that the placement of primary stress in nouns is governed
by the following rule (where V" is a simple vocalic nucleus):

V ---+ [1 stress] / X-C0(W) / -V"Col"

This rule clearly falls together with the general Main Stress Rule, in a way which we will
examine in the next chapter. As pointed out in note 26, it accounts for the stress placement
in words such as rsdnison, horizon, dlephant. To assign primary stress in these words, we

(r,)



A slrctch of English phonolagy and phonological theory

disregard the final simple vocalic nucleus with the consonants following it, and assign
primary stress to the penultimate syllable of the residue if its final cluster is weak or to this
final cluster itself if it is strong. Thus the rule is of precisely the sort with which we are now
familiar. If the final syllable of a noun contains a complex vocalic nucleus, then rule (63) is
inapplicable, and case (a8f) of the Main Stress Rule applies in the usual way, placing
primary stress in the final syllable of such words as machtne, carebr.

Superficially, words ending in vowels seem to contradict this rule. Thus, in words
such as country, menu, window, the final vocalic nucleus is complex (namely, E, U, O,
respectively) in many dialects. Nevertheless, it does not receive stress. This seems difficult
to explain within our present framework until we observe that there is no contrast between
simple and complex vocalic nuclei in word-final position (see p. 39). Consequently, there is
no barrier to representing words such as country, menu, window in the lexicon with simple
vocalic nuclei in final position. This will then make the forms subject to rule (63), which
excludes the final syllable from consideration and then assigns primary stress to the residue
in the usual way. A later rule will then determine the quality of the word-final vocalic
nucleus. This later rule is well motivated, apart from any question of stress placement.
Hence these words do not contradict rule (63).

Further investigation of final unstressed vowels reveals that there is a peculiar gap
in the pattern. We do not at this point in the exposition have the means to justify this
remark, but we will be able to show that of the six simple vocalic nuciei that might appear
in final position, only i, a, u, o, and o do in fact appear. There are no examples with e as
the final vowel of the lexical representation.

With these observations as background, let us return to the problem of stress place-
ment. Consider the words ellipse, eclipse. If the lexical representation werc elips, eklips, then
rule (63) would apply, eliminating the final syllable from consideration (since it contains
a simple vocalic nucleus) and assigning primary stress to the first syllable, giving +Elips,

"Eklips as the phonetic forms. Recall, now, the remarks of the precedin g paragraph.
Suppose that we were to assign to these words the lexical representations elipse, eklipse,
respectively. Rule (63) will exclude the final simple vocalic nucleus e from consideration
and will assign primary stress to the strong cluster that precedes it, giving elipse, eklipse.
To obtain the correct phonetic forms, we now add the e-Elision Rule (64) to the grammar:

(', e --+ Q l -#

This rule gives the correct final forms. It also explains the gap noted in the preceding
paragraph. We see now that this gap is not in the underiying lexical representations but
only in the phonetic output.

Rule (64), as we shall see, has independent motivation apart from the considerations
just mentioned. As one further example, consider the word Neptune with the phonetic
representation [n6ptUn].34 The final cluster of the phonetic representation is strong and
hence should receive primary stress by the Main Stress Rule. We cannot simply add a
final e in the lexical representation here, as we did in the preceding examples, for if we were
to enter Neptune in the lexicon as neptune, primary stress would still be placed on the
second syllable, this time by rule (63). The only apparent alternative is to enter Neptune
with the lexical representation neptune, that is, with the simple vocalic nucleus u in the
second syllable. Rule (63) will now assign primary shess in the first syllable since the

3a We overlook dialectal variants for the time being.
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second syllable contains a weak cluster. We now add the rule (65) (where C is a single
consonant) :

L-\

165l u---- '  U / -CV

We thus have the following derivation:

(ooi  neqlut te

\  /  I  ROLE (61)

U nur-e (65)

$ nur-r (64)

The final phonetic form is [n6ptUn], as required.
Rule (65) is, in fact, justified on independent grounds. Thus we find only phonetic

[U], and not the other phonetic reflexes of underlying a,ts in the context -CV (e.g.,
music, mutiny, mural).

Here, as in the forms discussed previously in this section, we are again led to an
underlying representation which is quite abstract (and which, once again, corresponds
directly to conventional orthography).

Consider next verbs such as carlss and hardss.36 The final syllable of the phonetic
representations for these forms has a stressed weak cluster, which is contrary to what is
asserted by the Main Stress Rule (47). Suppose, however, that we were to provide these
words with the lexical representations kVress, hVre.ss, with V here standing for an un-
specified simple vocalic nucleus.3T The two final consonants now make the final cluster
strong, and case (48f ) of the Main Stress Rule will apply to assign primary stress on this
flnal strong cluster. To obtain the correct forms, we need another rule, which we shall call
the Cluster Simplification Rule, to delete one of the s's:

:

I

l

!

l

,

l

i

46

(,') The first of two identical consonants is deleted.38

This gives us [ker6s], [har€s] as the phonetic forms, eliminating another apparent exception
to the stress placement rules.

Once again, we find that the rule that we postulate (in this case, rule (67)) is well
motivated on independent grounds, as we see from considerations such as the following.
Consider first words stch as cwtning, currenc),, and nussel, in which the phonetic reflex
of underlying u in the first syllable is [,r] rather than [U] (see note 35). According to rule (65),
underlying u should give phonetic [U] in the context -CV, as in pwtitiue, mural, musrc,
and so on. We can prevent the application of this rule to forms like cunning by assuming
double consonants in the underlying representations. These will then simplify by rule (67).
Alternatively, we would have to assume a contrast between u and LI in underlying repre-
sentations. This is highly implausible, not only because of the examples already noted that
motivate rule (65), but also because of the system of vowel alternations that we shall
describe.

Observe next that in the near pair music-mussel, noted above. the form with phonetic

[U] has a voiced medial consonant, whereas the form with phonetic [,r] has an unvoiced

35 The simple vocalic nucleus z of underlying lexical representations generally becomes phonetic [,r] before
consonants by general rules that we will describe later.

36 The latter, with the phonetic representation [her6s]. An alternative form, [hfres], will derive from the
lexical representation he,r V s.

37 We return later to the precise content of this remark.
33 Notice that this rule is not, strictly speaking, formulable within the framework that we have established

up to this point. We will return to this matter.

I
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medial consonant. Thus the contrast is between [uz] and [s] in intervocalic position. This
correlation is general. we can account for it by postulating a rule that voices [s] medially,
this rule applying prior to (67) :

r')
Given the rule (68), which we will make more exact later on, we have the derivations (69) :

( r t )  musik mussel
\ / U nurr (65)

,r (ser Norr 35)
, nwr (68)

g nure (67)
The rule (68) is independently motivated by many considerations. compare, for

example, pairs such as resent-consent, resist - consisr, in which the initial consonant of each
of the stems -sen, and -,nsr voices intervocalically but not postconsonantally. Such examples
give even more direct justification for rule (67)-the rule deleting the first of two identical
consonants. Thus consider words such as dissemble, dissent, with the prefix dis- (cf. disyust,
disturb. etc.) and a stem beginning with r. Evidently, rule (67) is required to account for
the fact that the medial cluster is phonetically a single consonant [s]; it is protected from
voicing by (68) because of the final s of the prefix, in contrast wrth resemble, rcsent, erc.
Similarly, we must rely on rule (67) to account for the fact that the prefix ex- is phonetically
[ek] when the stem begins with an [s], as in exceed versus extend. Thus, several considera-
tions converge to support the analysis proposed.

consider next words such as radium, medial versas radical, metlical. These examples
have the complex nuclei [A], [E] in the context -civ, and the simple nuclei [ee], [e] in
the context -ctc. A great many examples of this sort, which we shall study in detail
below, lead us to postulate rules which have the following effect (where c is a single

s ----' [+voice] / V-V

le ---+ 41

l .  *  Ei  / -c iv

consonant):

(^)

Notice that where the vowel in question is followed by a double consonant (calcium,
compendium), it is not subject to rule (70) and therefore remains simple.

we now proceed to words such as potassium, gymnasium, magnesium. As in the case
of mtrsic- mussel, we find that where we have unvoiced [s], here in the context - jv, the
vocalic nucleus preceding it is simple, but where we have voiced [z], the vocalic nucleus
preceding it is complex. we can now account for this arrangement of data with underlying
forms and derivations much like the followins:

(")
potessium gimnesium

A RULE (70)
z nure (68)

nurr (67)

once again, we rely on rule (67), among others, in accounting for the relevant data.
Finally, notice that words such as codetti, Mississippi, Kentucky appear to viorate rule

(63)' which assigns stress in the antepenultimate syllable of a noun that ends in a simple
vocalic nucleus preceded by a weak cluster. we can avoid this violation of the rule by
giving the lexical represen tations kvnfetti, mississippi, kvntukki, respectivery. The penulti-
mate syllable, being strong, will now take primary stress by rule (63). The double consonants
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prevent the voicing of [s] by rule (68) and the change of a to [U] by rule (65). Rule (67)

then simplifies them, as before. In further support of this analysis, we observe that, quite
generally, medial obstruent clusters are unvoiced in English; correspondingly, in the po-
sitions where a double consonant must be postulated to account for peculiarities in stress
placement, consonant quality, and vowel quality, as in the examples of this paragraph, it
is with rare exceptions an unvoiced obstruent that appears.

To recapitulate, the e-Elision Rule (64), the Cluster Simplification Rule (67), and
the others that we have discussed here form a mutually supporting system of rules that can
bejustified in a variety of independent ways and that account for a fairly extensive array of
data. These rules lead us to postulate underlying forms which are quite abstract. Further-
more, these abstract underlying representations are, in general, very close to conventional
orthogaphy.

We will conclude with two more examples. Consider the word girafe, phonetically

[jerr{|. Here we have a stress on the final weak cluster. We can explain this by postulating
the underiying lexical representation girefe. The rule (63) of stress placement assigns
primary stress to the penultimate syllable. By e-Elision and Cluster Simplification (note
again that an unvoiced cluster is involved) we derive [girdf]. Clearly.we must have a rule
that softens g to [j] (and fr to [s] ) before nonlow front vowels, with qualifications to be added
later.

\,,)

fe- j l  ,  l i l
\r ..- 

'l ' 
- I.l

(t')

With rule (72) and the general rule of Vowel Reduction, we derive [er6f], as required.
Alternatively, we might take the underlying representation to be jVrefe; there are other
possibilities for deriving the phonetic form by.regular processes.

Finally, consider the words courage lkirejl and courageous [kerAjes]. Superficially,
these seem to contradict the rules of stress placement and vowel quality that we have
presented in this chapter. Suppose, however, that we were to take the underlying form to
be korege.3e On this assumption, we have the following derivations:

korage korngelcs
1

1
A

j j

o0

3e In our discussion of the Rounding Adjustment Rule in Chapter Four, we shall sbow that lax back vowels
become unrounded under certain conditions. A consequence of this rule is the shift o --+,r, where [rr] is
regarded as a lax unrounded back mid vowel, differing from [o] only in not being rounded.

Incidentally, a better representation would be corege, where c stands for a symbol identical in its
feature composition to k except that it appears in a lexically designated class of forms that undergo
certain syntactic and phonological processes (i.e., they take derivational affixes of the Romance and Greek
systems and undergo rules such as (72) ). We return to this matter at the end of Chapter Four.

ao Actually, we generalize (70) so that it applies in the context - CcV, where a is a nonlow front vowel or
glide, that is, [i], [e], [t], [€], or the corresponding glides. This is a simplification of the rule, in our
terms, as we shall see.

ar We generalize rule (64) so that it elides final e not only before word boundary, but also before any forma-
tive boundary. This, too, is a simplification in our terms, as we shall see.

RULE (63)

nuI.r (47), casr (48a)

nur-E (70)ao

nurr (72)

nulr (64)41
(sEE NorE 39)
(vowu" nEoucroN)
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In the case of courdge, in isolation, primary stress is placed by the Noun Rule (63); in the
case of courageor.rs, by the Affix Rule (47), in the familiar way. The second syllable of
courageous becomes a complex nucleus by rule (70), before the nonlow front vowel followed
by another vowel. The consonant g then softens to [j] by r:uire (72), and the final e is
elided. vowel Reduction then gives the desired forms. once again, a quite abstract under-
lying form, very simiiar to conventional orthography, accounts for the variant forms by
rules of great generality and wide applicability.

There is, incidentally, nothing particularly surprising about the fact that conventional
orthography is, as these examples suggest, a near optimal system for the lexical representa-
tion of English words. The fundamental principle of orthography is that phonetic variation
is not indicated where it is predictable by general rule. Thus, stress placement and regular
vowel or consonant alternations are generally not reflected. orthography is a system
designed for readers who know the language, who understand sentences and therefore
know the surface structure of sentences. such readers can produce the correct phonetic
forms, given the orthographic representation and the surface structure, by means of the
rules that they employ in producing and interpreting speech. It would be quite pointless
for the orthography to indicate these predictable variants. Except for unpredictable variants
(e.9., man- men, buy-bought), an optimal orthography would have one representation for
each lexical entry. Up to ambiguity, then, such a system would maintain a close correspon-
dence between semantic units and orthographic representations. A system of this sort is of
little use for one who wishes to produce tolerable speech without knowing the language-
for example, an actor reading lines in a language with which he is unfamiliar. For such
purposes a phonetic alphabet, or the regularized phonetic representations called "pho-
nemic " in modern linguistics, would be superior. This, however, is not the function of
conventional orthographic systems. They are designed for the use of speakers of the lan-
guage. It is therefore noteworthy, but not too surprising, that English orthography, despite
its often cited inconsistencies, comes remarkably close to being an optimal orthographic
system for English. correspondingly, it would not be surprising to discover that an adequate
theory of the production and perception of speech will lind a place for a system of repre-
sentation not unlike orthography, though there is, for the moment, little evidence that
phonemic transcription is a " psychologically real " system in this sense.

It should also be observed that very different dialects may have the same or a very
similar system of underlying representations. It is a widely confirmed empirical fact that
underlying representations are fairly resistant to historical change, which tends, by and
large, to involve late phonetic rules.a2 If this is true, then the same system of representation
for underlying forms will be found over long stretches of space and time. Thus a conventional
orthography may have a very long useful liie, for a wide range of phonetically divergent
dialects.

These observations suggest a description of the process of reading aloud that might,
to first approximation, be described in the following way. We assume a reader who has
internalized a grammar G of the language that he speaks natively. The reader is presented
with a linear stretch Il of written symbols, in a conventional orthography. He produces
as an internal representation of this linear stretch w a string s of abstract symbols of the
sort that we have been considering. Utilizing the syntactic and semantic information avail-
able to him, from a preliminary analysis of s, as well as much extralinguistic information

a2 See Halle (1964), Kiparsky (1965), Posral (1968).
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I

regarding the writer and the context, the reader understands the utterance, and, in par- I

ticular, assigns to S a surface structure t.43 With ! available, he can then produce the
phonetic representation of S and, finally, the physical signal corresponding to the visual
input W. Clearly, reading will be facilitated to the extent that the orthography used for ttl
corresponds to the underlying representations provided by the grammar G. To the extent I
that these correspond, the reader can rely on the familiar phonological processes to relate I
the visuai input Il' to an acoustic signal. Thus one would expect that conventional ortho-
graphy should, by and large, be superior to phonemic transcription, which is in general I
quite remote from underlying lexical or phonological representation and not related to it I

by any linguistically significant set of rules. On the other hand, for an actor reading lines in
a language that he does not know, phonemic transcription should be much superior to con-
ventional orthography, since it can be read without comprehension, whereas conventional
orthography, being close to the linguistically significant system underlying ordinary
speech,canbereadonlywhenthesurfacestructure( includingtheinternalstructureof
words) is known, that is, when the utterance is to some degree understood.

There are many interesting questions that can be raised about the development of ,,,1
systems of underlying representation during the period of language acquisition. It is possible i:r

that this might be fairly slow. There is, for example, some evidence that children tend to
hear much more phonetically than adults. There is no reason to jump to the conclusion that j
this is simply a matter of training and experience; it may very well have a maturational
basis. Furthermore, much of the evidence relevant to the construction of the underlying
systems of representation may not be available in early stages of language acquisition.
These are open questions, and it is pointless to speculate about them any further. They
deserve careful empirical study, not only because of the fundamental importance of the
question of " psychological reality " of linguistic constructs, but also for practical reasons;
for example, with respect to the problem of the teaching of reading. These further topics,
however, lie beyond the scope of this book.

t
I

8. Vousel alternations

I
We have already noted that simple and complex vocalic nuclei alternate in some way. Let I
us now consider these processes in more detail.

A comparison of words such as profane - profanity, compare-comparatire, grateful- t
gratitude, serene-serenity, appeal-appelatiue, plenum-plenitufu, dixine-diuinity, deriue-
deriuatioe, reconcile-conciliate, and innumerable others suggests that the grammar must I
contain rules which have the following effect: I

(ro\ A ...- e
\ /  E---  e I

I ---- i

The vowel in boldface stands for a complex vocalic nucleus in the first member of each I
pair, and for a simple vocalic nucleus in the second member of each pair. Furthermore, I

both the vowel quality and the stress placement in the first member of each pair seem to

a3 Obviously, it is an oversimplification to assume that conversion of ttl to S precedes the interpretive pro-

cesses that assign X to ,5. There is no reason for this having to be the case, and such commonplace pheno-
mena as proofreading errors suggest that in fact it is not the case.

l
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require that the underlying form have the complex rather than the simple vocalic nucleus,
that is, that the rule be (74) rather than (75):

----+ [

---+ I

Thus we postulate underlying forms such as profAn, serEn, diuln,aa which are stressed on
the final complex nucleus by the Main Stress Rule (case (48f)). To account for the second
members of the pairs, we apply rule (74) in the context (76) (where V stands for an un-
stressed vocalic nucleus):

-covcov

Superficiaily, the vowel alternations illustrated by (74) appear to be extremely com-
plex and unsystematic. We have disguised this fact by our capitalization notation. Stated
in terms of symbols that receive a direct phonetic interpretation, the rules in (74) appear as:

(")

57

k,

('9

I

eY-ee
iy --- e

where the symbols e, L a sland for phonetically tense counterparts to e, i, a.a5 These rules
are extraordinarily complex in terms of the otherwise well-motivated feature system that
we will develop below and in terms of any concept of complexity that seems to have any
merit at ali.

Compounding the problem is the fact that it is not enough to postulate the rules
Q$-Q7); it is also necessary to postulate the rules (75), which have precisely the opposite
effect. To see this, consider words such as t:arious-uariety, German-Germanic-Germanium,
manager-manager::rl. The underlying form f or rary must be DAri, with a final simpie vocalic
nucleus. Stress placement will then be determined correctly by rule (48e). The final vowel
is converted from i to [E] finally or before another vowel by the rule discussed on page 45
in connection with words stch as county, window. But notice that under stress, in uariety,
the vowel in question becomes not [E] but [l]. Therefore we must have a rule converting
i to [I] in this position. Consider next the triple German-Germanic-Germanium. The po-
sition of stress on the first member of this triple shows that the vocalic nucleus of its finai
syilable must be weak. The second member shows that it must be a. The third member
shows that this underlying e becomes [A] by a rule of the form e--- A in certain conrexrs
(see rule (70) and the discussion oI courage-courageous on p. 48). consider now mqnager-

aa If we were restricted to lowercase Latin letters and to a principle of absolute linearity of spelling, we could
not use this device and would have to find an alternative notation. The proper choice is obvious, in the
light of the rules given above. We can represent prcfAn, serEn, diuln in the form profEne, serene, dioine;
stress placement will now be determined correctly by the Main Stress Rule (case (48e)); the simple vocalic
nuclei will become complex in the context - Ce by a rule rather like (65); and the final e will be elided
by rule (64), giying the correct phonetic forms.

One might inquire whether this proposal is not after all correct, for the underlying representations.
We have considered this possibility quite seriously, and it has something to recommend it. We reject it,
however, in favor of the analyses with final complex nuclei in the underlying representations, for two
reasons which will become clearer later on: first, the solution with final e is less highly valued in terms ofthe
general measure of evaluation (complexity measure) that we will develop; second, we have not been able
to find a simple system of rules that gives the required results in detail under this assumption.

as The phonetics is straightforward except with respect to postulation of the [eF[ay] relation, which begs
a few questions to which we shall return in ChaDter Four.



52 Generq.l suraerr

nxanagerial. Considerations of stress and vowel quality show that the final vo vtel oI manager
must be a simple vocalic nucleus. This vowel becomes [E] in the context -civ; it must
therefore be the vowel e (since e becomes [A] and i becomes [I]). Many examples of this
sort show that we must, in fact, set up rules with the effect of (75), in addition to rules with
the etrect of (74).

we have now reached a conclusion which is quite unacceptable. The rures (74)
(: (77)) and (75) are extremely complex in themselves. It is evident, furthermore, that there
must be some underlying generalization that accounts for the fact that the rules (74) and
the rules (75) are precisely opposite in their effects. If we give the rules in the form (74),
(75), there is no way to express this generalization. In brief, we have two extremely comprex
processes which are surely related, but related in some way which is not statable if these
processes are described in the form (74), (75).

These considerations suggest very strongly that something is seriously amiss in the
analysis we have been tacitly assuming, with the symbols A, E, I, O, U taken simply as
informal notational abbreviations for complex nucrei of underrying forms.

Notice that the processes (74) and (75) involve alternations of two kinds, from a
phonetic point of view. we can see this by considering the formulalion (77) of (74). crearry
these rules affect both the comprexity and the quality of the vocalic nuclei in quesiion; that
is, the complex nuclei become simple, and the vowel of the vocalic nucleus changes in quality
as well. Let us consider these processes individually.

To begin with, let us disregard the question of vowel quality and consider the matter
of complexity of the vocalic nucleus. we note at once that the presence of the y-glide cor-
relates with tenseness of the vowel. we need therefore account only for the tenseness.
The presence of the glide w l then be determined by the Diphthongization Rule (7g):

0 ----  y ly-

where $ ---+ I stands for " insert ;, " and where V is a tense vowel. (We shall see that this rule
is, in fact, more general.) we may now assume that there are no postvocalic glides in
underlying forms.

The examples that we have arready given illustrate fairly adequately the general
scope of the rules governing tenseness. Summarizing what we have observed. we can for-
mulate the following rules, as a first approximation:

V ----+ [ - tense] i -6Y6Y

(*J (a)
(b)

(' ')

(")

The Laxing Rule (79) converts the tense vowels in the bordface positions of gratitude (cf.
grAteful)' serenity (cf. serEn), deriuatiue, (cf. derlu) to their lax counterparts. if the under-
lying forms are grLt' ser1n, derru, respectively, rule (29) w l give the forms gre.t(itude),
seren(ity), deriu(atiue), as required. on the other hand, the Tensing Rule (g0) wlr appty in
the following way: (a) in the context - # , the finar vowels of countD), window, aary, etc.,
will become tense; (b) in the context =-v, the vowers in boldface in uarious, uarietv.

I

il

I

I

I

.N

t
' i

( # )
v ..- [+rensq I -l Y t

lc  I ' lv  I
\  te,  )

il
I



A sketch of English phonology and phonological theory

impious, piety, etc., will become tense; (c) in the context - CcV (where c is a nonlow
nonback vowel), the vowels in boldface in managerial, courageous, Carmdian, etc., become
tense. In all three cases, the tense vowel is diphthongized by rule (78).

The rules (78)- (80), which are quite simple and straightforward, account for the
complexity of the vocalic nuclei in all of the cases that we have considered. The problem
of vowel quality still remains, however, for the tense vowels (the complex vocalic nuclei).
At this stage of our analysis, the vowels in boldface in the words groteful, serene, deriue,
for example, will be [ey], [CV], tiyl, respectively, from underlying a., e, i, by Tensing and
Diphthongization. But the vocalic nuclei of these words should be [ey], [iy], [ay], respec-
tively. That is, we must add a Vowel Shift Rule which has the following effect on stressed
vowels :

6 ---+ i

1 ---' A (: *-see note 45)

In other words, the rule (81) effects the shifts:

{ 82 | ee ----r E ---+ i -+ &

We shall see, in Chapter Four, that the Vowel Shift Rule can be stated in a very simple
way, and, in fact, that it can be generalized beyond the class of examples that we have
considered. With the Tensing and Laxing Rules, the Diphthongization Rule, and the Vowel
Shift Rule, we have now fully accounted for the examples considered so far, as we can see
by the following typical derivations:
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(* ' )

( ' ,
prof*n (profane)
prof6n
profi:yn
profdyn

prof Enity ( p r ofan i t y)+6
profEnity
profdnity

manVger (manager)
mdnVger
mdnVjer
mdnejer

menVgeriel (manage rial)
menVg6riel
menVj6riel
manVj6riel
meenVj6yriyel
maenVjiyriyael
manejiyriyel

( ' ,

('-)

lr,tN srnrss nur-t (48f)
onirrnoNczarroN (78)
vowlr, snlrr (81)

MAru srnrss nurr (48a)
LAXTNG RULE (79)

rul'lN srnrss nur-r (63)
nure (72)
VOWEL REDUCTION

vrN srnrss nulr (48a)
RULE (72)

rrNsrNc nulr (80c,b)
DIPHrHoNGrzArroN (78)
vowrr sHrrr (81)47

VOWEL REDUCTION

:1.

(-9

n6 In these derivations, we omit all cycles except the last.
47 Note that the Vowel Shift Rule is restricted to vowels that carry stress, though not necessarily primary

stress.
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The points to be noted are the following. Instead of the extremely complicated rules
(74), (75), we now have the quite simple rules (78)-(81).o8 More important, we have suc-
ceeded in expressing the generalization underlying the rules (74) and their inverses, the rules
(75). By extracting the Vowel Shift Rule from these processes, we are left with only rules
(79) and (80) (the Tensing and Laxing Rules) as inverses. This is a bare and irreducible
minimum. We have, in other words, avoided the absurdity of assuming that the processes
stated as (74) and (75) have no relation to each other. We now have abstract underlying
representations such as profEn, serEn, deriu, menVger. Observe that the device of capitali-
zation used earlier corresponds to the phonological category of tenseness at the level of
lexical representation. Note also that in the case of an underlying tense vowel, the corre-
sponding phonetic element will invariably differ from the underlying vowel either in quality
(if it remains tense) or in tenseness. For example, corresponding to the tense vowel in the
boldface position in the underlying representation serdn, we have either [iy] (in the word
serene) or [e] (in the word serenity). Once again, the postulated underlying forms are sys-
tematically related to conventional orthography (see note 44) and are, as is well known,
related to the underlying forms of a much earlier historical stage of the language. There has,
in other words, been little change in lexical representation since Middle English, and, con-
sequently, we would expect (though we have not verified this in any detail) that lexical
representation would differ very little from dialect to dialect in Modern Engtish. If this
assumption proves to be correct, it will follow that conventional orthography is probably
fairly close to optimal for all modern English dialects, as well as for the attested dialects
of the past several hundred years.

Bringing this discussion to a close, we will show that entirely independent considera-
tions also support the postulation of the Vowel Shift Rule (81) for modern spoken English.
In Section 7 we discussed the Velar Softening Rule that converts g to [jl and k to [s] before
nonlow front vowels, that is til, tel, [i], and [e]. But consider words such as:

('4 c r itic i sm-c ri t i c a I-c r i t i c i z e
me di c i ne-m e di c al-me dicat e

Using the symbol c to represent unvoiced velars in lexical entries that are subject to the Velar
Softening Rule (72) (see note 39), we have the underlying representations qitic-, medic- Iot
the base forms of (87). Evidently the Velar Softening Rule must precede the Vowel Reduc-
tion Rule, since we have softening in the boldface position in medicine (before underlying
l) but not medical (before underlying e), although in both cases the vowel following the
consonant in question is reduced to [ej by Vowel Reduction. Under this assumption, the
words criticism and critical also cause no difficulty. But consider the words criticize and
medicate. In the case of uiticize, we have velar softening before a vocalic nucleus which is
phonetically tI] (: tayl); in the case oI medicate, we do not have velar softening before a
vocalic nucleus which is phonetically te] (: tcvl ). In other words, we have softening before
a low back vowel but not before a nonlow front vowel, which is precisely the opposite ol
what we would expect in terms of rules of otherwise great generality. The paradox is re-
solved, of course, by the Vowel Shift Rule. The underlying representation for criticize is
criticiz, and' the underlying representation ior medicate is medic&t (as indicated in both
cases by the spelling-see note 44). If velar softening applies not only prior to vowel Re-
duction but also prior to Vowel Shift, then we will have softening in the case of criticize

a8 The sense in which the latter rules are much simpler will be explained later. We sball argue that this is the
only sense of " simplicity " that is relevant to the choice of a grammar.
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(beforc an underlying high front vowel) but n.ot medicate (with an underlying low vowel

after the c). After Velar Softening applies, tle Diphtlongization and Vowcl Shift Rules

convert i to [ay] Giving tkritisayzl ) and & to [ey] (grving [medikcyt] ); in our alternative

notation, the Velar Softening, Diphthongization, and Vowel Shift Rules convert under-

l1lro1 criticiz, mcdic&,t to phonetic tkdtislz], [medikAtJ, respectively.
There are many other examples of this sort, some of which we will discuss when we

deal with vowel alternations more carefully in Chapter Four, For the pres€n! we simply
point out that thcse examples provide an independent justification for the Vowel Shift

Rule, and show once again the necessity of postulating lexical rqrresentations of a quite

abstract sort.
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Chapter three

THE TRANSFORMATIONAL

CYCLE IN ENGLISH

PHONOLOGY

7. Introductory rentarks

One of the most complex aspects of the phonetics of English is its intricate system of stress
contours, both within the word and within the phrase. It has long been known to phoneti-
cians that stress contours in English have at least four (and probably five or more) perceptual
levels, so that many degrees of stress must be recorded in an adequate phonetic transcription.
Furthermore, it is weli klown that a vowel that is insufficiently stressed, in some sense,
reduces to a mid or high central " neutral " vowel.l

For the most part, the study of English sound structure has been limited to the prob-
lem of developing an adequate notation,2 but there have also been a few attempts to go
beyond this and discover the underlying principles that determine these phenomena.3
Several years ago we showed (Chomsky, Halle, Lukoff, 1956) that the major stress contouts
are determined by the operation of a transformational cycle. We assumed then that the
position of main stress was an independent (" phonemic ") feature, and we did not investigate
the rules that determine this or the rules that determine vowel reduction. In the present
chapter, we will discuss the rules of stress assignment and vowel reduction on a somewhat
Iarger scale. We will see that both the placement of main stress and the stress contours within

I We will represent this " neutral " vowel with the symbol [e], using the symbol [,rl for the vowel of but,
fuc&, etc. Phonetically the vowel which we represent here as [e] may often (or, in some dialects, always)
be raised to the high cenftal yowet [i]. We will not consider at this point the question of how, in detail,
this vowel is phonetically realized in various contexts and dialects. For expository purpos€s, we may
accept the fiction that the vowel we are representing as [a] is distinct from all other vowels.

2 See, for example, Bloomield (1933), Bloch and Trager (1942), Trager and Smith (1951), Hill (1958),
Kenyon (1958), Kurath (1964), and, for general discussion, Gleason (1961, Chapter 3)-

3 For example, Newman (1946). In particular, there have been studies in which affixes are classified in
terms of their efect on stress placement (e.9., Kingdon, 1958), and others in which some of the major
rules are stated (e.9., Cooper, 1687, Elphinston, 1765, Marchand, 1960, all of whom noted that in many
cases placement of primary stress in English follows the familiar Latin rules).

The distinction between the problem of devising an adequate (so-called " phonemic ") notation
and that of discoyering the underlying principles that determine phonetic representations is not a sharp
one. Thus, even a phonemic notation takes an initial step toward systematization in that it is concemed
with low-level generalizations about phonetic yariation that can be stated in terms of immediate phonetic
contexts,
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the word and the phrase are largely predictable from the syntactic and the nonDrosodic
phonological structure of an utterance by means of a transformational cycle.

I.]. THE RULES OF THE PHOT{OLOGICAL COMPONENT
The rules of the grammar operate in a mechanical fashion; one may think of them as

instructions that might be given to a mindless robot, incapable of exercising anyjudgment or
imagination in their application. Any ambiguity or inexplicitness in the statemenf of rules
must in prhciple be eliminated, since the receiver of the instructions is assumed to be
incapable of using intelligence to fill in gaps or to correct errors. To the extent that the rules
do not meet this standard of explicitness and precision, they fail to express the linguistic
facts.a

In chapter Two we outrined our assumptions regarding the ordering of rules in the
phonological component of a generative grammar. To repeat the main points brieiiy, we
assume that the rules are linearly ordered and that they are applied in the given order in
forming a derivation. Furthermore, this order is cyclical, in the following sense. The syn-
tactic component generates a string with a surface structure that is represented by labeled
bracketing. The sequence of phonological rules is first applied to all innermost constituents
of this string. Innermost brackets are then deleted, and the sequence applies to tne new
innermost constituents. This cyclical application is repeated until the maximal domain of
phonological processes is reached. (The maximal domain is the ..phonological phrase,',
which we assume to be marked in the surface structure.)

We wi l l  see that certain rules are l imi ted to the context  ##.. ._. . .##; that
is' they apply only at word boundaries. These make up the " noncyclical phonology " that
we will discuss in greater detail in the next chapter. Our attention here will be directed
rather to the cyclical transformational rules that apply in contexts determined by major
syntactic categories-rules that therefore reapply, in general, at successive staees of the
transformational cycle.

we have also assumed that there may be a somewhat more comprex principle of
ordering within the linear sequence of rules. A certain subsequence may forrn a block of
rules which are " disjunctively ordered " in the sense that if one of these rules applies to a
certain substring, the other members of the block are not applicable to this substring in this
stage of the cycle. Rules not subject to this restriction on their application are ', conjunctively
ordered." Disjunctive ordering must be indicated by an appropriate convention; we will
show various examples and will suggest appropriate formal devices and generalizations as
we proceed, extending the observations of Chapter Two. In chapter Eight these notions will
be further developed and sharpened.

In short, at this point in the exposition we suppose the phonology to consist of a
linear sequence of rules, some subsequences of which form disjunctively ordered blocks.
These rules apply in a cycle, as determined by the surface structure of the string to which
they apply. In this way they convert a formal object generated by the syntactic component,
that is, a string of formatives with surface structure marked, into a phonetic representation
of the string. The sequence of representations formed in this process we call a .,derivation "
of the phonetic representation from the underlying phonological representation. Thus the

a It is a curious fact that this condition ofpreciseness of formulation for the rules ofa generative grammar
has led many linguists to conclude that the motivation for such grammars must be machine translation
or some other use of computers, as if there could be no motive in clarity and completeness other than
this.
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(a) XYW
(b) xzw

x(Y)z
(a) XYz
(b) xz

The transfortna.tional cycle in English phonologjr

phonological component specifies the relation between phonetic and phonological represen-
tation.

To be slightly more precise, the syntactic component generates a string of formatives,
some of which are given in lexical representation, with surface structure marked. The
readjustment rules, operating along the lines indicated in Chapter One (pp. 9-11), convert
this formal object into a string in full phonological representation, with surface structure
marked. The readjustment rules thus provide a link between the syntactic and the phono-
logical components of the grammar. We presuppose, henceforth, that we are dealing with
the formal objects provided by the readjustment rules which apply to the structures generated
by the syntactic component. In Chapter Eight, we return to a brief consideration of readjust-
ment rules.

].2. NOTATIONAL CONVENTIONS
Let us now briefly review and extend the notational conventions introduced in the

preceding chapters.
Where X, Y, Z, and Zare strings of symbols of arbitrary complexity, an expression

of the form (l) is an abbreviation for the sequence (1a), (lb), and an expression of the form
(2) is an abbreviation for the sequence (2a), (2b), in the order shown.
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( ' )

P)

xIY\w
tz l

In expression (1) there are two items enclosed by the braces;thus (1) abbreviates a sequence
of two expressions, i.e., (1a), (1b). Similarly, (3) abbreviates the sequence (3a), (3b), (3c),
and the same convention is extended to an arbitrary number of items in braces.

(,)
(Y)

XIZ IP
lw)

(a) XYP
(b) XZP
(c) XWP

When notations such as (2) have been used in the construction of generative grammars,
it has generally been tacitly aszumed that the ordering abbrer;iated by the use of parentheses
is disjuncttue (in this case the ordering (2a), (2b) ). In the case of braces, however, the ordering
is assumed to be conjunctive. Thus the expressions (3a), (3b), (3c), abbreviated as (3), are
conjunctively ordered; but the expressions (2a), (2b), abbreviated as (2), are disjunctively
ordered.

For any feature complex ,{, the symbol Xfl stands for a string of no less than m and
no more than n occurrences of X. Thus Cl stands for one occurrence or zero occurrences of
C, and Cl stands for exactly one occurrence of C (where C stands for a segment which is
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a nonvowel-see p. 68). The symbol x- stands for a string of no less than m x's. Thus c,
stands for a string of two or more occurrences of c. when no subscript or superscript is
given, it is to be assumed that both the subscript and the superscript are " 1." Thus cvc6,
for example, stands for a string of exactly one nonvowel followed by exactly one vowel

followed by zero or more nonvowels; the notation f 
-tensei

L V I 
stands for exactly one occur-

rence of a lax (nontense) vowel; etc.
The notation Xfl is definable in terms of the parenthesis notation. We will tentatively

assume that it has the same formal conventions associated with it. Thus, a rule of the form
.. .C?. .. , for example, abbreviates thetwo disjunctively ordered rules . . .CC. . . , . . .C. . . ;
we thus take .. .cf . . .  to be an abbreviat ion for . . .c(c).. . .  we wil l  actual ly make l i t t le
use of this property of the notation Xfl (see, however, pp. 175-76, chapter Four), and we
mention it here only to clarify the meaning of the notation.

There is one ambiguity that must be resolved. The notation (4a), for example, is an
abbreviation for (4b), which is ambiguously interpreted as either the sequence (5a) or the
sequence (5b), depending on which parentheses are expanded fust in (4b).

(a) . . .c5(x). . .
(b)  . . . (c)(x) . . .

( ,

(-)

(al

(b)

we will assume henceforth, rather arbitrarily, that alternative (5a) is correct and
that, in general, substrings abbreviated as y! are expanded later than substrinss enclosed
in parentheses.

There are several other ambiguities to be resolved in the meaning of these notations.
one, of crucial importance in our material, is this. Suppose that we have the sequence of
expressions 16):

(,)
(a) XY
(b) xz
(c) x

If we apply the brace notation to (6a), (6b), we derive (7;:

(') X[Y\
lz l

But now we can apply the parenthesis notation to the sequence (7), (6c), giving (g):

( , r'{i}'
Alternatively, we might first have appried the parenthesis notation to (6b), (6c), giving (9),
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and then applied the brace notation to the sequence (6a), (9), giving (10):

X(Z)
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(')

.{,Ll
The alternatives that lead to (8) and (10), respectively, differ in their empirical consequences,
because of the conventions just stated regarding conjunctive and disjunctive ordering. If the
sequence (6) is abbreviated as (8), it follows that (6a) and (6b) are each disjunctively ordered
with respect to (6c). If the sequence (6) is abbreviated as (10), it follows that only (6b) is
disjunctively ordered with respect to (6c). Therefore, it is ciearly an empirical question
whether one or the other alternative is correct.

We have one clear case to illustrate the empirical effects of this choice, namely, the
case of stress placement with affixes, which was discussed in Chapter Two (pp. 31-36),
and which will be discussed in more detail in Section 6 of this chapter. The correct choice, in
this case, is (8). That is, when confronted with a sequence such as (6), we must first apply
braces and then apply parentheses. This was the decision made, without comment, in Chapter
Two.

It is conceivable that this decision is ad hoc and depends on the empirical facts in
each case. If so, it follows that one cannot determine from the sequence of rules constituting
the grammar what is the organization of the grammar in terms of disjunctive and conjunc-
tive ordering. In other words, this organization is in part arbitrary, a feature of grammar
that must be specified independently of the linear ordering of rules. Evidently, it would be
quite interesting to determine whether there is a general principle governing this organiza-
tion, given the sequence of rules. A natural principle that suggests itseif at once is this:
abbretiatory notations must be selected in such a way as to maximize disjunctiue ordering.
Given the sequence of rules (6), this principle would lead us to assign the organization of
rule application defined by (8) rather than that defined by (10). The principle seems to us a
natural one in that maximization of disjunctive ordering will, in general, minimize the length
of derivations in the grammar. The question of how an internalized grammar is used in
performance (speech production or perception) is of course quite open. Nevertheless, it
seems reasonable to suppose that the grammar should be selected in such a way as to mini-
mize the amount of " computation " that is necessary, and that " length of derivation " is
one factor in determining " complexity of computation." Naturally, this principle must be
regarded as quite tentative. We will adhere to it where a choice arises, but we have very little
evidence for or against it. To find empirical evidence bearing on a principle of this degree
of abstractness is not an easy matter, but the issue is important, and one should bear it in
mind in a detailed investigation of phonological structure.

These remarks by no means exhaust the quite deep question of how disjunctive and
conjunctive ordering are to be assigned to the sequence of rules constituting the phono-
logical component and how ambiguities in the interpretation of the notations are to be
resolved. We shall have a few more comments to make on this matter as we proceed. There
is no difficulty, in principle, in resolving all ambiguities one way or another. However, our
feeling is that premature formalization should be avoided, and that we should leave ques-
tions open where we have no empirical evidence and no considerations of plausibility, how-
ever vague, that would lead us to one or another of the possible decisions. Research in
phonology is bareiy beginning to reach the depth where questions of this sort can be examined.



64 English phonologjr

with these remarks, we merely wish to point to the fact that these problems can now be
posed in a meaningful way and that one can search for empirical evidence to resolve them.

Proceeding now to other types of notation used here, we will follow the convention
of marking the heaviest (main) stress as 1 stress, the next heaviest (secondary) stress as 2
stress, etc. This convention conforms to famiiiar usage but has the disadvantage that weaker
stresses are indicated by larger numbers. The reader should take note of this to avoid possible
confusion. we will also occasionally use the conventional notation v, v, v for primary,
secondary, and tertiary stress, respectively.

In stating rules of the transformational cycle, we will, as in the first two chapters,
use boldface square brackets [ ] to indicate the syntactic IC analysis of the surface structure.
If the brackets are labeled by a sequence of (one or more) category symbols, the rule in
question is restricted to strings belonging to one of the indicated categories. If the brackets
are unlabeled, the rule is unrestricted as to category. The botdface square brackets that are
used to mark syntactic structure are not to be confused with the brackets [ ] used to enclose
feature sets.

The rules that determine stress contours are, for the most part, rules that assign
primary stress in certain positions, at the same time weakening the stresses in all other
positions by one. we rnight think of these as rules that assign [0 stress], with the convention
that after every application of such a rule, all integral values for stress within the domain of
this rule (which is a maximal string containing no internal brackets) are increased by one.
whenever primary stress is placed by a rule v-- [1 stress] /. . . , an interpretation of this
sort is to be understood.

1.3. DISTINCTIVE FEATURES
we take " distinctive features " to be the minimal elements of which phonetic,

lexical, and phonological transcriptions are composed, by combination and concatenation.
The alphabetic symbols that we use freely in the discussion below are therefore to be
regarded as nothing more than convenient ad hoc abbreviations for feature bundles, intro-
duced for ease of printing and reading but without systematic import. Thus, for example, if
the symbol lil appears in the discussion, it is to be understood as an abbreviation for a
feature comDlex such as:

+ segment
+ vocalic
- consonantal

+high
- low
- back
- round
- tense

A feature complex of this sort we call a "unit" if it is fully specified in terms of features:
otherwise, an " archi-unit." If the unit has the feature [+ segment], we call it a .. segment,,
(or, if not fully specified, an " archi-segment "). If it has the feature [ - segment], we call it a
" boundary." However, in discussing examples, we will not always make a consistent distinc-
tion between fully specified segments and archi-segments where this is not relevant to the
point at issue, and we will often use the same alphabetic symbol for a segment and various
archi-segments of this segment. we do this simply to limit the use of alphabetic symbols in
expository passages to some reasonable number. Except for this proviso, we will generally

(")
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use alphabetic symbols with their conventional phonetic interpretations as abbreviations
for feature sets; but where possible ambiguity in the exposition might result, we will resort
to the full use of features.

Our use of the concept " distinctive feature " differs from that of many others in a
number of ways. On the one hand, we have made fairly extensive revisions in the catalog of
features as well as in the terminology utilized in previous work. A detailed discussion of
the revised framework is to be found in Chapter Seven. In addition, we distinguish sharply
between the classificatory and the phonetic function of distinctive features. It is only in their
classificatory function that all features are strictly binary, and only in their phonetic function
that they receive a physical interpretation. As classificatory devices, the distinctive features
play a role in the full specification of a lexical entry (along with syntactic and semantic
features and idiosyncratic classifications of various sorts that determine the behavior of a
lexical entry with respect to the rules of the grammar). As phonetic parameters, the dis-
tinctive features provide a representation of an utterance which can be interpreted as a set
of instructions to the physical articulatory system, or as a refined level of perceptual repre-
sentation. The major function of the phonological component is to derive the phonetic
representation of an utterance from the surface structure assigned to it by the syntactic
component, that is, from its representation in terms of classificatory features of the lexical
items it contains, its other nonlexical formatives, and its analysis in terms of immediate
constituents, all of this material having been modified in an appropriate way by readjustment
rules.

As classificatory devices, features are binary. As a first approximation, we may
assume that they are provided with a coeffcient that can take one of two values: * (pius) or
- (minus). On the other hand, since phonetic features are generally multivaiued, we may
think of them as having positive integers as coeflicients. Thus, in the representations that
constitute the surface structure (the output of the syntactic rules), specified features will be
marked as plus or minus; but the phonological rules, as they apply to these representations,
will gradually convert these specifications to integers. We will not actually give the rules
that effect this conversion in most cases because our interest in sound structure, in this book,
does not extend to matters such as degree of aspiration, degree of fronting of vowels, etc. ;
we will, however, give the rules that determine degree of stress. In principle, all rules should
be given.s

It is conventional to enclose phonemic representations in diagonals (i.e., in the form
1...1) and phonetic representations in square brackets (in the form [...] ).We will follow a
similar convention where it contributes to the clarity of the exposition, using diagonals for
representations in which the features are functioning as classificatory devices (and are
specified plus or minus) and square brackets for representations in which they function
phonetically (and are specified with integers, in principle). But we cannot adhere to this con-
vention rigidly. The diagonal vs. square-bracket convention was designed for a taxonomic
theory that assumed two levels of representation, phonemic and phonetic, related by un-
ordered taxonomic rules (e.g., phoneme ,4 has the variant -B in the context X- f)6 which
apply simultaneously. However, a grammar consists of a long sequence of ordered rules

s See Sledd (1966) for a discussion of very detailed low-level phonetic rules for a Southeastern American
dialect, within a general framework of the sort that we are discussing here.

6 Whether phonetic or phonemic context is intended is not always made clear, and there is, in fact, some
question as to how well the requirement of simultaneous application is met. For discussion, see Chomsky
(1964\.
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that convert initial classificatory representations into final phonetic ones, and in the inter-
mediate stages there will be representations of a highly mixed sort. We will therefore make no
attempt to use the diagonal vs. square-bracket convention systematically, though we will
use it when convenient.

It appears from our investigations that the optimal grammar of English is one in
which stress is predicted by rule rather than one in which stress is inherent in the phonolo-
gical matrix of a lexical entry. Thus we are assuming, in effect, that one of the earliest rules
of the phonological component is a rule R which assigns to each segment and boundary
(see Section 1.3.1) the feature specification [-stress]. various rules will then replace
[-stress] in vowel segments, but not in boundaries or consonants, by integral values of
stress, in certain positions. We will assume, as a convention, that all integral values of stress
are a subdivision of the category [+ stress]. Thus, when a rule assigns the specified feature
[zstress], for some integer z, in a certain segment, this segment now belongs to the category
[ + stress] rather than the category [- stress] to which it belonged after the application of
rule R. The notation [+ stress], then, serves as a " cover symbol " for all segments with
integrally marked values of stress; a rule applying to a segment containing the specification
[+stress] automatically applies to all segments which contain the specification [nstress], for
some integer z, and which are not otherwise excluded by the formulation of the rule.

we expect that the same (or some similar) convention is needed for all features.
but since we have not systematically investigated the problem of replacing categorial specifi-
cation by phonetic degree in the case of features other than stress, we do not propose this
now as a general convention but merely as a specific one for present purposes. we note,
however, that some such convention is needed as part of general linguistic theory.

A detailed discussion of the phonetic correlates of the different features is given in
Chapter Seven. For the present we will limit ourselves to a brief comment on the features
that play a central role in determining stress contours. These are the features " segment."
" vocalic," " consonantal," " tense."

1.3.1. souNolny FEATURES

The feature " segment " distinguishes segments from boundaries. It seems to us that
the appropriate way to exhibit the structure of a system of boundaries is by an explicit
feature analysis. Thus each boundary will be a set of features, one of which is the feature
[- segment].

our tentative assumption is that the segmental features and the boundary features
fall into distinct sets (with an exception noted on pages 67-68). Among the features of the
boundary system, " formative boundary " (henceforth "FB") requires explicit mention.
only a single boundary is marked [+FB]. This boundary, which we will designate with the
symbol f, appears between the final segment of one formative and the initial segment of
the following formative. we can think of it as being inserted in this position in terminal
strings by a general convention.T All other boundaries are marked [-FB]. one of the non-
FB boundaries is the unit I that appears automatically before and after a word and in

7 Altematively, we could dispense with this element and permit reference in rules to formative-initial and
formative-final position. Note that formatiye boundary is an actual syrnbol ofthe representation, with a
feature structure, and is not to be confused with the concatenation operator that would be represented
in a fully formalized version of linguistic tbeory.

In our formulation, formative boundary never is preceded or followed by a bound.ary but must be
bounded on both sides by segments.
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sentence-initial and sentence-final position.s We will also have occasion to refer to another

boundary, which we will denote by the symbol :. In our terms, the unit : must be dis-
tinguished from ff by some feature, let us say the feature " WB " (word boundary). Thus the
symbol f stands for the feature complex [- segment, +FB, -wB],' # stands for the
feature complex [- segment, -FB, +WB], and : for the feature complex [- segment,
-FB, -WBl.

We assign a very special status to formative boundary, in the following way. We
assume that the presence of f can be marked in a rule, but that the absence of + cannot
be marked in a rule. This means that a rule such as (12), where X, Y, and Z are segments,
applies tc the three-unit string X{2, converting it to Y+Z; but a rule such as (13) is an
abbreviation for the sequence (14).

X---+ Y l -+Z

x ---> Y IAB-C

(")

(")

( ' - )

x ----> Y

This assumption regarding the role of formative boundary in phonological rules is indispens-
able. The other boundaries do not behave in this manner. Thus rule ( l3) does not abbreviate
a sequence of rules like (14) but with f replaced by #. I' string containing # is not subject
to a rule unless this rule explicitly mentions # in the proper position. Notice that this con-
vention amounts to a fairly strong empirical assumption about the nature of rules. It implies
that although we can frame phonological processes which are blocked by the presence of
the boundary # , we cannot frame processes that are blocked by the presence of formative
boundary.lo If a process applies to a sequence without formative boundaries, it also
applies to otherwise identical sequences containing these units. This condition is in-
operative only in the case of the leical redundancy rules, which refer exclusively to the
internal structure of formatives and really belong to the system of readjustment rules rather
than the phonology (see pp. 9-11, Chapter One).

As noted on page 66, one of the earliest rules of the phonological component
will assign to all units-both segments and boundaries-the feature [-stress]. Since our

3 Recall the discussion of # and word boundary in Chapter One, pages 12-14.
e Thus we are supposing that [-WB] is an automatic, redundant feature of formative boundary. The

general basis for this remark will become clear in Chapter Nine.
ro More precisely, in order to express the fact that a proc€ss is blocked by the presence of formative bound-

ary, we mustresort to certain auxiliary devices, described in the next chapter, thusadding to the complexity
of the grammar. The most highly valued ("simplest") grammar, then, is one in which phonoiogical
processes that apply when there is no formative boundary apply also when this unit is present, though not
conversely, and in which processes stated in terms of other boundaries apply where and only where these
appear in strings.

/ -LP-L--L/ /a

AB+-+C
A+B-+C
A+B+- C
AB_+C
ABI-g
A+B-c
AB_C
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rules assign stress only to vowels, a sequence of ,r units specified [- stress], may include not
only unstressed vowels and consonants, but all types of boundaries as well. This unique
treatment of the feature "stress" reflects the fact that stress is a prosodic feature, i.e., a
feature whose domain extends over seouences that are lonser than a word.

1.3.2. SEGMENTAL FEATURES

Let us turn now to the features that classify segments, limiting our discussion here
to features that are relevant to the functioning of the transf ormational cycle.

The features " vocalic " and " consonantal " give a four-way classification of segments,
as follows:

(")
| + vocalic -l

(a)  1""*"-  .1:vowel:V
L - Consonantarl

| - vocalic 'l
(b) |  , l  :  true consonant

L + COnSOnanlarl

f +vocalic I ..(c)  |  - - -*-  
- l : l iquid ( / , r )

| + consonantall
:c

f -vocalic l .. .. ^ . i(d) | --*.' . 1 : glide (h, 2, y, w) |
L - Consonanral J J

As indicated in (15), we will use the cover symbol V as an (informal) abbreviation for the

f+vocal ic I  . .
feature complex 

I _.."r."""," I 
and the cover symbol C as an ahbreviation for nonvowel.

,  {  [ -vocal ic l  )
tnat ls, Ior tne comptex ( : ' ,_ ).'  

[  [  + consonantal l ,
Among vowels we will rely on a further classification provided by the feature " tense-

ness." Our use of tenseness, as a phonetic feature, can be clarified by an examination of the
following typical cases:rr

(")
NEGLIGIBLY TENSE

bin
Ben
bat
bunr3
por (British RP)

put

Phonetically the difference between tense and lax sounds can best be characterized as a dif-
ference in the manner in which the articulatory gesture is executed. A tense sound is executed
deliberately so that the articulating organs actually attain their various target configurations;
in producing a lax sound, on the other hand, the gesture is executed rapidly and with reduced

11 There are certain dialects (western New England, for example) in which the gap in this chart, namely,
the lax correlate of boze, is marginally filled.

12 Namely, those in which (tin) can is distinct from the modal can. This distinction is fairly common, and
almost completely predictable, in many American dialects, but the contexts in which it appears vary.

13 The vowel ofbzz is higher as well as laxer than that ofbalzr. Some dialects have another vowel correspond-
ing more closely in quality to the vowel of balm but shorter, namely, the vowel of bomb.ln general, of
course, the tense vowels undergo many phonetic modifications.

APPRECIABLY TENSE

bean
bane
6an (in some dialects)12
balm
pqwn

bone
boon
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amplitude. Tense vowels are, therefore, distinguished from the corresponding lax vowels by
being more intense, of longer duration, and articulated with a greater deviation of the vocal
cavity from its neutral (rest) position. These facts have led to the description of lax vowels
as being " lazy " variants of the corresponding tense vowels.

It will often be convenient to use a special notation for the tense vocalic nuclei. As
in Chapter Two, we will use capital Latin letters for this purpose, each letter being used for
the sound which serves as its name.la Thus we wiil frequently make use of informal represen-
rst ions of  the fol lowing kind:

69

(")
bane bAn
bean bEn
pine pln
bone bOn
pure pUr

rebate rEbAt
uiolate alolAt
denotation dEnOtAtion
mutation mutAtion
hibernate hlbernAt

Except for frequent use of this device, we will generally give examples in ordinary ortho-
graphy (occasionally with internal morphological structure indicated and with occasional
use of standard phonetic symbols). This slight deviation from ordinary orthography serves
the present purpose of identifying certain vocalic nuclei as tense; but as we have already seen
in Chapter Two, it has much other justification as well.

Our decision to use slightly modified conventional orthography in presenting
examples instead of, let us say, familiar (taxonomic) phonemic notation is motivated in part
by a desire to avoid burdening the reader with a new notation; but, much more importantly,
it is justified by the fact that conventional orthography is remarkably close to the optimal
phonological representation when letters are given a feature analysis-much closer, in most
respects, than standard phonemic transcription. We have touched on this matter in Chapter
Two, and we will return to it again in the next chapter where we will give a full analysis of
the vowel system in terms of features.

2. Stress placernent in qssT$s-d first approxintation

Consider the stress

(")

assignment in the following list of verbs:

I i l i l I

astdnish
6dit
consider
imdgine
intdrpret
prdmise
embdrrass
elIcit
detdrmine
cdncel

maintain
erdse
caro'use
appe'ar
caj6le
surmise
decIde
deo6te
achtbae
carebn

colldpse
tormdnt
exhafust
eldct
cont;[nce
ustirp
obsdrxe
cau6rt
lamdnt
addpt

The verbs in column I have main stress on the penultimate vowel, whereas in columns II and
III stress falls on the final vowel. A closer examination of the list shows that the verbs with
penuitimate stress end in a nontense vowei followed by a single consonant, while the verbs

ra we are thus considering diphthongs (and the triphthong [yuw] ) to be, phonologically, tense vowels.
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with final stress have a tense vowel or a diphtbong in the last syllable (column II) or they
end in two consonants (column III). To account for the observed stress distribution, we
propose, as a first approximation, the following rule:

i,o\ Assign main stress to

\'-/ (i) the penultimate vowel if the last vowel in the string under consideration is non-
tense and is followed by no more than a single consonant;

(ii) the last vowel in the string under consideration if this vowel is tense or if it is
followed by more than one consonant.r s

Using the customary formalism for the statement of phonological rules, we can restate
(19) as (20):

(ro) -co l-?"].,

{1."""Ji."
f -Cr)

V ....+ ,r r,r"rr, 

/{

As in Chapter Two, let us tentatively refer to a string of the form i 
-'-tlttl 

ca u, u-Lvl

" weak cluster," and a string of the form 
l- 

til*l 
Co or VC, as a " strong cluster." (We

wiil later extend these notions slightly-r.. pp. ai, tO:-tO+.; Thus case (i) asserts that
primary stress is placed on the penultimate syllable if the final syllable terminates in a weak
cluster; and case (ii) asserts that a final strong cluster receives primary stress.

As just formulated, rule (20) is unduly cumbersome, since the same condition is, in
effect, stated twice, case (i) and case (ii) being mutually exclusive. Case (ii) can therefore be
replaced by the condition that the rule applies in all contexts other than those specified in
case (i). We can achieve this effect by making use of the notion of disjunctive ordering.
Suppose that we replace rule (20) by (21), specifying that the two rules abbredated by (21)

(i)

(ii)

f _,_.:,.].;.1 (i)
L v I  l l

J ri'i
Case (ii) of (21) asserts that:

l,
I

be a disjunctiuely ordered block.

(t') v ...- [r stress] l-.l..' t  
[ . "

Case (i) of rule (21) is identical to case (i) of (20).

1ZZ1 The last vowel in the string under consideration receives primary stress.
t ,

The requirement of disjunctive ordering guarantees that case (ii) (: (22)) wiil apply only
where case (i) has not applied; that is, it allows us to express the notion " elsewhere."

The two parts of rule (21) apply in sequence, the first assigning primary stress to a
penultimate vowel if the final syllable terminates in a weak cluster, and the second part
assigning primary stress to the vowel of the final syllable if this syllable terminates in a

15 We note without further comment the essential identity of (19) and the rule governing stress distribution
in Latin. See Halle and Keyser (forthcoming) for discussion of how this rule was incorporated into the
phonology of English.

Recall that we regard diphthongs as tense vowels in underlying lexical representations, the glide
being inserted (and the quality of the vowel determined) by phonological rules (see Chapter Two,
S€ction 8).
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strong cluster (i.e., elsewhere). Thus, (21), plus the condition of disjunctive ordering, restates
(20) precisely.

However, our notations permit a somewhat more compact statement of (21), namely:

ki v -.- [r stress] l-r"(l-tfr"].ri,
The fact that the rule must, in our terms, be stated in the form (23)16 explains why the order-
ing is disjunctive, given our general conventions regarding the parenthesis notation (see

Chapter Two, p. 30). We therefore need make no separate statement about the disjunctive
ordering of cases (i) and (ii) of (21), since it follows as a consequence of the fact that (23) is
the correct representation for these rules. Notice that the appropriateness of the abbreviation
(23) depends on the convention regarding the order of expansion of parentheses discussed
on pages 61-63.

For ease of exposition, we will continue to refer to the rule of stress placernent in the
form (21) rather than in the fully reduced form (23), keeping in mind that the two cases of
(21) are disjunctively ordered.

Let us now return to the examples in (18), at the beginning of this section. The items
in column I of (18) (e.g., astonish) are assigned primary stress on the penultimate vowel by
case (i) of (2i), since the final syllable terminates in a weak cluster. If the ordering of (21)

were not disju.nctive, case (ii) would now apply, assigning primary stress on the final syllable

to gtve *astinish.r ? As matters sta nd. however. case ( ii) is inapplicable and we d erive astlnish,
as required. The examples of column lI (e.g., maintain) and column III (e.g., collapse) are
not subject to (21i) because the finai cluster is strong. Consequently case (ii) applies, assigning
primary stress to the vowel of the final syllable. Notice that monosyllables (e.g., eat,ft) arc
aiso assigned primary stress by (21ii).

jdue lin
udnison
dsterisk

corona
arena

utdnsil
asbdstos

3. Stress placentent i71 nsvns-6 first approxirnation

Consider now ihe stress Dattern in the followine nouns:

(*)
I I I

Amdrica ar6ma
cinema balalaika
aspdragus hidtus
metr6polis horizon

III
uerdnda
agdnda
consinsus
syn6psis

thromb6sis amdlgam

drsenal Minnes6ta phlogtston

ldbyrinth ang{na appindix
andlysis fact6tum pldcinta

16 To say that the rules may be given in a simpler form implies that they must be gjven in that form. More
precisely, the notations that we use define a certain valuation measure for gxammars; the value ofa grammar
is determined by the number of symbols that appear in it when notations are used in the optimal fashion.
Rules are ordered by conventions associated with the parenthesis (or other) notation when the use ofthis
notation is in fact optimal in the case in question. see chapter Eieht for more detailed discussion'

17 Other conditions can be in'/ented to prevent application of case (ii); for example, we might propose that
stress is placed by (22) only in the context [-stress]q -. Stronger evidence that it is the condition of
disjunctive ordering that is actually involved here will be forthcoming in Section 6, where examples are
presented that rule out the apparent altematives.
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We have here a stress pattern that is identical with that exemplifed in (18) except
for the final extra syllable, which, it will be observed, consists in each case of a nontense (lax)
vowel followed by zero or more consonants. We can therefore apply rule (21) here too if we
exclude the final lax vowel (with the consonants following it, if any) from the domain of
application of the rule. It appears, then, that rule (21) operates in two separate contexts : first,
it applies to nouns ending in a nontense vowel followed by zero or more consonants,r8 this
last VCs string being omitted from consideration; secondly, it applies in an environment
which we will provisionally describe simply as " elsewhere." More formally, we have the
followins rule:1e

V -r [l stress]

(b)

(9)

Notice that we have here a rule of the form A _-, B lc_ D lE_F. Recall tbat
the notation I ---+ B lC- Dhas the meaning CAD "- CBD. By a double application of this
convention, the notation A -,.+ B lc- D lE- F has the meaniag ECADF---+ ECBDF.
Thus our earlier conventions have already arcounted for rules of the form (25). The order
of the rules abbreviated in this way, which we will discuss below, is also strictly determined
by the definition of the notation ,4 ---> B I C - D as an abbreviationfor CAD "-+ CBD. (See
pp. 3l-33, Chapter Two.)

To apply rule (25) to a string q, we ask first whether <p is a noun with a lax vowel in
its final syllable, that is, whether it meets condition (b). If not, we turn to condition (e).
Suppose, however, that the answer to the first question is yes, so that rp is of the form:

P'

(,,)

We now ask whether lf falls under case (i). If it does, we assign primary stress as indicated
by (25bi), and we skip (ii) since the order (i), (ii) is disjunctive. If $ does not fall under case
(i), we ask whether it falls under case (ii), and, since the answer to this question is always
yes, we assign stress to the last vowel of rf, as required by (25bii).

No matter what has happened so far to the string g, we now ask whether it meets
condition (e). The answer is always positive. We therefore apply case (i) if the final cluster
of <p is weak (skipping case (ii) because of the disjunctive ordering), or we apply case (ii)
if the final cluster of g is strong.

As matters now stand, rule (25) abbreviates a sequence of four rules which apply in
the order of (27) :

(")

r-[[-'fl"]""1
/ [ ] )

e:v[-'fr'"]c.r.

(2sbi), (2sbii), (2sei), (2sen)

18 The stress pattern of nouns with a tense vowel in the final syllable does not follow the present rule;
e.g., anecdote, Palestine, magozine, attachd .These cases are discussed in Sections 4 and I6.

le In order to preserve uniformity of reference in the various versions of the rules that we will consider, we
will designate the subparts of these rules by the symbols that will identify them in the final formulation
to be given in this chapter. Thus here we give only conditions (b) and (e); othcrs will be added below.

'.:
-t

j

:

{

I
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The subsequence (25bi), (25bii) forms a disjunctively ordered block, as does the subsequence
(25ei), (25eii). The block (25ei), (25eii) is simply the sequence represented as (21) and dis-
cussed in Section 2. In the case of the verbs of Section 2, condition (b) is never met and (25)

has exactly the effect of (21).
Let us now turn to the examples of (24). Consider first America, as a prototype of

column I. Condition (b) of (25) holds, since the last vowel of America is nontense and the
word itself is lexically marked as a noun. Dropping from consideration the context indicated
in condition (b), we are left with the string Amerlc-, to which we must apply rules (i) and (ii)
of (25), in that order. Case (i) is applicable; it assigns primary stress to the penultimate vowel

of Americ-, giving America. Case (ii) is skipped because of disjunctive ordering. We next
turn to condition (e) of rule {25). Unfortunately, this is applicable, as it always is, and case
(i) will give the form *America. We must therefore prevent the application of condition (e)
in this case. In fact, as we shall see, application of condition (e) must always be blocked when
condition (b) has applied. In other words, the ordering of (b) and (e) must be disjunctive if
the rules are to apply correctly.

We will return directly to the question of the disjunctive ordering of conditions (b)
and (e). Let us now simply assume that the ordering of (27) is fully disjunctive; that is, if
any one of the rules of (27) applies, the later ones in the sequence are skipped.2o The examples
of column I of (24) are now correctly handled.

Turning to column II, let us lake droma as a prototype. Condition (b) holds, giving
arom- as the string to which cases (i) and (ii) are to be applied. Case (i) is blocked by the
tense vowel of the final syllable of arOm-. We can therefore go on to case (ii), which assigns
primary stress to this tense vowel. Condition (e) is then skipped because of the disjunctive

ordering, and we are left with arOma. The example rcranda of column III is treated in
exactly the same way, except that application of case (i) under condition (b) is now blocked
by the consonant cluster -nd- instead of by the tenseness of the penultimate vowel. The other
examples of columns II and III are handled in exactly the same way.

Thus rule (25) correctly determines the placement of primary stress for the verbs of
(18) and the nouns of (24). The only difference between the verbs and the nouns is that
for the latter, a final string VCo (where V is lax) must be omitted from consideration before
the application of the rule to either (i) the syllable precedhg a weak cluster or (ii) the final
vowel, that is, the strong fina1 cluster of the string under consideration at this point.

This distinction between nouns and verbs with respect to stress placement can be
illustrated with bisyllabic forms as well as with the longer examples of (24). Thus, nouns
such as ldrynx, ldntern, tdmpest, stlpend, infant, 6nyx, mdllard have penultimate rather than
final stress, indicating that stress has not been assigned under condition (e) of rule (25).

Further support for the rule in the form given is provided by doublets such as
umbilicus-umbilicus, tibdomen-abddmen.In accordance with (25), we have penultimate stress
if the penultimate vowel is taken to be tense in the underlying representation, and ante-
penultimate stress if the penultimate vowel is taken to be lax.

Exceptions to rule (25) will readily come to mind, e.g., cemint, girdfe, burl4sque,
Mississtppi, ell[pse, umbrdlla. We will return to several classes of real and apparent exceptions
in Section 16.21

20 Since the ordering of cases (i) and (ii) is disjunctive, to achieve full disjunctive ordering in (27) it is
necessary only to add the condition that the ordering of (b) and (e) is disjunctive.

2r See also ChaDter Two. Section 7.
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The following nouns have the same stress pattern as those of (24):

I I I I [
(,')

English:

P')

brtfalo alb{no
archipdlago casino
rddio
brdccoli

uolcdno fdsco

commdndo
embdrgo

chidnti
attdrney

mac4ront

mendgerie shillilagh
Menimini WinnipesaLkee Ypsildnti
kinkajou Kiktiyu juj{tsu

In the dialect of American English that is the basis for our description, these nouns end in
tense vowels. Therefore they do not fall under rule (25), and their stress pattern is still
unexplained.

We note, however, that in this dialect, there are peculiar gaps in the phonetic distribu-
tion of vowels in final position. Roughly speaking, we have the following vowel system in

e, t Low

For the purposes of this discussion, we distinguish only the low vowels from the non-
low vowels, and we note that in each position in (29) there is a tense-lax pair (see discussion
of (16), p. 68). Limiting ourselves to nonstressed (i.e., minus-stressed) vowels in final posi-
tion, we find only tense nonlow vowels, as in (28), and the reduced vowel [e] (see note
1). There are no lax nonlow vowels in this position,22 and the low vowels of (29) do not
appear at all, tense or lax (with apparent exceptions that we will note). Thus it would seem
that unstressed low vowels reduce to [e] in final position, while unstressed nonlow vowels
become tense. Since there are no stressed lax vowels in final position, these must become
tense as well. These observations suggest that we add to the grammar a rule tensing stressed
vowels and nonlow nonstressed vowels in final position, and that we then formulate the
Vowel Reduction Rule so that it does not apply to vowels that are tense. Further investigation
of vowel reduction in Section 14 will support this suggestion, as we shall see.

Notice, furthermore, that the rule tensing vowels applies not only in final position,
but also in prevocalic position. Thus, in words such as society, neoplryte, archaic, the vowel
in boldface position is tense [I], tEl, tAl, respectively.

Combining these observations, we might give the Tensing Rule in the form (30):

(r)

with rule (30) in the grammar, we can now allow all vowels to appear freely in final and

22 There is apparently considerable dialectal variation here, as has been noted repeatedly in the literarure,
as, for example, the comments on final -y in Kenyon and Knott (1944): " when final, the unaccented
vowel in pity .. . and similar words varies with different speakers in America from a sound like the r in
617... or l ike the first r in pity ... to a sound that approaches the i in bee.. . ' , (p. xvii i).

Notice that of the nonlow vowels, only [i], [ol, and [u] appear in the examples of (28)
( [u] only marginally). Thus there is an additional gap in phonetic distribution beyond that under discus-
sion here, namely, in the case of final [e]. We return to this matter in Section 16.

u
NONLOW

v ....+ r+tensel / 
|;*"] {}, *n*. B: + ir o: +)
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prevocalic position in underlying forms. In particular, the final vowel of the items of (28)

can be lax. Thus the examples of (28) are assigned stress by rule (25) in exactly the same way

as those of (24). Then, after stress assignment, they become subject to rule (30) and the

Vowel Reduction Rule. When the final vowel is phonologically low and lax, it will reduce,

asin Canarla (from /kanede/), agenda (from lrgendal). When it is nonlow, it will become

tense by rule (30) and will remain unreduced, as in the examples of (28).

Notice that as rule (30) now stands, it tenses all vowels in prevocalic position, inde-

pendent of lowness or stress. Thus we find unstressed tense vowels in the boldface

positions of tdrious, drduous, drchaism ( [zirkAizm]), Hdbraism ( [hebrAizm]), etc. We shall

see in the next chapter that the [A] of the last two examples derives from a phonologically

low vowel. There is, however, another dialect in which the forms archaism, Hebraism are

phonetically [arkaizm], [hebraizm]. To derive these results, we assume that the affix -ism is

preceded by #.
We shall observe, as we proceed, that there are quite a few examples of conditions

such as that on o and p. Conditions of this sort are not, strictly speaking, formulable within

the framework we have established up to this point. However, in Chapter Eight, where
we give a careful analysis of the postulated notational system, it will be seen that such con-

ditions can actually be accommodated in a rather natural way.
We will see in the next chapter that rule (30) is one of several tensing rules. Examples

with phonologically tense voweis in finai position will be considered at the conclusion of the
next section.

Our decision to represent the underlying final vowel in words such asfdsco, Chicdgo
as nontense may raise some question, since a nontense lol fte., the lax counterpart to
the vowel in cone) does not appear phoneticaily in the utterances of the dialect we are
describing. But we specifically reject the assumption that there must be a one-one relation-
ship between the underlying lexical or phonological representation and the phonetic output,
and we see no reason to suppose that underiying representations will be restricted to seg-
ments that appear in phonetic representations. Such a requirement would, in fact, be quite
artificial and ad hoc. Whatever motivation it might have had is lost once the classificatory
and phonetic functions of distinctive features are distinguished. We will lind other empirical
examples which, like the example of /o/ just discussed, indicate that no strong one-one
requirement on linguistically significant representations can be maintained; and we will,
furthermore, lind good evidence that underlying /o/ also appears nonfinally in lexical
representations. Postulation of phonetically unrealized segments is no great departure from
established practice. Thus, junctures (i.e., what we are calling " boundaries ") of the sort that
are freeiy used in all phonemic descriptions do not generally have uniquely identifiable
direct reflexes in the utterance.z3

23 See Z. S. Harris (1951, Chapter 8); Hockett (1955); Chomsky, Halle, Lukoff(1956). It was once thought
that a useful notion ofjuncture might be developed in purely phonetic terms, specifically, in terms of the
tempo of the preceding segments. (See, for example, Stockwell, Bowen, Silva-Fuenzalida (1956, p. 643);
Hill (1958, p. 24); and the discussion in Hill (1962).) This proposal was supported by the claim that such
phonetic correlates are " clearly audible " and by reference to a few observations reported by Joos (in
Hill, 1962), which were taken to show that the slowing down in tempo for the three postulated junctures
was, respectively, " approximately two average phoneme lengths," "about one-half phoneme length
less," and "about one average phoneme length " (Stockwell, et al., 1956). That anyone still retains this
hope is doubtful, particularly in lhe iight of the criticism in Lehiste (1964) and the results of Lieberman
(1965).

(continued on page 76)

:,.:.,
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Summarizing the discussion so far, we have established the rule (25), which, as a first
approxirnation, accounts for placement of primary stress in nouns with a lax vowel in the
final syllable (condition (b)) and elsewhere (condition (e), which we have so far illustrated
only with verbs). The rule has two cases which apply under each of these conditions: case
(i) assigns primary stress in the syllable preceding a weak cluster and case (ii) assigns primary
stress to the final vowel. The two cases are disjunctively ordered, so that case (ii) in fact
applies to monosyllables and to strings with final strong clusters. The two conditions (b)
and (e) are also disjunctively ordered, so that the parts of the rule (namely, (bi), (bii), (ei),
(eii) ) constitute a disjunctively ordered block. Rule (25), with its successive modifications.
will henceforth be referred to as the Main Stress Rule.

still to be accounted for is the requirement that conditions (b) and (e) are disjunc-
tively ordered. We will naturally try to accomplish ttris on the basis of some general empirical
assumption regarding the form of grammars, instead of leaving it as an ad hoc and particular
consffaint. Earlier, we proposed that when rules can be simplified by the parenthesis nota-
tion, they are disjunctively ordered. Suppose, in fact, that we were to modify slightly our
notation for marking surface structure, using a string of symbols such as NJ instead of
labeled brackets such as 11. The two conditions of rule (25) would, in this notation. be
exDressed as:

(")

Utilizing the parenthesis notation, we can simplify this to:

-r l-'fr'"]c'ur
Hence, if we were to use the notation N! instead of ],* for representing surface structure, the
conditions (b) and (e) would be assigned a disjunctive ordering automatically by our general
empirical assumption about simplifiability with the parenthesis notation. But obviously
there can be nothing of any significance that turns on the choice between these two notations
for representing surface structure. We must therefore extend our system for expressing rules
in such a way as to eliminate this particular discrepancy between the notations. This can be
accomplished readily by generalizing the parenthesis notation so that it permits the expres-
sion of discontinuous dependencies. For this purpose, we will make use of angled brackets
( ) in the following way. An expression of the form (33) is to be an abbreviation for the

_ll-?-]""o1 tu)
I  r  ,Jn,

(,')

McCawley (1967b) gives evidence that Sapir, in his phonological analysis, accepted theconvention
that we are rejecting here, namely, that segments can appear in a pbonological representation only if they
also appear, somewhere, in phonetic representations. (Actually, due to other differences in the theoretical
framework, the assumptions are not strictly identical.) We have remarked in various places that our
approach to problems ofphonological structure is in many respects very similar to that ofSapir, although
quite diferent frorn that developed in both the united states and Europe since the mid-1930r. (tn fu"r,
the title ofthis book is intended to suggestjust this.) If McCawley's observations are correct, this historical
remark must be qualified, though it remains true that in many significant respects we are following in thegeneral line of Sapir's approach to linguistic structure.
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two expressions in (34), in the order given:2a

{rr)  x l<Y)xz<Y2>.. .x,<y,>x^+l

(")
(a) X1Y\X2Y2. .  .  X^Y,X,+|
(b) xrx2. . .xoxo+1

In other words, an expression with angled brackets abbreviates two expressions-one in
which all angled elements appear and another in which none of these elements appear. This
is a generalization of the use of parentheses to the case of discontinuous dependencies. It is
therefore quite natural to stipulate as a general principle that when rules can be simplified
by this notation, they are disjunctively ordered.

Returning to the two conditions of rule (25), we can now abbreviate them in the
form:

{ :s ) -tl-'r*]""',.-'
Summarizing, the Main Stress Ruie can now be given in its fully abbreviated form (36):

( ru) v *  [ r  stress]  /  -c ' "11- ' : . "* lcA) /  - . [ - tense' l . . - \ r  - .\  /  ,  - " ' l  v  l ' " ' l - \L v I 'ou. t<x,
The expression (36) abbreviates the four rules (27), and, furthermore, it assigns a fully dis-
junctive ordering to these four rules. For ease of exposition, we will continue to present the
rules in the expanded form (25), bearing in mind, however, that they are disjunctively
ordered.

As far as we know, the only cases of disjunctive ordering are those in which rules can
be simplified in terms of parentheses and angled brackets, and in all such cases the rules are
disjunctively ordered. If this is correct, we can tentatively propose the following quite strong
empirical hypothesis: where parentheses or angled brackets are required (see note 16) for the
abbreoiation of a sequence of rules, these rules are disjunctiuely ordered; in all other cases,
rules are conjunctiuely ordered (but see chapter Eight, Sections 3 and 4). we have too little
evidence to be able to assert this as a general hypothesis about linguistic structure with full
confidence, but we will adhere to it, with some refinements and elaborations, in this study of
English phonology.

4. Alternating Stress Rule

Let us now consider the effect of the Main Stress Rule on nouns with a tense vowel in the
final syllable of the phonological representation, for example, the word domain (phono-
logically, /domAn/). since the vowel in the final syllable is tense, condition (b) of rule (25)
is not met, and case (i) is inapplicable under condition (e). Thus, by (eii), primary stress is
2a We will use the angle notation in several closely related ways as we proceed, giving a precise and general

account in Chapter Eight, where parentheses are also covered as a special case. We will interpret a string
X(Y)2, wherc X and. Z contain no angles, as the same in meaning as XZ.

We should point out that the angle notation is not invented ad hoc for the description of English.
In fact, the angled bracket and parenthesis notations have been used in essentially the way we use them
here in most of the work in generative grammar, particularly generative phonology, during the past
fifteen years. As we have now noted several times, the choice ofabbreviatory notations within our frame-
work amounts to an empirical hypothesis regarding the notion " linguistically signiflcant generalization "
and, ultimately, regarding the basis for language acquisition. The fact that the same notations appear
adequate in a wide variety of cases is therefore a matter of some interest.
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placed on the final syllable, giving dOm)n. In the same way, rule (25) accounts correctly
for the position of primary stress in nouns such as:

/""\ machine, brassibre, regime, carebr, bardque, toupe'e, canob, clrcrobt, polfce, bazahr,
\", brocdde

In searching for additional examples of nouns with final stress, we observe that there
are few examples with three or more syllables. There are, of course, words such as Tennesseb,
attachd, chandelibr, kangarob, chimpanzele, and almost all words ending in certain suffixes
(e.g., -eer, -ier, -ee, -etle). However, the large majority of words of three or more syllables
have primary stress on the antepenultimate vowel and tertiary stress on the final vowel, as
in the examples in (38):

/.0\ htirricdne- dnecddte. pddigrde, n{ghtingdle, mdrtingdle, mdtaddr, formdldehi,de,
\""/ btiritdne, giillorine. irkansds, dnteldpe. stdueddre. hyp|renitse. cdndiddte. ctiualcdde.

cdntaldupe

The Main Stress Rule will account for Tennesseb, attachd, etc., but not for the large mass of
examples illustrated by (38), which would incorrectly receive final primary stress by case (ii),
under condition (e). To account for forms such as those in (38), we must add a new rule that
applies after the Main Stress Rule and assigns primary stress to the vowel of the ante-
penultimate syllable. We will call this rule, which we formulate as (39), the Alternating
Stress Rule :

/^^\
l39 l V -- [1 stress] / -CoVCoVCol

Consider now a typical example with (39)-hurricAn, for instance. By rule (25eii),
primary stress is assigned to the final vowel, giving hurricAn By the Alternating Stress Rule
(39), primary stress is then assigned to the first vowel, and the stress on the final vowel is
automatically reduced to secondary (see p. 64), giving hurricAn To obtain the conventional
representation, we add the very late subsidiary rule (40), which limits secondary stress to
constructions lonser than the word:

(.9 Within a word. all nonDrimarv stresses are weakened bv one.2s

We will r€fer to rule (40) as the Stress Adjustment Rule. In the case of hurricane, it gives,
finally, hurricAn, as required. The other examples of (38) are taken care of in exactly the
same way. The few words like Tennesse'e and attaclft, on the other hand, must be lexically
categorized in some way so as to prevent application of the Alternating Stress Rule (39).
We thus put them, for the moment, in the class of exceptions. Notice, incidentally, that for
some words (e.g ., refugee, magazine), application of the Alternating Stress Rule is optional.26

Rule (39) produces alternations of stressed and unstressed vowels. lt is thus one of
the factors contributing to the frequently observed predominance of iambic rhythms in
English.
25 We will formulate this rule precisely later on. Notice that the rule is, in effect, a terminological conven-

tion regarding the designations " primary," " secondary," etc. It is a natural convention, since it retains
integral values for the perceptual stress levels. Notice also that this rule does not apply until we reach the
level of word boundary in the cycle.

26 In the next chapter, we will discuss a method for marking exceptions to rules which will also make it
possible to describe situations such as this.

Notice that the final stress of such words as Tennessee rnay shift in certain syntactic constructions
(cf . Tannesseb Williams, T€nnesseb Vdlley). We return to this phenomenon on page 117.



F'

The transfortnational cycle in Engli"sh phonolagy Zg

The examples of (38) are all nouns, but the Alternating Stress Ruie applies to verbs
as well. In columns II and III of (18) (that is, the verbs with final stress, p. 69) all the
examples were bisyllabic. But consider verbs such as:

/, , \ t,ioldte, extrdpoldt e, ins{nuitte, expdrimdnt, implemint, gdllifint, cdterwdul, txercise,t4t  I

\ / dxorcise, drganize, rdcognize,solttlif), transm1grif)

In these cases the tense vowel of the final syllable receives tertiary rather than primary
stress, and the primary stress is antepenultimate, exactly as in the case of the nouns of (3g).
The reason is identical. Thus, the final vowel of ulolAt receives primary stress under case
(25eii) of the Main stress Rule, and rule (39) shifts the primary stress to the first syllable,
giving '^IolAt. Rule (40) then adjusts this representation to uio!)t. The other examples are
derived in the same way.

In discussing the examples of (28) in Section 3, we concluded that all vowels can
appear in word-final position in underlying representations, and the Tensing Rule (30) will
combine with Vowel Reduction to convert the nonlow lax vowels to their tense counter-
parts and the unstressed low vowels to [e] in this position. Now we are able to compare
polysyllabic words having final lax vowels in their lexical representations (e.g., words such
asb fato' alb[no, commdndo, and the others of (28)) with words having final tense vowels in
their lexical representations.

Consider, for example, the word Arkansas. Notice first of all that there are the alter-
131

native pronunciations [drkensow], [arktenzes]. The latter is straightforward; it derives from
larkanzYsl, with an unspecified lax vowel in the final syllable, by case (25bii) of the Main
Stress Rule and other rules irrelevant here. The former derives from a lexical representation
in which the final vowel is tense rather than lax, and in absolute final position rather than
before /s/. Condltion (b) of the Main Stress Rule (25) is therefore excluded, and by (25eii)

1l2 l

we derive arkansas. This becomes arkansas by the Alternating Stress Rule (39.) and irkansis
13

(: [arkensow]) by the Stress Adjustment Rule (40).
Similarly, consider such familiar pa irc u, )ggy-rl|Ugi and Kinnedy-chickaai. Here

we have a phonetic contrast of tertiary versus quaternary (zerc) stress on the fina1 [E]. We
accountfor the distinction by giving the lexical representations /efVgi/-/refuglE l, lkenVdil-
/dikvdE/, respectiveiy.2T The stress patrern of )ggy ana Kinnedy is, then, determined by
rule (25bi), exactly as- in the case of the examples of (28), column I. The stress pattern of

13 13

refugee and chickadee, on the other hand, is determined by rules (25eii), (39), and (40),
exactly as in the case of hurricane, Arkansas, etc. We have here the alternants refUgeb.
chickaclee in the case where apptcation of rule (39) is blocked (as in Tennesseb, dttdchi).
The (fairly free) alternation in this case supports the decision to take the final vowel to be
lexically tense. The variants are then determined by an optional lexical feature which blocks
rule (39). Tensing and diphthongization of the final vowel are automatic, by the Tensing Rule
(30) and other rules that lve discuss in the next chapter, in all the cases in ouestion here.

5. Stress placernent in adjectiaes

We have so far considered only nouns and verbs, but the rules we have given apply to adjec-
tives as well. Consider the examples of (42), in which columns I, II, III correspond to columns
2t We are concerned here only with the final vowel, but, as we shall see in the next chaDter. the lexical

representations given here are essentially cotrect, in toto.



80 English phonology

I, il, III of (18) and (24), and, column IV conesponds ro (38) and (41):

IVIIII I?4
sdlid suprdme

frdntic sincdre
hdndsome sec re
clanddstine indne
cirtain obscdne
cdmmon obscfire
o lgar exftdme
wdnton rem'te
shtillow discrebt
strtrd)) complite

abstrd mdnifist
corr pt risol te
immdnse ddrelict
abstrdct dfficillt
rob st m6ribilnd
oudrt cdmatdse
augrtfi stiturnine
succtnct rdtrogrdde
occ lt ldchrymdse
dirict 4rudite

The placement of primary stress on the penult in column I is determined by rule (25ei).
(The last two examples in column I involve an application of rule (30) as well, to tense the
underlying lax vowel in word-final position.) In columns II and III, the final syllable is
stressed by rule (25eii). In column IV, the final syllable is stressed by rule (25eii), exactry as
in the case of columns II and III, but then the primary stress is shifted two syliables to the
left by the Alternating.stress Rgle (39) and rhe. contour is adjusted ty rute i+o;. Thus the
four types of forms ,itid, ,uprl*r, aosira, *Lniyisr are all assigned their proper stress
contours.

We find, as in the case of nouns. that the Alternatilg Stress Rule is optional for certain
adjectives. Thus, alongside of ibsorite we have ibsotite; alongside ot ibroril" we have
absolute' This option is restricted to certain adjectives with tense vowels in the final syllable.
Another,occasional doubret.is crandisrine (with a finar lax vowel and penultimate stress)
versus clandestln or clandestEn (with a tense vower in the final syfiable and antepenultimate
primary stress). In this case it is the choice of the final vowel that is free. once its tens"rress
is determined, the position of primary stress is automatic.

To the exceptions that we noted before, we must now add several
m6dern, hdnest, hdggard.

others, e.g.,

6. Deriaational aff i ,xes

consider the following adjectives, all of which end in a suffix consisting of a lax vowel
followed by one or more consonants:28

23 Strong examples for column II in (43) are rare: there are few polysyllables with final tense vowels beforethese affixes, and some of them (e.g-, son6rous, dect)rous) have variants with a lax uo*et 1ln *trict cas"the examples wilr far in column I). The reason for incruding poryhedrar and poryhedror" i. 
""ir., 

1rather than column III will be given directly.
certain words that might seem appropriate for column rr (e.g., audicious, fer,cious) actuarybelong in column I, since the orthography is, in these cases, essentially conect u. ;,;;;ti.;;"p."-sentation, for reasons which will become crear in the following chapte;. Notice that if ;i, ;";o, ,",certain examples (e.g., judicious, auspicroas) would be exceptions.
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(,,)
I

pdrsonal

mdximal
medIcinal
mun[cipal
ephdmeral

uIgilant
mindicant
signfficant

drrogant
dissonant
[nnocent
dffident
benholent

I I

anecd6tal
adjecttual
sacerddtal
polyhidral

medidtal

complalsant
def[ant
clairudyant

obeisant
adjdcent
compldcent
antecddent
inhdrent

ilI

dialictal
incidintal

frattrnal
uniuirsal
abj,smal

reptgndnt
relictant
obsdn:ant

ind{gnant
re&)ndant
depdndent
cont[ngent
reaimbent

magndnimous desfrous momdnlous
polj,gamous polyhddrous am6rphous
rlgorous polytindrous
precipitous sondrous tremindous
caldmitous decirous stupindous

The similarity of these examples to those of (18), (2a), and (42) is evident, and we therefore
would naturally expect that the Main Stress Rule (25) would account for (43) with at most
minor modifications. Notice, in fact, that rule (25) would account for these examples directly
if we were to extend condition (b) of (25) to adjectives as well as nouns. We cannot simply
do this, however, for consider the effect on the examples of (42), in particular those of column
III. If these are assigned stress by the noun rule (25b), stress will fall on the first syllable.2e
Similarly, the examples of column IV of (42) with final double consonant require the verb
rule (25e), rather than the noun rule (25b), to account for the tertiary stress on the final
syllable.

We conclude, then, that the adjectives of (43) are subject to the noun rule, while those
of (42) are not. The basis for the distinction of these two classes is evident; the examples of
(42) are primary adjectives, unanalyzable into stem plus adjectival suffix, while those of (43)
are secondary adjectives, formed by adding a sufix to a stem. Thus primary adjectives are
assigned stress by the verb rule (25e), while secondary adjectives are assigned stress by the
noun rule (25b).

We can express this fact by adding, alongside of condition (b), a new condition (a)
which is exactly like (b) except that the sequence it specifies is a monosyllabic formative.
Thus we have the two conditions (zl4a) and (44b) (where f in (a) stands for formative
boundary-see pp. 6G67):

2e As it actually does in the case ofthe e\ceptions h6nest, mddern, hdggard,etc., noted above. Thus an exten-
sion of condition (b) to adjectives would make these regular and the examples of (42), column III,
exceptions. But the latter are much more numerous, and, furthermore, there are subregularities among
the former that allow a still more succinct statement of exceptions in this case. There are also, as we will
see, other reasons for distinguishing the adjective rule from the noun rule.
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+.,l-t7'"1."r^ (a)

l-'i1"1t"'. (b)
Using the angle convention discussed on p ages 76-77,we can abbreviate the two cases

of (44) as (45) :

a*.",l-'i;'"].orn,^,
This abbreviates a disjunctively ordered sequence of two conditions: the first applies to a
noun or an adjective with a final monosyllabic formative containing a lax vowel; the second
applies to a noun with a lax vowel in its final syllable. Since the ordering is disjunctive, (45)
truly abbreviates (4a). (If the ordering were conjunctive, (45) would have a different effect
Irom (44) in the case of nouns, since both of the rules abbreviated by (45) would apply.)3o

The formula (45) is the appropriate way to present the facts that we have so far exhibi-
ted, but for ease of exposition, we will keep the two cases separate in this discussion and
refer to the unabbreviated form (zl4). we will consider in the next section the question of
compatibility between (45) and the abbreviation (36) for conditions (b) and (e) of the Main
Stress Rule.

In sum' we allow the Main Stress Rule to apply under both of the conditions given
in (aa) (: (45)), that is, to a noun with a lax vowel in the flnal syllable or to an adjective
with a monosyllabic suffix containing a lax vowel. we apply cases (i) and (ii) of (25) after
omitting from consideration the final +covco string (or vco string in the case of nouns.;.

Before restating the expanded Main Stress Rule, we take note of another qualification
that must be added. Consider the adiectives:

82

(-)

English phonology

(*) dloquent, recdlcitrant, chiualrous, l dicrous, Dirtebrdl

These have stress on the antepenultimate vowel, indicating that they are treated by the Main
Stress Rule as examples of column I rather than column III of (43). In other words. stress rs
assigned to these words by case (i) of (25) rather than by case (ii). But case (i) assigns stress
to a syllable followed by a weak cluster, that is, followed by a lax vowel and no more than
a single consonant, whereas in (46) the penultimate lax vowel is followed by two consonants.
Evidently, we must extend the notion "weak cluster " to include a lax vowel followed by
no more than a single consonant followed by an optional liquid or glide.

Closer examination reveals that clear examples of such clusters are restricted to those
ending with [r] and [w]. Since the absence of clusters ending with [y] is due to the fact that
[y] is generally not found in postconsonantal position, we need not restrict our rule so as ro
exclude such sequences explicitly. on the other hand, the absence of weak clusters ending in
[] suggests that we explore the possibility that clusters ending in a consonant followed by
[] are strong rather than weak. An immediate consequence of this is that the geminate

30 There is a further diference between (44) and (45) for the case of nouns of the form . . . vcovc+crvco
or . . .vcov+crvce, where v is a lax vowel. Rule (44) would assign primary stress to th-e penultimate
syllable in such cases, whereas rule (45) would assign antepenuttrmate stress. we have no very clear
examples one way or the other. we may, however, make use of (45 t in describing such exceptions to tbe
general rules as rzlzrrler, for example. The lexical representation cannot be /ministrl (cf. miiistdrial), but
must rather have /ster/ as its final syllable. By rule (44) the stress contour should then be *rnlz ister.If we
give the lexical representation as /mini{ster/, bowever, rure (45) will assign stress in the proper way.
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sequence [11] renders a cluster strong. There must be in the grammar a special rule that

simplifies geminate sequences of consonants (see (156) below and rule (67) of Chapter

Two). We can, then, account for the placement of primary stress in adjectives such as

cerebdllar, morb lous, med llar by representing these with geminate /11/, as opposed to

cdphalous, pdrilous, sctirrilous, etc., which have a single lll in the underlying representation,

or chlualrous, which contains a weak cluster ending with ir/' Notice that ltl followed by a

true consonant gives a strong rather than a weak cluster:3r

fr a t 6 rn al, de t 6 r g e n t, un iu i r sal, ob s 6 ru^ an t, am6 r p hous

The proposed extension of the concept " weak cluster " (and the corresponding

modification of the Main Stress Rule) is needed also for nouns, that is, for the examples

falling under condition (b). Thus we have dlgebra, udrtebra, with antepenultimate rather than

penultimate stress, indicating that the penultimate syllable is treated as a weak cluster, as

opposed to armadlllo, ,^anilla, umbrdlla, with a strong cluster ending in a geminate ll1l.32
To express the concept of weak cluster properly in our rules, we refer to the feature

analysis of liquids and glides given in (15) (p. 68). Liquids are consonantal and vocalic;
glides are nonconsonantal and nonvocalic. Thus liquids and glides are the categories that

are identical in specification with respect to the features " vocalic" and " consonantal'"
We will follow the practice of using small Greek letters as variables ranging over feature

specifications (that is, over the symbols * and - and the integers). With this convention,

we can characterize liquids and glides as the category:

(-')
fovocalic 1
laconsonantall

However, we need to exclude [] as the last segment in a weak cluster while allowing [r].
The difference between [1] and [r] in feature terms is that [1] is [+ anterior], whereas [r] is

[- anterior]. Glides, on the other hand, are [-anterior]. (See Section 3 of Chapter Four.)
Thus, in the feature notation that we have adopted in this book, a cluster is weak if it
ends in a consonantal segment followed by a segment which is [-anterior] and in which
the coefficients of the features "vocalic" and " consonantal " assume the same value. A
weak cluster will therefore be reDresented as:

(,')
favoc I

I  - tense |  ̂ ,  I  I
I  v lL6 ldcons I

L-anr lo

7, Surtntary o.f stress placerrtent rules

The stress rules we have discussed so far are the Main Stress Rule, the Altemating Stress
Rule, and the Stress Adjustment Rule. These rules now have the following tentative forrn:

'r At this stage of representation, there are no sequences VGC, where G is a glide, since diphthongs are still
represented as single tense vowels. See note 15.

32 We again make note of several apparent exceptions, e.g-, pelldgra, candelabra, alligro (in the dialectal
variant with a phonetically lax penultimate vowel). We retum to these in Section 16. There also seem
to be some cases where the sequence VC/ acts as a weak cluster. See note 82 and pages 140 and 197.

We are indebted to J. Fidelholtz and J. R. Ross for the particular form of the concept of weak
cluster that has been adooted here.



,.1
('' ) ALTERNATING STRESs RULE

V --' [l stress] / - CoVCoiColN^v

Gr) 
srREss ADrusrr,rENr RULE

\ / Within a word, all nonprimary stresses are weakened by one.

/_ . +Llrl€|tClorqJdts4 applying just at the levet of word boundary in the cycle.
lKule()u.)rsthecentralcycricrule.Rule(5I)wil l , infact,applyonlyonceinaderivation,for
Lglher reasons, but it is not restricted to the level of word boundary.

Within rule (50) the ordering is automatically determined as (ai), (aii), (bi), (bii), (ei),
(eii). Furthermore, the ordering of cases (i) and (ii) is disjunctive, and the ordering of 

"on-ditions (a), (b), and (e) is disjunctive. These facts are made explicit if we state the Main
Stress Rule in its more abbreviated form (see (36), (45) ) as follows:

(', v -- [l stress]

I  - r , (z- fco),  f  
- : ' : * lco),  r .  - .  . .  < iot>z

I  y v I  - . r l ( ,N(r^) , ) r  ( , (b)) ,

(e)
Angled brackets with the same numerical indices are expanded together. we number the
angles here only to bring out the structure of (53) more clearry. The indices are actuany
superfluous in this case since there is only one way to expand the expression (53) in accord-
ance with our conventions. Later we will make use of indexing of brackets to enrich our
system for the formulation of phonological rules.

In accordance with the convention for angled brackets, the expression (53) states
that the two rules (50i) and (50ii) are applied in the rhree contexts (50a), (50b), and (50e),
obtained by reading (53) first with all angled material included (case (a)), then with the
material enclosed in (, )z excluded (case (b)), and finally with all angred materiar excluded
(case (e)). Furthermore, rhe ordering of (a), (b), and (e) and of (i) and (ii) is disjunctive.
The parenthesis and angle notations therefore characterize the ordering expricitry.

Before illustrating these rules with several examples, we w l mention some additional
limitations on the applicability of condition (a). Alongside of the affixes that affect stress
placement and that are subject to condition (a), there are other ..neutral 

affixes,, which
characteristically play no'role in the pracement of stress, for example, the adjective-forming

English phonolagy

(D

(iD

(a)

(b)

(e)
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MAIN STRESS RULE
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affixes -y,33 -like, -able, -ish, and amxes such as -ing, -past tense, -hood, -ness, -ly, -nrse. We

can indicate the fact that an affix is neutral by making use of the I boundary which is

introduced, by a universal convention, before and after each string belonging to a lexical

category, that is, each string dominated by N, A, or V in the surface structure (see Section

L3.1 and Chapter One, Section 5.3). Thus, the word soliloquizing, for example, might be

represented in surface structure as :

85

('-) [ [v # soliloqulz #ly lne-]

where the word may be functioning as a verb (he is soliloquizing), as a noun (soliloquizing

is out offashion), or as a noun modifier (the soliloquizing Dane). On the first cycle, the inner-

most constituent receives the stress pattern ["soliloquiz]t by rule (50eii) and rule (51). On

the second cycle, condition (a) is ruled out since it is limited to amxes preceded by +.
Condition (b) is also inapplicable, because of the presence of # in soliloquizS ing' (Recall

that #, as opposed to +, must be mentioned in a rule i-f that rule is to apply to a string

containing #.) Condition (e), however, applies, and will shift primary stress, incorrectly,

to the amx -lng because of the double consonant in the underlying form. To eliminate this

possibility, we add to the Main Stress Rule (50), (53) the qualification:

( , , X contains no internal I boundary.

This qualification guarantees that a word-internal cycle will be vacuous when it applies to a
str ing of the form .. .  #CoVCol.

Notice that the presence of the # boundary is quite well motivated on different
grounds in many of these cases. The inflectional affixes which are neutral with respect to
stress also characteristically affect final clusters in the same way as word boundary does.
For example, in many dialects /g/ drops after nasals in word-final position but remains in
word-medial position, so that we have [si4] but [mipgl] (from underlying /siNg/, /miNgl/,
respectively, /N/ being the archi-segment " nasal consonant "). But before -ing, -er (agentive),

-ed, Jy, etc., /g/ also drops, so that we have [si4i4], [si4r], contrasting with fliqgr]; [ri4d],
[halti4ly] (or, with a different -/;, affix, [ki4ly]), contrastingwith [si4gly], thelatterfrom phono-
logical /siNgl# lyl, with the lll of l#lyl dropping after ICU; or fkirJlet], from /kiNg # lVt/,
contrasting with lsi4glet], from /siNglllVt/.

Furthermore, we must have a rule:

f S0l sonorants become syllabic 1 g- #34

This is needed to account for the fact that in words such as hinder, cylinder, remember,

33 Not to be confused with the noun-forming -y of democracy, presidency, etc.
3a The feature " sonorant " is redundant in English, though not in all languages. It distinguishes vowels,

liquids, glides, and nasals from nonnasal (obstruent) consonants. A syllabic sonorant consonant will
ultimately have the neutral vowel (which we are representing as [e]-see note 1) inserted before it. Thus
hinder ls phonetically [hindr]: [hinder]. Notice that not all words with a final syllabic sonorant have a
final consonant-sonorant cluster in the underlying representation. Thus odo r, danger, aalor, titan, Homer,
for example, have final vowel-sonorant clusters in both underlying and phonetic representations, as we
can see from the forms odorous, dangerous, oalorous, titanic, Homeric.

Notice that rule (56) is also needed to account for stress placement, and that it must follow the
Main Stress Rule in the sequence of rules. Consider, for example, the forms cilinder, cdrpenter. Only
rule (50bii) can assign primary stress in the first syllable to these words, but the application of (50bii)

here requires that the final cluster be of the form /Vndr., /Vntr/. respecti,,ely. where V is a lax vowel.: - , :
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carpenter, disaster, schism, burgle, twinkle, the sonorant is syllabic in word-final position
although the underlying representations must be /hiNdr/, /siliNdr/, /rEmeNbr/, /kerpVNtr/,
/disestr/. lsizml, lb'trgll, /twiNkl/, as shown by the related forrns where these sonorants are
not syllabic: hindrance, cylindric, remembrance, carpentr!, disastrous, schisntatic, burglar,
twinkling (in the sense of " instant," from /twiNkl+1iNg/, rhe /l/ of /liNg/ dropping, as
above, after /Cl/ ). However, the sonorant is also syllabic in forms such as hindering, hindered,
remembering, burgled, tu'inkling (the participle),3s indicating that these neutral affixes also
carry the boundary # . Similarly, the noun-forming -l affix, which is not neutral with respect
to stress placement, changes preceding ltl to [sl (democrat-democracy, president-presidency),
but the neutral, adjective-forming -y does not affect final ltl Qhocolaty, bratty, etc.),36
indicating that it carries the boundary # that blocks this process.

The affixes that carry # are, to a certain extent, syntactically distinguished. For the
most part, these are the affixes that are assigned to a word by a grammatical transformation,
whereas the derivational affixes that affect stress placement are, largely, internal to the
lexicon. In other words, if # is automatically associated with lexical items and automatically
introduced to the right of a suffix (or the left of a prefix) attached to a member of a lexical
category by a transformation, then the resulting distribution of boundaries is fairly close to
what is required for the operation of the phonological component. This principle for assign-
ing # is the same, in many cases, as the principle that # should be introduced at the bound-
ary of strings dominated by a lexical category in the surface structure (see Chapter One,
pp. 12-14). Thus the word singrzg is a verb containing the verb srzg, and so on.

Notice that 7 may be deleted before, affixes under certain circumstances. Consider,
for example, the variants analyzable-analyzable. We can derive the former from the
phonological representation l^f"analllzl" fi ablf^, and the latter from the same represen-
tation with # deleted. When the word boundary # is present, the stress pattern is that of the

l3

underlying form anallz in isolation, since the second cycle is vacuous. When the boundary
is dropped, as is not uncommon when -able is added to longer forms, the affix -able (repre-
sented /abl/ ) is subject to condition (a) of the Main Stress Rule. Thus, in the second cvcle,
case (ii) of the rule shifts primary stress to the strong cluster immediately preceding the affix
in this example.

So far, then, we have two classes of affixes, those that assign primary stress by the
Main Stress Rule and those that carry # boundary and are therefore neutral. Superficial
examination would suggest that it is necessary to distinguish two other classes of affixes
(apart from those that take primary stress), namely, those of the -l category, which place
primary stress on the final syllable of the string to which they are affixed (e.g., -ion, -ic, -ity,
-fy), and. those of the -2 category, which generally piace stress on the periultimate syllable of
the string to which they are affixed (e.g., -)t. -ate, -ize). Actually, most of these affixes are
perfectly regular and require no special comment. In particular, the -2 category is superfluous.
As far as -y is concerned, we will see in Section 15 that it is entirely regular. Examples such
as lustr-dte, antdgon-ize, as we shall see, receive their stress contour by the Main Stress
Rule, which places primary stress on the final strong cluster, and the Alternating Stress
35 In more casual speech, the syllabicity of [U (and sometimes even of [r]) may disappear as one of many

optional modifications of the idealized phonetic form-
36 Notice that not all cases of adjective-forming -y are to be assigned to this l#yl formative. Thus we haye

angry, hungry with the lexical representations /aNgr*y/, /huNgI*V/ (where N represents the archi-
segment " nasal "). Here the affix is not l#yl, but a different affix, identical in its phonetic form bur nor
in its phonetic effects; it does not carry # and is restricted to adjectiyes derived from abstract nouns.
Clearly this distinction is in accord with the sense as well as the Dhonetics.
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The transform,a.tiomal cycle in English phonology

Rule (51), which then shifts primary stress two syliables to the left. In other examples (e.g.,

chdracterize, rddicalize), -ize is simply a neutral affx preceded by #.
As far as the -1 category is concerned, we see at once that most of its members simply

fall under the Main Stress Rule. If we analyze -ity, for example, as -ilty,31 then the fact

that stress falls on the syilable immediately preceding it is accounted for by case (ai) of the

Main Stress Rule (50), since the " stem-forming " element -i- that precedes the final affix

is lax.
In fact, aside from the two categories of neutral affixes and amxes that assign stress

by the Main Stress Rule, we have only the exceptions -ic and -ion to deal with among lax

affixes, and no further classiflcation need be given. Furthermore, as we have noted, the

distinction between neutral and nonneutral affixes is drawn fairly clearly on general grounds.

It seems, then, that there is no significant classification of affixes with respect to stress

placement; there is the mass of affixes that fail under the general Romance Rule, and, in

addition, there is the margin of exceptions to be expected in the case of any phonological

rule.
The best way to deal with exceptions is to modify their representations in some ad hoc

way so as to enable them to fall under the regular rules, which can then remain unaltered in

their simplest and most general form. Thus the fact that'ion always piaces primary stress on

the syllable immediately preceding it is easily accounted for if we give -ion the underlying

representation livnl, l! I standing for the archi-segment " lax vowel." Words such as

prohibition, inhibftion, nutr{tion will now be represented [prohibitfiVn], etc., when we enter

the second cycle. Condition (a) of the Main Stress Rule (50) does not apply, since the affix

contains two vowels, but condition (b) does apply, excluding the final string /Vn/ from

consideration and assigning primary stress to the syllatle preceding the weak cluster of the

residue /prohibitfi/ by case (i). Thus we have [prohibitiVn], which receives its full stress

contour in the appropriate way by rules to which we shall turn later on. Primary stress,

however, is now correctiy placed. The forms in -Ation wldl receive primary stress on /At/,
as required, in the sarne way. In the case of words such as comprtlsion, permission, inudsion,
prffision, primary stress will have been placed on the second syilable in the first cycle. (The

final stress on verbs llke compdl and perm[t w:Jl be accounted for in Section i0 of this chap-

ter.) The second cycle, then, is vacuous. Primary stress will also be placed properly by the

same rule in words such as pau ion, battdlion, chdmpion, comptinion, dom[nion if we give

them the representations /pavilfiVn/, etc. Other reasons for treating -ron as bisyllabic in
the underiying form will appear in Chapter Four, Section 4.1.

To comolete the account of -ion. we must add the rule:

87

(")
ldental l  ,  ! . rR|  -  Y t l  c  l+-v '"

Thus, rule (57) applies in words such as battalion, paoilion, million, rebellion,3e companion,
dominion, union, but it does not apply in Albion, champion, clarion, criterion, oblfuion.

37 This is well motivated. See note 23, Chapter Two.
33 In terms of distinctive features, dental consonants are coronal and anterior. We regard [] as dental, [r] as

nondental (in this case, coronal and nonanterior), throughout. Thus the rule applies after [1] and [n] as
well as the dental obstruents. We will retum to a somewhat more careful formulation of this rule in
Section 6 of the next chapter.

3e In the case of rebel (and several other words), rule (57) also applies before - ous, gling r ebe llioas [rEbelyes],
as opposed to punctilious [p,rgktilEes], for example. For more discussion of this matter, see Chapter
Four. Section 6.
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Notice that rule (57) must be in the cycle. Consider the form conudntional, for examDle.
on the first application of the cycle we obtain the representation [convJntfiVnl. r inis
representation is submitted to the second cycle with the affix -al, primary stress will be placed
incorrectly on the lil of the affix string iivnfali by case (i) of rhe Main Stress Ruie (50)
under condition (a). Hence (57) must appry, removing this vower, before the apprication of
the second cycle.ao As we shall see rule (57) is actua y somewhat more general.

In the case of the second exceptional suffix, namely, -rc, we must resort to some similar
artifice to account for the fact that it places stress on the immediately preceding syllable.
The simplest method is to represent -ic as the variant form liklall. we then add the
ad hoc rule (58) after the Main Stress Rule:

(' ') al + $ / ik+-

fu [1 [,"Oeatr]," ikfaell^ iftil,*
1 nurr (50bii)

nurr (50ai)

nurr (50ai)
RULE (52)

using certain devices that we will develop in Chapter Four, section 2.2, we wlll assocrate
with each lexical item taking -irf a/an indication as to whether it may or may not undergo
rule (58)' Thus, in the words basic, public, sulfuric, rule (5g) is obligatory; in theatricar,
neurological, it is inapplicable; in ironic(al), analytic(al) the rule is oplional. In some cases
(e.g-, economic(al), historic(al)) the applicability of rule (5g) depends on the sense of the
word, that is, its semantic features.

we shall see in the next chapter that we can make use of this underlying bisynabic
representation and rule (58) to account for other exceptional features of -;c, in particutar,
its effect on stressed vowel alternations. Notice that all forms undergo rule (5g) whsn the
aff]n -ly is added; thus the rule is needed even apart from the considerations mentioned
here.al

A word such as r itdnic wir now have the representation [^tlten f ik f ael]n as we enter
the second cycle. The Main Stress Rure will assign primary stress to the antepenultimate
syllable by case (i) under condition (a), and [et] wilr then be deleted by rule (58j.

we now give two examples-theatricality and indemnification-to illustrate the stress
placement rules in the case of affixes. consider first the word theatricdlity, with the under-
lying representation indicated in the derivation (59):

('4
21

. iz

43

ao An apparent alternative to rule (57), in such cases, would be to introduce into the cycle the rules thatconvert /ti/ to l(1, as in conaentroz, so that on the final cycle we consider t he full form conoentionaj wr t
the representation [conven.Vnf el]. This is impossible, however, as we shall see in chapter Four, Section6, because the reduction of the vowel is conditional upon the degree of stress on *," roro*inf uo*at

. 
(compare cordial-cordialit!), and this is determined later in the cycle.ar rhe adjective-forming sumx -rc, which.we are at this point representing as /ikf al/, is not to be confusedwith tbe noun-forming ending _tc, which_we represent simply as /ik/. The latter, tien, will u.rlgn .r.o,in the normal wav in nouns such as qr[thmetic, Cdtholic, irsenic, cliruicteric. t iotice ttrai ."lv -ri"*onot -r'cal is affixed to forms ending in -rc. The effect is to shift the stress, grvrng such pairs as the n.unqrithmetic versus the adjective ar hmdtic (from arithmeticar, bv rure (5g)), as in arrthmarc progret';ton.
There are a few wet-known exampres in which the adjective-iorming affix assigns u."r, a u"ryrrlur"preceding it by two (e.g., irabic, chdleric\; we might i;dicate this ay a reaoiusineni ."L Ju"ri'rg -"LPresumably the adjectives cathoric, poritic are derived from the corresponding nouns by an adjective-forming process that does not involve affixation of _rc.

we are indebted toG, carden and G. H. Matthews for suggestrons regarding the anarysis of -rc.
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The final line of (59) becomes a full phonetic representation by other rules that we have not

discussed.
Reviewing the steps of this derivation briefly, we see that in the first cycle the inner-

rnost constituent [n 0eetr]r. falis under condition (b) since it is a noun with a lax vowel in

the final syllable. Case (i) does not apply, since there is only the single syllable /0e/ under con-

sideration when the final VC6 string /etr/ is excluded. Thus case (ii) applies, assigning stress

to i0e/. This completes the first cycle and we erase innermost brackets. If we were dealing
wilh theater in isolation, we would now apply rule (56), to make the final r syllabic, and the
Vowel Reduction Rule, giving, finally, [0Eatg]. (The change of [e] to [E] in this position

results from rule (30), the quality change (Vowel Shift) being contingent on tensing for stressed
vowels.)

In the second cycle we are dealing with an adjective with a lax vowel in the final
monosyllabic affix. Thus condition (a) is applicable, and case (i) shifts primary stress one
syllable to the right. We pass by case (ii) and conditions (b) and (e) because of the disjunctive
ordering. If were dealing with theatrical in isolation, we would derive the phonetic repre-

sentation [gEetrekal], by rule (52), rule (30), Vowel Shift, and Vowel Reduction.
In the third cycie, condition (a) holds and case (i) shilts stress to the right once again.

The disjunctive ordering requires us to skip case (ii) and conditions (b) and (e). Finally,

we apply the Stress Adjustment Rule (52), giving theatricality, as in the last line of (59).

Rule (30), Vowel Shift, and Vowel Reduction give [0EatrekeletE].
Consider now the word indemnifictition:

[n ["indemnfi+f Ik]v At+ivnlN
I

12

(,q
2
J

J

4

nurr (50eii)

nule (51)

nurr (50bi)

nurr (52)

In the first cycle conditions (a) and (b) are not met, and we turn to condition (e).

Case (i) is inapplicable because of the finai strong cluster, and case (ii) assigns primary stress
to the final syliable. The Alternating Stress Rule (51) then shifts primary stress to the ante-

penultimate vowel. In isolation, therefore, we would have indemnify, by Stress Adjustment
and a rule which deletes [k] in the position |_Cot -1n U .

In the second cycle, we are dealing with a noun that falls under condition (b),which
shifts stress to the dght by case (i). Case (ii) and condition (e) are skipped because of the
disjunctive ordering. The Stress Adjustment Rule (52) then gives us the desired stress pattern.
Vowel Reduction, consonant softening, and other rules we will discuss give, finally,

[indemnefekASen].
Innumerable other examples receive their stress patterns by these rules in similar ways.

B. Nuclear srress

The rules we have given so far apply only within the word; the condition (55) in the Main
Stress Rule, that X must not contain the boundary # intenally, is sufficient to guarantee
this. In Chapter Two we described the operation of the transformational cycle above the
level of the word, noting that two rules are involved, the Compound Rule and the Nuclear
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Stress Rule. we must now incorporate these " higher level " processes into the formulation
of the rules of stress placement.

The salient facts concerning nuclear stress were well summarized by S. S. Newman
(1946), as follows: " When no expressive stress disturbs a sequence of heavy stresses, the last
heavy stress in an intonational unit receives the nuclear heavy stress " (p. 176). Thus, in a
noun phrase such as absolute equality or a verb phrase such as demand capitulation, the main
stress of the second word is heavier than that of the first.

Suppose that we have the phrase absolute equality, with the phonological representa-
tion taken tentatively as (61) (with segments which will be justified later):

[xp# [e#ebsolut#f; lx# [^Ekufal]1 i f t i#Jn #Jxr

In the first cycle , absolute becomes absolute by ruies (50eii), (51), and (52); and equal becomes
equal by (50ai). Innermost brackets are now erased, and the second cycle applies to the

31
nolun equality, giving equality by (50ai) and (52). Thus, at the end of the second cycle we
have the representation (62) (after the nontransformational, word-level rules have also

( ' ' )

applied) :

(rr)

(11

1331

[Np# # ebsolUt # #EkwebtE # #fNI,

As our rules now stand, the next cycle is vacuous and gives (62) as the final output.a2 We
may take account of the phenornenon of nuclear stress by adding the new rule (63) :

(,, v ----  [ l  srress]  I  t**x l - l  r** .
l ls t ressl ' "" '

where I contains no vowel with the feature [1 stress]

we will call this the Nuclear Stress Rule, as in Chapter Two. As formulated, it will not apply
to units smaller than a word. Applying it to (62), we derive (64), as required:a3

2441

[Np# #absalUt # # EkwabtE # #lNp

Notice that we can now eliminate the Stress Adjustment Rule (52), since it is simply
the special case of the Nuclear Stress Rule that applies at the level of word boundary (when
x contains no primary-stressed vowel). However, we will generally continue to refer to the
Nuclear stress Rule as the stress Adjustment Rule when it applies to the single primary-
stressed vowel that appears at the level of words.

a2 One of the widely accepted conventions for representing stress levels is precisely this. See, e.g., Jones
(1956b). we will, however, accept the position of Newman, Trager and smith, and others regarding
nuclear stress in such constructions, and will modify the rules so as to accommodate their descriDtlons
of the impressionistic phonetics.

a3 Recall the discussion in Chapter Two, Section 2, regarding the accuracy of such transcriptions and the
physical basis for them. If one makes the assumption (quite gratuitous, for the moment) that stress
contours are physical as well as perceptual phenomena, then it would make sense to ask whether the
internal relations of sress in the words absolute and equality are the same when these words are in isola-
tion as wben they appear in the phrase absolute equality.The familiar paired utterance test should provide
an answer to this question. The representation (64) implies that the internal relations of absolute are
the same in the phrase absolute equality as in isolation, while those of equality differ. Our conventions
could be modified to permit other representations, but in the absence of any evidence bearing on the
matter, it seems pointless to pursue such possibilities. See also the discussion in Chaoter Two. Section l.
pzge 23.
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Suppose that we were to define a scale of " sonority " in such a way that more heavily

stressed vowels are greater in sonority than less heavily stressed vowels and that all vowels

are greater in sonority than consonants or boundaries. Then the Nuclear Stress Rule states

that primary stress is placed on the last sonority peak of a string that contains at least one

word (the only sonority peak, in the case of Stress Adjustment). Similarly, in the first cycle

case (ii) of the Main Stress Rule has the effect of placing primaly stress on the last sonority

peak of the string under consideration (the only sonority peak, where this string is a mono-

syllable). In [ErAs], for example, the second vowel is the final sonority peak; in [rAn]
(rain) there is only one sonority peak, namely, the vowel. This observation suggests that it

might be possible to formuiate the Main stress Rule so as to include the Nuclear Stress

Rule as a special case, combining it with case (ii). We have investigated this possibility in

detail, but we are inclined to think that this is a spurious generalization since such a refor-

mulation requires a network of otherwise unnecessary conditions in the statement of

these rules. (See Chapter Five for some further discussion.)
The verb phrase demand capitulation will be derived in exactly the same way as the

noun phrase absolute equality. Thus we have the following derivation:

9I

/  -- \  lvp# fv#dEmendfly [1q# [ykepitUlAt]r iVn#ir #Jvr
to) l
\" ' /  I  I

12

2
3

nurr (50eii)

RULE (51)

nure (50bi)
nurr (63)

nurs (63)

In the first cycle, primary stress is placed on the final syllable of the two innermost

constituents, both of which are verbs, and the Alternating Stress Rule (51) applies to the

polysyllabic forl.r, cdpitulate. At the next stage we deal with the phrase capitulation 
^nd

assign primary stress to the antepenultimate vowel lAl . The Stress Adjustment Rule then

assigns primary stress to the last (and only) sonority peak, giving capitulation. In the third

cycle, we consider the verb phrase as a whole and assign primary sttess to the last sonority
peak by the Nuclear Stress Rule. (See note 43.)

The other examples of the Nuclear Stress Rule discussed in Chapter Two now fall

into place in the same way.

9. Cornpounds

Our informal discussion of the transformational cycle in Chapter Two dealt with Nuclear

Stress and Compound Stress. We have accounted for the former, and must now add a rule

for compound nouns, adjectives, and verbs such as those of (66) (the nouns, of course, being
by far the dchest and most productive category) :

(,9 chemistry laboratory
Christmas party

uenture capital
toy factory
sugar cane

hard-headed
hot-blooded
rose-colored
heart-rending

hedge-hop
trouble-shoot
air-condition
boot-lick

mealy-mouthed horse-whip

As in the case of the Nuclear Stress Rule, we deal here with two constituents, each of which
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has received a primary stress on the preceding cycle.44 The Nuclear stress Rule (63) assigns
primary stress to the second sonority peak, reducing by one all other stress levels in the
phrase under consideration; the Compound Rule, on the other hand, assigns primary stress
to the first of the two peaks, reducing all other stress levels by one.

We can state the Compound Rule as (67):

(,,
t_t

V ---*  [  stress]  l l *+Xt tvaaTa-L1
I  I  

" t . " . .  
|  '  7r  rL n- t  JNAV

This rule will apply to a string of the form # # Xi y# #Z# # whichis a noun, adjective,
or verb with the two immediate constituents XY y and Z. Its effect will be to weaken all
stresses in the construction under consideration except that of the primary-stressed vowel of

r t t372
XV I. Thus # # chemistry # fi laboratory { # will become # # chemistry # # laboratory # # ,
etc. (See note 43.)

Clearly the Compound Rule (67) must apply prior to the Nuclear Stress Rule (63);
furthermore, the ordering of these rules must be disjunctive or the Nuclear Stress Rule will
reapply after the Compound Rule, weakening all but the primary stress. Now observe that
our system of notations in fact requires (68) as the simplest formulation of the two rules
(63) and (67):

(ut) v * [l stress] I t+ * xl-f , qu utS # #-J<nsn>\  /  L l  stressl

where I contains no vowel with the feature [l stress]45

The formulation (68) expresses the disjunctive ordering (67), (63) in precisely the desired
way. The two rules abbreviated as (68) determine the stress contours discussed in Chapter
Two exactly as outlined there. With the material in angles, (68) is the Compound Rule;
when the material in angles is omitted, (68) is the Nuclear Stress Rule. We will, as usual,
continue to refer to these rules in their unabbreviated forms (67) and (63).

There is an ambiguity in the formulation of the Compound Rule in (67) and (68) for
one particular construction, namely, a compound whose second member is again a com-
pound, that is, a construction of the form:

{osl  lN##A# fN#B##c#fN#fN

Such constructions are rare. Possible examples are chemistry research-laboratory (in the

aa This remark is not quite correct. Although it is true that compounds are strictly limited to two immediate
constituents, this is not necessarily true of the phrases to which the Nuclear Stress Rule applies. Thus the
rule may apply to a noun phrase such as an old, tired, disconsolate, retired teacher, in which there is no
internal structure among the coordinated items. It will assign main stress to the last sonority peak
(namely, teacher\ and reduce the stress on each of the adjectiyes to secondary.

The operation of the transformational cycle is guided by the surface structure producad by the
syntax. The syntactic component must assign to each generated string a labeled bracketing that deter-
mines appropriately the sequence of applications of the rules. In the example of the last paragraph, it
must assign no internal structure to the coordinated items (consistently with the sense, in this case). It is
possible, however, that certain adjective sequences must be internally organized in the surface structure
in order for the correct phonetic output to be produced (e.g-, tired old man as distinct ftom old, tircd
mat), though there may be a different basis for this phenomenon-see page 117. Just what the syntachc
rules are that determine these surface structures is not known, and we have arbitrarily placed this problem,
along with other syntactic problems, outside the scope of our study. We simply note here that various
types of surface structure must be submitted to the phonological component, in particular, coordinate
structures of arbitrary length with no internal organization.

's The condition on Yis irrelevant for the ComDound Rule.
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sense of " research laboratory for chemistry," not " laboratory for chemistry research"),

kitchen towel-rac& (in the sense of " towel rack in the kitchen," not " rack for kitchen towels "),

et,ening mathematics-class (meaning " mathematics class held in the evening "), etc. Notice

that the phrases chemistry laboratory, research laboratory, kitchen rack, toxtel rack, ercning

class, mathematics class all have primary stress on the first element, and the full phrases

are of the form (69).

The early applications of the transformational cycle will assign a single primary

stress_ to A., B, and C in (69). In the cycle, we consider the now innermost phrase

lN# B # # C #lx. Primary stress is placed on -B by the Compound Rule. Erasing innermost

brackets, we have lN# #A# #B# #C# lln. But the Compound Rule, as it stands, is

ambiguous in its application to this form. We can take Z oI (67), (68) to be C, or we can take

it to be B # # C. lI we take Z to be C, the primary stress will be placed on .B (the last sonority

peak), and we will have the stress contour 213 for the examples given above. It we take Z

to be B# #C, the primary stress will be placed on I (the only sonority peak), and we will

have the stress contour 123 for these examples.

To guarantee the contour 213, we can add the following qualification to (67) and
(68) :

rg z+..##.
To guarantee the contour 123, we can add to (67) and (68) the qualification:

(tt) Z contains [l stress]

Our impression is that the normal stress contour in these cases is 213, and we will therefore

give the Compound Rule with qualification (70) rather than (71) in subsequent formulations.a6

Our formulation of the Compound Rule does not take account of a familiar conven-

tion for the representation of English stress contours, namely, that there is a distinction in

stress contour betvreen compounds such as ele'^ator boy or chemistry teacher, whtch are

represented with tertiary stress on the second member of the compound, and those such as
t212

eletator operator or chemistry laboratory, in which the second member of the compound

retains secondary stress. With the system of rules that we have given so far, the second mem-

ber of the compound will, in each case, have secondary stress. To account for this distinction,

we must add an ad hoc rule providing that secondary stress in the rightmost member of a

compound is reduced still further when this member has some property P. The property P

might. for example, be the property of containing just a single vowel with the feature

[+stress], or it might be formulated in a slightly different way, depending on how one wishes

to assign a stress contour to compounds such as soccer referee, UN attachd, land surteyor,

pi-meson, car v'indow.It is not clear whether this is a question of fact or merely of conven-

tion. Whatever decision is made as to the appropriate property P (which might, for example,

involve idiosyncratic features of particular lexical items, if we take the contours that have

occasionally been described in the literature as factually accurate), the appropriate rule can

be formulated in terms of it, with no effect on the rest of the system. We will therefore dis-

regard this matter and tentatively assume that in all cases the stress contour is to appear as

primary-secondary.

a6 We will also omit the string ##X from the formulation of rules (68). This string plays no role; it was
included only to bring out the domain of the rule more clearly.
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To summarize, the rules that apply at the word level or beyond are the compound
and Nuclear Stress Rules, which appry in this order, disjunctively.aT Each assigns pri-ury
stress to a vowel which already contains primary stress, weakening all cther stresses in the
string under consideration. Applying at the level of words, the Nuclear Stress Rule is what
we called earlier the stress Adjustment Rule; its effect is to reserve secondary stress for
phrases that contain rnore than one word. The Nuclear Stress Rule assigns primary stress
to the rightmost sonority peak in the string under consideration; with the possible excep-
tion of items of the form (69), the compound Rule assigns primary stress to the leftmost
sonority peak in the string under consideration.

70. Complex oerbs

There are many verbs in English that are morphologicaly anaryzabre into one of the
prefixes /rans-, per-, con-, etc., followed by a stem such as _.,fer, _mit, _cede, _cur, or _pel.
This analysis is strictly internal to the lexicon, playing no role in syntactic rules, so far as we
know. The stress placement rules must assign primary stress to the final formative in these
words, regardless of whether it contains a strong or weak cluster. Thus, even when such
verbs end in a weak cluster, as in (72), stress is final:

( , , ) perntit, conc r, compdl, detdr, transfer

plr:mit, kaN:kIr. kaN:pel, de:tlr, trens:flr

Clearly, then, we must prevent case (i) of the Main stress Rule (under condition (e)) from
applying to these forms while still alrowing it to apply b frtrnish, wdrship, c6oet antd other
examples of the sort illustrated in column I of (rg). That is, we must identify the complexverbs
in some manner that will account for their exceptional behavior. The simprest way to do this
is by a readjustment rure which adds an identifying feature to the internal boundary in
verbs of the prefix-stem type (72). (See Section 1 .3.I for a discussion of the featur. unuifri, or
boundaries.) Since these stems and prefixes are not, in general, independent word, or 

"u.nseparate lexicar items, we do not expect to find # in this position. Rather, we expect to find
the boundary which, in terms of feature analysis, is [- FB, - wB], that is, distinct from both
! and # ' we use the symbor : as an informal abbreviatory notation for the feaiure set
[ - segment, - FB' - wB]. Thus we assign to the exampres of (72) the underrying representa-
tions (73), where i N/ is the archi-segment " nasal " and, lrl is the archi-segment r lax vowel ,,
(which is, furthermore, back and high, at least in the case of concur in diarects which
have the phonetic form [kankirent] for concu,enr-see the next chapter for details). The
features of the boundary are introduced into the representation by a readjustment ruie.

t,)
when we now apply the Main Stress Rule to the forms in (73), conditions (a) and (b) are
inapplicable and case (i) is blocked under condition (e) because of the : boundary. Case(ii) then assigns primary stress to the vowel in the final syllable, under condition (e;.

This analysis of morphologically complex verbs accounts for several other peculiarities
of such forms. Notice, in the first place, that trisyllabic verbs with prefixes are generally not
subject to the Alternating Stress Rure (51), which assigns antepenultimate primary stress in
a7 One additional ruie that may apply beyond the word level will be mentroned in Section 14.



The transforrnational cycle in English phonologjr

words such as Axercise, dnalyze, cdmplicate, cldrify. That is, the final stress assigned by
(50eii) is relained in verbs s\ch as comprehdnd, apprehind, intercAne, introspdct, introdltce,

contrad[ct, controodrt. Introduction of an automatic : boundary after these prefixes will

block the application of rule (51), thus accounting for this apparent violation of the Alter-

nating Stress Rule. We will refine this observation directly.
A second peculiar feature of these constructions relates to segmental phonology.

There are various positions in which /s/ becomes voiced in English, in particular, inter-

vocalically when the preceding vowel belongs to one of the verb-forming prefixes that we

are now considering. Thus we have voicing of /s/ in resist, resemble, resoloe, design, presume
(compare consist, semblance, solue, consign, consume-some apparent exceptions will be

discussed in Section 16). We can now describe this phenomenon by a rule such as (74) (which,

as we shall see, can be somewhat generalized):

s ----) [+voice] /  V: -V

Notice that voicing of /s/ does not take place intervocalically when there is no boundary
preceding lsl G.9., misogynist, asylum) or when there is a boundary but the element in ques-
tion is not a morphologically complex verb (e.g., paralsite, pard+sitic, chromo{somal,
philolsophical, metafsoma). Hence the complex verbs must be distinguished from other
forms for the purpose of rule (74); the obligatory: boundary makes the required dis-
tinction.

In short, the device propcsed for determining the stress placement in morphologically
complex forms such as (73) is not only the simplest, given the framework of rules that we
have so far developed, but it is also independently motivated. We shall find still further
support for this analysis.

Notice, incidentally, that rule (74) must, as indicated, be limited to the boundary

[-FB, -WB]. We have given several examples to show why it is limited to boundaries
which are marked [-FB]. To see that the boundary [+WB] (namely, #) must also be
excluded, consider parasynthesis, photosynthesis, proto-Siouan, resell, resettle. ln all of these
prefix-stem constructions, the stem, which begins with /s/, is an independent word, and
we therefore expect it, on general syntactic grounds, to be preceded by the boundary #.a8
Observe that rule (74) does not appiy to the stem-initial /s/ in these cases. Thus we have

co3ntrasts such as resolae (/rE:sclv/, [rEzdlv], " determine ") versus re-solrre (lrE#sclvl,

Jrfratul, " solve anew"), and reserue (/rE:slrv/, [rEzirv], " withhold ") versus ,'e-rerr-e
(lrE#shvl, [rEserv], " serve anew ").

The decision to identify prefix-stem forms by a : boundary necessitates a slight
revision of the Alternating Stress Rule (51). The readjustment rule that introduces : should
give representations such as /kaN:klr/ for concur, /kaN:pre:heNdf for comprehend,

/iNtlr: sekt/ for intersect, /koN:teNplAt f for contemplate, /kcN:stitUtf4e for constitute,

/kcN: pel.{sAt/ Ior compensate, etc. In the case of concrtr, the Alternating Stress Rule is
inapplicable; in the case of comprehdnd, intersdct, it is blocked by the boundary. But forms
such as c6ntempldte, cdnstit te, cdmpensdte show that it is the second, not the first, occurrence
of : that blocks the rule in the case of comprehdnd. We must therefore reformulate the
Aiternating Stress Rule so as to permit an occurrence of : before the penultinate syllable

as Additional phonological justification for the syntactically expected analysis will appear in Section 13.
ae Actually, as we shall see, [kcN:stitu+At],
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because of forms like c'ntempldte. Accordingly we restate the rule as:

V ---+ [1 stress] i - Co ( : ) CoVCo [l stress] Coln^"

Formulated in this way, the Alternating Stress Rule will appty to representations such as
1l l l r t

de:signAt, yg:plicAt, coN:plicAt, iltl:pticAt, ,r:nou)t, de:nn)r.It will not apply,
t t l

however, 1e gel{:pre:heNd, iNrer:sigt, coNrra:dict, and other forms with a boundary
before the final syllable, and primary stress will therefore remain on the final syllable in
these forms.

There remain certain words (e.g. , perseu)re) which seem to be true exceptions and must
therefore be excluded from the domain of rule (75) by other means (see chapter Four,
Section 2.2).

77. Nouns d.erioed front, aerbs

The preceding discussion leads naturally to the topic of stress patterns in the nouns that
are derived from verbs with primary stress on the final syllable. The general rule is that the
primary stress is nonfinal in these nouns. Thus we have nouns such as those in (76), all with
primary stress on the first syllable:
/ \
lZOi 

trans|er, permit, dxpdrt, struiy, pritdst, {nsdrt, prigriss, chnuict, stlspdct, t1rmAfi,
\ / c6mbine

It is important to note that the final syllable of these nouns has a tertiary stress. This is
evident by comparison of noun pairs such as the following:
/ \
In\ 

trdnsJ er-ddctdr, pdrmit-hdrmit, dxpdrt-4fdrt, stirudy-sctlrti, prLtist-d4nrist,
\ / ins?rt-c6ncdrt. prdgrdss-tigrdss. c6nuict-udrdict. t6rm?nt-t6rrdnt, c6mbine-drmine
The nouns of (76) have the stress pattern 13; the items paired with them in (77) have the
stress pattern l-. Clearly this distinction is related to the fact that verbs with final stress
underlie the forms in (76) but do not underlie the forms paired with them in (77). we can
therefore account for the stress difference by means of the transformational cycle. The
nouns of (76) will be derived from underlying verbs on the second cycle by a rule which
shifts primary stress to the left, weakening the stress on the final syllable to secondary. The
final stress then becomes tertiary by the Stress Adjustment Rule. The new rule, which we will
refer to as the stressed Syllable Rule, will be given below (see (g0)) as cases (c) and (d) of
the Main Stress Rule. Thus we will have derivations such as (7g) for the examples of (76),
and (79) for the items paired with these in (77):

/rs\ [n ["plr:mit]" ln [p [rtorment]" 1," [n ["slrvA], lo.r
\ / I I I RULE (50eii)

2
J

1 2 srREssED syLLABLE RULE

1 3 nur.r (63)

11

IJ

Intorent],.,
I

[nsklrvi],*
I

(r) 
[nhlrmlt],"

RULE (50bii)
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The examples of (79) are straightforward. In each case the final syllable of the noun

has a lax vowel so that condition (b) of the Main Stress Rule applies. Primary stress is

therefore assigned to the vowel of the first syllable, the final cluster being excluded from

consideration under condition (b). (Notice that the underlying vowel of the second syllable

of torrent must be lel-cf . torrential.) The final vowel of scilrey becomes tense in word-

linal position by rule (30), but oniy after the application of the Main Stress Rule. In

each case the vowel of the second syliable retains [-stress] (and therefore reduces to [e]
non{inally).

13

Consider now the derivations of (78), beginning with the noun surt:ey. ln the flrst

cycle, primary stress is assigned to the final tense vowel under condition (e) of the Main

Stress Rule by case (ii), case (i) being inapplicable because of the final strong cluster. This

completes the cycle, and innermost brackets are erased. On the next cycle, conditions (a)

and (b) are inapplicable because the final vowel is tense, and condition (e) will apply vacu-

ously. Thus the Main Stress Rule as formulated above has no effect in this cycle. But we

need a rule which will shift the stress to the left. This rule, which we formulate as (80),

asserts that in a noun with primary stress on the last syllable, cases (i) and (ii) of the Main

Stress Rule apply to the string preceding this final stressed syllable.

97

(*)
V ----+ [ stress]

[ - tensel
tv l

i  -(  [-  seg] ) CoVColN

fuvoc I  1
c6 

| 
acons 

| [
L-ant l  I

)

t {,"
t - l

\CO

(D

(ir)

(c), (d)

For reasons which will appear as we proceed, we stipulate that rule (80) constitutes condi-

tions (c) and (d) of the Main Stress Rule; it applies after condition (b) and before condition
(e). We will refine and extend this rule in several stages as we proceed. First, however, 1et us

see how it applies to the examples given above and how it interrelates with the other parts of
the Main Stress Rule.

Returning to the derivation of sur"-ey in (78), we see that the new rule (80) is applic-
able in the second cycle. (Neither condition (a) nor condition (b) of the Main Stress Rule

applies..) Rule (80) specifies that we exclude from consideration the final string -ral of

[nslrvA],,.{ and assign primary stress to the vowel that immediately precedes it by (80ii)
(which is simply case (ii) of the Main Stress Rule), thus reducing the stress on the final
syllable to secondary. The stress is then further reduced to tertiary by the Stress Adjustment
Rule. This completes the derivation of s rtey given in (78). Notice that condition (e) must
not be applied in the second cycle of this derivation or stress will again be shifted, incorrectly,
to the final syllable. Hence the ordering of rule (80) and condition (e) of the Main Stress Rule
must be disjunctive. An apparent alternative, at this point, would be to have condition (e)
precede (80). We shall see directly that this is not possible, however.

Consider now the derivation of the noun torment tn (78). Clearly this should be

precisely parallel to the derivation ol ntrt ey. In the flrst cycle primary stress is assigned to the
final strong cluster under condition (e), case (ii), exactly as in the verb surtey.In the second
cYcle., we expect the stress to be shifted left by rule (80), again as in the analogous case of

surtey. However, as we have formulated the Main Stress Rule, condition (b) is applicable
since the vowel of the final syllable happens to be lax in this case. Clearly this is not a relevant
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13 13
distinction between torment and, suroe), and it indicates that the rules are in error.so Evi-
dently we must prevent the application of condition (b) in this cycle. The simplest way to
^^L:^. ,^ 

.L:^ 
-^^. .1+ 

:-  .^  - - - - - : -aL'rcve lurS rcsur! rs !u rcqurr'e thai under condition (b) (similarly, (a) ) the vowel of the final
syllable be not only lax but also nonstressed. This qualification admits all of the cases for
which conditions (a) and (b) are appropriate and eliminates the unwanted applications.

with this modification of conditions (a) and"(b), the derivation oI torntint proceeds
in the second cycle in exact analogy to that of ,suruiy. In the very same way we also derive
the noun permit from the underlying vert: pennit Thus the contr asts pdrmit-hdrmit. t6nndnt-
firra , stirDay-sc ruj are accounted for on the basis of the fact that the first member of
each pair, but not the second, corresponds to a related verb.

Notice that the new rule (80) must precede condition (e), as we have assumed. If the
order were reversed, a noun such as machine, which receives primary stress on the final
syllable under condition (e), would have the stress shifted to rhe left under the subsequent
rule (80), giving the incorrect form *ntachine. Furthermore, we will see below that rule (g0)
must follow condition (a). Thus its position in the ordering is narrowly determined.

The examples of rule (80) given above all involved (80ii), that is, case (ii) of the Main
Stress Rule. case (i) is involved in the derivation of nouns such as interclpt and, interick
from the underlying terbs intercipt, interlock.In the case oI interlock, for example. we
have the underlying representation (81):

(") [" f"iNter: lck]" 1,"

In the first cycle case (ii) of the Main Stress Rule assigns final stress under condition (e)
(case (i) being blocked by the : boundary, which also blocks an unwanted application of the
Alternating Stress Rule). In the second cycle rule (80) is applicable and the string : fak
is omitted from consideration. case (i) then assigns stress to the first syllabie, giving finally

r3
the noun interlock after application of the Stress Adjustment Rule.

72. Reaised oersion of the Main Stress RuIe

Let us now consider how the Stressed Syllable Rule (80) oan be introduced into the Main
Stress Rule. cases (i) and (ii) of rule (80) are identical to cases (i) and (ii) of the Main Stress
Rule, so amalgamation causes no difficulty in this respect- We must, however, find a way
to incorporate the outermost condition in (80) in such a way as to meet the following
requirements: the condition (80) follows condition (a) and precedes condition (e); the order-
ing (80), (e) is disjunctive. It will be recalled that in the Main Stress Rule, as it now stands,
the ordering (a), (b), (e) is disjunctive. This fact was made explicit in the formulation (53),
which is the optimal representation for the conditions (a), (b), and (e).

50 In fact, as we shall see, the Stressed Syllable Rule (80) applies when the stress on the syllable in the
outermost context has [2 stress] as well as I stress]. When the rule is extended in this way, the error in
the rules which was jutt noted will lead to an incorrecl stress assignment, since under condition (b) the

representation lNtf,rmentlN will be changed to [NtcrmentlN, and by rule (80) it will then be changed to
I3 14

lNtJrmentlN, becoming, finally, [Nt.rmentlN by the stress Adjustment Rule. This consequence could be
avoided if the ordering of (b) and rule (80) were specified as disjunctive, but this is impossible, given the
empirical hypotheses we have proposed, since condition (b) is not rclated to rule (80) in a way expressible
by angles or parentheses.

j
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Within our Iramework, the sequence (a), (b), (80), (e) can be generalized in one of
several ways which are, for the present, quite equivalent. Looking ahead to later refinements,
we choose one of these and give the rule in the following form:

/ \ - lavoc I
fR, I  I  |  - rFncAl l -  - -  |\ " - l  v  -  i ls t ressl  f  lx-co( l  u ' " '1cl l* : : : l  )-  L-anr lo

where X contains no internal occurrence of #

Expanding (82), we have the following sequence of rules:

, (r*.,, f -illl'Jl)
l - \1 L v Jfco)J1n1n>y

[11-r .g11cov )

/'"- {": | 
-'ir'l "' lqfr],)

:

+"" l-il'"l'J]",r*
f - stressl

| - tense I coln
LV I

(r ') (i)
V -+ [1 stress]

(ii)

(a)

(b)

(c)

(d)

(e)

[- seg] CoVColn^

covcolN

l

l:

where X contains no internal occurrence of #

The sequence (83) is uniquely determined by (82). By our general conventions, it follows
that in (83) cases (i) and (ii) are disjunctively ordered and apply under conditions (af(e),
taken in that order. Among the conditions (a) through (e), the permitted sequences within a
single cycle are: (a), (c); (a), (d) ; (b), (c) ; (b), (d). Apart from these possibilities of successive
application, the ordering is fully disjunctive. Conditions (a), (b), and (e) are exactly as
described in our earlier formulation of the Main Stress Rule (50), (53). Conditions (c) and
(d) are the two cases of the Stressed Syllable Rule (80), with and without the unit [- segment],
the rule being extended automatically to adjectives in the case where the boundary is present.
As we shall see directly, this extension is necessary. Notice that it was condition (c) that was
applied in the derivation of the noun pdrmlt, and condition (d) in the derivation of the nouns
s rudy and tftmefi, where no internal boundary is present.

Summarizing, we have found evidence that the grammar contains the sequence of
rules (83ai), (83aii), (83bi), (83bii), (83ci), (83cii), (83di), (83dii), (83ei), (83eii). Earlier we
proposed an empirical hypothesis of a very general nature regarding disjunctive ordering.
The hypothesis asserts that when certain formal relations hold between two rules of a linearly
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ordered sequence of rules-namely, the relations expressed by the parenthesis and angled

bracket notations, applied and reapplied consistently along with the other notational devices

in the most complete manner possible-then these rules are disjunctively ordered with

respect to each other. This empirical hypothesis implies that in the case of the sequence just

iisted, the relation of disjunctive ordering holds between each of (83xi) and (83xii) (r : a, b,

c, d, e); (83ax) and (83by), (83ax) and (83ey), (83bx) and (83ey), (83cx) and (83dy), (83cx)

and (83ef), (83dx) and (83ey) (:r, y : i or ii). Thus the hypothesis concerning disjunctive

ordering has precisely the effects required here on empirical grounds.

78. Complex r.otln's and' adjectiaes

Many nouns consist of prefixes such as tnono-, tele-, pltoto-, bro-, followed by stems or

nouns. Thus the prefix mono- combines with the stem -graph to give ntonograph, and

with the nottn genesis to give monogenesls. The noun genesls, as distinct ftom the -graplt

of telegraph, happens to be an independent word with a specific serirantic content that is

carried over to the complex form. On syntactic grounds it is not clear what, if any,

categorial structure should be assigned to the prefix. We will tentatively accept the weakest

assumption and assign no categorization to it at all. Thus monograph will be represented

lntnono f"graphl" ]n and monogenesis will be represented lnmono fp#genesis{ln ],t. This

underlying representation identifies -graplt as a stem and genesis as a noun which is an

independent word, and assigns rzono- to no category at all.sl This is the analysis that is

most appropriate for the phonological rules; it is, furthermore, at least as well motivated

on syntactic-lexical grounds as any other, as far as we can see, in that it assigns no categoriza-

tion beyond what is independently motivated.

It is also a fact that prefixes can be formed fairly freely from other words(e.g., politico-,

parallelo-) and in this case we will assign them to the syntactic category " prefix " instead

of (rather than in addition to) the category towhich the underlying form belongs in isolation.

The word parallelogratn will be represented ln f*para l"lelf" ol* [sgranr]5 lp, indicating that

it is a noun of the form prefix-stem, where the prefix in turn consists of a stem with an

uncategorized prefix para-, the latter being on a par with mono', tele', and so on. This

analysis, once again, seems to be reasonably well motivated on syntactic-lexical grounds

and is appropriate for the phonology.

Consideration of complex nouns

on the detailed form of the Main Stress

(*)

1

ntonograph
I

monotone
I

monolith

monosyllable

and adjectives of this sort sheds additional light
Rule. Consider first the following examples:

I

monogenesis

monomania
I

ntononucleosis

monometalisnt

The examples in the left-hand colurnn of (84) have initial primary stress. Those in the right-

hand column have primary stress on later syllables, as indicated.

We can account for most of these forms with our present rules. For example, the

5r As paul Postal has pointed oui to us, the prefix might, in such cases, be regarded as a lexical feature of the

stem or noun, syntactically on a par with other inherent features of a lexical entry.
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items heading the two columns in (84) will have the following derivations:

fnmono Irgraph)sln lnmono ln# genesf rs#Jx h
1

2
3

nurr (83ai)

nurr (83eii)

nurr (83ci)

nurr (63)

In the first cycle, primary stress is assigned in the usual way. In the second cycle.

condition (c) holds of monogriph. rvhich has a final stressed syllable. but not of monogenesis,

which does not have a final stressed syllable. (The condition on X in (83) blocks (ai) in the

second cycle of monogenesis.) In monograph the string 'graph is omitted from consideration.

Since the fina1 vowel of the prefix is lax lal phonologically (for reasons we shall discuss

subsequently), case (i) then applies to the prefix. Thus the primary stress is shifted to the

left under condition (c) in monograplr, hut not in monogenesis. The Stress Adjustment Rule

(63) then gives the desired form. Except for monosyllable, the other examples of (84) are

properly handled in exact ly the same way.s2

Putting aside the problem of monosyllable for the moment, we see that a great many

words fall into the class illustrated in (8,4), such as the following:

tdlemechdnics
eldctrophordsis
titttohypndsis
dquamarine
biophjtsics
dodicahddron
dndothdlium
thdrmodyndmics
pdrallileptped

To illustrate with a slightly more complex case than (85), consider the derivation of the
final items in the two columns of (86), beginning with parallelogram:

/sz\ ['.., ["pera [.lel]. al" [.gram]. ln
\ / 1 1 nuLE (83eii)

2
3

nurr (83ci)

RULE (63)

In the first cycle the monosyllabic internal elements receive primary stress in the usual
way. Innermost brackets are erased, and we turn to the next largest phrase, the prefl'<
parallelo-. Conditions (a)-(d) have so far been iimited to nouns and adjectives, so they are

not applicable. Under condition (e), case (i), primary stress is reassigned to the syll able -til-.53
The second cycle is therefore vacuous. Erasing innermost brackets, we proceed to the full
torm parallelogram on the third cycle. Conditions (a) and (b) are ruied out because the final

52 We have not yet given the rule that puts various secondary (ultimately, tertiary) stresses in the items of
the right-hand column of (84) (and in certain of the forms of (86), which follows). These omissions will
be taken care of subsequently.

53 We will see later that the vacuous application of the Main Stress Rule actually falls under (aii) rather
than (ei).

/ \

\ /

' :

..:::

tdlephdne
aristocrat
afutogrdph
dquapliine
bioscdpe
doddcagdn
dndomdrph
thirmocduple
pdrallilogrdm

:r

:
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syllable is stressed. We therefore turn to condition (c). This case of the Stressed Syllable
Rule applies, excluding the primary-stressed syllable -gram from consideration. Primary
ctracc ic rhan nlanart  nn thp nenr l t i rnatc <- l lq ln lc - l " t -  nf  rhc racir l , ra 

^^r^t l ; t^-  
hv noce / i \  nf

!$Jv 
\ r ,  vI

the Main Stress Rule, the final cluster of the residue being weak.sa This $eakens the stress
on -grant to secondary. Conditions (d) and (e) do not apply because of the disjunctive
ordering. We terminate this cycle \\'ith the Stress Adjustment Rule (63). giiing the final

form parallelogram (afier we have presented the rule assigning secondary, ultimately ter-
tiary, stress on the first syllable-see note 52).

The derivation of parallelepiped is similar, but it suggests a slight modification of the
(We assume that phonologically the prefix parallelo- appears also in parallelepiped in
of the obvious violation of the true etvmolosv of the word.)

[," f"perae [.lel], olp [rplped]. ln
1 nult (83bi i )

(83eii)

rules.
spite

l88l
RULE

2
3

nure (83bii)
nuLE (63)

The top line of (88) is the underlying representation. In the first cycle we assign
primary stress to the monosyllable -lel- as before, by rule (83eii); but we must also assign
primary stress to the first syllable of -plped. This effect is achieved by rule (83ei). However,
if we were to extend condition (b) to stems, it would be achieved by (83bii). Without any
very compelling reason (relevant forms being few), we will assume that condition (b) is the
appropriate rule and will extend it to stems. This completes the first cycle. As in the case of
(87), the second cycle (applying to parallele-) is vacuous, and we proceed to the third cycle
and the noun parallileprped. Condition (b) applies since the string in question is a noun
with an unstressed lax vowel in the final syllable. Exactly as in the first cycle, primary stress is
then placed on the strong cluster preceding the syllable excluded from consideration in
accordance with condition (b). The effect at this stage of the derivation is to weaken the
stress on the first of the two primary-stressed syllables (namely, the syllable -/e1-.1 to second-
ary. The Stress Adjustment Rule then weakens this to tertiary, giving the final line of the
derivation (88). Other rules, to which we will turn later, give the desired phonetic representa-
tion.

Notice that the Stressed Syllable Rule does not apply in the derivation (88), as it
does at the comparable stage in the derivation (87), by virtue of the fact that the stressed
syliable is not final. Thus the difference in stress contour between paralldlogrant and, paral-
Ieleptped, as in the case of nfinograph and monogdnes,J, is determined by the position of
primary stress in the underlying final element of the compound.

There is another possible interpretation of forms such as parallelep?e/ that should
be mentioned here. We have observed that case (ii) of the Main Stress Rule can, in a certain
sense, be regarded as a special case of the Nuclear Stress Rule (see p. 9l). Both rules assign
primary stress to the rightmost sonority peak of the string under consideration. If these two
rules are amalgamated, then one might reformulate the Main stress Rule so that condition
(b) becomes inapplicable in the final cycle of the derivation (88), primary stress now being

5a For reasons that will appear below (p. 104), it is really case (ii) rather than case (i) that applies under
condition (c), the affix -o being assigned to the string excluded from consideration under this condition.
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placed on the rightmost of the two sonority peaks by the Nuclear Stress Rule, approprialely

revised. This would require the imposition of several conditions on the Main Stress Rule.

We h:ve no evidence to suggest either that such a restatement of the rules is necessary or

that it is ruled out conclusively. The extra conditions that must be added seem to us to rule

against such an attempted generalization, but the possibility of this analysis should be kept

in mind.
Notice tLiat priral/d/, in isolation, is assigned a stress contour as in the left-hand column

ol (86). Hence condition (c) must clearly be extended to adjectives, as indicated in (83)'

though examples are rather sparse. (Other relevant forms are those lvith -do.r, e.g ., 6tthoddx.)

Complex nouns and adjectives necessitate, other slight modifications in the Main

Stress Rule. Consider, for example, the word politico'econontic. The first element, politico'

is a prefix, and it must receive a primary stress on its antepenultimate syllable in the first

cycle, where this form is considered in isolation. Within our framework, this stress can be

assigned only by condition (a) or condition (b), which must therefore be extended to cover

preflxes as well as nouns and stems. Thus conditions (a) and (b), in their abbreviated form

lsee (82 ) ). will be as f oliows :

/  r  f  -stressl
{ss} . /1,  l ' - ' - - - l - -  f ( (a))}\ r ,. _Co) l 

_ tense 
l 
Col*r" n> I tol I

Lvl
However, this quite natural extension of the Main Stress Rule leads to a difficulty

in the derivations (87) and (88). In these derivations the second cycle, applying to

[*pereflel{c]", was vacuous; but, with the extension to (89), condition (a) now holds

of this form, and case (i) places primary stress in the syllable preceding the weak cluster

-lel-. With condition (a) rnodified as indicated in note 54, the derivation will now result in

the incorrect forms *parallelogram, *parallelepiped as the final phonetic representatlons.

To prevent this, we clearly must restiict the notion "weak cluster" so as to exclude syllables

which have primary stress, as does -/e/- in these cases. Thus, we must adjust the feature

composition of the nontense vowel specified in case (i) of the Main Stress Rule so as to

guarantee that it have a stress weaker than primary.
One possibility would be to add the feature [-stress] to the specification of this

vowel, just as rve added the feature [-stress] to lax vowels specified in conditions (a) and
(b) of the Main Stress Rule. This is incorrect, however, as we can see by considering words

such as telegraplry. This is derived fuom telegraph, and must tberefore have the i:nderlying

representation (90) :

(") [N [Ntele frgrzef]. ln yl'"

In the first cycle the stem -graph receives primary stress on its sonority peak. In the second

cycle condition (c) applies, shifting stress to the left and giving ["tele f grrf f y]0. as we
enter the third cycle. But in this cycle we must apply case (i) of the Main Stress Rule, assign-
ing primary stress to the syllable immediately preceding the weak cluster -graph.ss
However, if the lax vowel specified in case (i) of the Main Stress Ruie must have the feature

[-stress], as just suggested, case (i) will not apply to telegraphly, and case (ii) will apply

55 Clearly th.is application of case (i) must fall under condition (a). That is, we exclude from consideration
the final unit -y of the noun telegraphy and then assign primary stress by case (i). We return to a dis-
cussion of the afrr -y in Section 15.
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to give the incorrect phonetic f orm *tilegriphi'. clearly. then, we must require not that the
lax vowel of the weak cluster of case (i) have the feature [-stress],,but rather that it have a
stress less than primary. Then case (ai) will apply, correctly. to titegriptt in telegraphly,
but it wili not apply to paratlil in parallello.

In summary, we must define a weak cluster as one containing a lax vowel with less
than primary stress followed by no more than a single consonant followed by an optional
r ', rf, oI J,,

A minoi modification of condition (c) is dictated by consideration of examples such
I  3 I  3 I  3 I  3 l^  3

as. praxinoscope, sideroscop,e, ster.eoscope, helioscope, platinotype, helicograph, n'tineogriph,
r31313

cardiograph, hierogll,ph, heteront'nt. In all of these items the first element is of the form
CoVCoV*Coo, where the cluster V*Co is weak in its underlying form and the stress on the
first member of the compound is antepenultimate rather than penultimate, as required by
our rule. Notice that ifthe cluster V*Co is strong, the stress is penultimate, on V*, as expected.

r  3 r  a - l  3 r  i  '
Thus we have kaleidoscope, laryngoscope, ophthalmoscope, electroscope, etc. Apparently the
final -o of the first element of the complex form is acting as part of the context for cases (i)
and (ii) of the rule, that is, as part of the string to be omitted from consideration in the
application of cases (i) and (ii). Hence an optional -o (that is, lal, in the underlying represen-
tation) must be added to the statement of condition (c). we can therefore reformulate
condition (c) as (91) and, corresponCingly, abbreviate conditions (c) and (d) as (92):

( -f-o) [- seg] CoVColnn

I

( ( f o) [- seg] ) CoVColN(A)

(.)

Thus, if helicograph, for example, is r:presented after the first cycle in the form

[nhelic -l-a f gref ]N, then condition (c) will hold in the second cycle, excluding from con-
sideration the sequence I*c *grifl, which is of the required form f a [- segl CoiCo.
Case (i) of the Main Stress Rule will now apply to the remaining sequence lrclic-, assigning
primary stress to the first vowel.

We therefore reformulate the Main Stress Rule, replacing conditions (a), (b), (c), and
(d) with (89) and (92).s6

s6 In discussing disjunctive ordering we stipulated that the ordering by the use of parentheses is always dis-
junctive and that the rule that contains the parenthesized element alwaysprecedes the rule that omits this

element. Thuslthe sequences enumerated b1, (92) are, in order, the following: (I){e[-seg]C.iCe;

(II) [-seg]CoVCe; (III) CoVCo. Applying the Main Stress Rule to a hypothetical form helic!o!scope,
on the second cycle we would find that condition (c) is applicable under interpretation (I), excluding

from consideration the sequence t* c*skOpl. Hence primary stress would be placed by case (i) on the

first syllable, giving, ultimately, helicoscOp. Similarly, given telelscope, in the second cycle we apply

(II), excluding from consideration tbe sequence I f sk6p] and assigning primary stress to 1el-.

Notice that there are some complex nouns with initial elements ending in -o which do not follow
1313 13

this rule. Thus, in galuanoscope, chromatoscope, daguerreotype (ldageratlpl), hyalograph, cinematograph,
etc., in order that primary stress be properly placed by case (i) of the nlle, the -o must be regarded not
as part of the context but as part of the string considered after the context of condition (c) is excluded.
we can account for this simply by omitting the { boundary before -o in such cases. Thus galutinoscope

will be represented lgalveno*skop] when it enters the second cycle, and primary stress will be properly

(")

(") l (c)) I
t (d) ,
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We must now return to the problem of the stress pattern of 
^inotyiloblr, 

which we
had put aside temporarily above. According to our rules, as so far established, the primary
stress of this word should be on s1'/- rather thal mon-. Thus, at the beginning of the second

cycle we have the representation [o.mono I silebl]n. Since this form does not have a final

stressed syliable, it is not subject to condition (c); it should, therefore, fali into the same stress

class as monogdnesis and parallelep[ped. There are other similar examples, e.g., mdtalanguage,

tintibody, mitaphysics (in one pronunciation), pdralanguage. Appatently, under certain cir-

cumstances condition (c) applies even thou-qh there is an extra nonstressed syllable on the

extreme right. The circumstances are easy to detect. Recall that the complex forms that have

been occupying us in this section consist of a prefix foliowed by an item which is either a

stem or an independent noun. In each case in lvhich ihe extra nonstressed syllable on the

right is disregarded, the element fiiling the second position in the complex form is a noun

rather than a stem, and it is this fact that permits condition (c) to be relaxed to allow this

extra nonstressed syllable. Where we have an independent noun as the second element of a

complex form, we naturally expect it to carry with it a I boundary. Using the angle nota-

tion, we can express the fact that the extra permitted syllable on the right is conditional on

the presence of the # boundary, this being automatically associated with the incorporated

lexical item in representations such as mono#syllable, metd# Ianguage. Thus rve replace (91)

by (93), as a more fully adequate version of condition (c):s7

Foliowing our conventions for the use of parentheses and angles, we can list the sequence of
rules abbreviated by (93) as (9a):

(+") 
[i:TB) ] 

coico lvoco;1n^(n'l

[ -scol  r
( l)  fal  : :  lCovCovoColNA

L-TDI

f  -c"ol  I

L- iil t"u""uot"1*^

(*)

(ID fa[-seg] CoVCol,r^

(IID

(IV) [- seg] CoVCol,".r

Each of the above. of course. stands for a secuence of rules. one for each choice of allowed

placed. under condition (cII) of the preceding paragraph (which omits from consideration the sequence

[]skOpl in this case) by case (i) of the Main Stress Rule.
Certah forms that seem to fall in the latter classractually may have *o, even though primary

stress falls on a phonetically weak cluster. Thus, in oscilloscope, for example, the yowel with primary
stress is phonetically lax but can be regarded as tense in the underlying representation, as we shall see in
the next chapter; therefore the final -o of the preflr can be separated by a f boundary. Another possibility
would be to assume a double / in the underlying form (see p. 148).

57 The examples we have given so far leave open the question of whether the feature within angles in this
rule should be [+wB] or, more generally, [-FB] (which includes [+WB]). We shall see later (p. 159)
that the choice of [-FB] is correct.

Conventions to be discussed below (note 78) will require minor formal modifications in the
statement of the rules abbreviated by (93) (see (94)) but will not aflect their empirical content.
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consonant and vowel string.58 The sequence (9a) is, by convention, pairwise disjunctively
ordered. Case (94II) applies to examples such as /2elic+. , ,

r 3 -- ^r r 3 ' 
)+graph, gtv'I].g lelicog{aph. Case

(94III) gives mcnctcne frorn nnno#ton, ntonosj.llable c,rom niono#s)lldble, nitalittguag,e
f.rom nteta-f language, as \Nell as the nouns intercipt fr.om i,,trr: ,ipt, pi,uit f ro^ pr, : rri,13 l l

and combat Irom coN:bat. case (IV) accounts for titescipe |rom tetelskop and galuino-
s,cope from galranolskop. case (I) would, for example, account for words such as
orni t hofauna Ir om o r ni t h I o # fauna.

In short, where the second element of a complex noun is itself a noun, stress is shifted
to the left under condition (c) even if this incorporated noun is bisyllabic with initial stress.se
we state this fact, in (93), by permitting an optional extra syllable in the second member of
the complex form if this form is preceded by a boundary other than formative boundarv.
that is, if it is an independent noun instead of simply a stem.

we note, however, that there are many complex nouns with a bisy abic second
element which are not subject to condition (c) even though their second element exists as an
independent word. e.g.. biophssics. ntonoicicl. In such a case $e must drop the internal #
boundary or primary stress will shift to the prefix. But there is no syntactic justification for
dropping the boundary; it must be done ad hoc, simply to accommodate the phonetic facts.
Such individual characteristics of particular formatives must be listed in the lexicon. They
illustrate the marginally distinctive character of position of main stress placement in
English.

Notice also that there are optional variants such as rneta(#)sotna or meta(f )phl,sics,
with initial or penultimate primary stress, depending on how the rvord is analyzei-that
is, rvith or without the boundary, respectively. Here too the option is an idiosyncratic lexical
ma!ter.

The sharpening of the rules represented by (93) makes it necessary to extend slightly
the system of notations that we have been presupposing. This becomes clear when *" ..plu..
(91) by the revised form (93) in the more general frame (92). This repracement yields 115):

(")
.  |  - (eo I  r( '  (+")1, , - ; ; ) ,  

I  >r  covco(:voCo):  ln. ,^, ,

53 We have not actually established a convention for the ordering of these subrules (see chapter Eight).
Furthermore, we have not given a convention to establish an ordering between 1Ii) ana (irt) or is+).The ordering of(94) presupposes that parentheses are expanded before angles but *" h"u" no 

"uide'c" 
tor

this arbitrary decision.
5e Notice that svllabre is phonologicaly bisylrabic, becoming phoneticalry trisyllabic by rure (56), so that

monolsyllable is subject to condition (c).

Notice also that in forms ,u"h ., ,"""t//, 
-*^i*g", 

ou"rori"", or,ir'o.r, ,r*ir", ultro^id"rn,
which consist of a prefix that is syntactically and semantically functional, combined with a full lexical
form, the incorporated rexical form must not undergo a separate apprication of the cycie. The extra cycre
would cause a shifr of stress to the _reft under condition (c) (that is, bv (94III) ). when there is 

"n 
e*rraI  3 13

cycle (as in the nouns mismatch, resare), a shift to the reft is precisely whai we find. If we want to adopt
representations with assignment of sell, tax, r,rse, etc., to their categories, we must limit condition (c) to
nouns' Although this is not totally rured out as a possibirity (as we have noted, condition (") i, ,"t i..
marginal for adjectives), it reads to some <iifficurties and does not seem highly motivated.

This matter is one that cannot be settred within the framework oi the phonorogy in isolation.
what is at issue is the problem of how fairly productive prefixes are to be described *ittin tt. .yniu",,"
component of the grammar (including, in particular, its lexical subcomponent). ffrere is t ittte tio*.,
about this question today, and therefore any decision that can be made within th" phonotogy i, nec"ssa.ilyquite tentative. It is not at a crear how this matter can be accommodated within ou. ]."m"*o.k.

.t
I

,l

i
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In the formulation (95), we have indexed angles in such a way as to show how they

are paired. If the indices are dropped, (95) will be expanded, incorrectly, as:

,  \  t  - . ""  ' l  ,
le6l (I) (+a) | , :-:. lcovcovocolNA
\  /  L\-rD2l

( l t )  co+colN
In (96), (I) abbreviates two rules, both of which incorrectly omit [- FB] (see note 24). Clearly

we must enrich our notational system to permit indices on angles, adding the convention
that angles with the same indices are expanded together. Thus we must replace the notational

convention for angled brackets (pp.76-77) by the convention that (97) is an abbreviation

for the two rules of (98), in that order, where )', . . . Y,*t contain no angles (, ); lot j < i:

(")

(")

Y, (,  Xr), Y, (,  X r),  .  .  .  Y, <i X,> i  Y"+ |

(a) YtXrY2X2.. .  Y,X,Y,+l

(b) YtY2.. .  YnY,+l

Considering the intuitive meaning of the angled bracket notation, this is a very natural

extension. We have already used it as an expository device in the formulation (53) above.

We will henceforth use indices explicitly where they are necessary for determining the correct

order of expansion; we will continue to omit them, however, where they are superfluous.6o
Returning now to the Stressed Syllable Rule, we see that we can extend it to account

for another well-known fact, namely, that words such as adrccate, delegate, precipitate,

regiment, compliment, which can be nouns or verbs, characteristically differ in stress contour

in their nominal and verbal functions. The verbs, in each case, have tertiary stress and a

nonreduced vowel in the final syllable; the nouns, have 
3zero 

stress and a reduced vowel.6l

Thus we have verb-noun contrasts such as [e<ivekAt]-[aedvekat], [delegAt]-[deleget],
141131

[rejement]-[rejamant], [dakyement]-[dakyemant].
These forms can be explained by deriving the noun in each case from an underlying

verb62 and by modilying the Stressed Syllable Rule so that it permits secondary as well as
primary stress on the final syllable. We wiil now be able to derive the noun delegate, lor
example, in the following way:

t'r) [- [rdelegfAt]r l"
I

t2

3
4

nure (83eii)

RULE (51), (75)

nurr (83ci)

nurr (63)

60 In case n:1 in (97), we expand it simply as the single rule Yt Iz (see note 24). This decision is crucial
for the correct interpretation of (95).

As pointed out in note 24, it is important to show that a single set of notational devices under-
lies all descriptive grammar. In fact, the indexing of brackets has been utilized in earlier descriptive
work in generative phonology, and such devices should be incorporated in a full and explicit account
of iinguistic theory. Specifications of a system of notational devices which require only sligtrt modifi-
cations lor our purposes have been presented in Chomsky (1951), (1955b); Postal (1962); Matthews (1964).

6rAt this level of phonetic detail, there is both stylistic and dialectal variation, particularly in the case of
the forms with -nrcnt. Here, as elsewhere, !v€ adopt the phonetic representations of Kenyon and Knott,
which agree with our own standard pronunciation. The derivation of nouns from such verbs is marginally
productivb, as is often the case in derivational systems of this sort.

6: Notice that rhere are nouns of the form CoVCoVCo,4t with tertiary stress on the fiIlal nonreduced vowel
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In the first cycle, stress is placed on the final strong cluster of the underlying verb and
then shifted two syllables to the left, in the usual way, by the Alternating.stre-ss Rule (51),
now modified as (75). Thus the verb in isolation would have the form taitegitl, afrer the
Stress Adjustment Rule (63). For the noun there is a second cycle, in which condition 1c.1,
modified in a way which we discuss directly, places primary stress by case (i), weakening all
other stresses by one. The Stress Adjustment Rule next weakens the final vowel to stress 4.
and Vowel Reduction is then automatic because of the weakened stress.

Application of condition (c) in the second cycle of the derivation (99) will be permitted
if we modify the Stressed Syllable Rule (conditions (c) and (d) of the Main Stress Rule. in
their latest formulation, rule (95)), replacing it by (100):

( ' ' ) (, (*o) 
| a, _-i",ir, I ), 

Co [g,t..sr]co (:voco),lx<,^>,

In formulating this rule, we must specify that the stressed syllable may have either secondary
or primary stress and that the two cases must be taken ril this order. Thus (100) abbreviates

A of -At; for example, cAliphdte, billingsgdte, sliftogatu, cdndiddte, mdgistrdte (some of which have stylisric
or dialectal variants with final reduced vowel, in which case $'e represent them lexically with a final
lax instead offinal tense vowel). This fact supports the analysis we are presenting, since none of the nouns

with final -At are patred with verbs. Thus the nouns with underlying verbs have a reduced vowel in the
final syllable; the nouns with nonreduced, tertiary-stressed vowel in the final syllable do not have
associated verbs.

Adjectives paired with verbs (e.g., animate, approximate, articulate) also have reduced vowels
with zero stress in the final syllable, in forms of the sort we are considering here. These can be accounted
for by the same mechanism proposed for the nouns adro cate, regiment, etc. on the other hand. in adiec-
tives such as delicate, desperare, which have a final reduced vowel but no underlying verb, there is no
reason not to assume an underlying lax vowel in the final syllable. Derived forms such as desDeration may
seem to contradict this assumption, but we wil l see in the next chapter that they in facr do nor,

As we have formulated the stressed syllable Rule, only condition (c) applies to adjectives.
Therefore the adjectives discussed in the preceding paragraph must have a f boundary before -are.
Alternatively, it may be that condition (d) should also be extended to adjectives, in which case the f
boundary is unnecessary. As we have noted previously, there are very few relevant examples involving
adjectives, and therefore we are uncertain as to the corect decision. Neither alternative seems to us to
pose any particular difficulty, and we will not go into the matter any further here.

Notice that where adjectives and nouns are paired with verbs, there are, very commonly, some
syntactic reasons for regarding the noun phrase in which the noun appears as a transform of the
verb phrase in which the corresponding verb appears, so that the noun is derived from the verb on syn-
tactic grounds. In the same connection, note that phrases such as . . . is (alt, fully) dressed, . . . is furnished,
.. - is sanded, .. . is closed, ... is broken cannot strictly be regarded as passives (and, in fact, contrast
with passives). The syntactic analysis of these constructions is, at present, not clear. They are similar
to passives at least in the grammatical relation betqeen the grammatical subject and the underlying verb.
It may be that they are in some way derived from passives or derived from underlying actives in a manner
analogous to the transformational derivation of passives. If so, it may also be the case that the relation
of . is eloborate to ... is elaborated, etc., parallels this relation, in which case the adjective elaborare
\a'ill in fact derive from the verb on syntactic grounds, as required by the phonological rules. There are
many open syntactic questions here that make a more complete formulation of the phonological rules
impossible. These considerations illustrate quite nicely the dependence of phonological rules on assump-
tions about syntactic structure. (See also note 64.)

There are certain other nouns which have 
'ariants 

with final [At] instead of final [at], as they
should if derived from verbs (e.9., prccipitate, cotrcentrate). perhaps, in this case, these words are to be
analyzed as containing the suffix -ale of phosphate, manganQls, rather than as derived from the corresDond-
ing verb. For discussion of tense affixes, see Section 16.

':{?)
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two rules in this respect, the first of which has F : 2 and the second p : l. If the ordering were
inverted, both cases of the rule would apply in a form like telegraph.In the. second^cycle of
the derivation. rule (100) rvould apply to tetelgraph with B : t. giving tilelgraph. and,
it would then reapply with p : 2, giving tile lgraph.which would become. finally, * [rilagraf ]
by the Stress Adjustment and Vowel Reduction Rules, instead of the required 1tJt"g.it 1.

In discussing the Compound Rule in Section 9, we observed that in compounds such
as eletator boy, chemistry teacher, it is customary to represent the second element with
tertiary stress, rather than with the secondary stress that is retained in the second element of
eleLator operator, chemistrl laboratory. The conditions under which this further rveakening
from secondary to tertiary is generally marked seem very much like the conditions under
which the Stressed syllable Rule applies. That is, when the second member of the compound
is a monosyllable, with an optionally present extra syllable and perhaps some other slight
modiiications, primary stress is reassigned in the first element of the compound. This
observation suggests that we seek a generalization that covers both the case of assignment of
primary stress to the prefix in monof ton and mono f syllable and rhe case of reassignment
of primary stress to the first element of eletator# fibo1, chemistry# #teacher. clearly all
that is necessary is that (100) be modified to permit two successive boundaries where it is
specified that a boundary may occur, and that a general convention be stated requiring that
above the word level primary stress can be placed only on sonority peaks. we have observed
several times that condition (e) of the Main Stress Rule can perhaps be amalgamated with
the Nuclear Stress Rule, il a convention of this sort is established. With such modi.fications
as these, we can explain the weakening of stress that is often noted in certain compounds.
However, because of the marginal character of this problem and the dubious factual status
of the observations in question, lve will not develop this extension of the rules in any further
detail.

with the various modiications that lve have seen to be necessarv. the Main Srress
Rule (82) now takes the foliorving form:

/ \
I  r01 I
t ' -^  t

.

:. v ---)

--].

lIAIrr- STRISS RULE

, [ - tense I
I stress] 

I lX-Co( lrstress I Cj
,LVI

fcvoc I
locons | )
L-ant lo

i-,1 | - stress'l
( ' fCo)r  

l - tense lCo
LVt

rra)( ,  f  ,  
- : ' : ,  ' l ; ,co1pstress1 

co(.Voco),
L \ : - ro2z I

o -  J2l
"  -  [ r /

)

I
i 
) lt*'"t'"n" 

'

)

where X contains no internal # boundary, 7 : 2 or weaker,

Expanding the schema (l0l), we have the sequence of rules given in (102) (next page).
The ordering conditions, once again, are the following: cases (i) and (ii) apply disjunctively,
in that order, under the conditions (a)-(e); either (c) or (d) may follow either (a) or (b)
rvithin a single cycle; otherwise, the ordering is fully disjunctive.

,: We have slightly modified cases (c) and (d), shifting the position of the first occur-
rence of (, (compare (95) and (100)) for minor reasons that will be presented later.
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( i i )

(a)

V --+ [l stress]

f - stressl
o..l-,.7* 

1c01,".",n
| - 

stress.l

L-t7* lcol"sr

( i)I ,*-['"
'  [ . "

(c)

(d)

(el

f  -seo I
(Lal l  ,  

- ' . . .  
I  C" [pstress]Co (VoCo) l*s"r.^L (  - r lJ) l

( *a) Co Ipstress] Colnr"

I

where X contains no internal # boundary, ̂ l :2 or *."t.r. O : {f}
we have extended cases (a) and (c) to verbs for reasons that wilr appear in Sections l5 and
16' Actualiy, the only examples we have of verbs invorve condition (c), but there is no harm
tn accepting the simplest sorution, which extends condition (a) to verbs as we[.

74. Vowel red,uction

we have referred several times to the well-known fact that lax vowels reduce to a central,
high, or mid unrounded "neutral" vowel in English when they are suffcientry weakry
stressed, in some way that must be made expricit. we have been representing this neutral
vowel as [e]' The exact phonetic realization of [e] does not concern us. For any particular
dialect, the feature specifications and the appropriate phonetic rules can be established.
For ease of exposition, rve will simpry make the assumption here that [e] is distinguished
from all other vocalic segments.

It is an open question to what extent vowel reduction is a matter of phonological
rule. The distinction between a theory of competence (a grammar) and a performance
model, which is crucial throughout, is particularly relevant in the discussion of vowel
reduction.63 In actual speech, the reduction of vowels is determined not only by the func-
tioning of the underlying grammatical rules, but also by a variety of other factors (speed,
casualness, frequency of use of the item, predictab ity in a particular context, etc.) These
factors interact in complex and not very well-understood ways to determine the extent and
place of vowel reduction, and they resurt, as well, in many other modifications of underryrng
grammatically determined forms (slurring, consonant erision, etc.) The grammar itself,
here as always, generates onry an idearized representation. A theory of performance rv l
necessarily incorporate the grammar, but will also attempt to study the many other factors
that determine the actual physical signal. Any investigation of grammar is, then, a contribu-
tion to the study of performance, but it does not exhaust this study.
63 For discussion of the competence_performance distinction, see Chapter One, page 3, and Chomsry(1964, 1965), as well as many other references.
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It must, incidentally, be borne in mind that the specific competence-performance

delimitation provided by a grammar represents a hypothesis that might prove to be in

error when other factors that play a role in performance and the interlelation of these

various factors come under investigation. Although this is not usually a serious problem in

grammatical study, it does become a real issue when we turn to lolvlevel phonetic processes

such as those we are now investigatin-e. Since other aspects of perfolmance have not been

systematically studied, our attempt to delimit the boundary of underlying competence by

providing specific rules for vowel reduction must be taken as quite tentative. When a theory

of performance ultimately emer-qes, we may find that some of the facts we are attemPting

to explain do not really belong to glammar but instead fali under the theory of performance,

and that certain facts that we ne-slect, believing them to be features of performance, should

really have been incorporated in the system of grammatical rules.

In particular, we should like to point out that the distinction we draw between

competence and performance is not invariabiy the same as that drawn implicitly by Kenyon

and Knott in their choice of phonetic representation. That is, the output of our rules does

not always agree with their phonetic notation with respect to the marking of reduced vowels,

although it does agree for the mass of cases (in particular, for the examples that we cite here).

In part the differences are systematic (for example, we mark reduced vowels in many posi-

tions where they retain an underlying /i/ as [i], and they mark lax [i] in certain positions

where our representation is E-e.g., rElax, dEnOt); in part, the dift'erences are idiosyn-

cratic. Insofar as the differences are systematic, it is a fairly trivial matter to adjust the rules

to give either phonetic output.
In short, we are formulating the rules so as to generate what we take to be the pho-

netic representation underlying our norrnal pronunciation, in agreement with Kenyon and

Knott in crucial cases. Various modifications of these phonological rules would be needed

to accommodate dialects differing in a systematic way from what we have here assumed. It

should, incidentally, be expected that low-levei phonetic rules such as those we are now

considering will differ in detail across dialects.

Bearing these points in mind, we now turn to an examination of the set of processes

that determine the reduction of vowels. We note, fust, that nontense vowels specified as

[-stress] reduce to [e] fairly generally. Thus, as a first step, we can formulate the Vowel

Reduction Rule as in (103) :

/ ro:  )  f -  
stressl

\ ' " - /  l - tense |  -  [a]

Iv j
In Section 3 it was noted that only unstressed low vowels reduce in final position;

and it is clear that vowels never reduce prevocalically. Thus, the vowels in boldface in

fasco, effgy, hindu, annua!, radiate d'o not reduce even though they are minus-stressed, but
the final vowels of algebra, formula do reduce. Furthermore, the vowels which do not reduce
even though nontense and minus-stressed are phonetically tense. Clearly, then, the rule that

tenses volvels in prevocalic and, when they are nonlow, in final position must precede the
general Vowei Reduction Rule (103), as lve have already noted in Section 4. For the case
of nonstressed vowels, rule (30) of Section 4 has exactly the eft'ect of (104):

717
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The vowels that undergo tensing by rule (104) are then immune from Vowel Reduction,
despite their lack of stress.

An early rule of the phonology assigns to each vower (in fact, to each unit, whether
boundary, consonant, or vower-see pp. 67-6g) the feature [- stress]. A vowel belongs to thecategory [+stress], and thus is immune from vowel Reduction, in the tentative formulation(103), only if it receives primary stress at some stage of the apprication of the cyclicat rules.This stress may be weakened by successive applications of the stress placement rules in otherpositions of the utterance, but the vowel will still belong to the category [+ stress] and hencewill not be subject to Vowel Reduction.

Although (103), as we shall see, requires supplementation, it does express the centralfeature of the process of vowel Reduction insofai a, this is a grammatical phenomenon.
we can give some idea of its wide range of applicability by a few selected exampres.

Rule (103) accounts for the fact that the vowel reduces in the first syllable of mach[tte,
but not the second, and in the second sylabre of the verb ddregdte,but not the first or third.In each case a vowel which has never received primary stress (and therefore retains thespecification [- stress]) reduces, and a vo*,el which has at some point received primary stress(and thus belongs to the category [+stress]) is immune from phbnologr"ut ..iu"tio.r.
similarly, consider the exampre theatricarit), analyzed in section 7. The four vowers givenin bolcface do not reduce-the fourth because it has been tensed by rule ( r 0zl), the second andthird because they have at some stage of their derivation been assigned primary stress, andthe first for both reasons. The other two vowers do reduce, never having been introducedinto the category [+stress] in the course of the derivation.

As a further lustration, consider the nouns rorrenr and, tornlent tbatwere discussedin Section l r' The three vowers given in boldface in these exampres are exempt from reduc-tion, having been assigned primary stress at some stage of the derivation; but the linalvower of torrent does reduce, since it has the feature [--stress] when rure (103) applies.
As a last example, consider the -ation forms of bisyllabic final-stressed u".ir .u"t u,reldx' att6st, dep6rt, as compared with the superficia'y analogous forms i,formation,6a

illustration, demonstration, detastation. The bordface vowel in reraxatiott, attestation,deportatiort is not subject to phonological reduction, wbereas the antepenultimate vowel ofthe other -ation forms just given does reduce in each case. 'I-he reason is that the nominalizedbisyllabic verbs have received stress in the antepenultimate syllable at an earrier stage of thecycle (namely, as verbs), whereas the other forms have never had stress assigned to thisvowel' we will return to the details of the determination of stress contours in these cases.Although, as we shall see, the facts are not so clear-cut as these examples suggest, thegeneral point does seem correct; that is, stress assignment in an early .y.t" .un l-t."t uvowel from phonological reduction, even *hen its actual stress, at the point when the vowerReduction Rule applies, is quite ueak, and even though minus-stressed vowels in the samecontext do characteristically reduce. The important point is that rure (103) serves as areasonably good tentative statement of the process of vowel Reduction when this processis embedded within the general framework of th" transformational cycle.
6a Notice that informarion is not.the nominalized form of inform, but rather a singre noun presumabryrepresented as /informf At-fivnl rhus w-e cannot h"u" ph.as., such as *[ri i,rrir^iii, ij.l'trirraabout the lecture related to he informed mf friend about the'lerture, as we ha,ve his relaxation of the condi_tions related to he reraxed the conditiors. correspondingry, the meaning of informationis not derivabrefrom that of inform by any regular process.

we are not concerned here rnith the syntactic basis for these ar,d other ncminalized elements.For an approach that seems to us promising, see Chomsky 0t65, pp.219_20).
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We see at once, incidentally, that the Vowel Reduction Rule cannot itself be cyclical.

onceavorvelhasbeensubject toru1e(103), i tsor ig@e.
Therefore, if this rule were to apply at any point in the first cyc1e, for example, certain vowels

will be reduced to [a] even though in some later cycle they may receive primary stress.

l-Evidently, rule (103)must apply only after the process of stress assignment within the word

' is .omplete. Within our framework. this means that the rule of Vowel Reduction is restricted

I to the level of word boundaries (see Section 1'1).

The tentative statement (103) is at best a first approximation to the description of

rowel reduction; it does not specify the positions that are subject to this process with suf-

ficient precision, although it is fundamental to such a specification. In fact, in certain

positions a vowel rvill not reduce even though it has never received primary stress and thus

remains in the category [- stress]; in certain other positions a stressed vowel will reduce if

the stress is sufficiently weakened. Consequently, we must supplement the Vowel Reduction

Rule (103) with certain auxiliary rules of the form (105a), (105b) rvhich change the stress

(and, sometimes, tenseness) category of vowels in certain positions before the application

ol (103).

(ros)
(a) ! -+ [2 stress] in certain contexts

f  -  <rre<<l

(b) V --*  |  
""--"1 in certain contexts

L -  Iense I

Rule (105a) will apply to certain vowels that have never received primary stress and wili

assign them secondary stress, thus exempting them from reduction to [a] by (103). The Stress

Adjustment Rule rvill then weaken this stress to tertiary. (For reasons that are discussed

on pages 118-19, we will not extend to rules of secondary stress placement the convention

associated rvith placement of primary stress, namely, that other stresses in the domain

under consideration are weakened by one.) Rule (105b) will apply to certain vowels which

have received primary stress at some earlier stage of derivation and will switch them back

to the category [-stress] so that they can undergo reduction by (103). Precise specification

of the appropriate contexts for (105) is a complicated and, so it appears, Ielatively uninterest-

ing matter,6s and we will not attempt a detailed analysis. We will, however, give several

cases of (105), illustrating some of the major conditions and accounting for examples dis-

cussed elservhere in this chapter. We will continue to refer to (103) as the Vowel Reduction

Rule and to the various cases of (105) as Auxiliary Reduction Rules.

Notice that rule (105b), like the Vowel Reduction Rule (103), cannot be permitted

to apply cyclically beyond the leve1 of word boundary. The reason is simple' As we proceed

to apply the transformational cycle to more complex phrases, vowels are successively

weakened in stress as more gradations and differentiations are introduced by successive

applications of the cyclical rules. Above the word level even primary-stressed vowels may

be weakened considerably in this process. However. this rveakening of stress never leads to

a shift of category with respect to stress or tenseness, nor does it lead to vowel reduction.

In other words, although vowels that are weakened to stress 2 or stress 3 in certain positlons

itithin words may be subject to (105b), a vowel that is weakened to stress 2 or stress 3 in

cycles beyond the word level will never, in these contexts, be subject to rule (105b); in

65 In the sense that there are many details and special cases that do not se€m to fall under any large-scale
generalizations and that shed litt le l ight.on general questions of phonological theory or on the structure

of English.
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particular' the sonority peak of a word will never be subject to this rule no matter how weakthe stress on this word becomes by iteration of cyclic rures beyond the word revel.
In short, neither rule (103) nor rule (105b) can be cyclical. Both must appry onlyonce in the course of a derivation; within our framework this means that these must benoncyclical rules restricted to the level of word boundarv.
To see the necessity for Auxiliary Reduction Rules

following words :
of the form (105a), consider the

irOO) 
r!|doddndl1yt. oklahdtna, Kalantazob, Tatanagotuchi, Corioldnus, witnipesdukee,

\ 
- -/ Monongahila. Conest1ga, mulligatai,ny

The vowels that are not subject to reduction are given in boldface. of these, the ones thatare in final or prevocalic position and the ones wiih primary srress pose no problem so faras Vowel Reduction is concerned; and our rules also account for the reduction of the vowels
not cited in boldface. The other boidface vowels, however, alr of which have tertiary stress,are still not accounted for, for they have never received primary stress at uny rrug" of rh.i.derivation. In each case, in fact, there is only a single cycle and a single application of a stressplacement rule.

It seems, then, that to account for the unreduced tertiary-stressed vowels of thesewords, we need an Auxiliary Reduction Rule which will be a special case of (105a). Westate this as (107):

I  I07 I  |  (^  |  - tense t^.1t  
f ] , , , . , . r  l l t -st" 's t"- lL" I  

u ] t6 l . . " [ "" i " ] t " , t ' t ' . , , t )  (" )
I v | - Lz rl..rr1 7 ;./ ^ 

lco / I (b)

/  l . " l r l , ]  I  n,
\ l [-rt.n'.]J ) <al

where cr is weaker than 266 and e is an informal abbreviation for a unit which rs aconsonant or a boundary

Notice that the first two parts of this rule are strikingly sim ar to the rules of primary stressplacement, particularrv to condition (c) of the Muirist."ss Rure (102). cases (a) and (b) of(107) assert that secondary stress is praced on a vowel preceding a weak cluster (case (a))or on_1 
Yorng 

cluster (case (b) ) when the string under consideration falls under the condition
---v*cov, v* having stress weaker than two. The rule is crosery analogous to the MainStress Rule, the central differr
stress. rh u s, given the -., : ." ;::::; ;: ;;[.'"# ::::: ffir;T:JH j:il ilT::(ii) of the Main Stress Rute (102) under condiiion (b)), rure (107) requires us to omit from
consideration the final sequence _ahita and, to apply first case (a) and then, if case (a) isinapplicable, case (b) to the residual string uon)ng-.67 case (a) is inappricable, since the

66 That is'where a is an iftegergreater than 2, or has the value " minus " ( -), which, by convention, i5 weakerthan any value that belongs to the category [*srress], i..., welt.. tnan lnstress] for any integer n.Notice that we cannot-permit a:2 in this 
"ua", 

u, *"-"un see from words such as Elecftonic,
::::.:::,:!*n,*n 

at this.stage have the srress contour _ii... , Uut ao not, in the dialect in quesrion,

",1:.",u" 
secondary srress in the firsr syllable by rule u07b).- r ne ordenng of cases (a) and (b) of (r 07) is disjunctive, just as the ordering of cases (i) and (ii) of theMain Stress Rule is disjunctive, and for exactly ib" ;;;;;:;;.'
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final cluster of this stling is strong, so we turn to case (b) and assign secondary stress to the

strong cluster, g|ing lulonongahEla- The Vowel Reduction and Stress Adjustment Rules
.  :  '  : ,  'sive, hnaltY, Imonalgan-t'lel.

Consider now the word ,l/innipesaukee (primary stress again having been assigned

by case (ii) of the Main Stress Rule under condition (b)). As before, rule (107) tells us to

omit from consideration the final strin1 -esaukee and to consider the residue lVinniP'. 
rBut

now case (a) of (107) applies, the final cluster ol lYinnip- being weak, and we derive,Winni'

oerrlukrr. The Vowel Reduction and Stress Adjustment Rules give, finally, [winepasikE].

In the word OklahOna, ptimary stress is again assigned by case (ii) of the N{ain Stress

Rule under condition (b). In accordance with rule (107), we omit from consideration the

string -ahbma and consider the residual string Okl-. Case (b) assigns secondary stress to

its only vowel. ln the same lvay the other examples of (106) receive secondary stress in the

appropriate place.

There are many other forms that are phonetically interpreted in this way, for example,

verbs such as bt:erthr6w, ertrup|se, ndersttind, cdmprehdnd, all of which have tertiary-

stressed nonreduced vowels in the first syllable. Since many of these forms contain : and

# boundaries between the vowel that receives secondary stress and the followin-e primary-

stressed vowel, cases (a) and (b) of (107) must permit occurrences of [- segment], as indicated

in (i07). The word comprehend, for example, has the representation [ktN:pre:hend] at

the point when rule (107) is to apply. Case (b) applies, rvith a boundary preceding and follorv-

ing the d-stressed vowel. The word dlrtomobile would have the representation autolmObEl,

and case (a) of (107), with the u-stressed vowel preceded by [- segment] C, assigns secondary

stress to dtl-, so that we have the phonetic representation autontobile ultimately. (Other

variants require slightly different underlying representations.)

Notice, incidentally, that the similarity of cases (a) and (b) of (107) to cases (i) and (ii)

of the NIain Stress Rule is not a merit of this grammar but rather indicates a defect either in

the analysis or in the underlying theory. As matters now stand, we are unable to formulate

a generalization that covers both the rule of primary stress assignment and the rule of

secondary stress assignment, despite tbe near identity of context in the two rules. We have,

so far, been unable to find any way to overcome this defect without ad hoc extensions of the

general framework for grammatical description or revisions of the rules which are unaccept-

able on other grounds. We are therefore forced to leave this as an open problem. In Chapter

Five, note 3, we will come across another indication of this theoretical defect, in connection

lvith a different sort of phenomenon.

Before turning to cases (c) and (d) of the Auxiliary Reduction Rule (107), let us con-

sider a few more examples of the first two cases. Consider the nouns relaxation, attestation,

tleportation. etc., which we discussed above. Since these are derived from bisyliabic verbs

with a final strong ciuster, we enter the wordlevel cycle with representations such as

lrftitsaetliVnl. Primary stress is placed on [At], weakening the stress on [e] to

secondary, i.e., [rE6ks+Atf ivn]. We now turn to the phonological rules which are limited

in applicability to the level of word boundary. Notice that the phonetic output must be
34 I

[rEletsAien]. Of the rules we are now considering, the final one to apply in this derivation
is the Stress Adiustment Rule. Prior to the application of this rule,'lve must, therefore, have

-  23 1

the representation [rEleksAsan]. Our problem, then, is to provide a rule that will carry the

stress contour from -21-, which we now have, to 231-, which we need as the proper input to
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the Stress Adjustment Rule. If we weaken the stress from 2 to 3 in the second syllable, then
rule (107b) will assi,en [2 stress] in the first syllable, as we require. Therefore we must add
a new rule (108) which weakens stress in the position immediately preceding primary stress.

( ' ' ' )

We now

[2 stress] ---- [3 stress] / -C0 [l stress]

have the following derivation for relaxation:

[," [rrEleks], AtfiVnl.
I( ' ' )

2
3

l )

34

I
I
I
I

RULE (102eii)

RULE (102bi)

nurr (108)

RULE (107b)

RULE (63)

In the first cycle primary stress is placed on the strong final cluster of the underlying verb.
In the second cycle the primary stress is shifted to the syllable preceding -ron in thJ usual
way (see p. 87). Rule (108) then weakens the pretonic stress, and the Auxiliary Reduction
Rule (107) assigns secondary stress in the first syllable. The stress Adjustment Rule (63)
then weakens all of the nonprimary stresses in the word. The vowel [e], although it now has
stress 4, is immune from reduction as the rules are formulated.68

In a similar way we derive anarogous representations in the case of atrestation,
deportation, etc., as well as in many other cases (e.g., cot'mectiL'ity, contructiuity, ob-iectiL-it),
elasticity). In each case the stress contour of the first three syllables is 341 and the vorvel with
[4 stress] remains unreduced. In contrast, words such as infornntion, dentottstration, adjec-
timl all have the stress contour 3-l- and a reduced vowel in the second syllable, since in
these words the second syllable has never received stress in an earlier cycle. we can even
account, in this u'ay, for such a fine distinction as is exhibited by the pairs conpensatio,t
[kdmponsASon], condensatio, [kindensASan], from underlying [n [ykaN:peNsAt]"f iVnln
(cf . conrpensatory), [n [nkaN: d.Ns], At]iVn]," in exactly the same way.6e

If, for some reason,rule (l0g) does not apply to a word with the stress contour -21 , , ,,
then cases (a) and (b) of the Auxiliary Reduction Rule (107) will not assign secondary stress
to the initial minus-stressed vowel, since the rule (I07), as formulated, requires that ttre
pretonic vowel have a stress weaker than secondary. In fact. rule ( l0g) is optional for certain
classes of words, and u'hen it does not apply, rule (107) is blocked. Thus, in the case of
words such as elasticity, electricitl', we may have either the contour -31-- or 341_*. In the
63 Because of these facts, it is easy to detect at least five degrees of stress in Eugrish. Thus, in forms such asrelqxation, we have the stress contour 341-, [- stress] being numerically r.pi.t"n,uol"lr 

-ij,i..rrii" 
,rrt

case' Notice that we could not take the contour to be 2314, because of contrasts such as either narpn(with 2-l-) ve$us emendation (with 341-).
6e This is an accord u ith our pronunciation and also wirh a distinction between these forms noted in Kenyonand Knott' It is, however, unieasonable to expect cross-dialectal identity on a minute point such as this,particularly in the Iight of the problematic nature of phonetic representation at this Ievel of fineness oldetail.

Actually, to be even more precise,. our grammar generates 1ttanOi.r.i,s"nl for the nominalized
verb ("act of condensing") and fkindans,tsanl for the noun referring, e.g., to drops of water on thewindow pane (which, like information, does not have an underlying cycle for the contained verb).

The reason for assuming /kcN/ (N being the archi-segment [+nasal]) in the phooologi"-ul ,"p..-
sentation is that the point of articuration of the nasar is determined by the folrowingconsonaint.
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former case, neither rule (108) nor rule (107) has applied; in the latter, both have applied.

As we have formulated the rules, the option is restricted to rule (108), the subsequent

applicability of (107) being completely determined in all cases'

As a further example of rule (107a, b), consider the nouns inrtri-lrtitity, ,i*pti'
t  |  - -  4 3 -  4 7 -

mintirity, experimentation, each of which has an unreduced vowel under [4 stress] immedi-

ately before a primary stress. Taking instru,"nentality as an example, we have the derivation

( I  l0) ,  which is analogous to 1109):7o

(" ' )
[n [n [ninstrument]N €ell^ i+tilN

1

3

5

2
3

nwr (l02bi)

RUL6 (l02aii)

nuu (l02ai)

nurn (108)

nurs (107a)

nure (63)

In the first cycle we disregard the final lax syllable of the noun under condition (b) of the

Main Stress Rule and assign primary stress by case (i). Thus in isolation we would have the

phonetic representation [instrement].7r In the second cycle the affix -al causes primary

stress to be assigned to the strong cluster that immediately precedes it. In the final, word-
level cycle, the affix -tl' causes primary stress to be placed on the syllable preceding the
weak cluster that immediately precedes -ly, giving the third line of the derivation. Rule
(108) then weakens the pretonic stress, and rule (107) raises the stress on the syllable before
the weak cluster to secondary by case (a). The Stress Adjustment Rule next weakens the
nonprimary stresses. The fiial,affix becomes [tE] by rule (104), and the Vowel Reduction

Rule gives, finally, [instramentaletE]. Again we have a nonreduced vowel under stress 4.
Before leaving this topic, we should make several further remarks about assignment

of secondary stress by an Auxiliary Reduction Rule. First, it should be noted that this
phonological process is considerably more general than we have indicated. The joint effect
of rules (108) and (107a, b) is to convert a stress contour of the form x2l to 231 or xy2l
to 2-y31. We have given rules for this process within the scope of word boundaries only, but
it also operates above the level of the word. Thus, in isolation fifteen or abstract (the
adjective) has main stress on the final syllable, but, as has often been noted, in the construc-
tionffteen men or dbstract art, we have the stress contour 231 (see also note 26). The reason
for this is perhaps the following. In the manner described in Section 8, the Nuclear Stress

11 11 2'

Rule converts ffteen men ar.d abstract art to ffteen men and abstract d/t, respectively.
Now, by a phenomenon superficially similar io the one we have formalized in terms of
rules (108) and (107), the resulting x21 contour is converted to 231. Similarly, in a sequence
such as tlred old men, the 221 contour produced by the Nuclear Stress Rule is generally
converted to 231, perhaps by the same process. We do not know precisely what the domain
of this process is, or how it should be described in detail. We merely note here that our
description, which is limited in scope to the word, is insufficiently generai.

70 On the analysis of -ity, see page 87 and note 90. On the stress contour of experimentation, see note 72.
We modify (107) below (see (120)) so that it applies to vowels with other than primary stress

and hence to th€ first vowel in instrumentality.
71 Altematively, this could be regarded as derived from an underlying verb, like the examples of page 96.

11

J-t

JI

4l
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Actually, even within a word the process we have now been discussing has srightly
wider scope than we have indicated. consider, for example, artifciarity.we enter the final,
wordJevel cycle with the representation l"i.trtitiot 1i+tilN. primary stress is then praced
on the antepenultimate sy abre, giving [nertilii iariti]n. since the secondary-stressed vowel
is not immediately followed by the primary-stressed vowel, the change of contour from
3-2-l to 2-3-1 should not take place, as we have formulated rule (l0g), and the resulting
contour shculd be 4-3-l; but, in fact, the correct contour is 3_4_l rather than 4_3_1.
Thus rule (108) must be slightly generalized to take account of this case and similar cases.72

Returning now to rure (107), we have st l not given exampres to ilrustrate cases (c)
and (d). These cases of the rure assign secondary (ultimately, by the Stress Adjustment
Rule, tertiary) stress to the vowel of a strong cluster in the initial syllable of a word. Thus,
in Ddcdtion, gisttition. pldnttition, dsbistos. tiudticious, etc., the vowel of the first syllabre does
not reduce and has [3 stress]. (Some woul<i say [4 stress], in which case a slight revision of
the rule becomes necessary.) Actuany, the situation is a bit more complex in this posrtion,
but we omit any more precise specification of the relevant context here (see note 65).

case (c) of rule (107) protects a vower from reduction in the context -CC, bur nor
in the context c:C. Thus stress is introduced by (107c) in the first sylrable of Mdnldra,
pdntifcate, cdntdnkerous, ldntpobn, etc., but not in the verbs cont:bat, cor:tetld, cor:rert,
con: tinue, and so on. This fact provides an additionar justification for the decision to have
a readjustment rule insert a boundary with the feature [-FB] in prefix-stem constructions
(see Sect ions 10 and l3).

Given a stress contour of the form -21, rule (l0g) converts it to -31 and rule (107a)
converts ir to 231. A reasonable suggestion wourd be to drop rule (l0g) from the grammar
altogether and to adopt a slightly different convention for assigning secondary stress. The
convention for assignment of primary stress is as folows: when primary stress is assigned in
a particular position, the stress value in every other position is weakened by one. Sirppose
that (following Kiparsky, 1966) we were to say, more generaly, that when stress z is assigned
in a particular position, then the stress value in any other position with stress not heavrer
than, is weakened by one. under this convention, if rure (107a) applies to a contour -21, it
assigns secondary stress to the minus-stressed vowel and automatically reduces the secondary
stress already present to tertiary. Thus rule (107a) itself converts -21 ro 231. and rule (l0g)
is superfluous.

We do not accept this proposal, however, for several reasons. First, the suggested
convention leads to technical difficulties. consider, for example, the word anticit:)ate. rn
the normal way, the stress assignment rules provide the stress contour ort|rip)t.As matters

72As.an additional example, yet to be covered, consider the word Ticonderoga.The Main stress Ruleassigns primary stress to the penultimate syllable, Rule (lo7b) then assigns secondary s6ess to the strong
cfusler preceding rhe primary stress by t\4o syllables. giring Tic'onderiga. Case (c) of rule 007). \ hrch
we discuss directly, assigns secondary stress to the strong ciuster in the first syllable, giving ri"ira*)ro-
As our rules now stand, the stress Adjustment Rule w r give, finaliy, rf"iraulgo. ectuutty, trris strouta
be modified to either of the two optionar variants ?"r:c ird"rlgo or Ticond"roga. The first of these might beproduced by a process simirar to the one we have just been discussrng. rhe second wourd require a sub-sidiary rule much like (108). Apparently what is needed is a variety of subsidiary rr.rles to assign ielativestress among weak stresses that are equal as our rules are now formurated. Such rures ar" n-""ded, toaexample, to assign the contour 43+r- to experimenration (see p. r r 7). Rure (r 07c) shourd assign s"*nou.ystress in the first syllable, protecting the vowel from reduction. The stress Adjustment Rule-weakens thisvowel to tertiary stress. A further weakening requires a rule of the sort just discussed,
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now stand, rule (107c) will assign secondary stress in the first syllable and the Stress Adjust-

ment Rule will then apply, giving anticipAt, as desired. But if we were to adopt the suggested

convention, then when secondary stless is assigned in the first syllable, the secondary stress

of the final syllable will reduce to tertiary, giving anticipAt However, as we have seen in

the discussion of verb-noun pairs such as ldeiagAt]-[deleget], [rejament]-[rejemant]. a

tertiary-strerssed vowel reduces in this position. Thus we derive the incorrect phonetic

form *[rntisipat]. This fact seems to provide a compelling argument against the convention.

Apart from such technical considerations, there are others of a more general nature

that lead us to question the proposed convention- It seems to us mistaken to regard the

rules for assignment of secondary stress as forming a part of the system of stress assignment

rules. Rather, they form a part of the system of vowel reduction. They are simply a device

for preventing vowel reduction in certain positions, on a par with the other Auxiliary

Reduction Rules that weaken stress as a device for permitting vowel reduction in other

positions. If this conception of the role of the rules for assignment of secondary stress is

correct, then the suggested generalization of the convention for stress assignment is a

spurious one and inappropriate for the rules in question. There is, however, an interesting

theoretical issue here, and we emphasize that our argument is far from conclusive. Thus,

a generalization such as that proposed on page 117 for constructions beyond the word

level would argue against our conclusion, as Kiparsky has correctly observed.

We have now given several examples of the {irst type of Auxiliary Reduction Rule,

namely, the type (105a) that protects a vowel from reduction despite its lack of earlier stress.

Let us now turn to the second type, that is, the type (105b) that makes a vowel subject to

reduction despire its earlier stress. Such rules place a vowel in the category 
l- 

tli,lT] *

certain contexts, so that the Vowel Reduction Rule (103) wili apply to them. Our problem

now is to specify these contexts.
Consider first the words solidity, telegraphy. These are derived from the underlying

forms solid and telegraph, and therefore enter the word-level cycle with the stress contours

solidli{ty, telegraphly. Since the cluster preceding -(t)y,is weak intoth cases, primary

stress is shifted to the antepenultimate syllable , giving solidity and telegraphy. However,
the vowels in boldface must reduce, despite the fact that at this stage of derivation they
belong to the category [+ stress]. Therefore we must give an Auxiliary Reduction Rule of
the form (105b) to shift them to the category [-stress] (all vowels in these examples are
already lax) so that the Vowel Reduction Rule (103) can apply to them.

We have so far been assuming that all rules relating to Vowel Reduction precede
the Stress Adjustment Rule (63), which, it will be recalled, is just a special case of the Nuclear
Stress Rule. Continuing with this assumption, we must now formulate (105b) so as to
convert the tertiary-stressed vowel of -graph and the secondary-stressed vowels of tel- and
sol- to the category [-stress]. It seems that the relevant aspects of these contexts are
essentially as given in ( I 1 1):

( , , , )
t-t

(a)  l .  l [ -stress]6 #
lJ srress I

(b) -6t p stressl

We shall have to revise and extend both cases slightly as we proceed. As (111) stands, it
states that a tertiary-stressed vowel which is the final stressed segment in the word becomes
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lax and nonstressed (case (a)), and that any vowel becomes rax and nonstressed if it isfollowed by no more than a single consonant followed
(b)). Case (a) wil apprv to the tertiarv-stressed vowel ttJ#;j.ffi:':T:11ffi,::^;
the vowel in the first sy abre of t?igripny una ,loiaity, assigning it, in each case, to thecategory [-stress]..Thus (r r r) accounts for the reduction of vowers in these words.

Notice that the AuxiUary Redu_ction Rule we are discussing does not applv to the
pre-main-stress vowel of ,n\rtitit1,. ,Jrrltion, g'rrition, j,,r,rrirrli7,ii,rr., 

;',;r';ir,t"), *r.,it is blocked by the doubre consonant following the vowel. we have, however, formulated
(l I 1) so that it applies freely to tense vowels. we will see that certain restrictions are needed
nere.

Consider now the nouns docuntent, reginlent, experinlent, delegate, adtocate, etc.,and adjectives such as anintate, eraborate. As we have pointed out, these forms can beregarded as derived from underlying verbs. The additional cycle required for this derivation
reduces the stress in the final syllable to tertiary, as compared with the corresponding verbs,which, with one less cycle in the derivation, huve ,e.ondury stress in this position at thisstage (see p. 107). In a cases the tertiary-stressed vowel in the final ,yilubr" b".o-.,
nonstressed and lax by the Auxiliary Reduction Rure (105b), appryingin the context (r l la),a,nd then refuces to [a] byr 1O3).-Thu.s we have now fully accounted for the contrast between

;::iffi ;:1T:;!i!r"z"i;i"!J^':;;"::;"::!":::::,:T,;:;::;:;,#;il.i:::i:;
minus-stressed vowels in the final syllable.

Notice that the Auxiliary Reduction Rule in question does not apply to a tertrary_
stressed vowel followed by a doubre consonant if there is a stressed vowel later in the word.
Thus consider the words documenlation, regimentation, experinlentarion Taking the first
as an example, we derive the stress conto-ur di-cu,n'en t in the first cycle. In the next cycre
primary stress is placed on -At-, giving d'oruo.,Lnitior. But the tertiary-stressed vowel ofthis word does not fall under case (a) of (lt) because it is folowed by a later stressed
segment; and it does not fall under case (b) because it is protected by a doubre consonant.
Thus the Auxiliary Reduction Rule gives, fina]i,y, dicuntlntution, witha nonreduced vowelunder stress 4, as required for the dialect we are considering.

Consider now forms such as explonation, prou^ocation, ,efamation, ditinatiott, all of

Il]:n.nr": 
reduction of the pretonic vowel. Taking the first as an example, we have ther ottowrng derlYatlon :

(" r) [n [neksplAn]'. Arf iVnl,*
I

t l

)at

', 1

nurr (l02eii)

RULE (102bi)

nurr (108)

nr-'lrr ( I07b)
RULE (1 I  1b)

nurr (63)

In the first cycle 
' exprain receives primary stress on its final sy able. In the next cycle, theaffix'ion causes primary stress to be shifted to the right by (l02bi). Rure (l0g) weakens thepretonic secondary stress to tertiary; and the first Aux iary Reduction Rule il07b) assigns
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secondary stress in the initial syllable. But now the second Auxiliary Reduction Rule,

operating in the context (1i lb), weakens the stress on the pretonic syllable to minus, at the

same time specifying the vowel as [-tense] (see (105b)). The Vowei Reduction Rule (103)

then reduces this segment to [a], and the Stress Adjustment Rule (63) gives us the final

phonetic representation [eksplenAien].
Notice that the forms relaxation, attestdtion, connectitity, etc., which we discussed

above, are identical to forms such as explanation in their derivational history up to the

point at which the word-level rules apply. But in the case of the former words, the Auxiliary

Reduction Rule (105b) does not apply to the pretonic vowel, which is protected by the double

consonant that follows it. Thus this vowel remains unreduced, with, finally, [4 stress].
The context (11Ib) is not formulated quite correctly, however. As given, it will lead

to the reduction of any vowel, tense or lax, with or without stress, if this vowel is separated

from a following primary stress by no more than a single consonant. As we have observed

above, however, a strong cluster remains unreduced in pretonic position in word-initial
syllables. Thus we have an unreduced vowel in the initial syllable of words such as location,
gradation, totality, iconic, baboon, as well as in asbestos, gestation, mentality, etc. We must
therefore restate the context (l I lb) so as to introduce this distinction between initial and
noninitial positions in the case of tense vowels. We now replace (111b) by (113):

stress]

The necessity for still further emendation is clear from consideration of words such
as concdptual, contdmplatiue. These enter the word-level cycle with the representations

con:cept*utaL con:templAt!iu. The affix -al causes primary stress to be shifted to
-cept-, and, for reasons which we shall go into shortly, the affix -iue also causes a stress shiJt
to-the right in contemplatioe, as one option. In each case, then, the initial sequence is

tk;N:CV . . .l after application of the Main Stress Rule in the word-level cycle. But now
the pretonic vowel should reduce. Notice that in forms such as cdnch6logy, cdmpt6meter,
bdmbtird, the secondary stress (deriving from a primary stress assigned in the first cycle
or, alternatively, assigned by (107c) if the forms are analyzed without an internal cycle)
is protected from weakening to minus by the following double consonant, whereas in
concdptudl, contdmplatiue, reduction does take place despite the double consonant. The
difference is evidently the presence of the : boundary in the latter forms. Thus we extend
(113) to (114):

stressl

ff;.] I
{-  -  }cAt l

[" ' .1;U"
(,'t

fl;1 1.,,=..,,,
["..[;],l

("9

Summarizing these remarks, consider a vowel V* that appears
-Cn Afion. lI m: n: 0, V+ will be tensed by rule (104) and therefore

in the
will not

context
reduce
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to [e] by (103) (e.g., the boldface vowels of t:aluation and, radiation). suppose that m + 0.
If v* has never received primary stress and the syflable is noninitial, then it will reduce
(e'g', information, demonstratiotl). Suppose that V* has received primary stress at an earlier
stage. In this case, if n: I (hence m: n: l), v* will nevertheless reduce if it is lax (e.g.,
allegation), or if it is tense and not in an initial syflable (e.g., expranation, prorocation,
iustification, multiplication). If it is tense and the syllable is initial, it will not ieduce 1e.g.,rotat iot l ,  locat ion, elat ion).  l f  nt :2 (hencen>2),V" wi l l  not reduce (e.g. ,  relaxat ion,
deportation), although its final phonetic stress, after rater rules appry, will be [4 stress].
With the usual margin of exceptions, these remarks appear to cover the facts.

Further consideration of tense stressed vowels in the context -clrrior sheds
some additional light on vowel reduction. such vowers wil be reduced by (ro3j only if they
are subject to the Auxiliary Reduction Rure (105b) that assigns them to the caiegories
[-tense] and [-stress]. Thus reduction of a tense vowel is contingent on laxing. I-f, for
some reason, a vower is tense at the point where the vowel Reduction Rure (l03fappries,
it will not be reduced. we have arreaciy made use of this fact to account for the nonreduction
of unstressed nonlow vowels in prevocalic and finar position. But there are two vocalic
nuclei which are always tense in positions where others are lax, namely, [Jy] and [yuw].Thus, in words such as explo?ratiae, cornnultatiue, the stressed vowel is not lax, as it is in
the parallel forms compdratiue, prou6catiue,i3 riratiue, consprrator, der{uatiue, exprdnatory.
As we shall see in the next chapter, a rule of great generarity makes vowels lax in the po-
sition where the main stress falls in all of these exampres, and a subsequent rure causes the
segments that underlie [iy] and [yiw] to become tense.Ta (other rules, not now relevant,
account for the glides that appear in these vocaric nucrei.) clearry the Auxiliary Reduction
Rule (105b) should fall together with the other laxing rules. It will therefore precede the rule
that tenses the segments underlying [dy] and [yDw], so that when the vowel Reduction Rureapplies, these elements will be tense. hence not subject to vowel reduction. For this reason,
we have an unreduced pretonic syllable in words such as exproitation and co,tntutatiott,l s
which are otherwise parallel in their derivationar history to expralation, protocation, etc.Forjust the same reason, we do not have reduction in the final sy able of the noun cor?,rri-tute, which is related to the verb constitute in exactry the way the noun adt)ocate. wlth

t3 In American English, the primary-stressed uowel of prooicatiue, which is origlnally lOl (cf. proooke), rstensed in most diarects to phonetic [d].by a.later rule, after having been l-".-uv ,rr"'g""Jr"ii""r", 
-r".

Thus the analog to tbe tense,lax, pairs [A]_[a], Uj_fif, fif_i"f is actually fof faf, _a 
"i""*.?0" 

,fsAn-sanitv'dtuIn-dh;initv, obscEn-obscenity,*.niu" o"iijt-ueriosity.T]nat a tater tensing rule is involvedin these cases is evident not only from the symmetry, Uuf"i* ao* the fact that even an originally laxvowel becomes tensein this position. (c ompare",irious-curidsity,friuolous-frir6ity,reciprocal-reciproc,y,
etc' we know that tbe vowel in,boldface is phonor"gi"atry ra"'lriinese cases because of the placement ofprimary stress in the first member of each pair.) H-ence we see that despite the phonetic tenseness, thestressed vowel of words sucb as proulca-tbe.l'tas' in fact, undergone raxing along with the other exampres

- 
just cited. We retum to this matter in detail in the 

".ri "tuptJ..-
?a Alternativelv, the monophthong underlying r;yr *"y l" .t"loied from the laxing rules, but this ma*eris not relevant to the point here atissue. The same tro oorroni ur. uuuirabre in the case of the formative-nale, discussed below- See page 176 for further dis"urrion.

As we shall see in the next chapter, the tensing rules must, rn general, follow the laxing rules.
_. 

See also Chapter Two, (79) and (80) (;. 52).7s The vocalic 
'ucleus [y'w] can optionalry be reduced to [ye] in va.ous contexts when it is unstressed.An accurate description of this process involves questionl concerning the phonorogicar anarysis of thevowel system to which we wilr turn in the nort chapter. Fo. trr" p."rant, it i, 

"nough 
to observe that whatis involved here is not simply the process of vowel reduction.
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reduced final syllable, is related to the verb ad.-ocote, with unreduced final syllable. Further-

more, there are certain particular formatives which, as an idiosyncratic (lexically marked)

feature, are exempt flom laxing-for example, -nOt, as in denOt. Thus the word denotatit;e

is phonetically [dEn6tetev],76 instead of the expected [dEnitetev] lanalogous t o proodcatbe).

But since this vowel is not subject to laxing, in general, it does not undergo (105b) and

therefore is also not subject to Vowel Reduction, since (103) applies only to nontense vowels.

Thus we have [dEnOtASan], instead of the expected [denetAsen], which would be parallel
Jl ! l

to [iksplenAien], [prdvekASen], [deravA5en], etc.

Case (a) of (l l1) also must be3somewhat extended. This is clear from a comparison

of words such as adt:isory-promissory and variants such as [benefiSEerE]-[benefiserE]
(benefciary-the basis for the alternation will be discussed in Chapter Four, Section 6).

We will return below to the problem of how primary stress is assigned in words such as these.

It is clear, however, that the secondary stress of -Ory, -Ary is weakened to minus in imme-

diate poststress position, but it remains as secondary (ultimately being weakened to tertialy

by the Stress Adjustment Rule) when it is separated from primary stress by a nonstressed

syllable. The reduction, however, does not take place in word-final syllables, as in nouns

such as pr6test, surrc!-, tdrment. To account for this phenomenon, we extend (111a) to (115):

(" ' ) t )
{ L3 stressJ }[-stress].tr

IU stressl co-g'YJ

Under this extended condition, then, a vowel will become lax and minus-stressed, subse-

quently reducing to [e] by the Vowel Reduction Rule.
One final emendation is needed in the Auxiliary Reduction Rules (105), now formu-

lated tentatively as (107), (ll5), and (114). As we have formulated (107a, b) and (114)'

secondary stress is inserted by (107) and [- stress] is introduced by (114) in positions deter-

mined by a subsequent primary stress. Recall, however, that these rules apply only at the

level of word boundary. If the word is sufficientiy complex in its internal structure, the stress

that determines the positions in which the Auxiliary Reduction Rules apply may have
itself been reduced from primary to secondary by the time the wordlevel stage of the trans-
formational cycle is reached. In fact, what is required for the application of these rules is
not an occurrence of primary stress (as in all the examples given above), but simply an
occurrence of a stress greater than that of the position in which the rules apply; i.e., what is
needed is a stress peak, regardless of its value. Thus we have relied on (114) to switch the
first syllable ol solidity to the category [-stress] before the primary-stressed vowel. The
word, solidify would undergo reduction of the first vowel in exactly the same way. But

consider solidffication.In this case, after the Main Stress Rule has applied in the word-level
cycle, we have secondary, not primary, stress on the second syllable -lid, but this still causes
reduction of the preceding vowel, exactly as in the case of solidity, solidify. Or, to take a
slightly more complex example, consider the word componentiality, which has the following
derivation:

?u As we have pointed out on page I I l, our conventions are systematically different from those of Kenyon
and Knott in certain aspects. Thus their representation, in this case, is ldEnOtetiv]. As we have noted,
in cases such as this only trivial modifications of the rules are needed to change the phonetic output to
correspond to the Kenyon and Knott representations.
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nule (l02aii)

nurr (l02ai)

RULE (l02ai)

RULE (107b)

RULE (l l4)

nurr (63)

lx [e hkcN:pOnfeNt]n i f  el l^ i+t i lN
I

1
1
I
I

In the first cycle, the affix -ent places stress on the preceding strong cluster, and in isolation
we would have 

"o,rrpJrrrt 
In the second cycle, the affix -al causes stress to be placed in the

syllable that precedes it by two, the"immediately preceding cluster being weak. I., isolation
the adjective would therefore be cinponbfial. The stress on the first syllable would be
introduced by (107b) after (108) has weakened the second syllable to tertiary; the second
syllable ultimately would'reduce by (103) after application of the Auxiliary Reduction Rule
(105b) in the context (114). But in the derivation of the no,n componentiarity, there is a
third cycle, in which the stress is once again shifted to the right by the affix -f. we must
now introduce a secondary stress on the first syflable by rure (r07b), exactry as in componen-
tial (or explanation, etc-), but the syllable that determines the position of stress placement
now has not primary but secondary stress. consequently (r07) must be generalized to
accommodate this case. After placement of the secondary stress by (107), suitably general-
ized, we next must weaken the stress on the second syllable to minus by (fOSb), Jppfying
in the context (l l4). Once again, the syllable that determines the position of reduction tras
not primary but secondary stress, and this is sufficient to anow the rule to apply. Fina y,
the stress Adjustment and Vowel Reduction Rules (with others we have not yet discussed)
give the phoneric form [kimpaninSiiletE].77

Let us now summarize the discussion of this section. we have discussed the Tensing
Rule (104) which makes unstressed vowels tense before vowels or, when nonlow, before
word boundary;  ru le (108) which converts a . . .21. . .  contour to . . .31 . . . ;  Auxi l iary
Reduction Rules of the type (105a) which introduce secondary stress in certain positions;
Auxiliary Reduction Rules of the type (105b) which place certain vowels in the category
[-tense, -stress]; and the vowel Reduction Rule (I03) which converts lax unstressed
vowels to [e]. As far as ordering is concerned, it is crear that the vowel Reduction Rule is
the last of these, and that rure (r0g) must precede the Auxiliary Reduction Rules that
introduce secondary stress, since it provides a relevant context for the latter. Furthermore,
the Tensing Rule must folrow the Auxiliary Reduction Rules of the type (105b), as we have
noted in discussing words such as exproitatiotr, exproitatne, commutation, conltl,Mtatiue,
denotation' denotatire. we will see in the next chapter (p. rg3) that there is some reason
to suppose that the Auxiliary Reduction Rules that assign secondary stress follow the
Tensing Rules, since assignment of secondary stress to tense vowers applies also to vowers
which are tensed only by the Tensing Rules. These facts suggest that we give the rules in the
following order (adding slight qualifications that will be needed later on):

(uz) (rule ( lo8) )

[2 stress] --+ [3 stress] I -Co[l stress]
77 In this case' as in the ca,se of artifcrarlT, discussed on page r l g, we have omitted an application of (t08).

Here (108) should appry to the vower of ent, so that the final stress contour is 3-4-l--.

I t

1.r

J-3

I
.L

I

I
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{fta} AUxrLrARy REDUcTIoN RULE I (rules (105b), (114), (11t)?8

725

I
v + [-stressl  I

|  - tense | /' - t

where B is 1, 2, or 3, a is weaker than p, 1is weaker than 2

I I 19 I rENsrNc ( rule ( 104). special case of (30) )

v ---- t+tensel 
/ _]

")

r  - r  I

(uc"> | ,i,:.-:,.,^., I ca t:c"i lu'T"'] | 
tl;i

L( + tense)l

| / | -1. |
{Llstressl  } [ -stress]o # i  

(c)

l1t  stresslco-covJ J tal

( ' ' ) ArrxrlrARy REDUcrroN nurr II (rule (107))

( -v
, f  - r

tL;l

f-tense'l I, L-.$..1 .u e" [P'i]""] ." ["T*]-" t[(stress.l
lv l

7 ft*.t."..t"-c"
- [2 stress] i # (

l l . " {=,}
\ lL- t.nr"lJ

e is a consonant or a boundary, cr

.vd]

# 1, F is weaker than 2, 6 is weaker than 1.7e

7 3 We have reversed the ordering of cases (a) and (b) of (l 11) so as to account for forms such as the noun
correlate, derived from the corresponding verb. In the manner described above, the vowel of the final
syllable is subject to (118) and hence to Vowel Reduction in the noun (but not the verb). But the vowel of
the medial syllable of correlate mzy be tense, as suggested by considerations raised on page 128. In this
case, it, too, must be subject to (118), becoming lax and then reducing by (121). But only case (a) of
(118) can apply to this vowel, and case (a) will not apply if the final vowel has already had its stress
changed to minus.

we assume here that where F is a feature, the schema y<f>zl , Y- 1O 
^an 

abbreviation
L\ +r) l

f  wl  f  w' l
for the sequence YXZ | : 

-lQ, 
YZ | 

' 
-lQ. 

A generalization of the notations providing this interpre-
Ltr l  t -  r l

tation will be presented in the Appendix to Chapter Eight.
We have changed y: 3, as in (ll5), to 'f :3 or weaker, for reasons which will appear subse-

quently. Notice that this modification is entirely natural in this case.
Recall once again that a weaker stress is associated with a greater numerical value in our nota-

tion. Thus [2 stress] is weaker than I stress], [3 stress] is weaker than [2 stress], etc.
It is possible that we should have [8sftess], 8 * l, instead of [-stress] in (118c), (ll8d), but we

have no cn:cial examples.
?e The condition that 8 is weaker than y guarantees that the vowel with [Tstress] is a stress peak in the

required sense.
In most of the examples given so far, [c(stress] has in fact been [-stress]. We give the slightly

more general condition on d to accommodate such examples as ,T.rtramentalitJ (see the derivation (110),
p.111) and elementary (derivation (143), p. 137).
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(l2l l  vowEr- REDUcrro\ (rule (t03))

| - siressl
l - tense |  - -  la l

Lu |  '
Although these rules are not complete, they come sufficiently close to specifying the

positions of vowel reduction for the purposes of our present discussion.

75. Further inaestigation of derioational affixes

we have now covered many of the major phonological processes that determine stress
contours and vowel reduction, but there are still a number of refinements to be added. In
this section we will sharpen and extend the rules of primary stress placement that involve
derivational affixes.

Let us consider first the noun dduocacy. This form has the underlying representa-
tion [,'. [tadvocAt]v ylx. In the first cycle it follows the pattern we have^ outlined in the
previous sections, and it enters the word-level cycle in the form ;oridvoc.itf yln. As our
rules now stand, condition (a) of the Main Stress Rule (102) is fulfilled, -7 being the stress-
determining aflix,80 and case (ii) will assign primary stress to -At, giving irluor)ry, *hi"h
becomes. f inal ly.  phonet ic * [ idvokAsE].  Houever.  the correct phonet ic representat ion is.
rather, [aedvakesE].

To account for this exampie, we must modify condition (a) (and, as we shall see
directly, condition (c)) of the Main Stress Rule in such a way that the sequence -lr- is
regarded as part of the context omitted from consideration. We thus reformulate condition
(a) as follows:

.i
,.;
i$
':?f
f
H\51
1,441

g
::q

tl:

-a

"Hl
I
,B:l
-*l

,s
i

'l:l
,tr:i*!

?
:i
:.;{jlg
_t*r
'l

: .1

. : |
' j

, .1
i..l

I

(z') i - stressl
(lI)r col -ril* 

I 
coln.",n

With this modification, we have the following derivation f or aduocacy:

( ' , ,
[n fradvocAt], yl^,

1
12

nurr (l02eii)
nurs (75)

RULE (102ai), (122)
nurs (l I 8c)

3

In the first cycle primary stress is placed on the final strong cluster and is then shifted left
two syllables by the Alternating Stress Rule (75). Thus, after application of the Stress
Adjustment Ruie, we would have the phonetic representation liavatiq for the verb
aduocate in isolation. But for the norn acbocacy, there is a second cycle, in which condition
(a) of the Main Stress Rule holds in its new formulation (122), with -lrf.y functioning as

30 We are assuming here that the affix -t, will place stress under condition (a) of the Main Stress Rule along
with other affixes. This, of course, requires that the lexical representation for -y be compatible with
condition (a). It is not immediately obvious that this is the case, but the assumption is in iact correcr,
as we shall see directly.

l

i

.i
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the stress-determining element of thecontext. Onrjlttng -At ly from consideration, we apply

case (i) to the remaining sequence idroc-, reassigning primary stress on the first syllable

and weakening stress on -At- to tertiary. The tertiary-stressed vowel then becomes minus-

stressed and lax by the AuxiJiary Reduction Rule (118) and, finally, reduces by the Vowel

Reduction Rule (121). We thus derive [aedvakasE] as the phonetic representation for the

nonrinalized form of adtsocate, as required.
The modification proposed in (122) also accounts for adjectives derived from verbs

that end in -ate. Thus consider the words in (124):

( ' ' )
dem6nstrathse
ilhlstratiue
conftmplatiue
altdrnatiae

gdneratiue

conf4deratiDe
apprdciatiue
rem neratiue

[^ [vgenerAt]v ivel^
1

I2

Several of these words have variant pronunciations to which we return directly. However,

it is immediately obvious from these examples that the position of primary stress is governed

by cases (i) and (ii) of the Main Stress Rule applying to the string preceding -atiue in the

now familiar fashion: primary stress is assigned to the penultimate vowel of this string if the

string ends with a weak cluster; othelwise it is assigned to the terminal stlong cluster.

We thus have the following typical derivations:81

(t")
[^ ["demonstrAt]" iveln

I
t2

nwe (102eii)

RULE (75)

nurs (102a), (122)

nur.e (118b, c)
2l
-1

J l3
l -

In the first cycle we derive dimonstrAt, generAt, in the usual way. In the second cycle,

condition (a) of the Main Stress Rule (102) holds in both cases, in itsrevised formulation (122),

excluding the sequence -Atiue from consideration. Case (i) of the Main Stress Rule applies

in the case of generatiue, placing primary stress on the first syllable of. gener- since the second
syllable has a weak cluster. The effect here is not to shift the stress, which is already on this
syllable, but to weaken the stress on 'At' to tertiary. Case (ii) applies to demonstratiae,
shifting primary stress to the strong cluster. The Auxiliary Reduction Rule (118) then con-

verts the tertiary-stressed vowels and the pretonic secondary-stressed vowel to [ - stress] in

the manner described in the preceding 
I 
section. Finally the Vowel Reduction Rule (121)

gives the phonetic representations [demdnstratav], fieneretev].
It should be noted, incidentally, that the reformulation of condition (a) of the Main

Stress Rule as (122) relies in an essential way on the general convention that parentheses

imply disjunctive ordering. Thus (122) abbreviates two successive rules that assign primary

81 As we shall see in the next chapter, the underlying representations for demonstrate a'ld generate are
actually /demcNstrAt/ and /genvrAt/, respectively. The rules changing [c] to [al and [g] to Ul will be
discussed there, along with the phonological interpretation of the symbol ,4.

See note ?6 on the divergence of our representation from Kenyon and Knott in the case of

-r'oe. At obvious minor adjustment in the rules is needed to give the Kenyon and Knott representations.
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that order:
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V is a lax, minus-stressed vowel), taken in

( ' * )
(a) - lr lCoVCo
(b) -+covco

Suppose that the ordering of (126a) and (126b) were not disjunctive. Taking the word
demonstratiue as an example, we would first assign primary stress under condition (r26a),
giving demonstratiue, and we would then proceed to (126b), which, in this case, would assign
primary stress to the strong cluster -ll-, giving dentinstr)tiue, r timately *,1)nLnstrlth,e.
The disjunctive ordering of (126a) and (126b) prevents this incorrect derivation.

There are words, such as ind[catiue, corrdratiue, that seem inconsistent with the
analysis given, since the stress is shifted to a weak cluster. However, we have the means
to deal with these forms. In fact, this can be done in either of two ways. one possibility rs to
represent these words phonologically as /iN:dikAt+iv/, /koN: relAt -l-iv/, respectivery,
with the : boundary that appears in prefix-stem forms. This boundary will not block tire
co''ect derivation of the underlying verbs in the first cycle, since.the Arternating Stress
Rule (75), which shifts stress two syllables back from -At-, can appiy to strings with : in
this position. case (i) of the Main Stress Rure, however, cannot. Thus, in the second cycle
that is required for the derivation of the adjective, when the affix -atiue placesprimary stress,
this boundary will block case (i). case (ii) will then apply, assigning primary stress to the
syllable preceding -atiue. Still another representation that would give the correct result is
suggested by the laxing rule to which we have alluded several times, that is, the rule that
converts A to E' E to e' I to i, o to d (see note 73) in certain contexts, among which are the
contexts -atire. -itiu- Thus we have comparatile, repetitit)e, deriuatiue, prouocatite lrom
compAr, repEt, derh,, prottok. This rule permits us to derive indicatitte, correlatiue from
underlying representations with a tense vowel in the syllable that takes primary stress:

\tzt)
[A [vind]kAtlv ivl^

1
t2

RULE (l02eii)

nure (75)

RULE (l02aii), (122)
nure ( l  l8c)
nurr (63)

J
at

11

JI

In the first cycle we derive the stress pattern itdlkit inthe usual way. If we were dealing
with the verb in isolation, the Auxiliary Reduction Rule (l l8a), with p : 2, would now
alnlv t9 the medial vowel, making it lax. This vowel would then be reduced by (l2r),
giving [indekAt] after application of the Stress Adjustment Rule. To derive the a jective,
there is a second cycre, in which the Main Stress Rure applies under condition 1ul in its
formulation (122). The sequence -dl/re is thus omitted from consideration, and primary stress
is placed on the strong cluster immediately preceding this sequence. The Laxing Rure,
which applies in the context -atiL,e, then converts [r] to [i]. The Auxiliary ReductiJn Rule
(l l8)' the vowel Reduction Rule (121), and the Stress Adjustment Rule (63) now give the
phonetic representation Jinaitatsul.

l

l

, f l ,
-{E
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We noted above that alongside of the examples of (124) there are, in several cases,

variant phonetic forms. Thus we have the alternative forms [kantempletav]-[kdntemplAtav]
l13^

and fieneretev]-fienerAtav].82 We have accounted in this section only for the first member

of each pair. But it is clear that in the alternative form, -lue is simply acting as a neutral

affix, leaving intact the phonetic representation of the underlying verb. We therefore provide

for the option of affixing -ir:e with a I boundary that is not deleted by readjustment rules,

for when an affix is preceded by #, the cycle in which it appears as a stress-determining
element is vacuous (see p. 85). Summarizing, we see that where the underlying represen-

tation is as in the left-hand column in (128), the phonetic form will be the corresponding
item of the right-hand column:

729

i .

( ' " )
(a) [o

L
(b) [r

In

["kaN:teNplAt]nivl^ [kantempletav]

[rkaN: teNplAt]y # ivll [kdntemplAtav]i :

lygenerAt]v ivlA

IrgenerAt]" livl^

[eneretev]

[jenerAtev]

variants [lejeslAtav]-fiejasletav], instead of

by consonant followed by the liquid / con-

These forms are of some interest since it is by no means obvious from superficial examination
that the paired items are all related by the same system of phonological processes. However,
as we have seen, it is precisely this pairing that is predicted by independently motivated
phonological rules.

Let us turn next to a consideration of the derivational affix -/ as in aristocracy,
telegraphy, synonlmy, economy, galaxy, industy, melody, etc. Notice that this is not to be
confused with the -y variant of the nominalization element, as in aduocacy (see p. 126)
or with the affix 4y of shiny, stfingy, etc. (see p. 85). We review here some material
presented in earlier sections, extending the scope and refining the content of our previous

discussion.
Before considering the effect of -y on stress placement, let us investigate the question

of its underlying representation. Since with regard to stress value it is pholetic.ally identical

with the final vowel of e.ffiSy, Kennedy, rather than the final vowel of refugee, chickadee,
we see that it must be phonologically lax rather than tense, and subject to tensing by ruie
(119). Hence, at the stage of derivation prior to the application of (119), the affix -7 is repre-
sented [i]. However, [i] cannot be the underlying representation. The reason is that the
grammar must contain rule (129), which applies before the stress rules:

( ' ' ) i - - -+ o l+-#

This rule is necessary to account for forms swh as bile-bilious, leptile-reptilian, Arab-

Ar.abian, professor-professorial, mdndger-mdndgerial, matter-material, president-presidential.

The question of whether an item takes the ending -ial, -ious, -ian, with an -r'-, or -al, -ous,

-an (as in peripheral, general, orientdl, etc.), without an -i-, is determined by the item

itseif, as an inherent property. Consequently, forms such as 6rie, reptile, professor, president

82 Notice that in a case such as legislatioe, we will have the
13

UejeslAtavl*uejisletevl, provided that lax vowel followed
stitutes a weak cluster. But see (49) and note 32 (p. 83).
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must be represented as /bll +i/, /reptllfii, /prc:fesfOrfii, /pre:sld fent{i/,83 and
so on, just as hdbit, tempest, etc., must be represented in the lexicon as /haebitfu/,
/tempestlu/.84 In short, there are " stem-forming " vowels lil and lul which are deleted
in final position by rule (129) but which remain before certain affixes.

Since final -y is not subject to deletion by rule (129), it must be represented in such a
way as to differentiate it from the stem-forming vowels, if this method of analyzing -i and
-z augments is correct. There are several possible ways of achieving this result. The simplest
and most straightforward is to distinguish -y from stem-forming lil afi l,tl by a single
feature, and the natural choice is the feature [vocalic]. since /i/ and /u/ are represented as
[+vocalic, - consonantal], let us represent -y as [- vocalic, - consonantal], that is, as the
glide lyl (see p. 68), the other features remaining unchanged. We then add rule (130) to
convert /y/ to [i]:

( ' ' ) Y * i  /  f  _[_seg]

The position of rule (130) in the sequence of rules is a question to which we will return
directly.

Recall that we found earlier that there is a rule (rule (57), p. s7) that converts [i]
to [y] in certain contexts. clearly, the case for rule (130) will be strengthened if it falls
together with rule (57). As we shall see in the next chapter (Section 6), this is precisely
what happens.

In short, we may represent -1, as the glide ly I, converting it to [i] by (130) and finally
to [E] by the Tensing Rule (l l9). Thus industry, for example, will be entered in the lexicon
as /industrfy/,8s whereas reptile will be entered ireptllf i/. (In the case of such variants
as doctoral-doctorial, we will have the lexical representation /dcktor(fi)/ for doctor, with
optional stem-forming /i/.) The stem-forming vowel /fi/ will drop in final position, but
the glide /y/ will remain, become a vowel, and, finally, become tense.

Having determined the underlying representation for the affix -y, let us now turn to
the question of how this affix affects stress placement. At first glance it appears that the 7
affix assigns stress to the syllable preceding it by two, as in the examples arist cracy, tel6-
graphy, syn6nymy, ecd,o,ty, gdlaxy, industry, mdlody, cited above. Notice, however, that
many of these examples do not justify the assignment of any special status to 7. In any
case in which the cluster immediately preceding the affix is weak, the placing of primary
stress on the syllable preceding the affix by two can be perfectly well explained on the
assumption that -y is a regular affix that assigns primary stress by the usual rule involving
weak and strong clusters (i.e., cases (i) and (ii) of the Main Stress Rule). For example, the

33 Notice that the representation could not be /blli/, /reptlli/, etc. (or, in the cases we are considering,
/industri/, etc.), without the f before the stem-forming vowel, since a vowel in the context C-+x
does not drop (cf. pity, ualley, etc.), and, in the case of industry, would give the stress pattern *indtistry,
Iike attdrney, infdrno, and so on. (See Section 3.)

8a The forms with +r indicate that rule (129) is actually somewhat more general than given here. It must
state that any high vowel (i.e., /u/ as well as /i/) is deleted in this position.

35 We have as yet given no justification for representing the medial vowel as /u/. This will be done in the
next chaDter.
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derivation of aristocracy would be as follows:86

13r

( , : ' )
[n [nerista ["krat]. ln yl',,,

1 nulr (l02eii)

nure (102ci)

nur-e (l02ai)

nuls (117)

nurr (l l8c)
nurr (120b)

nurr (63)

J

3

b.

ir',:

i.

:

2l
3l
JT

231
341

In the first cycle the stem -cral receives primary stress as a monosyllable. In the second cycle

we are dealing with the noun aristocrat Conditions (a) and (b) of the Main Stress Rule are

inapplicable, but condition (c) holds, and case (i) assigns primary stress to the syllable two

away from the primary-stressed syllable -crat. If we were dealing with the w.ord aristocrat

in isolation, the Stress Adjustment Rule would then apply, giving aristocral, the minus-

stressed vowels finally reducing to [e]. In the case of (131), however, we proceed to an

additional cycle. Condition (a) of the Main Stress Rule holds, the stress-determining affx

being -y.87 Since the cluster preceding the affix is weak, primary stress is assigned two

syllables back by case (i). Rules (117) and (120) then convert the -21 contour to 231, in the

manner described in the preceding section. The Auxiliary Reduction Rule (118c) weakens

the tertiary-stressed vowel of -crat to minus stress since it is not followed by any stressed

vowel. This vowel then reduces to [e] by rule (121), and we derive the phonetic representation
341

feristdkrasEl by the rules that tense the word-final vowel (that is, (ll9)), change [c] to

[i], and change [t] to [s], under conditions that we describe in the next chapter.

Thus, most of the examples cited do not serve to show that -1, is in any way distinct

from the regular affixes -ous, -al, etc., which operate by the familiar rules. To demonstrate

that -y actually belongs to an ad hoc category of affixes that assign stress to the syllable

preceding the affix by two, it would be necessary to show that when the terminal cluster of

the sequence preceding -y is strong, then it is still the case that -1, always causes stress to be

assigned to the syllable preceding this strong cluster. This assumption seems to be correct

when we look at words such as gdlaxy, industry, bldsphEmy.It no longer holds, however,

when we come to other examples such as irthodoxy, pdlyandry, rh[naplasty, pddagOgy,

dllegOry, tdstimOny, m[scellAny. All of these have a strong terminal cluster before -y, but

primary stress is placed in the syllable preceding -y by three, not two.

Thus we have the following situation to account for. Along with the regular affixes

such as -al and -ous, the affix -y assigns primary stress to the syllable two away when the

immediately preceding cluster is weak (.e.g., poljtgamous, polj,gamy). When the immediately
preceding cluster is strong, then this syllabie receives primary stress when the affix is -ous

36 As has been becoming more and more obvious throughout this chapter, the underlying representations
are in many cases very similar to conventional orthography, if we use the alphabetic symbols a, o for
phonological /e/, /c/, respectively, as is quite natural for English. We shall see in the next chapter that
there is a diacritic feature introduced by readjustment rules into segments of formatives that are subject
to derivational processes. Using the alphabetical symbol c to represent /k/ with this redundant extra
feature, the phonological representation of the word aristocracy will therefore be /aristo f cratf y/.

87 This requires a slight modification (actually, simplification) of condition (a), to which we turn directly.
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English phonology

(e.9., polytindrous), but it receives only secondary (ultimately, tertiary) stress when the affix
is -7, primary stress appearing on an earlier syllable (e.g., pityinarg.

Actually, the facts are still more complex than this. consider the ending -orf,1,,
as in the items of (132):

promtssory
rillegory
cdtegory
tdrritory
atuditory
inhibitory

conp lsory
illtisory
r efrtic t or;t
adt [sory
introductory
contradIc/or],

menlor),
dmtory
c*rsory
sensor)'
rdctory
history

In each case, the cluster preceding --u is strong.88 In the first column the primary stress
precedes this strong cluster by two syllables (as in the case of 

'rthodoxy, 
t\stimory), etc.)

In the second and third columns, however, the primary stress immediately precedes this
strong cluster. Notice that in the second column the cluster which takes the primary stress
is itself strong, whereas in column one the cluster preceding orly is weak in each case.

Summarizing these various observations, we seem to have the following stress con-
tours with final -1', where S stands for a syllable with a strong cluster, W for a svllable with
a weak cluster, and A for an arbitrary syllable:

/,.,.\ 
(a) . . . AW +"r. (aristdcracy, ec6notny, pdlicy)

\'--/ (b.) AWS+J' (6rthodox1,, tAstimony, pr|missory, aitditory)
(c) ASS+J' @dtisory.contptilsory,refrtictory)
(d) #AS+1 Qndmory, sinsor1,, industry,, gdlary)

Evidently, whatever the correct expianation may be for stress distribution before -r,, it will
not do simply to assign --)/ to a special category of affixes that place primary stress two syl-
lables away from the affix in question.

Actually, a closer look shows that the apparently aberrant behavior of -y can be
explained on the assumption that it is a perfectly regular affix. It is precisely this behavror
that is predicted for -1 by the system of rules we have developed on independent grounds.

To see why this is so, let us turn back to the Main Stress Rule and give a somewhat
more precise and. in fact, simpler account of it. we have stated the determining context for
conditions (a) and (b) of the Main Stress Rule as (134), and for conditions (c) and (d) as ( 135),
repeating here only the parts essential for this discussion:

( ,v)  f -u"" |^-\  /  l_rense lcol
tv l

Ipstress] Col F:2 or 1

Recall that the symbol v is an informal abbreviation for the feature complex [+vocalic,
- consonantal] and that the symbol c is an informal abbreviation for the feature complex
/[-  vocal ic]  |  . .  .
l l+.onronuntut l j '  

that is '  e i ther [ -vocal ic]  or [+consonantal ] .  Thus six features are

88 The examplesof the third column are not really crucial, since for most of them one might assume that the
penultimate vowel is lax in the underlying forms. However, there are also more crucial examples illustra-
ting the point now at issue, in particular, those of the form #Coicoyc2+y listed in (l33dl.

('r')
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(136), eliminating two features:actually mentioned in (l3a). We can simplify (13'1) to

/ \  f  -stress-l
( ' 'u/ 

|  
- , .n,.  

l  t+.on,lo
L-cons I

g.

:1r..
t

-i

i{.
e
E
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:
!:=:
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&
lE-

#..:
ff:

This revision has no effect on any of our earlier discussion,8e and the simplified formulation

(136) is obviously to be preferred to (134) in terms of any reasonabie evaluation measure,

in particular, the one that we adopt throughout and will discuss in greater detail in Chapter

Eight. We retain the formulation (135) for conditions (c) and (d) without change, listing it

here only for ease of reference.
In the case of a form ending in -y-for example, telegraplty-we see that it falls

under condition (a), reformulated as (136), with lyltaken as the segment [-stress, -tense,

- consonantal] and no consonants preceding or following it in the affix. Furthermore, this

is the only way of interpreting tilegriplty as an instance of condition (a).eo

To complete the derivation of telegraphy, we now apply rule (130), converting the

final glide to the vowel [i], which the Tensing Rule (l t9) will convert finally to [E].
With this simplification of the Main Stress Rule, let us now return to the problem

of accounting for the four types of stress contours with final -l that lve have noted in (133).

Case (a) of (133), namely, AW+y, is handled exactly as before. In the case of arrs-

tocracy, for example, we have the underlying lexical form [tr fneristc [5kret]" ln yln, and

the derivation is as in (t3l). The other examples of case (133a) have analogous derivations.

Consider now the examples of ( 133b), which have the general f orm AWS fy.
T aking orthodo.y;') as an example, we have the following derivation (using the notational

conventions of note 86):

/ .  - - \  [n [^or0o [5doks]r  ln y ln

t" ' ,  I  Rur-r  (1o2ei i )

2
I
1

1
2
3

nurr (102ci)

RULE (102aii)

nun (102ci)

nurr (63)

The first two cycles are as described earlier. In isolation we would have the form orthodox,

after Stress Adjustment. In the third cycle, we first apply case (ii) of the Main Stress Rule

under condition (a), now formalized as (136), taking /y/ as the stress-placing affix. According

to the disjunctive ordering, we skip condition (b) and turn to condition (c), which is con-
junctively ordered with respect to (a). This condition, which is repeated in its essentials

3e A fact that we have not yet dealt with systematically but that is important throughout this discussion is

that phonetic IEl, tAl, tul, [O], ttwl, as well as the vocalic nuclei with centering glides and the " true "

diphthongs [I], [ry], and [Aw] (with their several dialectal variants), all derive from underlying monoph-

thongs- Hence, at the stage of derivation when the Main Stress Rule applies, there are no terminal

sequences of the form vowel-glide. We go into this matter in detail in the next chapter.
e0 Similarly, if we represent the affix -iry as li . tyl or liltil, then a word of the form - itl is uniquely

interpretable under condition (a) with -/.1' taken as the affix. With this analysis, -r'ry behaves exactly like

all regular affixes; without the assumption that it is morphologically complex, we would have to treat it

as an exceptional element which always places stress on the final syllable of the item to which it is affixed.

This assumption is independently well motivated, as noted earlier. For one thing, -ry is a common noun-

forming affix (e.g., royalty. lolalty, certainty). Furthermore, forms with -itl frequently fall into a more
general paradigm with -/y and -itude forms (e.g., clarity-clarifu, gratifl gratitude, i finity-infinitude,
sa ct ity-sanctdy-sanct itude). Also, as we shall see in Section 6 ofthe next chapter, the analysis /it+y/ or

/it*i/ is ruled out by the rules for spirantization. All these facts support the assumption that a stem-

forming element +: is involved.

:
*i1



134 English phonology

as (135), excludes from consideration a stressed vowel followed by no vowels and then
assigns primary stress to the residue in the usual way. In this example we do have a stressed
vowel followed by no vowels, namely, the string -dlx1,, ..pr.r.nt.d as ldlts 1yl at this
stage. case (i) of the Main Stress Rule reassigns primary stress to the initial syllable,
weakening the stress on-dox- to secondary. The Stress Adjustment Rule reduces the latter to
tertiary' and other phonetic rules give, finally, [cr0ediksE]. The other examples of (r33b)
(including the examples of the first column of (r32)) are derived in the same way.

we next turn to the examples of (133c), which have the structure ass1y. tating
aduisory as an example, we have the following derivation:

( 'r*) [^ [nad:vls]" orf Yln
\ / I nurr (lO2eii)

nure (l02aii)
RULE (l02cii)
nurr (l 1 8d)

'ii

:;

2' l
12
1-

In the first cycle primary stress is assigned to the tense vowel of the final syllable of the verb
in the usual way. In the second cycle the affix -J/, under condition (a) of the Main Stress
Rule, causes primary stress to be shifted to the tense vowel of the syllable immediately
preceding the affix. Then condition (c) holds, with -6ry as the final stressed syllable of (135)
that causes primary stress to be assigned. In this instance the stress is assisned bv case (ii)
of the Main Stress Rule, the iinal cluster of adujs-(the string that r"*uin, ufl. the exclusion
of -or1t) being strong. If this cluster were weak, as in pr6nissory, case (i) would have applied,
assigning primary stress to the penultimate sylable of the residual string. The Auxiliary
Reduction Rule then applies, converting the vowel [o] to the category [-tense, - stress]
so that the vowel Reduction Rure (r2l) can then reduce it to [e].e1 Notice that for orSd)
to apply in (138).  ei ther rule (130).  which converrs ty l  to [ i ] .  musr precede (  I Ig) or else rhe
final v of(118d) mustbe simprified to [-consonantal]. Actually, both of these conditions hold,
and there is therefore no problem here. once again, had we been dealing with the otherwise
analogous form prontissory, rule (l i8) would have been inapplicable and the secondary stress
would have remained on o, ultimately being reduced to tertiary by the stress Adjust-.nt Rur".

Finally, we turn to the exampres of (r33d) and the third column of o32). Takins
industry as a typical case, we have the following derivation:

( t ' )
[nindustr]yln

I
12
l -

RULE (l02aii)
nurr (l02dii)
RULE (l i 8d)

er The initial vowel of ador'se and adoisory reduces, despite the double consonant that follows it, because ofthe intervening : boundarv. The underrving representation of aduisory, a.oppirg i"u"i"i-L..lt"o,shourd presumabrv be lred : vls#or*v]. However, the Main Stress Rure ir 02l 
"iri """, "ppry "r"."ori"ain the second cvcle of (138) unless I is simplified to + (see the condirion on x tn tl ozii w. ,i"i"irr"assume that an ad hoc readjustment rule replaces # by f before _Ory and -,arf,. atie.n"tiu"ly, *"might restrict the condition on X in rule (lO2) to condition (e) of the rule.

Notice, incidentally, that a rule replacing rt by { is needed to account for all cases where thedistrjbution of # does not accord with the syntacticalry derived surfac€ structure. rrr*, ir1n. *r" orthezffix -ion'the ly/ realization ofthe nominalization erem entin adoocacy, and so on, we have f boundaryinstead of the # which might be expected on syntactic grounds, the effect u.lng tt ut tt lli"'i, q...i,rllis not neutral with respect to stress placement.
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Primary stress is first assigned to the strong cluster by the amx rule. Then, under con-
dition (d) of th€ Main Stress Rule, primary stress is assigned to the monosyllable preceding

the sequence -ustry, which, being of the form VCol specified in (135), is omitted from con-
sideration for the purposes of stress assignment by condition (d). The secondary stress on
r resulting from this operation is further reduced to minus by the Auxiliary Reduction Rule
(t l8d). The other phonetic rules give, finally, the phonetic form [indostrE].

It is important to observe that no new machinery is needed to account for the
apparently idiosyncratic behavior of -y with respect to stress placement. The only assump-
tion we have made, beyond the assumptions that were independently motivated in earlier
discussions, is that rule (130) follows the Main Stress Rule. (We already knew that it had
to precede the Tensing Rule (119) and follow (129), which drops stem-forming i fii when
final.) In short, given this ordering, the independently motivated rules predict that -y will
assign stress in the manner indicated in (133). Thus -y is a perfectly regular affix; it belongs
to no special category. The fact that it differs so markedly from the other affixes in the super-
ficial form of the stress contours that it provides is simply a consequence of its unique
segmental constitution, -y being the only derivational affix that consists solely of nonvowels.
It is this fact that allows a stressed syllable terminating in -.y to fall under condition (c) or
(d), giving rise to the phenomena in (133). As we noted, there is motivation for this analysis
of -_7 apart from considerations of stress, though the latter would, in any event, suffice as
justification.

This is an interesting demonstration of how a system of rules can cause a small
difference in underlying representation to have large-scale and otherwise quite inexplicable
phonetic effects. As noted in Chapter Two, the empirical hypothesis regarding disjunctive
and conjunctive ordering is playing a particulariy crucial role here.

We have so far come across lexical items that are represented in the four forms
(1) lXEl, Q) lxil, G) lx+il, and (\ lx{yl. Words such as pedigree, chickadee are of.
type (l); attorney, macaroni are of type (2); president, professor are of type (3); economy,
testimony are of type (4). Thus we have underlying representations such as (1) /dikvdE/;
(2) /makVrOni/; (3) /pra:fesfOrlil ; @) /testVmonfy/. We will see in Chapter Five
(note 6) that there is some slight evidence that words such as cit),, pity have the underlying
representations lciteel, lpiteel, giving another source for phonetic final [E]. There is,
furthermore, some justification (see pp. 225-26) for an underlying representation lcolony l,
rather than /colonfy/, for colony (contituing to use the notational conventions of note 86).
We will also see that lyl is otherwise restricted in distribution in lexical items to initial
position. Therefore the range of contrast between /i/ and /y/ is extremely fimited. In general,
glides play a very marginal role in underlying representations in English.

Consider next the stress patterns of words ending in -ary:

(a) ap6thecary
subsidiary
dncillary
ctipillary
c6rollary
6rdinary

annfuirsary
exdmplary
tnf [rmary
dispdnsary
placdntary
elemdntary
complimdntary
documdntary

( ' * )

( continued)
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continued
(b) m6mentary

ldgendary
r intnontnrr t

(c) sddentary
a6luntary
ddt:ersary

(d) t dterinary
dIsciplinary

Among these are nouns and adjectives of various kinds, some based on an underlying
independent form, some not. The general similarity between -dry.: forms and -or1' forms
suggests that we analyze the examples of (140) as containing a final sequence l*Ar_lVl
which will then be parallel in its behavior to the /forfy/ ending discussed previously.
Thus apotltecary and. annitersary would have the following derivations:

(r+r)
annivers {Ar }y

I RULE (to2aii)
nurr (l02ci)

I 2 nurr (102cii)
I  _ nurs (118d)

2 | _ nure (120b)
3 I _ nur_r (63)

In both cases, the -Y affix first places primary stress on the strong cluster that directly precedes
it, under condition (a) of the Ma.in Stress Rule (102), now simplified as (136). Under condition
(c).  the f inal  stressed syl lable -)ry is now omit ted from considerat ion. and pr imary stress is
shifted back two syllables in the case of apothecary, the final cluster of the residual sequence
being weak, and shifted back one syllable in the case of anniuersary, the final cluster of the
sequence under consideration being strong. The Auxiliary Reduction Rule (llgd) now
weakens the stress on the immediately post-tonic syllable to minus, causing it to be reduced
by the vowel Reduction Rule. The second Auxiliary Reduction Rule (120) assigns secondary
stress to the antepretonic syllable of annitersarl,. The Stress Adjustment Rule, rute (130),
and the Tensing R.le give the final phonetic forms in both cases of (lal), except that we
must also add a subsidiary Laxing Rule to change [A] to [e] in _ar7:

( ' ' ) A -- e / in the affix -ary

we will formulate this rule properly in Section 4.3.5 of chapter Four, incorporating it into
the sequence of rules in the appropriate place. The rule will apply only to the element -,rrl,,
thus distinguishing the phonetically Iax boldface vowel of secretar),, secretarial, apothecary,
etc., from the phonetically tense boldface vowel of ared, tarious, malaria, and so on.

we will see in the next chapter that rule (l42) is quite straightforward. Also, there is
independent evidence in favor of the rule, quite apart from the necessity to analyze the
underlying vowel of -a,,/ as tense so as to account for the stress contours in 040). Thus
consider alternations such as solidary-solidarity, r:apillary-capiltaritl,. we have noted several
times that A-e, is a regular alternation. There is, however, no other instance of an e-ae
alternation.e2 Hence, if we were not to accept (l42) as a rule, we would have to add a new
e2 There is a marginal rule convertiog [a] to [el in certain exceptional forms, but not under the circumstances

here noted (see p. 202).

apothec f Arf y
I

12

.i&
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rule to account for the e-a alternation in these words. Instead rule (142) explains this as a.
special case of the general l-e alternation before -ity.e3

We see, then, that with the single addition of rule (142), the rules that we already
have account for examples such as apothecary and anniuersary and, in fact, for all of the
examples of ( l40a).

For some varieties of British English, the example corollary shouid be in the second
rather than the first column of (140a). Its underlying representation should then be
/korOlfArfyi, rather than /korvl+Arfy/ (wirh V an unspecified lax vowel) as in
American English.

Some of the examples in the second column of (140a) have two cycles in their der-
ivations. The word elementary, for example, will be derived as follows:ea

[^ [,"element]," Ar*ylo
I nurr (l02bi)

2
J

J

2
J

I nurr (lO2aii)
| 2 nur.r (102cii)
I  -  rurr  (118d)
I - nurr (120b)
I - nurr (63)

In the first cycle, primary stress is placed on the first syllable, the second having a weak
cluster and the final one being excluded from consideration under condition (b). In the
second cycle, the affix rule (a), with -y as the affix, places primary stress on the immediately
preceding strong cluster, and condition (c) then causes primary stress to be shifted left to
the strong cluster immediateiy preceding the fina1 stressed syllable. The Auxiliary Reduction
Rules readjust the nonprimary stresses, and stress Adjustment gives the desired final iorm.

we observed earlier that the affix -Ary would be expected to be quite parallel to
-ory in its behavior, and derivation (143) illustrates that this is in fact the case. Thus the
derivation oI elemeniary in (143) is identical, in the second cycle, with the derivation of a
word such as superrisory. The underlying representation for this form is [n [" supervls]r,
Orfylo. In the first cycle, primary stress is placed on the final strong cluster by (eii) of
the Main Stress Rule, and is then shifted two syllables to the lefr by the Alternating Stress
Rule (75). For the verb in isolation, then, we would have [sUparviz], when the Stress Adjust-
ment Rule and other phonetic processes have applied. But in the case of the adjective
supertisory, we have a second cycle exactly like (1a3). Primary stress is placed by (lO2aii)
on the tense vowel of -Or- before the affix -7. Under condition (c), case (ii) of the Main
Stress Rule (102) then shifts primary stress to the tense vowel of the syilable immediately
preceding -Ory, giving [supervlsOry]. _The_A_uxiliary Reduction and Stress Adjustment
Rules then give the stress contour [supervlsoryj, exactly as in the last three lines of (1a3).

Let us now turn to the other examples of (140), namely, those listed in (b), (c), and
(d). Consider first the forms of (140b). Taking momentar! as a typical example, we should

e3 It is interesting to note that Bloomfield took the phonological representation of -ary in secretary to be
/ejri/, thus implicitly accepting (142) as a phonological rule. He is criticized for this by Kent (1934) and
defended by Bolling (1934), in an exchange which is of some interest in the light of subsequent develop-
ments in phonological theory. For discussion see Chomsky (1964, Section 4.2, note Z).

ea For reasons discussed in note 91, we assume that the # boundary which would be expected on synracuc
grounds has been simplif ied to 1.
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expect the following derivation, in close analogy to (143) :

[^ [,*mOment]. Ar*yl^
I

Engli^sh phonology

( '*)

JI

JI

JI

I

2

RULE (l02bii)

nurr (l02aii)
num (l02cii)
nure (118d)
nure (120d)
nut-r (63)

31
we thus derive *momintar)r, instead of mintentiry, as required. Evidently, montentary and
the other examples of (taOb) are different in that they are not subject to condition (c) of
the Main stress Rule in the second cycle. In these forms, when the stressed syllable fJry
is excluded from consideration under condition (c), primary stress is not placed on the
strong cluster that terminates the residual string, as it is in the second column of (140a);
rather, it is placed on the syllable immediately preceding this strong cluster. The strong
cluster in question is thus excluded from consideration along with the stressed syllable in
this application of condition (c). In other words this strong cluster is treated exactly like
the element /fc/ discussed previously in connection with condition (c) (see p. r04). As far
as we can see, the forms that behave in this way must be marked by some .. diacritic "
feature [D] that determines the appropriate application of condition (c). It seems that the
most direct way to account for these facts is by assigning the diacritic marking [+D] to
the final vowel of the underlying lexical items of (140b), then reformulating condiiions (c)
and (d) of the Main Stress Rule so that syllables marked [+D] are excluded from con-
sideration' along with /*o/, when these conditions are applied. we therefore restate con-
ditions (c) and (d) of (102) as in (145):

( t+Dlco) l,-ffir] 
Co [pstress]Co(voco) 1n..,^ (c)

( [+ D] Co) Co [pstress] Csl.rp (d)

':{?}

( ' * )

we stipulate that the prefix-forming element /fa/ and the second vowel of a lexical item
of the form # covcov [ + sonorant] [+consonantal] ... automatically have the feature
specification [+D], all other units being redundantly marked [-D].nr we therefore have

es The feature [+ sonorant] distinguishes nasals, glides, and liquids from other consonants. see note 34,
In note 56 we observed that some prefixes ending in -o depart from the regular rule in that the

final -o is not excluded from consideratio' under condition (c) (e.g., garuanoscope,-hyarograph), and we
suggested that the final -o in this case not be separated by a f boundary fro- tt 

" 
,t.l-ng tiuip..c"a", ;t.

An alternatiye would now be to distinguish these instances of-o from others by fhe feature t+Ol. fi,i, i,
a minor matter, and it makes little difference how it is resolved.

we can use the same device to extend our account of nouns and adjectives derived from verbs ofr2
the form ' 'covcovcovco (see p. t07). We noted that in such cases the derived form undergoes vowel
reduction in the finat syllable, though the underlying verb does not; and we explained this on the basis
of an application of conditjons (c) and (d) in the second cycre, as in the case of derivation (99) for the1l

notn delegate (ld,elagatl ) from the verb delegate (1a.t"gAt1). But rn the case of the derived forms alter-
nate, designqte, condition (c) should place primary stress on the penultimate syllable in the second cycle,
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the derivation (146) instead of (laa) for momentary:

739

( ' * )
[^ [o*mOment].. Ar*yl^

+D
I

2

I

I

1
2
3

(READJUSTMENT RULE)

RULE (102bii)

nurr (l02aii)

nuu (102cii), (145c)

RULE (63)

RULE (142)

There are analogous derivations for /egen dary and other similar examples of the form
# XlAry, where X is a bisyllabic noun and terminates in a sonorant-consonant cluster.
With this artifice, we now account for the examples of (140b). Notice that we have also
accounted in this way for the examples of (140c), which differ from those of (140b) only
it that -Ary is not added to an underlying noun. The readjustment rule of the preceding
paragraph assigns [+D] in the second syllable of these forms as well, so that the derivations
wili be exactly like (146).

Once again we have closely analogous examples ending in -Ory. Thus consider the
nouns [naentdry, prfmontdry, iffertbry, ripertrdy.In these words we would expect primary
stress to fall on the second rather than the first syllable, as it does kt rcfrdctory, trajdctory,
refictory, and so on, since the second syllable terminates with a strong cluster. However,
the string preceding -Ory is of the form CoYCoV [+ sonorant] [+ consonantal], exactly as
in the case of the exceptions with -lry. Notice that the exceptions with -Ory just given
differ from those of (1a0b) in that they have no boundary before the string -Ory. How-
ever the absence of a boundary has no phonetic consequences here. It simply causes
condition (d) to be applied at the point in the derivation where condition (c) applies in (146).
Otherwise the derivations wiil be exactly as in the second cycle of (146). Similarly, in the
case oI dj,sentery (see note 95), with no b.oundary before -Ary, condition (d) will apply.

But in the case of an adjective like desultor",t, condition (d), being restricted to nouns, is
inapplicable. We must therefore assume a formative boundary belore -Ory in this case to
make condition (c) applicable. Such words as dysentery and inuentory provide the reason
for the modification of conditions (c) and (d) noted in the last paragraph of Section 13.
The effect of this modification, restated in (145), is simply to permit [+D]Co to appear in
condition (d) so that the Stressed Syllable Rule can apply to these words even though they
contain no internal boundary.

By a similar artifice, we can account for the fact that in the examples of (140d),

since this terminates in a strong cluster. To avoid this consequence, we can assign the feature [+D] to
the second syllable so that it is excluded from consideration along with the stressed final syllable when
condition (c) is applied. In the case of afernare, assignment of [*D] in this position would be a special
case of the readjustment rule dealing with strings of the form CoVCoV [+sonorant] [+consonantal].
This will not preclude the assignment of primary stress to the second syllable by condition (a), as in
altdrnatiue. Notic€ that sl3'n, as in designate, does not take primary stress, as expected, under other
circumstances as well; thus there is no such form as *desinatioe (likerillrtstratiue or altdrnatioe\.

The same readjustment ruie explains the stress contour of dysentery from the underlying repre-
sentation /disvntAr+y/. Incidentally, because of the extension (136) ofconditions (a) and (b) of the Main
Stress Rule, the stress assignment in nouns such as promontory, dysentery would be unafected if these
nouns were represented without a + boundary before -y. There are so few relevant forms in this case that
it is useless to carry the discussion any further.
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pdmary stress is on the initial syllable rather than on the second syllable, as we would
otherwise expect. These are apparently the only forms with more than two syllables before
-Ary with a final weak cluster. we extend the readjustment rule for [Dj so that it assrgns
[+D] in the syllable preceding -rrl in these words, this extension being entirely ad hoc.
We now have the following derivation for ueterinary:

(''4 ^[veterin f Arf y]o
+D

I
12
I . ]

(nr,lorusrurNr nur-l)
RULE (l02aii)
nurr (l02ci), (145c)
nuu (63)

The derivation of disciplinary has an additional cycle but is the same as (147) in its second
cycle. Under condition (c), in both cases, an extra syllable is excluded from consideration
along with the following stressed syllable, and primary stress is placed by case (i) of the
Main Stress Rule in the syllable preceding the weak cluster of the residue. (Note that rn
disciplinary we must regard pl as a weak cluster-see p. g3, p. 197,'and. note g2.)

The examples of (140) therefore appear to require a rather general readjustment rule
and a slight revision of condition (c). Apart from this they are accommodated by indepen-
dently motivated rules.

The example commentary in (laOb) deserves some further discussion. Notice that in
the underlying form comment, the second syllable is unreduced; whereas in leget.td and
moment, the second syllable reduces as expected. A further peculiarity of the underlying
form is that conlment has the same phonetic shape as a noun and as a verb, whereas we
would expect [komJnt] as the verb and [kimint] as the noun derived from it. Another
example sharing this exceptional behavior of cornment is triumph, which has the phonetic
realization ltrl^mf ] both as a noun and as a verb, whereas we would expect [trlimf] as
the verb and [trl.rmf ] as the noun derived from it.

The items conlnlert and, triumph clearly depart from the regular patterns, and we
must enter them in the lexicon in such a way as to indicate this. one possible analysis, which
does little violence to the grammar as already constituted, is to add an extra cycle, quite
artificially, to the verb in each case, and to assume that the nouns comnrent and triuntplt
and the corresponding verbs are independently derived from underlying stems of a new
class S. with this artifice, we then have the following derivation for commentary:

(rrr) [n [, [.kament]" l' Ar*y1,,.
+D

I
(nreorusrueNr nule)
nurr (l02eii)

nure (l02dii), (145d)

RULE (l02aii)

nure (102cii), (145c)
RULE (l l8d)

nure (63)

I
I12

LJ

t4
1

I
2
2
J

In the first cycle, the feature [+D] is introduced by the readjustment rule just discussed
and primary stress is placed on the final strong cluster so that, were it not for the exceotional
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behavior of the verb in this case, we would have the isolated form [kament]. In the second,

artificially introduced cycle, condition (d) applies (or condition (c) if we take the form to

derive from underlying /kaN:meNt/) and requires us to exclude the fina1 stressed syllabie

from consideration, assigning primary stress by case (ii) to the remaining monosyllable.

Thus in isolation we have the verb [kament] after the application of other familiar rules.

(Notice that this application of condition (c) requires its extension to verbs, as provided

in (102) and (145); if condition (d) is to be applied, then it too must be extended to verbs, a

rather minor matter concerning which we have insufllcient evidence to motivate a decision.)

In the next cycle the affix -y causes primary stress to be shifted to the syllable preceding it.

Condition (c) then holds, requiring us to omit from consideration the final stressed syllable

and the syllable marked [*D] that precedes it, and to place primary stress on the mono-

syllabic residue. The Auxiliary Reduction Rule ( I I 8d) u'eakens the occurrence of [4 stress]

to [- stress] so that the Vowel Reduction Rule reduces the vorvel to [a]. The Stress Adjust-

ment Rule (63) then rveakens the secondary stress on -Ary to teftiary. Rules (142), (130),

and (l l9). along rvith the rule that changes [a] to [a], give, finally, the phonetic representation

[kdmenterE]. The vorvel of the syllable -ment does not reduce i comnrcnt but does reduce

in contmentary because of the extra cycle. Similarly, it rvould reduce in conmentator (from

/kamentfAtlarl), by a derivation analogous to (i48).

There are a few other examples that do not appear to follow the general rules for

items ending in -ary and -ory, namely, words such asmed llary, centdnary (both of which,

incidentally, have variants lvith the expected initial stress). We return to these on page 151.
We should also mention that throughout this discussion we have been assuming that

the phonetic representation ol -Ory is [OrE] when the vowel [O] is not reduced. Actually,
in many dialects this vowel is phonetically low, as a result of phonetic rules that apply

to [A] and [O] before liquids.
Summarizing, we have been led to modify conditions (c) and (d) slightly, reformulat-

ing them as (145), to add the marginal phonetic rule (142), and to postulate a readjustment
rule that inserts the diacritic feature [+ D] in various positions, in particular, in forms with
sonorant-consonant clusters in the second syllable followed by -Ary or -Ory (and perhaps

/At/-see note 95) and in trisyllabic forms terminating in a weak cluster followed by

I Ary I . We stress that this readjustment rule is introduced ad hoc to account for what appears
to be exceptional behavior. Perhaps there is a deeper explanation of the facts that can
eliminate the rule; however, even as it stands there are clear subregularities that can be
exploited to account for the exceptions in a fairly simple way.

Let us now turn our attention to complex forms ending in -Ory, such as the following:

(a) compdnsatbry
conf[scatdry
exp rgatdry
der6gatdry
oscillatdry

(b) infidmmatdry
commdndatbry
prepdratdry

of the first column of

anticipatbry
artIculatdry)
ret'irberatdry
hallrtcinatdry
manlpulatdry

For the examples
the follorving:

( ' * )

(149a). we must have derivations such as
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[^ [rkoN :peNsAt]v Or+ylA
1

l2
RULE (l02eii)

nurr (75)

nurr (l02aii)
nure (!02cii)
nurr  ( l  l8b. d)
nulr (63)

t l r

1lA1

1^

- l -J

In the first cycle primary stress is placed on the final strong cluster and then shifted back two
syllables.by the Alternatin-s Stress Rule (75). Thus in isolation we would have the verb
conrpensate. In the second cycle the affix -;' places primary stress on the preceding strong
cluster in the usual way. we turn next to condition (c). As our rules are now formulated,
condition (c) requires us to omit from consideration the final stressed syllable and to olace

23

stress in the residual strtng contpensAt-. Since the final cluster of this residual string is strong,
primary stress will fall on this final syllable by case (ii) of the l\,lain Stress Rule, giving

3t2

compensAtory at this stage of the derivation. This is incorrect, however, for American
English. Instead we want primary stress to be placed on the syllable -pens- at this point.
clearly rvhat is required is that the sequence -1, be omitted from consideration under
condition (c), along with the sequence that follows it, precisely as in the case of condition
(a). In other u'ords we must extend condition (c) exactly as rve extended condition (a) in
(122). we therefore stipulate that the string -At be considered part of the omitted conrexr,
rather than part of the residual form, under conditions (a) and (c) (and, irrelevantly, (b)
and (d)). Combining this with the modification of condition (c) given as (145c), we now
replace condition (c) of (102) by (151).e6

( r  >r) IAI  ) [ -sesl( 
i t* ol c. i ) L< - ri>,1 Co IBstress]co(voCo) ln'""n

o -  /21
"-)r l

We have now replaced condition (a) of (102) by (122) and condition (c) of (102) by (l5l).
In each case the modification assigns the string -ll to the omitted context. when the rules

e6 Actually, our examples i l lustrating the assignment of -l l  to the external context all involve conditrons
(a), (c), and (d). In fact, under conditiou (b) the element -At is not treated in this way (cf. ultim.itum,
potdto). Ptecise statement of this fact requires the use of a generalizatjon of the angled bracket notatron,
which we develop in chapter Eight but have not made full use of in the body of the text.

Not only /At/ but also /f Ik+At/ is treated in this way. This accounts for the fact that we have
words such as jistifcalory and cldssifcatory, with five syllables after the primary stress, as contrasted
with mkltiplicatiue (with [I] becoming [i] for reasons that will be discussed in the next chapter).

It should also be mentioned that there are apparently some marginal subsidiary rules that prevent
long sequences of unstressed sylrabres after primary stress in many cases. Thus, on syntactic grounds
we should expect the affix -1y, for example, to appear with a I boundary and to be neutral with respecr
to stress placement for this reason (see p. 85), under certain conditions, however, the I boundary is
simplified to +, so that -/y places stress by the afiflx rule (102a). We thus have forms such as ordindrily,
obligatdr ily' and, as an optional variant, exiddntry, where stress is shifted to the right by -| regarded as a
regular affix. When affixed to words such as satis/dctory or perfrinctory, however, _/y does not cause
stress to be shifted to the right and thus remains a neutral affix preceded by l. The conditions for reolaoe-
ment of f, by f before Jy are fairly clear; the basic point seems to be that a barrier is placed against
Iong strings of unstressed syllables following primary stress. (See also note 9 I, p. 134.)
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are given in their optimal representation (cf. (101)), the condition involving -At need be

stated only once. Thus the modification of condition (c) just proposed is actually a

generalization of (122) to condition (c).
Assuming this modification of the Main Stress Rule, we can now return to the

derivation (150). We have reached the second line of the second cycle. Applying condition

(c), modified as (151), we omit from consideration the slring -At+Or+y and use case (ii)

of (102) to place primary stress on the final syllable of the residual sting compens', case (i)

being blocked by the final strong cluster. The Auriliary Reduction Rules (118b) and (118d)

apply to the vowels of the first and third syllables, respectively, and these are then subject

to Vowel Reduction. By other familiar rules, we derive, finally, the phonetic representation

IkampensatOrE].
In a similar manner we derive the other examples of the left-hand column of (149a).

Notice that in the case of ddrogate, 
'scillate, 

we might postulate a tense vowel in the second

syllable, just as suggested in the case of indicate, coftelate (see p. 128).
The examples of the second column of (149a) are now straightforward. Thts antici-

patory w|1l have the derivation (152), and the other examples will be quite parallel.

(" ' )
[n [raNticipAt], Or*y].,.

l

t2

2
1
1

21

nure (102eii)

RULE (75)

nurr (102aii)

nurr  ( l02ci) ,  (151)

nure (118d)

RULE (120c)

nurr (63)

JI

A1

1

1

_J

The first cycle is much like that of (150), and the underlying verb in isolation would be
313
anticipAt. In the second cycle primary stress is placed by -y exa.ctly as in (150). We turn

next to condition (c), reformulated as (151). Excluding the sling'AtOry from consideration,

we assign primary stress in the residual string anticip- by case (i), the finai cluster of this
string being weak. In other words, we reassign primary stress to the syllable that contained
primary stress in the fust cycle, weakening all other stresses in the word by one' The vowel

[A] becomes [- tense] and [- stress] by theAuxiiiary Reduction Rule (118d),then undergoing
reduction to [a] in the usual way, and secondary stress is placed on the first syllable by the
Auxiliary Reduction Rule (120c). Other familiar rules give, finally, the phonetic representa-

31 3
tion [aentisepatOrE].

Notice the parallel between the examPles, of (149a) and the ex_amples_of (124), with

the affix -iee. Thus demonstrdtbe is related to generatfue exactly as compensatory is related

to anticipatory. The only difference b€tween3the examples with -lue and those, with -orl is

that there are no forms sucb. as *compensatory, +anticipQtory, paralleling contemplatiae,
generatirc, respectively. The reason is that the elements -Ary, -Ory take primary stress, at
one stage of the derivation, by the Affix Rule, and then shilt stress to the left by the Stressed
Syllable Rule (102c) (now formulated as (151) ). Syntactically -iue and'ory arc quite parallel'
The few differences between them in their phonetic effects are, we see, simply a reflection of
the difference in their underlying representations. (See also note 91.)
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Returning to (149), the examples of (la9b)
( I 53) is typical. eT

[^ [rin:flAm], Atf Orfyl^
I
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now raise no difficulties. The derivation

nurr (102eii)

RULE ( I02aii)
nurr  ( l02ci i ) ,  ( l5 l  )
nun (63)

(' rr)

In the first cycle primary stress falls on the final strong cluster. Matters then proceed
exactly as before. (The l-e alternation is automatic in this position, as we shall ... in th.
next chapter.) Thus the difference in structure between the underlying verbs of (r49a) and
(149b) does not affect the phonetic forms.

Examples 
'uch 

as pr'datory, grtstator;,, and migratory are derived as required
from the underlying representations [^predfAtf Orfy]^, [ngustfAtf Orfy]n,
[n [rmlgr]Atl, Or*yl^, respectively.

we still have not given the. rures for deriving the phonetic representation 1mig..it]
or for deriving the variants kotAtl, kotAt], and so on. we return to this question on
page 155. Notice, however, that whether primary stress is on the first or the second syllable
in such words, the derived form with -ory has primary stress on the first syllable. Thrs o.e
have migretory), 6ratory, r6tatorlt, r|tatory from migrate, ortite, r6tate, rotdte, respectivery.
This apparent anomaly is accounted for by the rures already given. For exampre, ihe word
rdtatory is derived either from r6tate or rotrite by the derivations (154):

2
I
1

1
2
3

[n [rrOtfAt], Or*yln [^ [rrOtAt], Or*yl^
I

12

2
IJ

1-
1-

I
2
2
J

I

I

l

I

I

I

I
I

( ' ' )

z)t

1^a

la

l-J

RULE (l02cii)

(RULE ro BE GrvEN)

RULE (l02aii)

RULE ( l02ci i ) ,  ( l5 l )
RULE ( l  l8d)
RULE (63)

In the first cycle, primary stress is assigned to the final strong cluster in both cases, and, for
reasons we have not yet discussed, it is then shifted left in the left-hand derivaiion of (r54).
The second cycle operates exactly as in the cases dealt with above, and, as we see, it _urvesthe same final form in both cases despite the difference between them at the end of the lirst
cycle.

In this section we have been concerned with the affixes _1,, _Ary, _(At)Ory, and
-(At)iue and their diverse phonetic effects. we have seen that these can be accounted for
quite simply, largely on the basis of rules established independently. The only modification
of any significance in the Main Stress Rule (102) is the requirement that -ll be considered as
part of the element omitted from consideration, along with the string that follows it, under
conditions (a)-(d). This change and other minor modifications are expressed in (122) and.

'g? ].1 this case the erement /At/ is,rexica y part of the underrying verb, just as the stem-forming erementslil, lul of conponentiar, habituar are rexically part of the unierl-ying foims c". pp. t zs_30j. i i"r'i)nr^"differs from comper, for exampre, in that the former takes an -lt- augment before ihe affi 
""i 

_ory 
^ii 

_xr.
However, as we have already noted (see p. I l6), these augments are assigned to the exterior rather thanthe interior cycle.
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(l5l), which replace conditions (a)-(d) of rule (102). At the same time, we have seen that

conditions (a) and (b) can be simplifled to (136). Beyond this, we have introduced only

minor modifications. Thus we have seen how a collection of complex and superficially

quite exceptional phonetic facts can be explained on the basis of a fairly simple system of

rules which are, for the most part, independently motivated on other grounds.

The reader who has follolved the exposition carefully will have noticed the cruciai

role played by the conditions on ordering determined by the relations among the successive

parts of the Main Stress Rule (102). We have relied in an essential way on the fact that

condition (c) or (d) can follow (a) or (b), whereas no other sequences are allowed within a

single cycle. This is an important fact, for it provides evidence in support of the extremely

strong hypothesis regarding conjunctive and disjunctive ordering tentatively suggested

on page 30.

16. Stress as a lexical category

We have now described most of the processes known to us that determine stress contours

and related phenomena. It may be useful at this point to reconsider brieffy the general

problem to which this investigation has been addressed.
We have presupposed a syntactic component of the grammar that generates a surface

stn-lcture for each utterance. This surface structure is a string with labeled bracketing. The

string consists of lexical and grammatical formatives represented in matrix form. Each

string, then, consists of matrices with labeled bracketing, the columns of the matrices

standing for segments and boundaries, the rows standing for various phonological categories.

Everything in the surface structure except the representation of the formatives is determined

by the nonlexical syntactic rules. The matrix representation of the lexical formatives is given

in the lexicon as part of the entry for these formatives. Each lexical formative has a single

entry in rvhich is represented all information relevant to the item's phonetic form in various
positions.

This syntactic surface structure is further modified by the readjustment rules, which,

however, change only specific elements in the representation and do not affect its general

character. It is this modified surface structure that is subject to the rules of the phonological

component and is converted by them into a phonetic representation.
Corresponding to each surface structure there is a phonetic representation consisting

of a matrix in which columns stand for phonetic segments and rows are labeled by distinctive
features provided by a universal phonetic theory. This representation stands in a direct
relationship with particular elements of the complex array of stress contours, reduced and
nonreduced vowels, etc., that are found in the phonetic record. The rules of the phonological
component of a grammar apply to the surface structure representation of an utterance as
modified by the readjustment rules and convert it into a phonetic representation, using the
information that is present in the surface structure representation and that ultimately
derives, therefore, from the lexical entries and the syntactic rules.

In a phonetic representation, each square of the matrix is filled by an entry indicating
the specification of a particular unit in terms of a particular feature. In their phonetic
function, many of the features-in particular, the feature of stress-are scales, and the
entries are integers indicating position along these scales in a conventional way. In the under-
lying lexical representation, only those specifications that are not determined by general rule
are indicated. The entry in a particular square of the lexical matrix indicates membership of
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the unit in question in one or another of two disjoint categories which are, furthermore,
exhaustive in the domain in which membership is not determined by rule.es

The feature ccrnpcsi t icn cf  a par ' . icular lexical  enlry is not a n. tet ter of  choice but
rather one of fact. In the case of the examples we have discussed so far, the facts seem to be
that stress is not a category that is specified in lexical entries. That is, lexical matrices are not
distinguished from one another in terms of the categorial feature [* stress] in certain posi-
tions, as they are distinguished in terms of the categorial features [+vocalic], [+voice],
[*strident], etc. Instead, the contours of stress and the arrangement of reduced and un-
reduced vowels are determined by general rule.

It is important to recognize that this conclusion would not be affected by the discovery
(supposing this to be a fact, for the sake of illustration) that there is a class of items for which
stress or reducibility is a category that is distinctive in their lexical entries. The situation here
is quite analogous to the more familiar and far more trivial one of reqular and irregular verbs.
Monosyllabic verbs must be categorized as regular or nonregular in their lexical entries.ee
Only the nonregular verbs require further lexical specification; the inflected forms of the
other verbs are determined by general rule. Among the verbs marked as nonregular, there
are subgeneralizations inr.olving rules that limit the extent of lexical specification; apart
from these subregularities, each nonregular lexical entry must indicate exactly which rules
do or do not apply to the item in question. The discovery of nonregular verbs, hou,ever, does
not force us to pro.,ide such additional specification for the regular verbs, in particular, the
polysyllabic verbs. Similarly, the discovery of lexical items that are irregular with respect to
stress placement or vowel reduction would not, in itself. show that the mass of regular items
need be specified in terms of a lexical feature of stress or reducibility.

We repeat this rather obvious point in preparation for an investigation of some cases
in which stress might appear to be marginally distinctive on the lexical level. We will attempt
to determine u,hether stress is, in fact, a distinctive lexical category for any of these items or
whether, alternatively. their irregularity must be marked by a different sort of categorial
feature or complex of features. But whatever the results of this investigation may be, it is
important to realize that it may have no effect at all on rvhat has been presented so far, just
as an investigation of irregular verbs may have little or no effect on the rules for the regular
paradigms. In either case, investigation of exceptions to rules u'ill affect the statement of these
rules only if it leads to the discovery of still deeper regularities that replace them.

In the course of the discussion of regular cases, we have several times made note of
examples that do not fall under the general rules that were developed. one such case was on
page73, in connection with condition (b) of the Main Stress Rule (102), which determines
the position of primary stress in nouns ending in a syllable \4ith a nontense vowel. The
general rule is to omit the final syllable from consideration and then to place primary stress
in the residue by case (i) or case (ii) of the Main stress Rule. Typical examples are aspciragus,
ardnu, utdnsil, clinax.loo We also listed several examples that do not fall under this general-
ization, such as cen#nt, girdfe, btu.ldsque, Mississippi, ellipse.

e8 The exact meaning of this rather vague remark will be discussed in Chapter Eight.
ee The few nonregular polysyllabic verbs can be identified by their internal structure. There is little doubt

that within the category of monosyllables there are identifiabJe subcategories rhat need not be specified
with respect to regularity. We have made no attempt to investigate the exact domain of the categorial
feature in detail.

roo The final vowel of clmar is immune from reduction because of the tense lowel of the preceding syllable.
Thus we find variants such as [:brab], lArbbj for Arab.This minor regularity was pointed out to us by
J. Fidelholtz. There are further conditions and complications 

',hich 
we shall not elaborate:
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In the face of such apparent exceptions, there are three paths open to us: (1) giving up

the general rule for stress placement in nouns l'vith a lax vowel in the final syilable and

assigning to each such noun a lexical feature determining its category with respect to the

position of primary stress; (2) specifying nouns of the lax final-syllable class as [+Iegular]

in the lexicon and then further categorizing those that are [-regular] in terms of stress

placement; (3) assigning a representation in terms of segments and boundaries to each

apparently nonregular noun in such a way that the correct phonetic form is predicted by

rules that are needed on independent grounds.
Of these alternatives, the first is ruled out at once. Condition (b) wouid have to be

dropped from the grammar and each noun of the type to which condition (b) applied

would have to have an additional feature specification in its lexical entry, thus gleatly

increasing the complexity of the lexicon. Furthermore, it is important to notice that by drop-

ping condition (b) from the grammar we do not reduce the complexity of the grammar at all.

To see this, consider the fu1ly formalized grammar containing rule (101) (p. 109) as an

abbreviation for conditions (a)-(e). Notice that to exclude condition (b) from (101) is simply

to drop occurrences of angled brackets in this rule. Under any reasonable evaluation

measure-in particular, that which we shali discuss-the notations used in abbreviating

rules do not count in determining the value of the system of rules. These notations provide a

measure of the extent to lvhich a system of rules expresses generalizations that are, by

hypothesis, iinguistically significant. The measure that we propose is in terms of number of

feature specifications after certain notational transformations ol a well-defined class have

applied. These notational transformations are part of the definition of simplicity, and there-

fore it would be senseiess to " count them " in some way in measuring simplicity.
In short, even if the language contained no nouns of the sort we are now discussing,

there would be no more highly valued grammar than the one that contains condition (b), as
formulated above. Consequently, we gain nothing in simplicity by excluding condition (b).

But we lose a great deal under the first alternative by having to complicate the lexicon, not
to mention the new phonological rules needed to interpret this lexical categorization in terms
of phonetic stress.

The only plausible alternatives, then, are the second and thfud. The second requires
adding a new feature [ + regular] to the lexical entry for each regular noun. The third alterna-
tive involves no such complication and is therefore preferable, if it can be realized. It is, then,
interesting to observe that there are certain " phonological gaps " which, when filled, lead to
just the phonetic representations that we require.

To begin with, notice that nouns such as burldsque, ell[pse, cemAfi $to\ld receive the
proper stress contour by case (bii) of the Main Stress Rule if the lexical representation in
each case were to termirate in a lax vowel. In discussing lax final voweis, we noticed a
certain phonological gap (see note 22). Of the six expected lax vowel segments, we found in
final position examples only for underlying lil, lul, lol, lel, lol; there was no example to
illustrate final lel. These observations suggest that we add to the grammar a rule of
e-Elision such as ( I 55) :

e____) q 7_1_seSJ

The exact position of this rule in the sequence of rules will concern us later. For the moment
lve note merely that it must apply after the Main Stress Rule.

We can now represent burlesque, ellipse, cement in the underlying forms /bVrleske/,

(r ss)
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/Elipse/, /sEmente/, respectively. r 0l primary stress, in each case, wi, be praced on thepenurtimate vowel under condition (b) of the Main Stress Rure (r02), by case (ii). The finalvowel will then be elided by rule (155). words such as clittnx, sdrpent, ontrr. otlr.. rruna,wiii be represented with no word-finar vowel. In this way the ..phonological 
gap,, in theIexicon is filled; the class of lexical items is more symmetricar in that alr possibilities arerealized' and we need not provide a categoriar specification, with respect i" ,*rr'ot*.-ment, for nouns terminating in syllables containing lax vowels.

we shalr see that rure-(155) prays a role in exf,raining many other phonetic facts and istherefore quite essential to English phonolo_qy. no. th. prese.rt, however, we simply observethat it allows us to make use of a phonologi.ut gup to avoid introducing a new and ad hoclexical categorization and the new ptro.rolgi.i rurevof stress pracement that would berequired to interpret this ad hoc categorizatio--n in phonetic terms.
Consider now words such as M_rssisslppi, Kent cky, confdtti, abscissa, philippa. Ineachitem the final vowel is lax in the underrvinff"r- c;;;; 74-75). Thus condition (b) hords,omitting the final syllable from consideration. case ti) oi the Main Stress Rule u,ill apply tothe residual string, giving an incorrect antepenultimate stress in each case. To derive thecorrect stress contour, we must^somehow block the application of case (i) so that case 1ii)will assign primary stress to the final sy abre of the reriauur ,t.ing, that is, to the penultimatesyllable of the word.
A simple device for blockin-s case (i) in each case would be to represent these wordsu'ith a double consonant before the final vower, as in conventionar orthography. Thus thelexical representations would be /misisippi/, /kVntutty. TtVnfett il, la:b: cissel, lfilippae/.r02This artifice accomplishes our purpose. Case (i) is blocked because of the double con-sonant, and case (ii) then correctly assigns primary stress to the penurtimate syllabre. we

:r,TrtT" 
add to the grammar a rule of consonant simplification which we ,tut.,l*or^uffy

- : . , .
,El

(trr) C * 0 / before an identical C

Thus the word Mississippi, for exampre, terminating with the phonorogical segmentsl " 'ippil' will receive primary stress on the penultimate syllable because of the strongcluster, and the consonant string will then similify ," i. . . ,Orf.
There is quite a bit of empiricar evidence sripo.ting the posturation of rule (r56). wenoted in section r0 that there are rules voicing the segment [s] in many positions. one suchcase is rule (74), which voices [sj in the context y:"--y. Thus we have intervocalic [z]in resist' resentble' design, presutte; but the corresponding segment remains nonvoiced incottsist' sentblance, cortsign, 

.cotlsltme. 
Notice, however, that in assist, assentble, assign,assurne, the segment [s] remains unvoiced, in apparent viotation of rure (74). This contradic-tion can be avoided by the assumption that the prefix in these examples is not a- but ratheras-, so that when rule (74) appties, the representation, *i,t be [es:sist], [es=sembl]. etc.Further analysis of the prefix-stem construction shows that the prefix is not as- but is rather

rorNotice that these apparently 
::ilTl,,,:il*, 

.:tresentations deparr rn an rmportanr way from conven_tronaf orthography onry in the case of cement- rf cement were rcpresented as /sEment,i, it wourd become
[sEment] in the phonetic represenration. This is, in fact, a dialectal variant.The first vowel of 6rrr,

,." l.u9i.:, t;;j"l.;;i:;;ffifi'"tff;":',i-:,1J'-*.archi-segment " rax vower"' rhe nrsr vower or c1l,pse
--- Lrn the Inrerpretation of the symbol .. see noles g6 and 103.

j
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of the form aC-, where C is a consonant rvhich assimilates to the foilolving consonant under

conditions which we describe in more detail in the next chapter. In any event, this analysis

requires postulation of a rule such as (156) to simplify the [ss] cluster that would otherrvise

appear in the phonet ic representat ion.

Such pairs as potassiltm-g):nnasitnt give further justification for the postulation of

[ss] strings which are simplified phonetically by rule ( 156). We have discussed several cases of

the tense-lax vowel alternations that involve the pairs ,4-ae, E- e, O-a, etc. As lve shall see in

the next chapter, [le] is replaced by [A], [e] by [E], and [a] (which underlies [a]) bv [O] in the

context -cliv, as in gymnasiturt, nngnesitun. A double consonant blocks this ru1e, as in

calcium, compenclitnr, where the volvel given in boldface remains lax. But in potassium the

boldface vowel is lax, indicating that it is followed by a double consonant in the underlying

form, which then simplifies by rule (156). ln further support of this assumption, notice that

in the cases where the vowel tenses (e.g., gynnasiunt, nngnesiLutt, cesium), the [s] segment

voices, obviously by a generalization of the rule (7.1) that voices [s] in intervocalic position'

But in potassium we have phonetic [s], not phonetic [z], in this position, indicating that the

rule voicing intervocalic [s] must somehorv be blocked. Postulation of [ss] in the underlying

phonological representation thus accounts for the fact that in the phonetic form [petasEem]

the antepenultimate vowel is lax and the following consonant is unvoiced, thereby elimina-

ting two independent exceptions. Once again, this is possible only by virtue of rule (156).

Deeper analysis of English sound structure provides still further justification for these

assumptions. Consider, for exampie. the words music, Pttsey, Russell, russet. The first two

have intervocalic [z] following [U] in the phonetic representation; the last two have inter-

vocalic [s] following [.t] in the phonetic representation. In fact, these configurations are

characteristic. There is no relevant case with the phonetic form [CIJsVC];103 a form

[mUsak] or [pUsE], for example, would deviate from the regular sound patterns of English.

The explanation for this is provided by the rules of h]- tU] alternation that we shall discuss

in detail in the next chapter. Of relevance to our present discussion is the fact that of the two

segments t"l, tU], only [,r] appears freely in strong ciusters, as in musket, mttstard' On the

other hand, the lax, high, back vowel which. as we shall see, underlies [^] in strong

clusters becornes [U] in underlying weak clusters followed by vowels, as in futile, pewter,

ptttritl, cutaneotts, cttpola.In conformity with this ru1e, lve must assume the medial cluster in

Rztssell, ntsset, and so on to be [ss]. This assumption then automatically accounts for the

fact that the cluster is not affected by the ruie that voices the medial [s] of music, Pusey. once

again, two independent phonetic facts follow from the postulation of [ss], namely, the

voiceless-voiced opposition in the consonant and the corresponding [n]- IU] opposition in

the precedirig syllable. Again, this explanation presupposes that rule (156) is in the grammar.

Combining these observations with what we have discovered about e-Elision, we can

now account for the stress pattern of otherwise exceptional forms such as Neptune, which is

phonetically [n6ptUn] (or, in some dialects, [n6ptr:wn], [n6ptiuwn], In6pt5Un]' etc , after the

application of late phonetic rules that we will discuss in the next chapter). If we were to take

the underlying vowel of the second syllable to be tense, it should have primary stress, as in

machine, career, elc. (See (37), p. 78.) If we were to take it to be iax, we would have the

ro3 A word such as /acrdis only an apparent exception. We can derive this from the underlying representation

/luc*id/, where /c/ (as the variant of/k/ in forms that undergo Romance derivational processes) becomes

[s] when followed by a nonlow, nonback vowel, cy'er the intervocalic [s]-voicing rule has applied.

Actuslly, the remark in the text needs some qualification (cf. fuselage, gruelsome, dQsiage, Osage'

Caruso),brst it is essentially correct. See page 228 for a somewhat more careful statement.
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problem of accounting for its phonetic tenseness. we can now sorve this by taking the under_lying lexical representation to be /neptune/. Under condition (b) of the vain st.els Rure, thefinal lax vowel is omitted from consideration and primary stress is placed. by case (i), on theinitial syllable of the residual string /neptun/, the final cluster of this string being weak. Bythe rule just mentioned which determines the [n]_ [U] alternation, the unierlyin"_s segmenr
iu/ of the medial sy able of [neptune] then becomes IU]. Rule (15-s) then erides the final
vowel, giving [nJptun]. The vorver Reduction Rure does not appry to the vowel of the nowfinal syllable because of its tenseness. Furthermore, as rve have noted, the Auxiliary Reduc-tion Rule that makes segments nontense and nonstressed does not apply to [U] (see p. 122and note 75).

Notice, incidentalry,. that the rures determining the ciioice of [a] or Iu] as a reflex ofunderlying /u/ pro'ide additional justification for ruie (156), quite apart from the questionof [s]-voicing. Thus, to preserve the general rule that determines the choice of [n] in a srrongcluster and [u] in a weak cluster folowed by a vorver. rve must represent u,ords such asbucket' Kentuckl" puttl'with doubled consonants that become simprified by rule (156).
with the posturation of doubled consonants, just as rvith the posturation of finat 7e/,we fill a gap in underryin-s structures (a " phonorogicai _eap ") and extend the symmetry of thesystem of rexical entries. Strings of consonants appe-ar intervocalicalry *,iih consiie.uut"freedom' The restriction that they may not be doubied *,ourd be difficurt to formulate withinour framework.l0a It is therefore interesting that we now have good reason to assume thatdoubled consonants do in fact appear in underlying representatio n s. Notice further thatobstruent crusters are, with rare exceptions, unvoiced in English. Correspondingry, armostwithout exception, where a double consonant must be postulated to account for srressplacement or vowel quarity, this cluster either involves a sonorant or is unvoiced. ,o, Hence,not only do doubre consonants fi_ll a phonological gap in ,seneral but they do so in a waywhich is in accord with the general rules of consonani combination in English.

Fron the considerations just outlined, we conclude that rule ltSe; is quite wellmotir,ated, and another class of apparent irregularities drsappears.
Rules (155) and (156) now permit us to derive the phonetic representation of girafefrom the underlying representation lgiraffel (or, as far as the phonetic evidence goes,

liYretrel)' Primary stress is placed on the penurtimate syrlabre under condition (b) of theMain Stress Rure (102), by case (ii), the strong cluster /eff) preventing case (i) from apprying.After the stress is praced, the final /e/ is elide-d uy.ur" liss; and the cruster is simprified byrule (156)' By rures that we discuss in deta' lat"i, 191u..o-., [i] before certain vowels. Bythe general vowel Reduction.Rule discuss"d p."iiourly, the vorvel of the first sytabrebecomes [o] we therefore derive, finally, the pionetic representation fierefr. In just thesame \\'ay we can derive the phonetic forms of words such as coqLrcre, nnrionettefrom theunderlying representations /kokette/, /meeriVnette/. Notice that in the latter case, the final[e] also serves to block the application of the Alternating Sr."r, Rule (75).
ro'To put the same thing in some\abat different terms, there would be no simpre way, within our framework,to explain the facr rhar forms r.r'ith phoneticalry J;;;kd ;"-;;;r"nants depart in an exrreme rvay fromthe normar phonetic structure o{Ensrish. we'return i. i i.-o-."u,.",' of phonorogica) admissibirity and
," .5) ' "u '  

redundancy in Chaprers Lighiand Nine.

il::::ni:.J,;il,-fri'-'J::::''"s- 
such.as Passanra quodd1,, ror uhichue musr posrutare the trnderrying

l,l,:l-:ll"o:,",i"*;"";i.;;"-i;,:Jlli1o,'*-i,l;fli:T;iT,ii:i.::',T,:I.:1"i,'.'JJ,'":'*i:;Xi*;or obstruent ciusters, alons with exceptions such as ad-_e, smaragd, rugby, abdonten, afghan, anecdote,a s best os, h usband, Lisbon, bresbyter ian, t idb it. tobs ;;.-- 
-' - "'^ "t
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These observations show one way in rvhich a marginal phonetic opposition betlveen

stress contours may arise. For example, a pelson who is given the " segmental " phonetic

,.pr.r"ntution for the name of the Massachusetts town Assinippi would not be able to

determine whether the stress contour should be Assinippi ot Assinippi, although he would

know that these are the only possibilities. The lormer presupposes the underlying represen-

tation /ssinipi/; the latter, the representation /asinippi/'

The rule of  c luster s impl i f icat ion accounts for several  other apparent except ionsrthat

u.e have noted in the course of this chapter. Consider the phonetic variants lsentanerE],
3l

[sentenerr] ror cetl4nar). fhe first form derives from the underlying representation

fcentenfArfy/ in the manner described in detail in Section 15; the latter can be derived

from /centennfAr*y/ by the same rules along with the rule of cluster simplification' In

support of the latter representation, we observe that double /n/ must be postulated in

ce)iennial (lcentennfif ae1/) to account for the fact that the e -+ E rule, which should apply

in the context - CliV (see p' 47), does not apply in this case'

Similarly, \\,e can now account for verbs such as caress, acEiesce,and adjectives such

as rentiss, qttiescent, and so on. we might derive caress, remiss, quiescenl from the lexical

representations /kvress/, /rEmiss/, /kwiessf ent/, respectively, in the familiar way, simplify-

ing the cluster after it plays its role in stress placement.l06 The verb acquiesce requires both

rules(155)and(156),s inceanunder ly ingf inaleisneededtopreventappl icat ionofthe
Alternating Stress Rule (75). We can derive it from /eckwiesse/, or, perhaps, /aeckwiesce/,

in which case the second occurrence of lcl becomes [s] before [e], in the usual way, or even

from /aC: kwiesce/, by the processes mentioned on page 149. Assuming the last as the

underlying form, rve would have the following derivation:

( '  5i l
eC : kwiesce

1 RULE (102ei)

2 RULE (120b)

3 1 nure (63)

E nuLE (119)

s (c ---+ s nurr)

O RULE (155)

k .qsstMILArIoN (see P. 149)

+ 0 RULE (156)

Primary stress is placed on the penultimate syllable under condition (e) of the Main Stress

Rule by case (i), the final cluster being weak. (As mentioned. the final Lel 
pre3vents applica-

tion of the Alternating Stress Rule (75), which rvould incorrectly give *[ekwEes] as the final

phonetic form. The Auxiliary Reduction Rule (120b) assigns secondary stress in the first

syllable, this becoming tertiary by the Stress Adjustment Rule (63). The vowel of this syllable

is barred from the 6 ---+ I rule that applies in the context -CltV (see p 47) by virtue of

the fact that it is followed by the consonant cluster [Ckw]. The vowel [i] tenses prevocalically

by rule (119); the occurrence of /c/ before [e] becomes [s]; the final [e] elides; and the [ss]
cluster is simplified by rule (156). Similarly, the medial cluster assimilates to [kkw] and then

simplifies to [kw] by rule (156). We derive, finally, the phonetic form [ekwEes]'
Words such as pelltigra, candelcibra also appear to be exceptions to the rules of stress

'06 Some modifications of these representations are required by considerations developed in the next chapter.
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placement since the weak cruster [ecr] receives primary stress.l oT Investigating the situationmore closery, we note many other cases u'here a weak cluster containing th! vower [a] istreated as strong. Furthermore, in these cases there is apparentry no contrast between [e]anii [a] within a single idiolect. This observation suggests that we represent these clusrers as
/acr/, $'ith a tense vower- and add a rule convertinglal to 1u.1 in certain positions. There are,as rve shall see' other examples of [a]- [e] alternation. This rule would enable us to accountfor words such as perdgra- Arabdna. Kodra, and partortinta with the phonological represent-
ations /pvldgre I' laryblme.l, lkoebl, /prenvrame/. A more extensive ,tudy ,u*ta un_doubtedly reveal much heavier constraints on the occurrenc e of lal and l,,l.Notice. incident_
ally' that these observations suggest another anarysis for the word girffi, namery,as derrved
from ljY raf l.

consider now words stch as drabitster, sdrantiintler, p,etdster. The phonetica'y
penultimate syllable contains a strong cluster and therefore receives primary stress rn theusual way. But then stress is shifted back two sytables, presumably by the Arternating
stress Rule (75). For this rule to apply, houever. the primary stress must fall on the finalsyllable, rather than on the penurtimate syllable. It follows, then, that the underlyingrepresentatron must be not /alvbaesrvr/ but /aelvbestr/, etc., the finbl sonorant later be_coming sy'abic by rure (56) (p. g5).ror This decision, however, faces the difficulty that con-dition (b) requires the finar syllabres le.strl, lend,rlto be omitted from consideration whenprimary stress is assigned. These synables will therefore not be protected from vowelreduction, never having received stress. To a'oid this consequence we may make use, onceagain, of the rule converting [a] to [e]. The words in question can be represented as

/elVbasty', /saelVmdndr/, /pcvtasty'. primary stress is placed on the final sylable by case(ii) of the x4ain Stress Rure (102) under condition (e); condition (b) is now inapplicablebecause of the tense vo$'el in the final syllable. The Ariernating stress Rule u*ign, iJ-orystress to the antepenultimate syllable, weakening the stress on the last syllable to seccndary,ultimately, tertiary. The final [r] then becomes syllabic, and [i] becomes [e]. The rvordtabernacle is now analyzed in the same way, from underlyrng /tebVrnakl/.
We have not yet accounted for words with tense affixes such as -oid, _itte,-r:e. Thevowels of these affixes have a tertiary stress and do not reduce; and, furthermore. theseaffixes sometimes determine.the placement of stress by the rules involving strong clusters.These obser'ations suggest that tense affixes receive u pri,nu.y stress before the applicationof the Main Stress Rule (102) so that they place stress under condition (c).roe One possibility,then' wourd be to add to the grammar the rure (l5g), which precedes the Main Stress Rule inthe order in e.

I

l-r

,l

, l

_t

( ,5E) | 
+ tense 

I
LVJ [1 stress]  I  l -Co*

1o7 The word allegro is regular in the pronunciation [alAgro] but deviant in the alternative form lel€groJ.
3^l:^11:llrconsider exrending rule (142), 

'.r,i.r-. "r"".?i, iaiio.1.t, to ,r,i, 
"";i.;;;;;;_;;o,oiri,ion

nffJ,tilrT:;:t"al 
here' but there are too few examples to allow the question ro be decidei in any

r03 support is provided for this analysis bl the facr that the adjective derived from alabaster is alabasrrine
.^^ [dJabesrr fn] .  rarher rhan [ i labisrerEl ] .
'"" As \4e shat see in the next chapter, the affix -ordis of the r-rnderrying form /vc/, as are the others underdiscussjon here' Reca' that condirion (c) of the M"ir a;..;;R;" has now been reforn.rurated as ,5r),but the modifications are not pertinent to the exampres we considcr here, Notice that many of theexamples \.\'ith tense affixes are verbs. It is for this reason thar we extelded condition (c) to verbs.(See (102),  p.  I  tO.)

.,s
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We will now have typical derivations such as the following:

L <q\ [n [nrrol/rrsc]n f ordl^ lnamygdal loid)n

\ " ' t  ,

753

1
2

RULE (l02bii)

nuu (158)

nurt ( l02ci)
nurt (l02cii)31

In the case of ntolltiscoitl (similarly, ardchnoid, cylindroid, salamiindroid, etc.), stress rs

assigned in tl.re internal cycle in the usual way. In the lvordlevel cycle, primary stress is first

assilned to the amx by rule (l5g). Turning next to the Main Stress Rule, rve see that con-

ditions (a) and (b) are inapplicable because of the final tense stressed vowel, but condition

(c)doesapplysincethef inalsyl lableoftheformunderconsiderat ionhaspr imarystress. In

th. .ur. ol o/,r1,g claloicl, primary stress is assigned to the penultimate syllable of the residuai

string antl.gtlal- by case (i), since the final syllable of this string has a weak cluster. In the case

ol molluscoicl, prlmary stress is assigned to the final syllable of the residual string mollusc- by

case (ii) since this syllable has a strong cluster. The familiar ru'les of Stress Adjustment and

Vo*el Reduction now apply to give the phonetic representations'

Thereis. infact ,anotherapproachthatmightbeexplored,namely ' toextendthe

Alternating Stress Rule (75) so that it assigns stress to the immediately preceding syllable

under certain circumstances, now permitting primary stress to fall on the affix in the usual

way under condition (e) of the Main Stress Rule. The approach in terms of (158) seems to us

preferable, and we will postulate this as the correct rule (See, however, pp' 236-38 )

Theexactroleofrule(158)canbebroughtoutclear lybyacomparisonofthetwo

derivations of (160), for the variant pronunciations frekandlt]. [rekandlt] f.or recondite:

( ' * ) I
l2

[^reccnd f It]n forecondlt]^
nut-e (158)

nurr (102cii)

I nurr (lO2eii)

| 2 RULE (75)

I 3 nurE (63)

In the left-hand derivation, we analyze the adjective as containing the affix -ite, which, being

tense, receives primary stress by rule (158) before application of the Main Stress Rule. Since

the final syllable is now stressed, condition (c) of the Main Stress Rule is in force and stress is

shiited to the preceding strong cluster by case (ii) of (102). Other rules that we have already

discussed give, fina1ly, [rakindit]. In the right-hand derivation rule (158) does not apply

since the form is not analyzed as containing an affix. Consequently, condition (c) of rule (102)

is inapplicable and oniy condition (e) applies, assignin-e primary stress to the finai syllable of

the rvord by case (ii). At this point, the Alternating Stress Rule (75) shifts primary stress two

syllables to the left. (Recall that for application of the Alternating Stress Rule, it is immaterial

whether the cluster preceding the primary-stressed final syllable is strong or weak.) other

familiar rules give, finally, the phonetic representation [rekendit]. Thus the effect of rule ( 158)

is to make condition (c) of the Main Stress Rule applicable so that primary stress is assigned

by the rules involving strong and weak clusters.

The full range of possibilities allorved by rule (158) is evident from a consideration ofr

polysyllabic words ending in -r:e (or -rse). If the eriding is not subject to rule (158), we have
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derivations analogous to the right-hand derivation of (r60), as in the case of axorcise,
dxercise, mdrchandise, tidtertise, stipert,ise, jebpardize, sttindardi:e, ttiphthongize, dnergtze,
sdlentnize, nt ddernize, frtiterni:e, tr,dsternize, s1lipsize. Since in each case primary stress falls
on the antepenuitimate syllable despite the strong medial cluster, it must be that final primary
stress is assigned under condition (e) of the Main Stress Rule and then shifted to the left by
the Alternating Stress Rule. on the other hand, if the ending is subject to rule (l5g), then
condition (c) of the Main Stress Rule w r apply to the string preceding -L:. If this residual
string terminates in a strong cluster, then this will receive primary stress by case (ii), as in
ettfr"dnchise, anthropontdrphi:e, etdrni:e, sycophdntize, propagdndize, ntetant6rprize. rf this
residual string terminates in a weak cluster, then its penultimate syllable will .eceiue prr-a.y
stress by case (i), as in cath6ricize, granundtici:e, poritici:e, pratitticrinize, gettitini:e, ctip-
Idn'Latize, dem1cratize, andsthetize. Actually, however, in such cases with a weak cruster
preceding -1:, it makes no difference whether rule (l5g) is in effect or not. certain words
have variant forms, depending on whether or not rure (l5g) is in effect, as in the case of
recondite. Thus we have the variants aggrtindi:e-dggt antrize, am6rtize-dntort i:e.

There is another category of examples with -r:e, illustrated by words such as skiretott_
ize, cilphabetize, prdlestanri:e.In these cases -r;e acts as a neutral affix, and we must therefore
assume that it is preceded by *, like the inflectional affixes in generar (see p. g5). As we
have seen, in this case the cycle involving the affix u,ill be vacuous.rlo

we find, in fact, several options for the ending -1:. If the form to which it is added is
an independent word, then we expect it, on syntactic grounds, to be preceded by # and to
be neutral with respect to stress placement. We see, however, that the expected # boundary
is sometimes replaced by f , as in cath1ricize, detn\cratize, gerdtinize. where -/z is preceded
by f rather than # , there is the further option of applicability of rule (15g), which assigns it
pnmary stress. Rule (158) applies in the case of propagdndi:e, enf.dnchise,and so on, but not
in the case of dxercise, jebpardize, and the other forms with antepenultimate primary stress
and a strong cluster in the penultimate syllabre. It appears to be the case, then, that words
containing the affix -12 must be specified by two ad hoc features, the first determinins whether
or not # is replaced by f , the second determining whether or not rule ( I 5g) applies to _1:.
Though there are certain redundancies, the examples given above suggest that these two
classificatory features are not entirely predictable. Here, then, is an example of a range of
possible phonetic forms determjned by two partially free lexical features.

The verbal affix -At provides another example, though a somewhat marginal one,
of the optionality of rule (r58). Among bisyllabic verbs terminatin g \.ith -At we have such
r l o A slight problem arises here in connection with reduction of the vowel of tbe neutral affix -1:. Since it is

nonstressed' as matters now stand it is subject to the Auxil iary Reduction Rule (l l  gc), which makes rtlax and subjects it to the Vowel Reduction Rule. we can exclude it from the dornain orl it s.1 uy moairylng
that rule slightly in one of two ways: we can add the requirement that y is stronger thon 

-;nui, 
o. o" .unrestrict the segment marked [ystress] to the context [-WB]o _ in various ways.

In either case, it should be noted that the vo$.els of r,autr"l um*a, (-ing, _1r, 
"r"., 

are not subjectto vowel reduction even if lax, and the formulation of the process of reduction must somehow takeaccount of this fact.
In the case of the word proseb,tize, the affix _1: is neutral *,ith respect to stress, but leads to thereduction of the penultimate vowel, although with -i-rD?, -i-rl, it seems that there is no reduction in thisposition in general. According to our rules, tbe penultimate vowel should not reduce. Thus the Auxil iaryReduction Rule (l l8) must be complicated slightl), to permit reduction of this vowel where it does takeplace.

Notice also that in a word such as .rys temati:e, wherc the affix _1: is preceded by _l/, the segment
-.4rt is excluded from consideration as a whore when the Stressed Sy abie nure lconoitron G) ii rn"Main Stress Rule) is applied, in accordance with formulation (15-.-

J
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stress vadants as locdte - l6cate. We can derive the former from the representation /l OcAt/

and the lalter from the representation /locfAt/. Rule (158) will be inapplicable in the first

form, rvhich will therefore receive primary stress under condition (e) of the Main Stress Rule

by case (ii). Rule (158) rvill, however, apply automatically to the representation /locfAt/,

assigning primary stress in the final syllable; under condition (c) of the,Main Stress Ruie'

case (ii) will then assign primary stress to the first syllable' eirine [lOc*Atl We then

proceed, by the usual rules, to derive the phonetic representations [lokAt], [lokAt], respec-

iively. The presence or absence of the f boundary is not otherwise notivated, however;

it therefore plays the role of a classificatory feature in the lexicon, determining, in effect,

whether or not rule (158) applies. If a bisyllabic form in -lt has only the variant with initial

stress, it will appear in the lexicon only with the f boundary (e.g., tdcate, /vAcfAt/); if

such a form has only the variant with final stress, it will appear in the lexicon only without

the f boundary (e.g., credte, /creAt/). To some extent such an analysis is independently

motivated, as in the case of rticate - crecite; but in part it is an arbitrary lexical classification,

imposed so as to determine the phonetic form correctly and for this reason alone.

The same property can be observed in the case of trisyllabic verbs ending in -ll. Thus

consider such variants as illL&trdte - illtistrdte, tifumbrdte - adtintbrdte. We can derive

{llustrdte from the phonological representation /ilustrAt/, primary stress being assigned to

the final syllable by case (ii) of the Main Stress Rule under condition (e) and then shifted two

sytlables to the left by the Alternating Stress Rule. The lorm illtistrhte, on the other hand,

will be derived from the phonological representation /ilustrfAt/. In this case, rule (158)

applies to assign primary stress to the affix. The stress is then shifted to the preceding strong

cluster by case (ii) of the Main Stress Rule under condition (c). Again, the presence or

absence of f boundary before -lr in these polysyllabic forms is largely unmotivated on

independent grounds and therefore functions as a classificatory principle in the lexicon.

Notice that, as with forms in -12, where the penultimate syllable has a weak cluster (for

example, in the verbs cinimate, extrdpolate), there is no way to determine whether or not a

f boundary appears before -lr; either decision wili lead to the same phonetic form.

This framework sumces to resolve most of the problems that arise in connection with

final syilables with tense vowels. There are still a few minor points to be made, however.

consider words such as ddjectiue, infinitiue. These have several peculiarities that require dis-

cussion. First, note that in the derived forms we have adiectical, infnitiaal, with tense

primary-stressed [I]. This indicates that the underlying vowel of the final syllable must be

iense /Ii rather than lax /i/; otherwise there is no way to account for the position of primary

stress. Furthermore, the stress contour ol ddjectiue is sufficient to show that in any event the

final -iue of the underlying forms cannot be identified with the affix of colldctfirc, pros'

pdctliue, det,ctlirc or the finai syllable of inudctbe.In fact, primary stress can fall on the

antepenultimate syllable of dcljectiue only by an application of the Alternating Stress Rule to

the form atlject[ue; and the latter form can arise only from case (e) of the Main Stress Rule,

the form being analyzed as a stem with a tense vowel in the final syllable. These observations

show that the underlying forms must be a djectlu, infnitlt:, and the glammal must contain the

verv special rule:

!  - -  i  /Vcovco-v#( ror)

The form adjectlt now receives primary stress on the final syilable under condition (e), case
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(ii), of the Main Stress Rule (102). and the phonetic form [rejektiv] results from the Alrerna-
ting stress Rule (75), the Stress Adjustment and Vowel Reduction Rules, and rule ( l6l ). The
form adjectfual is derived in a second cycle in the usual way, rule (l6l) being inapplicable in
nonfinal position.

Rule (161) is actually of somewhat greater generality. for the affxes -ile and -rne are
subject to a similar process. Thus we find variant pronunciations for single words (e.g.,
j ttenit- jrtt'enil, Bj'zantln- B1'zdntin,in some dialects); or, within a single dialect, forms such
as Etdrtil in contrast to [h6stel] (hostile:); or such dialectal variants as British h6sil and
American [h6stal];etc. Additional rules must be stated, depending on the facts of dialect
and style, to account for the -El -En variants of these affixes (e.g., ntercantEl, B;zantEn).

Let us now turn to another matter. Primary stress tends to be shifted to the right in
successive cycles, both within the rvord, as new affixes are taken into account, and within the
phrase, by successive applications of the Nuclear Stress Rule. However, we have come across
three processes that shift primary stress to the left: the Compound Rule (67) of Section 9,
conditions (c) and (d) of the Main Stress Rule (102), and the Alternating Stress Rule (75).
of these, only the latter two operate within the word. All three processes are subject to
certain exceptions, and we must now consider these briefly.

The exceptions to the Compound Rule are of various sorts. There is considerable
dialectal variation in connection with the placement of primary stress in items such as
chocolate cake, apple pie, and many others. There are also *,idely maintained but svntactl-
cally unmotivated contrasts such as Ffi ,4tenue, with nuclear stress on the second .i.1n.n,,
versus F/f/z street, with compound stress on the first element. Furthermore, proper nouns
(e.g., John sntitlt, Jolut Paul J6nes) and names with titles (president *, senator y, etc.1
typically have the nuclear stress of phrases rather than the initial stress of compounds, as do
also such noun-noun constructions as stone fo'or and iron b6x. Many examples of such
contrasts have been mentioned in the literature, in one connection or another, although there
is, to our knorvledge, no general treatment of the question.rrl The fact that a phrase is not
subject to the compound Rule might be formally indicated in various ways: for example, by
a feature specification of the boundary between the constituents, in which case the .rl. .u.,
be limited to boundaries not containing this feature. This, obviously, does not solve the
general problem, but serves only to eliminate it from the domain of phonology. The problem
remains of determining under what syntactic conditions this feature is or is not Dresent.
Alternatively, we might pro'ide for an ad hoc deletion of the node N dominating ,r.h .o--
pounds. In fact, the general problem certainly belongs in part to syntax. in part to the re-
adjustment component, rather than to phonology proper, and it can be clarified and resolved
only by an investigation of the conditions, syntactic and other, under which the Compound
Rule is applicable. For this reason, rve will make no attempt to go more deeply into the
question here. we have throughout been limiting ourselves arbitrarily to problems of
phonological interpretation. and are making no attempt in the present study to investigate
the processes by which the syntactic component of the _grammar forms the surface structures
that are phonetically interpreted by the rules u'e have been discussing here. Because of this
limitation of scope, we will simply leave this question in its present unsatisfactory state.

conditions (c) and (d) of the Main stress Rule (102) and the Alternating Stress Rule
(75) also have certain exceptions, as we have noted in the course of the exposition. consider

r I r A serious and extensive investigation of phrases that fall under the Compound Rule and their syntactic
structure is presented in Lees (1960, Chapter 4).

-
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first conditions (c) and (d), which we have been calling tlie stressed Syllable Rule. one of the

many roles of this aspect of the Main Stress Rule is to shift the final primary stress of bisyllab-

ic prefix-stem verbs to the initial syllable in the related nouns (see Section i 1). Thus we have

the noun-verb pairs pdrmit-permit, s rtiy-sttrt'y, and so on. There are, however, certain

nouns of this form that do not undergo stress placement under condition (c) or (d) in the

second cycle and retain stress on the second syllable. To some extent these exceptions are

systematic; for example, nouns with the prefix t/e- (e.g , demand, delay, desire, decay, defeat,

despair) fall into this class quite generally.l12 Such items must be lexically marked in a way

that prevents condition (c) or (d) from applying to them in the second cycle. Within the

present range of our formal means, we can represent lexical items that are not subject to the

itressed Syllable Rule rvith a special internal boundary or with a fina| lel. The latter rvould

have no effect on the first cycle but would block this rule on the second cycle, after which the

e-Elision Rule (155) would eliminate the fina1 vowel. where there are subregularities among

the exceptions, as in the case of the prefrx de-, we can specify the boundary oI add the final

/e/ by a readjustment rule. A different method for expressin-e the fact that a certain class of

items is excepted from a rule will be discussed in the next chapter. Formalism apart, any such

device simply adds a new classification of lexical items, a classification analogous to the

subdivision of verbs into strong and weak

Consider now the Alternating Stress Rule (75). This places primary stress in the

context -CnVCoVCo, reducing the final stress to secondary. S/e have made note of

certain exceptions to this rule, such as Tennesseb, attdchd, chandeli'er, kangarob, chimpanze'e,

all of which retain primary stress in the final syllable. Evidently, these items must be exemp-

ted from the Alternating Stress Rule by some sort of lexical classification. Again, there are

several mechanisms by which such a classification can be expressed, and, without an

exhaustive analysis of cases, it is not clear which is optimal. We have already observed that

the Alternating Stress Rule does not appiy if the final syllable is preceded by oI contalns

a : boundary (see pp. 95-96). We might, then, insert this boundary before the fina1 VCo

sequence of these forms. This seems an appropriate device insofar as exemption from the

Alternating Stress Rule is associated with certain specific endings, such as -oo, 'ee, 'eer'

-ier' -d, -ese'113 Such affixes can be supplied with a preceding : boundary as part of their

feature composition; or, iJ the association is sufficiently general, the boundary can be inserted

by a readjustment rule.11a An alternative lyould be to provide the items that are exempt flom

r r2t Iuetakewordssuchasdecoyandrheopr ionalrar iantddrarTtobeder i redfromthecorrespondhgverbs,

then to preserve this generalization these forms must be represented phonologically without :, that is,

as monomorphemic rather than as of a preflx-stem construction.
r t 3 Notice, incidentally, that forms such as Japanese and Siamese are correctly derived in the second cycle

from topir, Silm, by rules (158), (117), (llSb), (120b), and (l2l). The underlving representations are
presumably /japdn/, /sidm/, the rule of a--ie alternation discussed on page 152 applying when these forms

are in isolation. The appearance of Ul in [si6m] is normal, as we shall see in the next chapter'
rra If the affi,res in question here are assigned a : boundary, they will be exempt from rule (158) and will

receive primary stress under condition (e) of the Main Stress Rule. If they are supplied with a final /e/'
to be elided later on, they will be assigned primary stress under condition (b). In either case, both the

stressed syllable and Alternating stress Rules will be inapplicable. If, on the other hand, an afix that

retains primary stress is assigned this stress prior to the Main Stress Rule-for example, by rule (158)-

then it cannot have been assigned : or final /e/. It must, then, be lexically specified as exempt not only

from the Alternating Stress Rule (if the form to which it is afflred contains two or more syllables)' but

also from the Stressed syllable Rule, that is, from conditions (c) and (d) of the Main stress Rule.

There are other examples that are excepted from the Alternating Stress Rule beyond those that

have characteristic endings such as those cited. For example, the word Alexdnder, as contrasted with

sdlamdntler, does not undergo this rule. We might express this fact by entering Alexander in the lexicon
:.'. '].
{,.!
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rule (75) with a final /e/ (to be elided by rule (155)), either as part of each rexical entry or, ifthe class of exceptions under consideration is specifiable, by rule. This would be nec.ssary
for nouns in -esque and -el/e, for example, as this is the onry way in rvhich primar;, stress can
be placed on these sylrables. A third possib ity, rvhich we discuss in the next chapter, is to
use a general device for specifying exceptions to rures. In any el'ent, it is fairly crear, details
aside, how to deal u'ith these marginal contrasts within the lexicon.

verbs ending in -rrle have certain pioperties that deserve special mention. Consider
first the verb cdnstitite, with the derived form consrftutiL,e.A natural phonolo-eical represen-
tation would be /kaN:stitut/. This u'ill give the phonetic representarion Jrinrt.ttitl in tt.
usual way. But nou' consider the derived form constrtutite.tr As ou. rures no*, r,uni, p.,_
mary stress should be shifted from the first syllable (rvhich is the sonority peak at rhe end ofthe first cycle) to the strong cluster immediately preceding -rae, by case (ii) of the N4ain Stress
Rule (102) under condition (a). But this is incorrect. Apparentry, the ending - ur,like -rl, must
be considered part of the string omitted from consideration under condition (a) rather than
part of the residual string, and we must generalize the formulation of condition (a) in (r22)
(and of (c) in (145)) to permit this. with this modification, the string omitted from considera_
tion under condition (a) in the second cycle is -(Jt{ic, and the residuar string is kilr:sr;r-.
Case (i) of the rule is blocked by the : boundary, and case (ii) shifts p.ima.y stress to the
second syllable. The representation [kenstitUtov] is then derived in the usual manner.

Injust the same way we can derive forms such as consecutiL,e, execute - executiL,e, and,so on' The wofd execute, for exampre, might recei'e the phonological representation
/eks: secUt/.r r 6

with the representation /elvksendre/, with a final lel- primary stress w I be praced on the penurtrmatestrong cluster under condition (b), and the final /e/ will be elided bv rule (155) after br."ti"e'";ili*,i",'of the Alternating Stress Rure. In final position, ih" por,"onronun,ar [r] becomes syllabic (see p. g5); ifthere is another cycre, as in Ale'randrrizz, it remains nonrliruui" u.ror" the folrowing vowel.several of the words that are exceptions to the Alternatlng stress Rule are exceptional in otherways as well' For example' chimpanzei: is in conflict with the vowel Reduction Rule in that its medialvowel does not reduce. If we vmore furv, rhe number "r""Jiii"l,".ii'#1#.'ii",11:il""Ti".":,?i:'.",::,*::ri#1::::iiJff;:Notice' however, that this extension of the lexicon would not affect the system of rules or lexical enrrresthat accounr for the other. regular cases.
"' Recall that the # boundary is generalry optional before -rae (see p. rz9)-rf ltwere present in this case,

we would derive the form clnstitutioe.
rr6 The resulting [ss] sequence is simplif ied by rule (156). Notice that the modification of the prefix /eks/ totgtl !ef9r9 

slems beginning in [s] provides an additionat r.aso.r ior incorporating the cluster simplifica-tion Rule (156) in the gammar' Notice also that in executioe th" 1tr1 
"lurt". 

uoices, although it remainsunyoiced in exceed, excite, etc. This matter will be discussed in it e next cnapter.
An argument might be made for extracting the morpheme /sEk*/ (see note lo5) of sequence,consequence from words s,ch as consecutioe and execute- Thus we might enter these *ora, iii tt"representations /can:sEk*+Atr, ivl leks:sEk*+Atl, respeciiverv loiopprng i",..nur ui*t.oj. 

^n:::1":]"_l::11 "onvert./k"+At/ 
to /kUt/. The aeri,,aiioni wouto then proceed in the usuat u,ay. rnrne same manner' we could account for the relations be lween locution, elocution,Ioquacious, interlocrtor,eloquent.

This analysis can be extended to the word constiture, which can be derived from the representation/ccN:stitu+At/. The rure converting /k*iAt/ a lu,l 
"u" 

l" '""ended to /tu+At/. In favor of thisproposal is the fact that it would account automatically for the derived form constituent.
A further advantage of the analysis suggested here is that it dovetails properly with the analysis

9f [!J presented in chapter Four. As we will iee there, tuldoes not appear in rhe context -c -gin phonological representations. A verb such us ottrib,,i 1se.1tiz.yy muy b" a unique, Iexica'y mari5exception to this generalization,
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Consider now the somewhat different form atttbute, with

Iorm dttribute. We have, for the latter, the derivation (i62):

[" [reC:tribf Ut]t l'"
I

12

r59

the derived nominalized

( ror) nurs (158)

RULE (102cii)

nure (102cii)

nure (l l8d)
nurs (63)

In the first cycle, primary stress is first placed on the tense affix by rule (158). Under condition
(c), it is then shiJted back one syllable by case (ii), case (i) being inapplicable because of the
: boundary separating the prefix from the stem. In isolation, then, we would derive the verb

13

aftribrte after the Stress,Adjustment Rule (63).117 In the second cycle, condition (c) entitles

us to omit the string -ftibut from consideration. Note that the : boundary after the prefix

/eC/ permits a second syllable in this omitted form, as well as preventing application of (ci)

in the first cycle. The residual string is now simply leC: l, and this receives its primary

stress under condition (c). The Auxiliary Reduction Rule (118) and the Vowel Reduction

Rule (121) reduce the vowel of the medial syllable, and the Stress Adjustment Rule, along

with the rules of assimilation and simplification of clusters, gives the form [aetrabUt].
Our rules therefore account for the verb attr[bute and the noun dttribiite on the

assumption that they are related in the same way as the verb ddlegdte and the noun ddlegate,

or, for that matter, the verb conudrt and the noun c6nrert. Once again, it is by no means

obvious, on superficial examination of the phonetic facts, that these pairs are lexically related

in exactly the same way. It is therefore interesting to discover that an independently motiva-

ted system of rules does account for the phonetic forms of lexically related items.
A similar pattern of explanation can be used to account for the well-known fact that

stress is shifted to the left in words su'ch as r1ferent, c6nfdent, rdsident, 4xcellent, pirtinent,

ddferent, rdt:erent, which derive from underlying verbs with primary stress on the second

syllable. In contrast, we have forms such as depdndent, repdllent, inhdrent, abh6rrent, inslstent,

recrtrrent, in which the stress remains on the stress peak of the undellying verb. The second

class is the more productive; members of the first class in many cases have a less simple

semantic relation to the form that underlies them. This suggests that we distinguish these

classes in terrns of the presence or absence of the # boundary before the affix -ent.If this is

freely added, by a syntactic process, we have forms such as /de:pend#efi|, lte:pel#entl1'
if, on the other hand, the component formatives are more closely amalgamated and the #
boundary is weakened to f , we have [re:ferf ent], [coN:fldfent], etc. In the productive

class that retains #, the affix is neutral with respect to stress placement (see p. 85), and the

stress contour of the underlying form remains in the derived word. Where # is weakened_ to

*, we,still derive forms with stress on the flnal syllable in the first cycle (e.g', [re:fer].

lccn:fidl), but in the second cycle the stressed syllable follovred by -ent is omitted from

117 Recall that the vowel [Uj is immune to laxing by the Auiliary Reduction Rule (lt8) and, consequently,

does not reduce (see p. 122). Notice that the proposal of the preceding footnote would explain the dif-

ference in the position of stress io attribiite, on the one hand, and dx eci.te, c6nstitirte, on the other, by the

fact that there is no independent formative /tribu/ (though there is motivation for /stitu/ by virtue of the

form constituent.and for /sEk*/ as noted above) and that there is no phonological segment /b-/ analogous

to /k*/. Thus there is no basis for analyzin g attribute as /aC:ftibu*At/ and then dropping the {

boundary, as in execute, constitate.
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consideration under condition (c) (inclusion of the extra sylrabre -en / in this omitted stringbeing permitted because of the : boundary between the prefix and ttr" *".), unl-J,."r, i,placed on the residual str.ln_S-. This give, 1.J:t&1entl, [crN: fld -l_ent], etc. By theAuxiliary Reduction Rule (1 l8d), the vowel of the medial syllable becomes nontense andnonstressed, so that it reduces to [s] by the vower Reduction Rure. In this way the phoneticrepresentations of all of these forms are derived.l r 8
In precisely the same way' we can account for the posrtion of primary stress in wordssuch as ddmirable, irr'uocable, 

,rdparable, c,ntparable, prdferable, riputable, u, oppor.a torem6uable, enj|yabre, etc. The elements of the second class w'l either retain tlre + oounau.ybefore the freely added affix -abte or, as in the case of art6v.abre, entptt5yabte, they w t .ontuinno internal : boundary, so that condition (c) is inapplicabre in the second cycre. Such wordsas ddntirable, irriuocabre w'l be derived er,uctly ulong the lines of riferent, cr;nfient.rr" 6few items w'l require ad hoc_ adjustments, but maiy falr directly into pru." oni". trroanalysis' once again, it would be expected, und appears very largely to be the 
"ur", 

it ut r"

;#tri:illi:Jt 
# aretherr,ore ossified forms that have been reanaryzed, in effeci,'u, ,ingr"

Notice that exampres such as rittribute, c6nfident, priJerabre require that the exrrasylrable permitted in the Stressed Sylable Rure be contingent on the presence of a boundarywith the feature [-FB], not simply the boundary 1+Wn1 1r." note 57).
Forms derived from words ending in -ent are more of a probrem. Thus consider the

lof.ds yrA\iaencr, ttt[litancy. Our rules would predict the phonetic fo.,n, tprrri-a"^il 
"nAlmilet€ensE], respectively, analogous to arle isory, 6rthoddxy(see Section l5). The simplest wayto avoid this problem and to produce the correct phonetic output is to extend rures (r22) and

r13 Other vowel alternations that

, -conrcte-conJtde,, ",. u.,,o-uiil:|}::;t^,T,::',T fifri^,i j;;fii: 
as in rcrer-referenr, and c-a, as in

1 1e The affix -able seems to pose a unrq* p.out.,n l"""rt" 
"t 

,n"' ,rt,.*ing facts. Forms such as ab,ity,prefer'rbirit f ' etc. ' seem to indicate that trre form is tisyiraui" in'i't, una".tying representation, i. e., rAbiu -But the forms abry, preferabtv apparentry require that the underrying form be monosylrabic, namery,/Abl/ Similarly' we presuppose a monosyllabic analysis in theirterpretation of stress placement in wordsy:n^1:::{:t!1" ddm.irabtc.; if the form t. uiryrr"ui", 
"""aitan f") *,,, not hotd. However, as J. Rossnas pornted out to us, the point at issue does not invorve onry -aDle butalso fo rms s'ch as nobry_nobirity,possibrv-possibirit)" humbrv-huniriryi ana tire probiem 

"uri 
# ro,u.a by accepting the monosyrrabicanalysis as lAblr and postulating a^ rul.e- that 

"onu.a, tgli,yl ,o [Bility], where B is a labial consorrant.Thus preferabilitt derives from/prefer atd)- ity l, nobilii f-,ir,l""oo,+ irrl, l, umiliy, from lhuml*itv/. Toderive [hamber]' we make use ofan obvi"r; 
^i;ri;;;;"tit. iir" I^r-r"r t Ernation of humbrv-hin,ityis now exprained in the normar way, as deveropeJ i. ii"'r""i'"n"ra. r. since -abre is phonorogicalrymonosyllabic. the analysis of stress placement proceeds in ttre intenOea wav.12o Deletion of 

-4 
i5 ro be expected as a.word is intul,iu"lv ."unuryt"J from a syntacticalry generated memberof a productive crass to a derived.r.-*t uuJ on i'no.o."i*ito.-"rtves that merge to form a sinsleIexicar item' the semantic content-of whtrr r" r. r.rt- 

"J-oi."ry 
predictabre by g"r"."r .ure, fro- lh*iicf^its parts A similar phenomenon can be observeJ ubou"'th"-*ora level. Thus a noun phrase such asmainfilldnd can be reanalvzed as,a single noun mdin#i'ra;, and may even rose word boundariescompretelv, beroming ma'inrand, with a reduced uo*.r ii'ti"'JiJnd sytabre. simirarry, a phrase such asoldf,ffmaid or Lonc##Island 

"::y ,tr" 
,"analyr"a a-, ,'r*a *..0 oldl maid, Longlisland, in which' case the secondary stress on the first element (assigned Uv tnJu^if

,"1.,"r,'u,r,u, the Stress Adjustment Rure (63). rhus we have #"Ti::fi:I 
","]J,:J:::;"1!r#{tr:r,r:;I1:-;i?":'", voung"); ring },una (the prace nu.") "on,.uvins *,rn i,iri,,,",,

The problem of semandc r€presentation in the lexicon for forms such as these, whicb preservetheir underrying structure onry partialrv una i" un u.ry.t"-"iil *ir, 
^ 

t". tom settred. But it seems crearthat any sorution must rneet the conditions,rru, *"."qri."rt".e tl 
"^ptarn 

the phonetic form.

,i
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(i5l) so that the affix -enl (along with -At and -Ut) is omitted from consideration under con-

dition (a), along with an affix that follows it. This modification produces the desired effects.121

Thus, in the final cycle, the stdng which acts as stress-placing affix under condition (a) is

not -t but -ent+y and'ant+y, so that we derive [pre:sld*ent*y] and [milit*ant-l-y]'

the former becoming [pre : sid f ent f y] under condition (c) ( /ent f y/ being monosyllabic),

and the linal phonetic forms then resulting in the familiar way.

Notice that alongside of the -ency and -ancy forms, and often in free variation with

them, we have - ence and -ance forms such aS residence, confdence, tolerance. TheSe forms are

perfectly parallel to the -ency, -ancy forms in their behavior. what we clearly need, for these

cases, is a noun-forming amx that will cause [t] to become [s], just as -y does, but that will

differ from -y in that it is deleted after having had its effects on stress placement and con-

sonant alternation. The /---+s alternation is one of several that take place before nonlow

front vowels and glides in certain positions, in particular, before [i] or [y] and [e]' Since we

already have an e-Elision Rule (namely, rule (155) ), it seems obvious that the final affix in the

-ence forms must be the glide which is related to lel as lyl is reiated to /i/' that is, the glide

with the features " nonhigh," "nonlow," " nonback." Let us designate it as /e/. Then

resitlence, tolerance will be represented /rE: sldlentf e/, /talvr+sent+t lr22 in the

lexicon. The glide /e/ will have precisely the same effects as /y/ with respect to stress place-

ment and consonant alternations, and will then be deleted by a simplified version of the e-

Elision Rule (155) which omits reference to the feature [+vocalic]'
ln Section 14 we showe<i that the distinction in patterns of stress and reduced vowels

between forms such as relaxation, deportation, condensation, with unreduced 4-stressed

vowels in the second syllable, and demonstration, information, compensation, etc', with

reduced minus-stressed voweis in the analogous position, is directly determined by their

syntactic structure. Matters are not always this straightforward, however, and the -ation

forms of certain bisyllabic v,erbs undergo anomalous derivations. Consider, for example, the

phonetic alternatives IprEzentAien]- [prezsntAien] for presentation The first is derived in

the normal way from presdnl. The second must be derived without a first cycle for the under-

lying verb, or with an artilicial analysis ln ftpresentlAtly ionfs1.123 The same artificiality is

necessary for a word such as transformdtion, which, even as a nominalized verb, has a

reduced vowel in the second syllable instead of the expected 4-stressed nonreduced vowel. In

each such case an ad hoc lexical analysis must be given for the underlying forms, specifying

that they undergo the necessary reanalysis before the application of the phonological rules.

Such examples, then, are true exceptions.
, Other apparent exceptions are forms such as modern, honest, haggard, mentioned

above in the discussion of adjectives. Our rules predict that final stress should fall on the final

syllable in these examples. We can provide the correct phonetic form only by analyzing

these elements as modfern, honfest, haggfard, so that stress is assigned under condition

(a) to the penuitimate syllable, instead of under condition (e) to the vowel of the final strong

cluster. There is some justification for this (cf. mode, Llestern, honor, Iag- laggard, etc.), but

r21 Notice that the question can be regarded as one of where to assign the diacritic feature [+D] discussed

on page 138, once conditions (a) and (c) have been amalgamated as indicated on page 142. As we noted

there, [+D] is quite generally assigned to the vowel of a vowel-sonorant-consonant cluster such as

-enr, -ant.
r22 Notice that verbs in -lr delete the ending -lt before the affix -ent or -ant.
12r As we shall see in the next chapter, the choice of [E] or [e] in the first syllable of presentation is determined

by the stress on the following vowel, by a rule of great generality.
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in some cases the analysis is ad hoc. A more serious exception is the ad,jective pdrfecr. In thiscase, not only the position ofprimary stress is contrary to rule but the reduction of the vowelof the final syllable as well.l2a
Although we have not yet exhausted the material, we have reached the point where nofurther insight into stress contours and vower reduction can be achieved frorn application ofthe rules and phonorogicar principles that we have so far been able to discover and formulate.

There are still many examples that resist anarysis and that must, so far as we can see, betreated by ad hoc rexicar classification and special rules. So far as we can determine, theseexamples have no bearing on what we have presented so far; but one must keep in mind thefact that they might turn out to be relevant, if it 
"un 

be shown that deeper generarizations oralternative principles can account for the remaining problems only by revising the analysispresented above.
Within the framework of this book, there would be no point in our going on topresent ad hoc analyses of particular examples. As we stated in the preface, we aie inlerested

in an analysis of the facts of English insofai as this analysis serves to revear general principres
of linguistic structure. Thus we have been concerned with details of stress contour andvowel reduction because of the way they bear on such general notions as the principle of thetransformational cycle. we are not, in this book, interested in these details for their ownsake' we have tried to show that quite a variety of phenomena can be exprained on the basrsof the general principles of phonologicar structure that we have been developing in the courseof the exposition. Insofar as this attempt is successful, it provides empirical justification forthese principles. Since the residue of unexprained phenomena do not, so far as we can see,bear on these principles one way or the other, we deal with them no further here.

;ii ,1

'24 we might account for the position of primary stress by deriving the adjectiye from tbe underlying verbperfect' in the farniliar way, but this wouto stiit reaue r-e"piJr"-o in" 
""*"1 

reduction in the final svllabte.
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7. Introductory rernarks

We have seen in the
plex interplay of stress
transformational rules
stituents of the surface
stituents. ln thj honological rules that do not reapply

word phonology.
We have been assuming that each terminal string that enters the phonological

component is uniqueiy and exhaustively analyzed as a sequence of words, and that each

of these words is a constituent of the surface structure. Thus the surface structure specifies

that each word constitutes a stage of the transformational cycle. By a word, we mean an

element of the form # # . . . 4 4, where . . . contains no occurrence ol # # . (See Chapter

Eight, Section 6.2, for a more careful formulation.) A rule restricted in application to contexts

meeting this condition is what we call a rule of word phonology. Evidently, such rules will

not reapply at successive stages of the transformational cycle, even if interspersed freely arnong

the cyclic transformational rules.
The surface structure that enters the phonological component is determined by three

factors: syntactic rules, lexical representations, and readjustment rules. The syntactic rules
generate a sytrtactic surface structure of strings of grammatical and lexical formatives, the

latter appearing in what we have called " lexical representation." The readjustment rules,

which provide a link between syntax and phonology, may slightly modify the syntactically
generated surface structure, and they will, furthermore, convert the string of formatives
into what we have called " phonological representation," introducing various modifications
into the lexical representations and eliminating grammatical formatives in favor of phono-

logical matrices, in the manner discussed briefly in Chapter One, Section 5.1. In this chapter
the distinction between lexical and phonological representation will not be too crucial,

although the conceptual distinction should be borne in mind to prevent confusion. We will

be concerned in this discussion with only one aspect of the readjustment rules, namely, with

their effect on lexical representations of lexical items, particularly in connection with the

matter of redundancy. Those readjustment rules which have the effect of restricting the class

of possible lexical entries by eliminating certain possibilities we shall sometimes designate
as " lexical redundancy rules." We return to the discussion of readjustment rules in Chapter

Eight.

763
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2. Phonological and phonetic representation

The phonological component accepts as input a structurally analyzed string. As
output it provides the " phonetic representation " of this string. The phonetic representation
consists of a sequence of " phonetic segments," each of which is nothing other than a set of
" phonetic feature specifications." A phonetic feature speciflcation consists of a ,.phonetic

scale " (called a " phonetic feature ") and an integer indicating the position of the phonetic
segment in question along this scale.l The phonetic scales form a predetermined universal
set, namely, the "(phonetic) distinctive features." Thus a particular segment might be marked
as " noncontinuant " (i.e., "minus" with respect to the phonetic feature .. continuant,'),
"highly aspirated," " nonvoiced," etc. In short, a phonetic representation is a ..phonetic

matrix " in which the columns correspond to segments and the rows to features and in
which each entry states the extent to which a given segment possesses the corresponding
feature. We will discuss the phonetic distinctive features in more detail in Chapter Seven.
Here we merely emphasize that they must be determined absolutely, within general lin-
guistic theory, and independently of the grammar of any particular language.

Let us now consider the structurally analyzed string that the ptronological component
takes as input. Its minimal elements are formatives. These formatives are provided originally
by the lexicon, which forms one part of the syntactic component of the grammar. They
may then undergo slight modification by the readjustment rules. In the lexicon, each forma-
tive must be represented in such a way as to determine precisely how the rules of the phono-
logical component will operate on it, in each context in which it may appear. Thus the
representation of a formative must be sufficiently rjch so as to specify the corresponding
phonetic matrix in each environment, given the phonological rules and the structural
analysis of the string. As we noted in chapter one, each formative falls into many categories;
in fact, each formative can be regarded as being constituted simply by a certain set of cate-
gories- For example, the forrnative tnn belongs to the syntactic categories " noun,', .. com-
mon," " nonanimate," " count," etc. ; to certain semantic categories which specify its
meaning; and to the phonological categories " initial-vocaiic," " initial-nontense," .. second-
consonantal," " second-nasal," etc. The lexical entry irr is simply the complex of these
categories, and the terminal symbol inn in the terminal string the {tnan ! stop lpast 1
at lthe linn (underlying the man stopped at tlrc inn) is nothing other than the complex
symbol consisting of this set of category specifications.

It is clear that many of the phonological categories can be represented in a natural
way in terms of a " phonological matrix," in which the rows are associated with features
such as " nasality " and " tenseness " and the columns are called " phonological segments."
Thus, assignment of the morpheme inn to the categories " initial-vocalic " and ..initial-

nontense " can be indicated by entering * in the first column in the row labeled .,vocalic "
and - in the first column in the row labeled "tense"; its assignment to the category

I Often we restrict ourselves to two positions along a phonetic scale, in which case we may use the symbols
+ and instead ofintegers to indicate phonetic values. We emphasize that the value in a phonetic specr-
fication is not an absolute phyqical property but is relative to the context of phonetic segmenrs. lsee
Chapter Seven for further discussion.) Thus, the phonetic distinctive features are absolute in on. r"nr",
namely' they are universals, independent of any particular language and providing the basis for phonetic
representation in every language; and they are relative in another, namely, the actual physical event
represented will depend on the integral value of the phonetic specification, interpreted relative to the
context in which the given segment occurs. Criticism of distinctive feature theory has occasjonally con-
fused these two entirely different notions of absoluteness.

..
:i

:s

.,31

:

.:;]

: l

:::I

I
.t

I

j

i&L



t r

5:

Word.-Leael phonology 165

" second-nasal " can be indicated by entering + in the second column in the row associated
with " nasality," and so on. Details aside, it is clear that this is an appropriate means for
presenting much of the categorial composition (the assignment to categories) of a complex
symbol representing a formative, and it is reasonable, therefore, to propose that a lexical
entry will, in general, consist of a phonological matrix of the kind just described, along with
a sei of other categories (syntactic, semantic, and phonological) to which the morpheme
given by this lexical entry belongs. To a first approximation, then, we may think of this
phonological matrix as the lexical representation, abstracting away from possible effects of
readjustment rules.

The distinction between the phonological and phonetic matrices must be kept
clearly in mind. In the case of the phonetic matrix, each row corresponds to a phonetic
feature, physically defined, from a predetermined initial set. The entry occupying a particular
square of the matrix wiil be an integer specifying the degree to which the segment in question
is characterize<i by the corresponding property. In the case of the phonological matrix,
each square represents simply a pair of opposed categories, to at most one of which the
formative in question may belong. A + in this square indicates membership of the formative
in one of these categories; a -, membership in the other, complementary category; a 0
indicates simply that no information is given for the formative in question concernrng
membership in these two categories. Thus the second column of the phonological matrix for
lnn would contain a * in the square associated with the feature "nasal," a - in the row
associated with the feature " vocalic," and a 0 in the row associated with the feature " tense."
This is a way of representing the fact that in the lexicon rnn is assigned to the two categories
" second-nasal," " second-nonvocalic," but is not assigned to either of the categories
" second-tense " or " second-nontense." It is unnecessary for the tenseness of the nasal
consonant in inn to be indicated in the lexicon since this information is redundant-it is
provided by a general rule and is not an idiosyncratic property of the particular formative in
question. It is this fact that is indicated by the zero entry in the phonological matrix. We
will return later (Chapter Eight, Section 8, and Chapter Nine) to a more 6areful consideration
of redundant information and how it is supplied. For the time being, we will continue to
use the entry 0, along with * and -, as an expository device.

The categories of the phonological matrix for some formative may correspond in part
to the feature specifications of the corresponding phonetic matrix, but this need not be the
case in general. To illustrate some of the possibilities that may arise, let us consider in a bit
more detail the phonological and phonetic matrices for the formative inn (in the context
the man stopped at the-) and the formative algebra (in he likes-). The phonetic
matrices, omitting irrelevant details, might contain the following submatrices:

- f -
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(a) inn (b) algebra

inalgebre

consonantal
vocalic
nasalt
tense
stress
voice
continuant

- - r -++-++-
++-+-++

r - ! r - !

_T - i - - r

- -4
-i T _T-

-++
2 By giving the entry 2 for the vowel of rzz, we indicate that its degree of nasalization is partial. For a dis-

cussion of the physical correlates of the phonetic features, see Chapter Seven.g
u.
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Recalling now that the lexicon specifies only idiosyncratic features of lexical entries, omitting
all those that can be determined by general rules, we might propose the following as the
corresponding subparts of the phonologica! matrices:

(a) (b) algebra
e I  ge br ae

consonantal
vocalic
nasal
tense
stress
voice
contlnuant

There are general rules that convert the representations of (2) into those of (1); consequently,
the redundant specifications in (1) need not appear in the lexical entries themselves. A segment
which is not fully specified may be called an " archi-segment." phonological matrices
typically consist of archi-segments. Thus, an important difference between phonological
and phonetic matrices is that the latter are fully specified while the former are not. In fact,
one major function of the phonological rules is to extend phonological matrices to full
phonetic matrices. Notice that (2a) is a proper submatrix of (la) and that (2b) is a proper
submatrix of (1b). Thus, the only function of the phonological rules as so far discussed rs to
convert archi-segments to fully specified phonetic segments.

Suppose that a certain formative meets the following condition: the phonological
matrix given in its lexical entry is a submatrix of the phonetic matrix corresponding to rt,
in each context in which it occurs.3 In this case, we may say that the formative in question
meets the condition of " invariance." (we can also extend the definition of invariance, m
the obvious way, to the case of a particular segment of a formative.) Thus the formative inn
meets the invariance condition, but the formative algebra does not, as we see if we carry
the discussion a few steps further.

The lexical entry (2b) for algebra must specify that the final vowel is nontense;
otherwise, it will not be stressless, nor will it reduce to [a] (see chapter Three, Section l4).
But consider the form algebraic.In this case the final vowel of algebra is marked [+tense]
in the phonetic matrix because of the rule that vowels become tense before vowels:

V --- [+ tense] | -V

-++-++
0+ 0-+ 0
0 0-0-0 0
-00-00-
0000000
00+0+00
00-0-00

-+
00
0+
-0
00
00
00

(,)

This is the rule that we have stated as part of (30) in chapter Three (p. 74). The phonetic
matrix f or algebra in algebraic will thus differ from that in f algebraf not only with respect
to redundant features (e.g., degree of stress), but also with respect to the inherent feature of

3 Technically this condition is never satisfied since the entries of phonological matrices are the svmbols
*' -' and 0 while the entries of pbonetic matrices are positive integers. what we mean, of course, is that
if the integral values for a partjcular feature are divided into two classes, one of which (l to z, for some r)
represents a refinement of the category + and the other of which (n+l to m, where m is ihe minimal
value along this dimension) represents a refinement of the category -, then the phonorogicar matrix is a
submatrix of the phonetic matrix when theintegers I,. .. , r are replaced bV + andihe integ!rsn+1,...,m
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tenseness. This illustrates the fact that phonological rules not only fill in redundant entries

of matrices but also may change inherent features marked in the lexical entry.
Suppose that we now extend the description to the features thai determine vowel

quality. We have already noted that there is a rule determining that nonstressed, nontense

vowels in final position become tense if they are nonlow (that is, [i], [e], [u], [o]), but
reduce to [e] if they are low (see Chapter Three, p. 74). Since the final vowel of algebra
reduces, it must be marked in the leicon as [+low]. Since it is also [-tense], the stress

assignment rules of the preceding chapter assign stress only to the first syllabie. But in
algebraic this vowel is phonetically both [+tense] and [-low]. Consequently not only

the inherent tenseness but also the inherent lowness of the lexical entry may be altered
by the phonological rules. In fact, it is often the case that phonological rules change inherent
properties, and it is not to be expected that the invariance condition will be met in general.

Occasionally the factors that determine what the underlying lexical entry must be are
quite complex. To illustrate the range of considerations that may be involved, consider the
words reciprocal-reciprocity, frioolous-friuolity, demon-demonic, etc. In each case we have a
formative ending with a vowel followed by a single consonant, to which is added a suffix
(-al, -ity, -ous, -ic). The final vowel of each formative appears in one of two phonetic forms-

either [e] (reciprocal,friuolous, demon) or ldf (reciprocity, friuoliry, demonicl.a The problem is

to determine the underlying phonological shape. We see at once that the vowel in question

must be nontense in the phonological matrix to account for the stress placement in reciprocal,

frloolous, ddmon In each case, if the boldface vowel were tense, it would receive stress by the

rules discussed in Chapter Three. Since, however, it is nontense and therefore nonstressed,

the vowel instead reduces to [e] by the Vowel Reduction Rule (rule (121) of Chapter Three).

But we now have to account for the fact that when the vowel does receive stress, as when

it is followed by the affix -ity or -ic, it becomes tense. Thus there must be a rule such as (4)
(where V* is some nontense vowel):

V* -.- [+ tense]

If this rule follows the Vowel Reduction Rule, no further context need be given. Thus when
V* is unstressed, it will reduce; when stressed, it will become tense by rule (4).

What, then, is the feature composition of V* beyond its nontenseness? The simplest
solution would be to take V* as the nontense cognate of [a], that is, as the low, back,
nonround vowel [a]. In this case, rule (4) will suffice to determine the quality of V+ when it
does not reduce. We will see, however, that there are strong reasons for regarding [a] as
itseif being derived, by obligatory unrounding, from its round cognate [c], which does not
appear in phonetic matrices although considerations of symmetry would lead us to expect
it.s But if we are to take V* as [o], we must formulate rule (4) in terms that have the effect
of (5) (where - stands for " lax," that is, " nontense ") :

. ' . .

:1

(-)

( , )
-  f+tense I
;) ----, I I- 

L-roundl

a This is true of one major dialect. In other dialects the vowel in the second case may be [r], [5], or [n]
contrasting with [a]. We return to the question of this dialectal variation later. It does not affect the point
at issue here.

On our use of diagonals versus square brackets (i.e., / / vs. [ ]), see Chapter Three, page 65.
5 We return to this matter later. Actually invariance is violated whether [a] or [c] is chosen for V*, although

the example is more striking, of course, in the latter case.
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Moreover, if the boldface vowel in reciprocal, frirolous, demon is [o] in the underlylng
matrix, then the vowel of the phonological matrix nerrer appears in a phonetic matrix without
a change in quality, so that the invariance condition is violated in an extreme way. However,
the actual forms are determined by quite simple rules, and the choice of the underlvrnq
vowel is determined by a var iety of  sysrematic considerat ions.

Notice that in the case of the pair reciprocal-reciprocity, there is still another violatron
of invariance, namely, with respect to the final consonant of the formatiue76-.---. This
segment appears in one case as [k], in another as [s]. other familiar facts of English force us
to the conclusion that the underlying consonant is /k/ and that we have rules with the efrect
of (6) :

k . . -  s / - { i }
te,

We will see that rule (6) can be generalized considerably and analyzed into several independ-
ently motivated steps. For the moment we record it simply as another case of the violation
of invar iance ol  lexical  entr ies.

Even though we cannot impose the condition of invariance on phonological matrices,
we might still inquire whether some weaker condition is not satisfied. Can we, for example,
require that the underlying phonological segment and the phonetic segment that corresDonds
to it not differ "too greatly," in some sense? Rule (6) suggests thar this is unrikely, since [k]
and [s] differ in the features " anterior," "coronal," " continuant," ..strident." Later we will
find an even more extreme violation of the invariance condition, in the vowel system. we
shall see that in a sequence of steps, each well motivated and involving a change ofjust one
feature, the underlying segment /D/ becomes phonetic [e] in certain dialects. This rs a
maximal change within the vowel system, for these two segments differ in the features
"high"' "low," "back," "round," "tense," that is, in all features that differentiate
vowels.

Thus it seems that there is no hope for any condition of invariance that will relate
phonological and phonetic matrices. No doubt there are certain conditions on .,pos-
sible phonological rules," and these will, derivatively, impose certain conditions on the
relation of phonological and phonetic matrices. But it seems that there is no general
condition that can be established apart from whatever effects these conditions on rule,
may have.

Notice that although the invariance condition is not necessarily met by a grammar,
there is often a cost attached to violating it, in terms of complexity of rules. Thus, in general,
a grammar will contain fewer and simpler rules to the extent that the invariance conJition is
met; the condition will be violated, therefore, only when the corresponding gains more than
compensate for the loss in simplicity. As we have indicated previously, an important part of
linguistic theory is an evaluation measure for grammars that specifies those iormal proper-
ties that play a role in the selection of one grammar (one theory of a language) over another,
both by the learner of the language and the linguist analyzing it. A clear and precise formula-
tion of such a measure (for discussion, see chapter Eight) will determine exactly in what way
violation of invariance wlll, ceteris paribizs, reduce the valuation of a grammar. It will thus
express a certain empirical hypothesis concerning the extent to which invariance is an
important feature of language.

(.)
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To summarize, we see that there are several respects in which phonological and
phonetic matrices differ. First, the entries in the phonetic matrices may indicate degree

along a physically defined scale, whereas the entries in the phonological matrices simply
indicate membership of a segment in a category or in its complement (or give no information

about membership). Secondly, the phonetic matrices are fully specified, whereas the phono-

logical matrices in general are not. Thirdly, the phonetic matrices may differ from the under-

lying phonological matrices in the values which are inherent in the latter, as we have just

noted. Finally, it is clear that a phonetic matrix may differ in number of segments from the

underlying phonological matrix, as, for example, in the case of epenthesis or elision.
We have used the term " phonetic distinctive features " for the universal physical

scales that determine the rows of the phonetic matrices. Correspondingly, we may use the

term " phonological distinctive features " to refer to the categories that label the rows of the
phonological matrices. Unfortunately, the discussion and development of the theory of
distinctive features has been confused by the use of the term " distinctive feature " in both

senses. This is appropriate only insofar as the invariance condition is met-that is, insofar

as the phonological rules simply add redundant features to lexical matrices, giving additional
specification of archi-segments. As we have seen, however, this is not the case in general. In

fact, we do not believe that there is any significant intermediate level of linguistic repre-
sentation between phonetic and phonological at which representations are strictly in terms

of submatrices of the full phonetic representation.6 In any event, the phonological and
phonetic functions of distinctive features must be clearly distinguished.

It might be proposed, in the light of the distinction between phonological and pho-

netic distinctive features, that the two sets be absolutely unrelated-that in cases such as (1)

and (2) above, for example, the rows be labeled entirely differently in the phonological and
phonetic matrices. Thus in (l) we would have the phonetic features " consonantal,"
" vocalic," etc., as before, but in (2) we would have the phonological features A, B, and so

on. Only the phonetic features would now be " substantive " ; the phonological features would

be without physical content and would provide an arbitrary categorization.

Adoption of this proposal would have two effects. For one thing, since all phono-

logical rules would operate on the "empty" categories A, B, etc., gradually filling them in

and revising their entries, the grammar would now have to be supplemented with a set of

rules operating at the point at which all matrices are fully specified and providing that
phonetic features be associated with the categories; for example, we would have rules
providing that [aA] --- [crvocalic], [aB] -- [aconsonantal] (where a is a variable ranging

over the values of feature specifications, as in Chapter Three, p. 83). But every grammar will

have to have exactly these rules; hence they do not contribute in any way to the choice

among grammars and can just as well be eliminated from all grammars, To eliminate them

means, simply, to use the names of the phonetic features to label the categories in the first
place.

The second effect of this proposal would be nonvacuous, however. Recall that the
phonetic features constitute a fired 3rrd_lg!!44r4_!gljlg?endent of any particular

lu, .g, 'og". thu,,o@oriestothosethatcanbelabeled
by phonetic features amounts to an empirical hypothesis concerning the number of possible

6In other words, we believe untenable the view (characteristic of post-Sapirian linguistics, both in the
United States and in Europe) that there is a level of representation meeting such conditions as invariance
and biuniqueness. For discussion, see Halle (1959), Chomsky (1964), Chomsky and Halle (1965).
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categories of a phonological matrix.? It reflects the hypothesis that beyond the categorization
given by the features which are associated, ultimately, with phonetic values, all categorization
applies to the formaiive as a whole and not to its separate (successive) parts. For example, a
formative may belong to the category of items which are exceptions to a certain phonological
rule, but we cannot state, in the lexical representation, that one but not another of its
segments belongs to the category of exceptions to this rule. To achieve the latter effect, a
special rule would have to be given, increasing the complexity of the grammar, We expect, to
put it loosely, that there will be rules applying to segments specified in terms of categories
very closely tied to phonetic features and rules applying to full lexical items;but rules of
other sorts will necessarily be more complex, given the framework we are adopting. This
becomes a significant claim as soon as an evaluation measure is fixed. If true, it is a formal
property of language that would be missed if phonetic and phonological features were
strictly dissociated.

We think, then, that there may be good reason to limit the class of phonological
matrices interms of the set of universal phonetic features. For the linguist or the child learnrng
the language, the set of phonetic representations of utterances is a given empirical fact.8 His
problem is to assign a lexical representation to each word, and to develop a set of gram-
matical (in particular, phonological) rules which account for the given facts. The perform-
ance of this task is limited by the set of constraints on the form of grammars. without such
constraints, the task is obviously impossible; and the narrower such constraints, the more
feasible the task becomes. Among the formal conditions is the one that we havejust outlined,
namely, that each lexical entry consists of a phonological matrix in which the rows are
labeled by names of phonetic features along with a set of categories to which the formative
in question belongs, The conditions on the form and application of rules and the evaluatron
measure for grammars set further constraints. The task, then, is to select the most highly
valued grammar (including, in particular, a lexicon) that meets these conditions and is
compatible with the particular data on which it is based.

7To further restrict tbe use of phonological features as mere " diacritics, " we might add other
conditions, for example, the condition that if a feature is totally redundant (as, for examplc, glottalization
in English, which is always completely predictable from context), then it must not be used distinctively in
lexical matrices. This would eliminate various techniques for escaping some of the force of the decision
to limit phonological features to those with an absolute phonetic interpretation. We do not take this srep
here, bowever, sinceweare unable to formulate such a condition in a way which will still permit a wideclass
of familiar cases in which a distinctive feature is lost phonetically though it remains functional in phono-
logical rules. Thus, to takejust one ofinnumerable examples, in Modern Hebrew the feature of fharyn-
gealization (which in Arabic distinguishes the class of " emphatic " consonants) is phonetically lost in
stops, but it (or some other nonphonetic feature) must still be marked in lexical matrices. to Drevent
postvocalic spiranlizalion in whal is hislorjcally an empharic IkJ. for example. Thus r,re have fkarar].
llixbor] contrasting with [kavar], Uikborl, and we may account for the contrast by representing the former
with a nonpharyngealized [k] and the latter with pharyngealized [k].

Presumably, the way to distinguish permissible from impermissible uses of diacrit ics is in terms
of certain universal conditions on the kinds of rules in which a given feature can play a role. However, we
are not in a position to say very much about this interesting question. For some discussion see ChaDrer
Nine.

3 But qualifications are necessary. Thus both the linguist and the child must determine which of the phe-
nomena presented to them are legitimate examples on which to base their theory ofthe language of *hich
these examples are a sample, and in part this decision must itself be made on grounds of systematic com-
plexity. Furthermore, it must be borne in mind that the speaker of a language may assign to a physical
signal a phonetic representation determined in part by grammatical rule rather than by overt properties
of the signal.
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2.1. LEXICAL REDUNDANCY RULES
To the rules that apply strictly within a single lexical entry and that simply fill in

unspecifled squares of phonological matrices, without violating invariance, we will give the
special name of " lexical redundancy rules."e We will see that they have many special
properties and interesting empirical correlates. Strictly speaking, they belong to the system
of readjustment rules rather than to phonology, in our terms. Thus representations such as
(2) are actually lexical rather than phonological representations. They become phonological
representations when lexical redundancy rules (and perhaps other readjustment rules) apply,
converting some-perhaps ail-of the zero entries to plus or minus.

As an illustration of a lexical redundancy rule, we cite a familiar restriction on initial
consonant clusters:

(')
- vocalic
+ anterior
+ coronal
+ strident
+ continuant
- voice

[+consonantal] -+

This rule asserts that the first segment of an initial consonant cluster must be [s] if the
second segment is a true consonant (i.e., neither a liquid nor a glide). It rules out sequences
such as [ps], [0m], but not [pl], [0r], in f ormative-initial position.

We cannot in all cases determine from the form of a rule whether it is a lexical
redundancy rule or a rule of the phonology. If, for example, a rule such as (7) were to apply
across formative boundary, it could not be a lexical redundancy rule. Thus consider the
rule, dating back to old English, that vowels are nontense in position before certain
consonant ciusters. Before clusters such as [kt] and [pt], we always find lax vowels, not only
when the cluster occurs within a formative, as it euict, apt, cry)pt, but also when it occurs
across formative boundary, as in descripftion, satisfacltion. There are no tense vowels or
diphthongs in this environment, that is, no morphemes such as *[dtivrkt], *[dawkt], +[cypt],
or *[kraypt] and no polymorphemic forms such as *[ddwkftiv], *[skrayp ]tyuwrl.lo
Thus this laxing rule, as opposed to rule (7), is a rule of the phonology rather than a lexical
redundancy rule.

e These are rules which express regularities of lexical classification. In addition to the phonological redun-
dancy rules, there are redundancy rules that deal with syntactic and semantic categories that appear in
the lexicon, and that relate these several kinds of categories (see chomsky, 1965, chapter Four). In this
book, however, we will consider only phonological redundancy rules. These are the " morpheme structure
rules " of Halle (1959), where the notion is introduced.

10 we find opt and concoct with tense [d] before [pt] and [kt], but, as we have seen, this [a] is the reflex of
an originally nontense vowel by rule (5). The past tense ltl (e.g., aped,liked) must, ofcourse, be marked
as being excluded from the domain of this rule, as well as that of many other rules, in regular verbs. As
we have already noted, it is regularly preceded by the boundary #. some other apparent exceptions
are dealt with below. The basic regularities discussed here were pointed out to us by p. Kiparsky.

Notice, incidentally, that [!] acts as a cluster of the form cr, rather than as a single consonant
like [m] or [n]. Thus we have words such as lime-line, loam-loan, Iame_lane, toren, etc., with [ey], [6w],
leyl, [dw], respectively, but forms such as *[layo], *[lowg], *[l€g], *[t6w1] are impossible in English.
This is one of many factors contributing to the conclusion that the phonological matrix [+nasal] [gj
underlies [9].

L f+consonantall
I 

-T- 
f-vocalic l

1l*

€
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2.2. TREATMENT OF EXCEPTIONS

As mentioned directly above, vowels in English are generally laxed before consonant
clusters. Excluded from the domain of this laxing rule, however, are vowels preceding certain
clusters within a single lexical item, in particular, vowels preceding dental clusters. For
example, we have words such as pint, count, plaint, in which a diphthong precedes the cluster

[nt], and words such as hoist, toast, u,ild,feld, with diphthongs before other dental clusters.
But a dental cluster with an intervening formative boundary has no special status, and we
do have laxing in the boldface position in words such as conuenltion, interuen ltion,
detenltion, abstenltion, retenltbe, contenft, l.idlth, /osf l. (Note that laxing does
not occur in plaintfiue, from the lexical entry plaint, or in restainlt, complain { t-con-
trasting with c6ntint from contain+t-which have word boundary rather than formative
boundary in the dental cluster, as seen from the fact that stress is not shifted to the left in the
noun cycle.) Thus the laxing rule (see rule (20III) and note 2 in Chapter Five for a refined
version of this rule) states that, with the exception of vowels occurring before dental clusters
within formatives :

V -  [ - tense] l -C2

Exceptions of the type just noted cannot be easily incorporated into the grammar as
developed up to this point. We therefore consider next an extension of the available de-
scriptive devices which would enable us to treat such exceptions in a straightforward manner.

Each phonological rule of the language applies to certain formatives and, in general,
not to others, the domain of its application being determined by the feature composition
of the phonological matrices. If a certain rule does not apply to a certain formative, this fact
must somehow be indicated in the feature composition of the formative at the stage of
derivation at which the rule is applicable. It is quite obvious that many of the phonological
rules of the language will have certain exceptions which, from the point of view of the
synchronic description, will be quite arbitrary. This is no more surprising than the fact that
there exist strong verbs or irregular plurals. Phonology, being essentially a finite system,
can tolerate some lack of regularity (exceptions can be memorized); being a highly intricate
systerl, resulting (very strikingly, in a language like English) from diverse and interwoven
historical processes, it is to be expected that a margin of irregularity will persist in almost
every aspect of the phonological description. Clearly, we must design our linguistic theory
in such a way that the existence of exceptions does not prevent the systematic formulation
of those regular i t ies that remain. l l  Furthermore. we musl provide means for expressing
those regularities that hold within the class of exceptions, however limited they may be.
Finally, an overriding consideration is that the evaluation measure must be designed in such
a way that the wider and more varied the class of exceptions to a rule, the less highly valued
is the grammar.

In short, the most highly valued (simplest) grammar will be that in which the phono-
logical rule j'---+ I (where X and Y are matrices) applies to any string containing X as a
submatrix. We are certain to find, however, that in many cases formatives will have to be
differentiated with respect to the applicability of the rule in question. Some formatives
containing the submatrix X will undergo the rule, and others will not. The wider and more

I I This obvious point is always taken for granted in morphological studies-e.g-, no one would think of
refusing to incorporate the rule for regular plurals in an English grammar because of children. oxen,
fislt. etc.
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varied the class of cases that do not undergo the rule, the more complex must be the gram-
mar in terms of the evaluation procedure that must constitute part of a significant linguistic
theory.

We will deal with this problem in the following way. Each rule of the phonology has a
certain identifying number. We associate with each numberu a new " distinctive feature,'

[+n]. Suppose that the rule numbered nis A---., B lC - D. Thenwe stipulate that I must
be marked [+nl if the rule numbered n is to apply to it. Furthermore, we establish the
following general convention :

Conuention 1: Every segment of a lexical matrix is automatically marked [+tr ] for every
rule n.

Since the various decisions just formulated contribute equally to the complexity of all
grammars, we may regard their total contribution to the evaluation of a grammar as nil.
This is to say that we need not even present these conditions explicitly in a grammar but
may regard them merely as conventions for interpreting a grammar. They do, however, play
a role in determining whether or not two matrices are distinct.

If a certain formative is not subject to rule n, its segments must be marked [-n]. In
the light of the decisions on the form of grammars that we have so far adopted, we must
conclude that this fact is not a feature of any segment of the formative but of the formative
as a whole. That is. the formative as such must be marked in the lexicon as belonging to the
category of exceptions to rule n, and, consequently, the feature [-n] must be marked in
each of its segments. But in accordance with Convention 1, each of its segments is marked

[+r]. Thus we must add a new convention, to be applied after Convention I and having the
following effect :

Cont:ention 2: Every segment of a lexical matrix p is marked [aK] for each category [aK]
to which p belongs.

Thus, in particular, if a formative belongs to the lexical category [-n], each of its segments
will be marked [-r] by Convention 2, after automatically having been marked [+n; Oy
Convention 1. Thus every time a certain formative is an exception to a rule, there is a certain
" cost " associated with this fact, namely, a certain category assignment must be given the
lexical entry. But an item that does undergo a rule need not be speciaily marked. Thus only
exceptions to a rule contribute to the complexity of the grammar in this connection.

Furthermore, notice that the less " predictabie " the class of exceptions, the greater
the contribution to complexity. For example, if the class of formatives belonging to the
category [-z] is totally idiosyncratic, then each such category assignment must be given in
the lexicon. But if this class plays some other role in the grammar, in whole or in part, then
the category assignment need not be given as an independent lexical property. Thus in
English, for example, there are many items that must be marked in the lexicon for the fact
that they do not enter into the Romance derivational system. We shall designate such
formatives as belonging to lhe category [- deriv]. A phonological property connected with the
independently motivated category " subject to derivational processes " will contribute less
to the complexity of the grammar than one that is entirely idiosyncratic, since its occurrence
in lexical entries can in part be stated by redundancy rules. Consider rule (6), for example,
which, when appropriately generalized, will have the effect of changing [k] to [s] and [g]
to [] (in a series of steps) when these segments appear before a high or mid front vowel
( til, tel, til, [C]). This rule applies to the boldface segments of reciproc-, receiu-e, general, etc.,
but not to the boldface positions of kill, kennel, lackey, gill, and so on. Yet there is good
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reason to mark all these items as velar stops in the lexicon. Thus the items k//, kennel, gill

(but not reciproc-, -ceiue, general) will be marked in the lexicon as belonging to the category

[ - rule (6) ].1'? However, this is not an entirely idicsyncratic classification since it is, in part,

an automatic consequence (therefore statable by a redundancy rule instead of having to be

independently marked in each case) of membership in the category [-deriv], characteristic

of a formative which must anyway be specially marked in its lexical entry.l3 The lexical

category [-rule (6) ] will, by Convention 2, be marked as a segmental feature of each seg-

ment of the items belonging to this category, and these items will thereby be automatically

excluded from the application of rule (6). This is a rather typical example of a characteristic

aspect of English grammar to which we shall make reference again below.

Alongside of the partially systematic class of exceptions to rule (6), we also find
purely idiosyncratic exceptions. For example, consider the rule that makes vowels nontense

before certain affixes (e.g., compare serene and serenity, obscene and obscenity). There are
exceptions to this rule (e.g., obese-obesity, in most dialects) which must simply be categorized

as such in the lexicon, these lexical features becoming segmental features by Convention 2.
Each such example contributes to the complexity of the grammar, but there is obviously
no question of rejecting the rule. Doing so would amount to teating each item as an excep-
tion, in the manner of item-and-arrangement grammars (see Chapter Three, Section 16),
and there is surely no point to such a decision.

Convention 2 asserts that each lexical category of a formative automatically becomes
a distinctive feature of each of its segments. This will be true, then, even of the syntactic
and semantic features (" animate," " proper," particular semantic properties, etc.) which
ordinarily have no phonetic effects. No harm is done, however, by ailowing Convention 2
to apply quite generally. In fact these lexical categorizations may indeed have phonetic
effects occasionally. (See Chapter Eight, Section 7, for some examples.)

Let us be somewhat more precise about Convention 2. Suppose that a formative
belongs to the syntactic categories [animate], [nonhuman], [exception to rule r]. Alterna-
tively, we might represent these categories as [+animate], [-human], [-rule r] within
the syntactic component of the grammar. From the point of view of the phonology, each of
the categories [animate] (: [+ animate]), [nonhuman] i: [- human]), [exception to
rule rl (: [-rule n]) is simply a feature, which may be positively or negatively specified.
Convention 2 asserts that each segment of the formative in question receives the specifica-
tions [+ [animate] l, [+ [nonhuman] l, [+ [exception to rule n]1, that is, the specifications

[+ [+ animate] l, [+ [-human] l, [+ [-rule n]. To simplify the theory of rule application,
we may assume that each segment of any formative is, by convention, specified as [- X] for
any syntactic category X that appears anywhere in the lexicon for which it is not specified

12 Notice that in the case of the unvoiced velar stop [k], the orthographic distinction of ,lr-c comes close t o
marking the distinclion [-rule (6)] vs. [+rule (6)], for obvjous historical reasons.

13 Notice that the items subject to derivational processes are further subdivided (ultimately, with respect to
Greek or Latin origin) in terms of the categorization provided by rule (6). Thus we have ifurarch (-ic, -y),
psych (-ic, -o-), and a small number of other formatives which do not undergo softening of velars before
-rc, etc., in contrast to the large class of regular cases which do. In short, we would certainly expect to
find, in a complete grammar of English, that categories corresponding rather closely to Gre€k, Latin, and
Germanic origin appear in lexical entries and that membership in these categories has phonetic effects,
English is perhaps unusual in the intricate and complex way in which these categories and their effects
have been worked into the grammar, but it is quite generally the case that the lexicon of a language is
subdivided, in terms of phonological and morphological processes, into "native" and " foreign," or
something of this sort. See, for example, Lees (1961) and the interesting discussion in Postal (1968)

j
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[+ X]. Thus the segments of the formative being considered in our example are specified
[- [-animate]1, [* [+human] l. We now specify, again by a general interpretive conven-
tion, that [+[-rule z]l: [-rule n]. Thus the feature [exception to rule n] as intro-
duced by a lexical feature and as introduced by a rule are indistinguishable from the point of
view of the rules of the phonological component. With these interpretive conventions,
exceptions are handled in the intended way.

The formal devices just developed seem to be appropriate for dealing with exceptions
to phonological rules. As we have noted, the grammar becomes more complex as exceptions
increase in number, variety, and unpredictability. The complication is less severe if a class of
exceptions can be characterized by a redundancy rule rather than by listing each example,
that is, rather than by idiosyncratic lexical marking.

We are now in a position to return to the problem of the laxing rule (8). As noted,
this applies to vowels that appear in the context -C, unless, among other exceptional
cases, the consonant cluster in question is a dental cluster and is internal to a formative. In
our framework dentals are marked [+anterior, +coronal]. we must therefore incorporate
into the grammar the lexical redundancy rule (9) :

( , I  I  + consonantal l  [+consonantal ' lv ..- r-rure(8)l I - l l :;;;: l  
JL+coronar 

I

Being a lexical redundancy rule, rule (9) applies only within a single lexical entry. It specifies
that a vowel in the context -C, will not undergo the laxing rule (8) if the followrng
cluster is dental. Thus, the effect of the combination of the lexical redundancy rule (9) and
the phonological rule (8) is precisely as indicated in the informal description of page 172.

Another possible sort of exception involves " negative contexts." Thus, when the
rt:J.e n, X ---> I, applies everywhere except in the context Z-W, we might state this
fact in the following form :

/  \  (n- l )

('9 '\n) X ---+ [-rule n] lZ-W
X ---+ Y

We have so far mentioned three kinds of exceptions: those indicated by lexical
categorization, those given by lexical redundancy rules such as (9), and those that involve
negative contexts for rules, as in (10). If we were to use the device of (10) more generally-
if, in other words, we were to allow reference in a rule not only to the next rule, as in (lOn- l),
but to any rule-then we would increase the power and flexibility of the system greatly.

We have no examples that suggest the necessity for negative contexts or for any
extension of the device of (10). Therefore, we will make the tentative assumption that the
only kinds of exceptions to rules are those given by lexical categorization or by lexical
redundancy rules such as (9), and we will restrict the formalism of the theory accordingly.

Although this approach to the problem of exceptions seems to us correct as far as it
goes, it is far from definitive. There is, first of all, a certain ambiguity of reference when we
specify an item as [-rule n]. Consider, once again, the laxing of vowels in English.
Rule (8) is really an abbreviation for several ruies, one of which applies to a vowel in the
context -Cn (where m is the maximum length of a consonant ciuster in Engiish),
another in the context -Cm-r, etc., and the last of which applies in the context C2. We
must decide, then, upon general conventions that determine whether an item marked as an
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TABLE l. Distinctiue feature composition of Engtish segments

English phonology

i  i  U e o & a f  5 i  u e 
^ 

o er y w e
vocalic
consonantal
high
back
low
anterior
coronal
round
tense
volce
continuant
nasal
strident

+ + + + + + + + + + _t- + + + + + - _ _

T---

- l -

exception to rule (8) is an exception to all of the rules abbreviated by (g) or only to a specific
one. From some points of view it seems natural to adopt the convention that a specification
of f-rule r] refers to the rule numbered n in the compretery expanded system of rures
which involves no abbreviatory notations. Items will then have to be categorized as excep_
tlons to one or another rule abbreviated by (g). An item which is an exception to rule (g)
applying in the context -cc wilr not necessariry be an exception to the rule apprying rn
the context -ccc (the consonant cluster being followed by a vowel or a nonselment rn
both cases). In the case in question, this seems the correct interpretation. The vowels that are
marked as exceptions to the rule laxing vowels in the context -cc are not, apparently,
excluded from laxing in the context -ccc (cf. children, Christrnas, in which the tense
vowel becomes lax even before a dental cluster-in the word Christmas, the [t] Iater drops).
Examples are so sparse, however, that this observation cannot be taken very seriously. And
there is very little doubt that items which are exceptions to certain subcases of a rule will
also, under some circumstances, be exceptions to other subcases. What these circumstances
may be, however, we do not know, and we therefore leave the problem in this unsatisfactorv
state.

There are other aspects of the problem of exceptr'ons not taken care of in the system
presented above. occasionally items must be specified not as exceptions to some specific rule
but as exceptions to all rules of some general sort. For example, in Hebrew there are severar
rules deleting vowels, but none of them apply to the high vowels [i] and [u]; and there
are several rules modifying vowel quality, but none of them apply to [u]. Thus we want to
mark underlying /u/ as immune to all rures affecting quality, and to mark underlying high
vowels as immune to all deletion rules. we came across a similar but more marginal problem
in English in studying Auxiliary Reduction Rules in Section 14 of chapter Three. In
discussing the immunity to reduction of [5y] and such exceptional cases as the vowel of
:not, we pointed out that such vocalic nuclei a.re also tense where they would be expected
to be lax (e-g-, exploitatiue, denotatitte), and we observed in note 74 (p. r22) thatthey mrght
be lexically marked as exempt from laxing-that is, exempt from several separate buirelated
rules that make vowels nontense under various circumstances. Here, once again, a principled
solution to the problem requires insights into rule classification that go beyond our present
understandins.

- - f

_1- -f -f

-+- ++
++++++
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3. The features

In our discussion of the stress rules of English, we have had occasion to analyze the
segments as [*vocalic], [+consonantal], and [*tense]. The universal phonetic theory
which we accept presents further possibilities for the categorization of segments. Those
categorizations which play a role in the discussion of the present chapter are summarized
in Table 1. (For a more detailed discussion see Chapter Seven and the literature cited there.)

In the vowel system the essential features are " high,', ,,back," ..low," .. round,', and
"tense." For the consonants, the traditional points of articulation are supplanted in the
present system by the features " anterior " and " coronal " as in Table 2:

TABLE 2.

dental
palato-
alveolar velar

anterior
corona.l

t -

i: i j

labial

-T- +
-T- +

These categorizations suffice for the examination of English consonants presented in this
chapter, and in general the features " high," " back," and " low " will play no role in the
discussion of consonants here. (See Chapter Seven and Chapter Nine, Section 4, for a more
detailed treatment.)

The phonological rules specify coemcients associated with different features. Thus,
rule (8) supplies the coefficient "minus " to the feature " tense " in a vowel before two
consonants; the stress rules of the preceding chapter supply coefficients represented by
positive integers to the feature " stress " in vowels in various contexts.

We extend the notation to allow variables-for which we use letters of the Greek
alphabet-to function as coefficients of features in the formulation of rules. This extensron
allows us to handle many phenomena that would otherwise not be expressible. We have
already made use of this notation in formulating the rules of stress assignment in the

F.
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t,.
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preceding chapter. The
another simple example
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familiar rule of voicing assimilation in consonant clusters provides
of the use of variables:

f+voc
| 

- cons

If  low

('4

I
tdvorcel 

/ 
-

In other words, a nonnasal consonant becomes voiced before a voiced nonnasal (true)
consonant and unvoiced before an unvoiced nonnasal (true) consonant.

Dissimilation can arso be expressed by the use of variabres. For exampre, in (11) if we
replace [avoice] by [- cvoice] in the segment to which the rule applies, then the rule will
state a process of dissimilation, the first of two nonnasal true consonants becominq voiced
where the second is unvoiced, and unvoiced where the second is voiced. To tak-e a real
example, consider a dialect of English in which diphthongs can take only low back vowels
before the nonback glide [y] (i.e., [5y], [ay]) and only nonback vowels before the back
glide [w] (i.e., [ew]). To account for the phonetic quality of the vowels, we postulate the
dissimilation rule ( l2):

t -

L;-vocI
|  

*  [ - rback] / - l -consl
I I crback I

Observe that by permitting variables in the formulation of rules, we in effect commrt
ourselves to the view that assimilation and dissimilation are not merely a matter of forturtous
coincidence of almost identical rules, but are, rather, linguistic universals-that is, processes
available to all languages though not necessarily used in all.

As we proceed, we will come across other examples which call for the use of variables
in rules.

4. Vouel alternations

we are now in a position to deal with the centrar problem in the noncyclic phonorogy of
English, that is, the problem of accounting for the intricate system of vowel alternatrons
that are found primarily, but not sorery, in the subpart of the vocabulary that is of Romance
origin. we will consider first the nonback vowels and will work out the rules governing their
alternations. we will then apply these results to the apparently still more coripl"* ry.[* of
back vowels and to the question of back-nonback alternations.

4.]. ALI:ERNATIONS OF NONBACK VOWELS
Consider first forms such as dbine_clitiniry, serene_sereni/y, profane_profanity.

Returning now to the notation of the preceding chapter (see p. 69), we give trrese in ttre
representation dialn-diuinitlt, serEn-serenity, profAn-profeniry. r a There are many other
cases of the same system of alternations-sa trr,satiric, derlu-deriuati,e, rhr_rin"or_
delineate, mEtr-metric, appEl_appelatire, dElicious_delicacy, contpAr_comparatir:e, erplAn_
explbnator)'. gr A t efu!-grer irude. and so on. It is clear that in the case of dirln.dit.ittrr;.
serEn-serenity, profAn-profenif, the underlying representation must have a tense vowel

ra As in Chapter Three, we will preserve conventionar spelling in expository passages as much as possibre,using a fairly precise representation only for the elements explicitly under discussion.



Vord.-leael phonology

in the second syllable so that in isolation the word will receive final stress by the strong
cluster rule of Chapter Three; that is, these forms must be entered in the lexicon as diuln,
serEn, profAn, where [I], tEl, tA1 (whatever their quality may be otherwise) are phono-
logically tense. In order to account for the lax vowels in the derivative nouns, however, we
must incorporate in the grammar rules that have the effect of (13):

779

/dv ---- i \
t_- l
i'v ---' . i
(Ey ---* a/

( ' , | / I - -+ i l
{ E -- e ) in certain contexts
l.q, -. u.,l

('t

Apart from tenseness, we have not yet settled the phonological distinctive feature
composition of the segments that we are representing by capital letters. Phonetically the
segments represented as [I], [E], [A] will appear as [ay], [iy], [6y], respectively, that is, as a
tense vowel followed by a y-glide. Suppose that diuine, serene, profane are entered in the
lexicon with [ay], [iy], [ey] (or, perhaps, archi-forms of these) in the position of the second
vowel. Then rule (13) would have the form:

in certain contexts

If we replace the informal notations of (14) by their precise representations in terms of
features, we find that the rule is quite complex, expressing no underlying generalization.
This suggests that the operation of the rule be subdivided into several stages, each of which
can perhaps be expressed in some fairly generai form. Instead of pursuing this possibility
directly, however, let us turn to some other evidence that strongly brings into question the
decision to accept the phonological feature analysis of [I], [E], [A] as [ay], [iy], [Cy],
respectively.

Alongside of the rules (14), we must also have rules that produce effects precisely
opposite to those of (14). To see this, consider the forms uarious-uarlety, impious-plety,
funeral-funEreal, manager-managErial, Abel-AbElian, Canada-CanAdian, marginal-
marginAlia, algebra-algebr Arc, etc. We have already noted that there are rules applying to
nontense vowels in final position, causing those that are nonlow (that is [i], [e], tul, [o])
to become tense and those that are low to reduce to [e] (see (30), p. 74). Since the final
vowel of algebra redtces, it must be marked in the lexicon as [+ low]. Moreover, it
must also be [-tense], for otherwise the stress assignment rules of the preceding chapter
would have assigned stress to it. But in algebraic this vowel is both [+tense] and [-low];
it is, in fact, [A]. The vowel is also nonback and nonround in algebraic, and the simplest
assumption with respect to these features is, clearly, that the same is true of the underlying
representation of the vowel in algebra-. In sum, the segment underlying the final vowel
of algebra must be nontense, low, nonback, and nonround; i.e., it must be /e/. To give
the proper vowel in algebrAic, then, the grammar must contain rule (15):

e --+ A in certain contexts

Consider now uarious-uariety. Clearly the underlying form of Dary mlst have a lax
final vowel or the stress would be on the last syllable. The phonetic tenseness of this vowel
in uary and in tarious is an auiomaiic consequence of rules applying to vowels in final and
in prevocalic position; its diphthongal quality is a consequence of its tenseness, as we shall
see directly. Furthermore, it is clear from the word uary in isolation that the underlying
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vowel must be /i/. Since in uariety this vowel appears as U], we see that the grammar must
contain, along with the rule a --+ A, the rule i -..+ I.

consider' finatly, manager-managerial. Again, considerations of stress placement and
vowel reduction tell us that in manager the final vowel is lax. Considerations analogous to
those cited in the preceding paragraph tell us that it is nonback. It can be neither lil nor la/
for it would then become [I] or [A] by the rules just discussed. Therefore it is iei, and the
grammar contains the rule e --- E.

In short, the grammar must contain rules that have the effect of (16):

('9 f i - -+ I l
{ e --- E } in certain contexts
|.a ---' eJ

/ i ----+ dv I
|  ' l

i e --- iy ) in certain conrexrs
I  _ l
te -  ey/

If' as in (14)' we take the phonological composition of [I], tEl, [A] to be essentially the same
as the phonetic composition, then (16) becomes:

( ' ,

As we have noted above in connection with (14), this is an extremely complex rule.
For a grammar to contain a rule of the complexity of (14) or a rule of the complexity

of (17) is implausible enough. For it to contain both of these rules is quite intolerable, not
only because of the doubling of complexity, but, more importantly, because it is clear that
such a grammar is missing a significant generaiization. Thus the fact that (17) simply
reverses (14) does not contribute to the simplicity of this grammar, i.e., the generalization
that similar processes are involved is unexpressed. The grammar would be no more comDlex
if (14) were retained and (17) were replaced by (18), for example:

('t / i  - -  iv)
t - l
i e -' ey ) in certain contexts
|  _ l
\ a -r 4Y1

In fact, the grammar would actually be simplified in this particular case, contrary to obvious
conditions of adequacy.

These considerations are sufficient to show that a theory of English (an English
grammar) is surely in error if it attempts to account for the 1-i, E-e, A-e alternations by
assigning to [I], [E], [A] a phonological feature analysis that corresponds to the phonetic
feature analysis and relating the variants by the rules (la) and (17).

Let us therefore approach the problem of alternations of nonback vowels in a rather
different way. It is clear that these alternations involve both a change of tenseness and a
change of vowel quality. Let us put aside for the moment the question of the quality and
concentrate on the tenseness. Rule (13) asserts that vowels become lax in certain contexts,
and rule (16) asserts that they become tense in certain other contexts. Consideration of the
examples given above, and many others, shows that the contexts in question are those in
rules (19) (corresponding to (13)) and (20) (corresponding to (16)):

( ' ' )

v ..- [-tens., /-.f

rk)
co +i{d}

Is]

(c, +)f - ' tf" ' lc^v
L v I -

(a)

(b)
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By rule ( l9) a stressed vowel becomes lax before the affix -rc, -id, or -ish (though not -r, or -r.r)
and before an unstressed nonfinal syllable. In particular, then, bisyllabic affixes such as
-ity, -tfy will have the effect of laxing the immediately preceding vowel, and the same will be
true in a variety of other cases.ls

In case (b) we have the two subcases -CC+VC.V and -CVC'V. The first
subcase causes laxing in the boldface position in profundlity, pronuncliation, wild!erness
(if derived from wlld); but neither case applies in the boldface position of mountainous,
countenance, counterfeit, mountebank, bountiful, etc., since in these words the consonant
sequence after the stressed vowel is not followed by a formative boundary (f). Examples of
laxing still unaccounted for in this analysis are abundant, contrapuntal.

Like many other phonological rules, the laxing rule (19) does not apply to a number
of categorialiy marked exceptions (see Section 2.2). In monosyllables, in particular, we
simply have two categories of formatives with respect to case (a)-those to which the rule
applies and those to which it does not. Some examples that do not undergo laxing are
scEnic, bAsic, clclic. For case (b), there are exceptions such as obEslry, hlbernate, Isolate,

probity,and many before - CVa, 
[ _:".:r""^"a] {..e., rotary, notary, rosary, decency,

primary, papacy, Dagary, Daconcy, iuory, irony, regency, potency, credence, nature-these
examples from Luick ( 1898) ).16

The tensing rule required by the facts examined above has the form:

187

\a)

V ---+ [*tense]

15 The second part of the rule is the modern reflex of the Middle English " sound law," whose efects were
characterized by Jespersen (1909, Section 4.33): " When a stressed syllable is followed by two (or more)
weak ones, there is a strong tendency to shorten it." The rule itself was apparently discovered by Luick
( r 898).

Many writers on this subject (see, e.g., Jordan, 1934; Wyld, 1927; Dobson, 1957) give the
impression that this development affected only a small part of the vocabulary. Luick (1898, pp. 349-50),
however, specifically noted that "die englischen quantitaetsgesetze feten ferner zu tage in den vielen
romanischen sowie auch in den spaeteren lateinisch-griechischen lehnwoertern." And Jespersen (1909,
Section 4.71) gives an extensive list of examples from the non-Germanic component of the language.

16 As implied here, part (b) of rule (19) should actually be generalized so that the last segment mentioned
is I consonantal] rather than V; that is, the segment in this position may be a glide as well as a vowel.

Recall in thisregard that the last two forms-crefunce and nature-like the other forms mentioned,
have a final glide in their underlying representations. In the case of these two forms the glide is [e], which
is deleted by a simplified version of the e-Elision Rule (155) of Chapter Three. (See p. l6l for discussion.)

We may note that if we analyze -ic as /ik + al/, as suggested in Chapter Three, Section 7, the flrst
part of case (a) disappears, falling under case (b). The motive for this analysis in Chapter Three was that
it accounted for the exceptional behavior of -r.' with respect to stress placement. The same artifice will,
we now see, account for its exceptional behavior with respect to laxing.

In fact, there are other phenomena relevant here. Thus there are certain VC strings that permit
only nontense vowels in the preceding syllable even though there is no reason to assign a formative bound-
ary before VC #; for example, -rd (as in acid, rapid-the sole exception is hybrid),-ish (as in radish, abolish ,
establish, relish), and -it (as i\ uedit, Iimit, ursn). This may be a matter for a lexical redundancy rule.
Notice that -it permits tense vowels when it can be regarded as an affix (plaud| it, audl it).

Examples such as lucid, stupid, cubic are not exceptions to la-\ing before -id, -ic.'Ne have already

h:::"] {}, *n.* p: + ir o: +}

(b)
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Case (a) of (20) is simply rule (3) extended to final position and sharpened along the
lines indicated in Chapter Three (see rule (30) there). Case (b) is the rule that is involved in all
of the other examples given above in connection with the discussion of rules (16)-(17). It
asserts that a nonhigh vowel becomes tense before a single consonant followed by [i] or [e]
or the corresponding glides, which must in turn be followed by another vowel. Thus e ----, E
in this position (Abel-Abelian, manager-managerial),11 and r .-- A (Canada-Canadian,
simultaneous, Arab-Arabian), but i does not convert to I (punctilious, Daru, tian, reptilian,
oicious, etc.)

These observations support the decision to analyze the affix -ion as liynl. As we have
already observed (p. 87), this decision is motivated by the placement of primary stress. But
if we consider the syllables that precede -ion, we can give independent support for this
conclusion. Examples such as decisror, reoisiott suggest that the trisyllabic laxing rule (l9b)
must have applied ; thus -rbn must be bisyllabic at this point. The high vowel in the
context -C+ror does not then become tense by rule (20b) since this context is restricted
to nonhigh vowels; thus we have a lax vowel in this position in decision, inhibition, etc.
But the first vowel of -ation, being nonhigh, does become tense by (20b), giving [At -]-ivnl,
which becomes [Aienl by processes that we discuss in Section 6. (certain formatives with
nonhigh vowels are lexically marked as excluded from this tensing rule; e.g., -cede, as in
recede-recession, succeed-successron.) Such configurations of nontense high vowels and
tense nonhigh vowels are characteristic of the context -ctv, as is clear from an
inspection of rules (l9b) and (20b).r8

we must require in rule (19b) that the vowel following the vowel to which the rule
applies be specified as [-stress], notjust as having some weak stress. This is clear from
consideration of the variants of presentation, for example, discussed in chapter Three
(p. l6l ). If the vowel in the second syllable has the specification [-stress], so that it eventu-
ally reduces, then rule (l9b) applies to the vowel in the first syllable and we denve

seen (Chapter Three, pp. 149-50) that there is a subsequent rule that tenses underlying /u/ in the conrexr
- CV. (Notic€, however, that this tensing of /u/ does not take place before -rs,t. P unish, flourish, nourish
are the only relevant examples.) Similarty, abolish, stolid are not exceptions because the phonetic [a] in the
penultimate syllable derives from underlying /c/ (see rule (5)). Furthermore, squolid is not an exceprron,
as we shall see in Section 4.3.7, fhe adjective-forming affix -rsi, as in sr.r,izrsi, loutish, is irrelevant here.
being preceded by l.

r7 Recall again that formatives may fall into two categories with respect to these rules, according to whether
or not the rules apply. Thus, alongside of Aberian we have Maxu,elliar, and arongside of managerial we
have perennial, etc, Nonapplication of the rule can just as well be marked, as in orthography, by a
double consonant. (Recall that clusters oftwo identical consonants simplify-see (156), p. t+t, ct upt.,
Three.)

Case (20b) often does not apply when the consonant following the vowel to be tensed is a liquid.
Thus we have ualiant, batallion, clarion, Marion, secretarial, etc. (The reason that uj is followed by [y]
and [r] by [E] in these forms will be discussed in Section 6; for secretarial see p. 2O2.)13 Comparison of simultaneit) [slmettanEetE] with aariety lverletE] indicates ihat the underlying vowel
following the Inf iD simulta - mustbe/e/, not / i/, so thar therulee-+ Ewillapply. (The occasionally heard
variant [sImeltenAatE] is apparently a hypercorrect form.) We might account for the appearance ofphoneric
[E] in forms such as simultaneor.t (but not in courageous) by postulating an ad boc rule which rarses
unstressed /e/ to [i] under certain condirions. The vowel so raised, being high, will be subject to the
Tensing Rule (20b) and then to Diphthongization (see rule (21) ) but not to Vowel Shift (see rule (43) and
the comments there). Formative-final /e/ that does not undergo raising is elided by the e-Elision Rule of
ChaDter Three.
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[prezantA5en]; if the vowel in the second syllable has the specification [+ stress], so that it is
protected from reduction and eventually is marked [4 stress], then rule (19b) does not apply

to the first vowel and we derive [prEzentAien].
We must also require that the penultimate segment in the environment of (20b) be

specified as [- stress], for otherwise tensing would take place in the nonprimary-stressed
vowel of forms such as uariety, with the result that the vowel would incorrectly be prevented

from undergoing Vowel Reduction.
Notice that rules (19) and (20) must apply in the order given. Otherwise the forms that

meet the contextual conditions of both rules (e.9., simultaneous, emaciate) will have lax
rather than tense vowels in the phonetic representation. Notice also that rule (19) can be
combined with rule (8), which makes a vowel lax before a double consonant.

In discussing Auxiliary Reduction Rules in Section 14 of the preceding chapter, we
observed that the rule stated finally as (118), which makes a vowel lax and unstressed under
certain conditions, must precede various tensing rules, in particular, those that determine
that the vowels in the boldface position of words snch as commutation, commatatiue have
tense vowels (see p. 124). The Auxiliary Reduction Rule in question will fall together
naturally with the Laxing Rule (19), and the rule that tenses the boldface vowel in these
words will fall together with the Tensing Rule (20). Thus the observations of the preceding
chapter confirm the conclusion that the order is Laxing Rules first and then Tensing
Rules.

Cleariy rules (19) and (20), which have opposite effects, are both needed in the gram-
mar. This is a minimum of reversibility that is inescapable. Since, however, each of these
rules is very simple in feature composition, this is not a disturbing or surprising fact.

Rules (19) and (20) allow us to account for the tenseness of the vowels that take part
in the alternations of nonback vowels. As we have seen, the quality of the underlying lax
vowel must be given in the lexicon. Still to be accounted for is the quality of the tense vowel
and its diphthongization. We are now proposing that [I], [E], [A] be represented simply as
the tense vowels corresponding to [ij, [e], [ae] and that the specific quality of these tense
vowels result from special rules, which in fact turn out to be rather simple.

It is a well-known fact that English tense vowels are diphthongized or have off-glides.
For the nonback vowels [i] and [e], the glide is [y] (that is, high, nonback, nonround);
for the back vowels [[] and [0], it is [w] (that is, high, back, round). Generalizing these
phonetic observations somewhat, let us simply give a rule of diphthongization to the effect
that after any tense vowel, a high glide is inserted which agrees in backness with the vowel
in question and is, furthermore, nonround if nonback and round if back. Thus [y] is
introduced after nonback vowels, and [w] after back vowels.

(zt ) or*rruoNcrzArroN

| -voc I
|  - .on.  |  . -g r  1." ' | / l i ; ; [ ' ] -I dDacK | -

L o.ounal

We now have rules giving the alternations i-iy, e-dy, a-Ey, and we must add a rule which

+,r-
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changes [i] to [a], [e] to [i], and [e] to [e]. Taking [a] of [ay] to be [ae] for the moment, we see
that we need a rule which has the effect of (22) :

\,,)

I

J
e

I
i

J
e

We will then have to add a rule converting [e] to [e]. The rule sketched in (22) we will call the
Vowel Shift Rule (it is, in fact, a synchronic residue of the Great Vowel Shift of Early
Modern English), and we will discuss it in detail in Section 4.3.

We return now to our original examples in order to see how these are handled bv the
rules that have already been established here. Consider first the alternations dirln-didnity,
serEn-serenity, profAn-profanity. The underlying forms in the lexicon, as we have already
noted, must be diuln, serEn, profAn, with a tense vowel in the second syllable. We are now
taking each capital letter to represent the tense vowel corresponding to the lower-case
letter; that is, lll : lil,lEl : lel, l{l : /F/, in terms of phonological features. Thus cap-
italization simply expresses tenseness, and this expository device used in the preceding
chapters turns out to have systematic significance.le To derive the.forms diaine, serene,
profane in isolation, we apply the Diphthongization Rule (21) to the underlying forms that
head the derivations of (23), giving the forms of the second line, to which we apply the Vowel
Shift Rule, thus giving the forms of the third line:

P,)

\^)

divin serEn profdn
diviyn serdyn profayn nurr (21)
divEyn seriyn profeyn RULE (22)

The forms of (23) then receive their flnal phonetic interpretation by the application of other
phonetic rules which, except for the change of [ay] to [ay], will not be considered here.

Suppose now that we wish to derive diuinity, serenity, profaniry. In this case we have
the derivations of (24):

divinfifty serenfifty proftrnfifty
divinf i l ty serenf i l ty profenfi f ty nurr (19b)

The initial forms are again from the lexicon. The second line derives from the first line by the
rule that makes stressed vowels lax when they are followed by a nonfinal unstressed syllable.
The full phonetic detail again follows by other rules that do not concern us now.

All of the cases that exemplify the 1....> i, E 
- 

e, A --+ e alternations are handled in
the same way.

Let us now turn to the cases that motivated the i....+ I, e -, E, e ---r I alternations
discussed in connection with rules (16)-(17). consider the forms Dary, manager, algebra.
The vowel in the final syllable of these words in isolation is derived directly from the lexical

1e Notice, incidentally, how well the problem of representing the sound pattern of English is solved in this
case by conventional orthography. Corresponding to our device of capitalization of a graphic symbol,
conventional orthography places the symbol e after the single consonant following this symbol ([e] being
the only vowel which does not appear in final position phonetically-see Chapter Three, note 22).In this
case' as in many other cases, English orthography turns out to be rather close to an optimal system for
spelling English. In other words, it turns out to be rather close to the true phonological representation,
gjven the nonlinguistic constraints that must be met by a spelling system, namely, that it utilize a uni-
dimensional linear representation instead of the linguistically appropriate feature representation and that
it limit itself essentially to the letters of the Latin alphabet. (see also note 44, chapter Two.)
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representations in (25) without application of any of the rules we are now considering:2o

I ZS I vaeri menager algebre
t /

To derive the forms uariety, manogerial, algebraic, we proceed as follows:

verif if ty maeneegerf if al elgebref ic
varifif ty menzegdrlif al algebraf ic nurr (20)
v6riyity maenaegeyriyael algebreyic RULE (21)
vEr6yity manegiyriyael algebrEyic nurr (22)

By other famiiiar rules, not here relevant, we derive the full phonetic forms.
To appreciate further the scope and interplay of these rules, consider the class of

polysyllabic words ending in -ate, with the antepenultimate syllable receiving main stress
(see Chapter Three, Section 4). Consider, in particular, the character of this stressed vowel,
which appears in the context:

-Ciyc':net#

Suppose first that m> I; i.e., there is at least one consonant beforc -ate. Suppose
also that i : j :0; that is, the stressed vowel appears prevocalically. Then rule (20a) will
tense this vowel and the Diphthongization and Vowel Shift Rules will apply to it, giving
forms such as uiolate, annihilate, aerate.

Suppose now that /: 1; that is, at least one consonant appears directly after the
stressed vowel. Then rule (19b) will make the stressed vowel lax, and we will have, typically,
words such as elaborate, preuaricate, medicale, mitigate.

Final ly,  suppose thatm: n:0and i :  j :1; that is,  there is a vowel direct ly before

-ate, and the stressed vowel appears in the context:

(")

P') -clyEt#

If, now, the stressed vowel is nonhigh and the following vowel is [i] or [e], the stressed
vowel will become tense by rule (20b); hence it will be diphthongized and subject to the
Vowel Shift Rule. Thus we have tense vowels in the boldface position in words such as
mediate, radiate, ingratiale (compare gratify, gratitude). If, however, the stressed vowel in
the context (28) is high or the vowel following it is not [i] or [e], then rule (20) will not
apply, and the stressed vowel will remain lax and hence unafected by Diphthongization or
Vowel Shift. Thus we have conciliate, oficiate, attenuate, insinuate, superannuate, elc.

These examples illustrate how a variety of forms can be generated by quite simple and
general rules. It is particularly important to note that by breaking the alternation rules (13),
(16) into several steps and by accepting underlying representations in which invariance is
violated (e.g., the second vowel in diuln, serEn, profAn), we have been able to avoid the in-

tolerable consequence of stating (14) and (17) as entirely independent and precisely opposed
rules. In fact, the Vowel Shift Rule expresses just what is common to these two complex
phonological processes, and the rules (19) and (20) express what differentiates thern. We

'?o Actually, rule (20a) is applied to make the final vowel of uarl, tense, and rule (21) is applied to diph-
thongize it. As we have noted, these rules are needed quite apart from anything we are discussing here.
The reason for nonapplication of the Vowel Shift Rule in this case and others (see (26) ) will begiven directly.

we disregard here the problem of determining the tenseness of the vowel in the first syllable of
uary-uarious-oarie4l (see also (26) ).
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have thus, in effect, extracted the Vowel Shift Rule as the generalization underlying both
(13)-(14) and (16)-(17).

4.2. ALTERNATIONS OF BACK VOWELS
As we shall see in Section 4.3, the effect of the Vowel Shift Rule on back vowels is

precisely parallel to its effect on the nonback vowels (cf. (22)):

(',
I

J
5

o

I
l

J
(J

Hence, from the lexical entries /pdl/, pool, and lg5ll, goal, we obtain [p[wl] and [gowl],
respectively, by Diphthongization (21) and Vowel Shift. From the entry /lld l,loud,onthe
other hand, we obtain [5wd] instead ofthe required [awd] or [awd]. The latter forms will be
obtained by special rules adjusting rounding (and, for some dialects, backness and tenseness)
of vowels. We postpone discussion of these adjustments until the next section; in the
present section our aim is to extend to the back vowels the results of our survey of the
effects of tenseness alternations (resulting from rules (19) and (20) ).

Among the back vowels we find the following major types of alternations:

(,')
(a) e-dw: New'ton-Newtonian, custody-custodian
(b) e-ow: uerbosity-aerbose, conic-cone
(c),r-ew: profundity-profound, abundant-abound

Types (a) and (b) are both found in the case of forms such as harmony*ltarmonious-harmonic .
In fact, the rules as given above iargely accommodate these vowel alternations.

Consider the case of the formative harmon-. If we enter this in the lexicon in the form

/harmcnf/ (but see p. 193), we then have the following derivations:

/ . . , )  harmonJ y harman l i lous harmcnf ic

\ ' ' /  hArmanf y harm5nl i lous harm5n-l  ic srnrss AsstGNMENT RULEs
harmSnf ifous Rur-r (20b)
harm5wnfi fous nun (21)
harm6wnf i {ous vowEI- sHrFr (29)

The first line represents the lexical forms. The rules of the transformational cycle assign
stress in the manner indicated on the second line. Rule (19) applies vacuously. Rule (20b)
tenses the boldface vowel of. harmonious, which occurs before a single consonant followed by

[iV]. The Diphthongization and Vowel Shift Rules then convert this tense vowel to its
phonetic form [0w].

The derived form [harmSn-f--ik] deviates from the actually attested pronunciation
in the dialect under description. In place of the lax [c], the dialect has a tense [d], a fact
which we have already provided for with rule (5). We saw in Section 2 that this rule was
needed to account for the position of stress and the vowel quality in words such as
reciprocal-reciprdcity, frtuolous-friudlity, ddmon-dent6nic. We now see that there is inde-
pendent motivation for this rule, namely, to account for 6w-a vowel alternations, as in
harmonious-harmonic, for Vowel Shift (29) turns lal in ltarmoniorr, which derives from
lax ltl by (20b), into the required [o].

Consider now the case of the alternation uerbose-uerbosity, for example. The word
uerbose wtll have the lexical entry given in the top line of (32) (with an underlying tense
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vowel to account for the stress on the final syllable in the isolated form), and the derivations

will proceed in a straightforward manner, as shown:

/ :Z\ 
verb f5s verbf5sfi f ty

\- l  verbf 5s verb{5s-ai}ty
verbfSs{if ty

verb f 6ws
verb6ws

verbfsity

Finally, consider case (30c), which illustrates the alternation [ew]- [.r]. Clearly the

underlying Iorm ol profound must contain a tense /[/ in stressed position, which by Vowel

Shift and adjustment rules becomes [aw] or [dw], exactly as in the case of [lawd] from

underlying /lud/. In the word' profundity, the tense /[/ is laxed by rule (l9b), but instead of

the expected [u] we have phonetic [,r,] in this position. The grammar must therefore contain

a rule turning [u] into [.t]. We return to this rule on page 203.

Thus, we see that the major class of alternations of back vowels poses no problems

and is already accounted for by the rules we have given for nonback vowels. Superficially,

the nonback and back vowel alternations seem to differ, because in one case we have

?-ae, while in the other we have o--a-, instead of what would be the parallel form, d-c; but

this is simply a consequence of the independently motivated rule (5).

4.3. THE VOWEL SHIFT RULE

In (22) and (29) above, we have summarized the effects of what is without doubt the

pivotal process of Modern English phonology, the Vowel Shift. We must now give a formal

statement of this process.
It will be recalled that Vowel Shift operates after the tense vowels have been diph-

thongized by rule (21), which supplies the appropriate glides. As a result, it is necessary for

the rule to account only for changes in the quality of tense vowels. For convenience of

reference, we summarize these changes once again:2l

The simplest account of these alternations is given by the following two-part rule:22

STRESS ASSIGNMENT RULES

nurr (19b)

nun (21)

vowrl snrrr (29)

RULE (5)

o&c
tt l

nai

lUe
t t l

eoi

(,,)

(,4
l.,;"-] - 

{

[ -chigh]

[- plow]

I"'* I
L-tow I

I p'." I
L - trietrl

(a)

(b)

The first part of the rule applies to nonlow vowels only, with the result that originally high

21 As noted above, the reflexes [a] and [d] of original til and ['1] are subject to further rules (see (37), (39),

and (40) below) which adjust backness and rounding (and possibly tenseness) and result in the required

[dy] and [aw] or [ew].
22 The rule as stated appties to tense vowels only; it will later be extended to certain nontense vowels (see

Section 4.3.5).
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vowels become nonhigh while originally nonhigh
effects of part (a) are represented as follows:

English phonology

vowels become high. In tabular form the

vowEl- sHrFT (a)

vowEl snrrr (b)

iUeo
tt t l

; .a in

(,,)

(not applicable)

An exchange rule also constitutes the second part of the vowel Shift Rule (34); it
affects the nonhigh vowels in the bottom row of (35) and causes them to exchange the values
assigned to the feature "low." In (36) we summarize the modifications in the tense vowels
that are produced by Diphthongization (21) and Vowel Shift (34) jointly:

ft -;l::l.r/i:','.1 ll
I  

,  'uacr t |

I t -pro*t  / lP^ ' l  I
\  /  l -h iehj  )

states not only that a nonlow tense

c
I

5w DrpHTHoNGrzATroN
I

(not applicable)

JJ
(not applicable) ey 6w

4.3.1. nErrNrrr.rsNTs AND ExrENsroNs oF THE vowEI- sHIFT RULE
In our presentation of the vowel Shift Rule, we made a number of tacit assumptions

which must now be stated explicitly and properly justified. several of these questions are of
rather narrow scope; nevertheless, they must be dealt with. Furthermore, some fairly
complex phenomena will fall into place rather naturally as we proceed.

4.3.1.1. nouNorNc AND BAcKNEss ADJUSTMENTS. We have observed that low
vowels before glides are subject to a great deal of dialectal variation which we will not
attempt to deal with in any detail.23 In the dialect that we are taking as a prototype, ride
is phonetically [rayd] and loadis phonetically [lawd]. As noted above, the Diphthongization
and Vowel Shift Rules give [ey] and [5w] as the reflexes of the high vowels [i] and [U].
Further rules are then called for to give, finally, [ay] and [ew] for the dialect in question.
Thus, in ride, the low vowel [tr] resulting from vowel Shift must subsequently become
back, while the resulting low vowel [o] of loud must go from back to nonback, at the same
time also becoming nonround and nontense.

The unrounding of the segment [d] resulting from Vowel Shift is quite general and
cross-dialectal :24

----' [- round]

23 For some discussion of the matter, see Kurath and McDavid (1961) and Keyser's review (1963).
24 It might be proposed that rule (37), because of its generality, be directly incorporated in the Vowel Shift

Rule. This could be done easily if we were to restate the rule as follows, using the angle notation of
Chapter Three, Section 3 :

I1
/ [+tense.l

E

J
Ey
J

eo
lt

ey 6w
I I

iy iw

tu
l l

ty tw
l l

ey 6w

ay 5w

i  + backl

|  + low ;
Lvl

(,,

The first part of this rule now vowel changes the value of the fearure
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The second modification undergone by low vowels, as mentioned above, is that

those which at this stage of the derivation are nonback appear as back in the output, whereas

those that are back at this point in the derivation end up as nonback; that is:
.|.'.'.

(, ') treyj -.- tryl- - layl - [aV] [aw] ---+ [eew]

In discussing these facts in Section 3, we treated them as an instance of backness dissimilation

contingent upon the backness of the glide. For reasons that will become clear later (see

rule (88) on page 2i5 and the discussion there), it is more appropriate to treat this phenom-

enon as a shift in backness independent of the backness of the glide. We therefore replace rule
( 12) with (3e) :

(,,
i  + low' l
| "u*t |  [ -abackl  / - f - - ' I
L v I  t  l -consl

For dialects which have phonetic [aw] in loud, cob, etc., instead of [aw], we can simplify

rule (39) by dropping the specif,cation [aback] on the left-hand side of the arrow and
replacing the [-oback] on the right-hand side of the arrow with [+back]. For dialects
such as we are discussing, which have phonetic [ew] in such words, cr is free in (39), and we
must add a rule converting [aw] to [6w]. This process is actually somewhat more general.

Thus in many dialects we also find laxing of [ay] to [ny] (and, in some, raising of [dy] to

[,ry]) before nonvoiced segments (e.g., [rnyt] or [r.tyt] vs. [rayd], [ldyf] or [,ryf] vs. [eyv]).
These two cases of laxing can be accounted for by the supplementary rule (40) (where

G stands for a glide):

(..) [.f''] + r-,enser l--G /{-*j"'J l,]
The central core of rules consists of rules (19) and (20), which determine tenseness,

the Diphthongization Rule (21), and the Vowel Shift Rule (34) adjusted by rule (37).
The Vowel Shift Rule and rule (37) are quite general;the supplementary rules (39) and (40)
are subject to much dialectal variation. It is only the "true diphthongs " (that is, the low
vowels followed by glides) that are subject to these adjustments.

Notice that underlying /u/ becomes phonetic [ew] in the dialect we have discussed.
Thus every feature of underlying /[/, aside from [+ vocalic] and [- consonantal], is modified
by the phonological rules. This is an example of maximal violation of invariance, as noted
above on page 168.

ln Chapter Three (p. 152) we discussed another example of backness adjustment that
converts [a] to [e], namely, in the boldface position of words such as Alabama, koala. This
should presumably fall together with the process described by rules (39), (40b).

" high," but also that if the vowel in question is back, it becomes nonround if it was high (and remains
round if it was nonhigh). Thus, underlying /o/ will remain round, but underlying /ti/ will be unrounded
as well as lowered,

Although this formulation has some plausibility, we prefer, rather, to separate the unrounding as a
distinct process. The reason is that in many cases unrounding takes place quite apart from Vowel Shift,
and we will see below that rule (37) generalizes considerably in ways which are incompatible with this
formulation.

" The diphthong [ay], which is the result of the diphthongization of an underlying tense vowel [d], is
discussed in detail in Section 4.3.3.
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4.3.1.2. nouNorNc AND srREss. As formulated above, the vowel Shift Rule (34)
applies to all tense vowels, but there are certain restrictions that must be imposed.

First, the Vowel Shift Rule must not apply to {al in father, Chicago, etc., for this
vowel is not converted into the corresponding nonlow vowel. The rule must therefore
be restricted to the nonback vowels [i], [e], [e] and the back vowels [[], [O], [i], that is,
to the nonback vowels that are, furthermore, nonround, and to the back vowels that
are round ( [a] being back and nonround); i.e., the vowel Shift Rule must be restricted so as
to apply only to vowels in the context (41):

( . ' )

A second adjustment necessary in the vowel shift Rule is motivated by examples
su,cb as uarious, uariety, which we considered above. ln both of these forms, we have occur-
rences of the tense vowei [i] at the stage of derivation at which the vowel Shift Rule applies.
That is, we have at this stage the forms of (42) for uarious, uariety, respectively:

|-""* I
llround.l

l

,]

I
(')

, .  r : - '  
-( a ) lvan+rsl

(b) [verififti]
of the three occurrences of [i] in these forms, only the one which is stressed undergoes
Vowel Shift. In general, we must limit the vowel shift Rule to tense segments which havs the
feature [+stress]. Tense vowels with the feature [-stress] will be reduced to [e], excepr
when they are prevocalic or final (see rule (20) ); and in these positions they must be excluded
from the application of the Vowel Shift Rule.

Summarizing these adjustments, we can now give the vowel Shift Rule in the nearly
final form (43):

(-,

lt:ffx.1 
[

[- crhigh]

[- plow]

I -1
I dnlsn I

L- r"*l
| - .1

| 9low ;
L - hiehJ

J , , .,,."-,
) '  

[+stressl

Notice that even weak-stressed tense vowels will undergo vowel shift since.they are
in the category [+stress]. For example, tense vowels in the context 4Co-CoV recerve
secondary (ultimately, tertiary) stress by the Auxiliary Reduction Rule discussed in chapter
Three, Section 14, and formulated finally as (120d) of that chapter. The Auxiliary Reductron
Rules precede the vowel Shift Rule. Therefore, we have vowel Shift in the first syllable of
words such as crimea, siam, reality, gradation. Examples such as siam, reality, incidentally,
indicate that the Auxiliary Reduction Rule assigning secondary stress must apply after
the Tensing Rule (20), as noted on page 124 of Chapter Three.

4.3.2. FrNAL m-r.r-srnrssrt [o]
The fact that the Vowel Shift Rule applies only to those tense vowels that are stressed

enables us to give a very simple account of a well-known and otherwise quite mystifying
phenomenon of English phonetics, namely, that there is, in many dialects, a contrast between
final zero-stressed phonetic [ow], as in m6tto, and final tertiary-stressed phonetic [ow], as in
alld. A consequence of the stress difference in these dialects is a contrast between the aspi-
rated [t] of ,eto and the alveolar flap [D] of motto-th\s we have the phonetic contrast
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13 1

[viytnOw] vs. [meDow]. Given the general predictability of stress, it would be very curious

if a tertiary-zero stress contrast were phonologically distinct in this one position. Conse-

quently, it seems likely that the phonetic contrast in stress can be attributed to some phono-

logical distinction of vowel quality. The question arises, then, as to whether there is some

vowel V* that does not appear phonetically in final position and that is similar in feature

composition to [o] so that a simple rule will convert it to [0] when stressed. If such a vowel is

found, we can provide the grammar with the following rules:

(.4 (a) V" ---+ [3 stress] I - #
(b) v* --.+ d

(-,

Then oeto can be given the underlying representation lvetY* l, and motto the representation

/mcto/. Rules (44), together with the rule (20a) tensing final vowels, the Diphthongization

RuIe (21), and a rule that turns /t/ into the flap [D] intervocalically before unstressed vowels

will give the correct contrasting phonetic forms.
Rules (44), however, are quite ad hoc and hardly preferable to a recognition of tertiary

stress as phonologically distinctive in this position, strange as this conclusion would be.

One is naturally led, therefore, to try to select V* in such a way that rules (zl4) are independ-

ently motivated. Suppose, in fact, that we were to take V* as phonological lol, so that Deto

is represented /veta/. Then the final vowel of ,,eto receives te iary stress by rule (44a), is

tensed by rule (20a), diphthongized by rule (21), and raised to [ow] by the Vowel Shift Rule.

Vowel Shift, as we observed, applies to vowels only if they have the feature [+stress]; thus,

it will apply to the flnal vowel of t)eto blrt not to that of. motto, given the above analysis.

Hence rule (44b) is superfluous and can be dropped from the grammar, leaving only the

f ollowine rule :

o -+ [3 stress] I - #

This improves matters. However, we may still ask whether there is any independent justi-

fication for (45). In fact, there is. Notice, first of all, that final phonetic [c] does not appear,

for it would be reduced to [e] by the Vowel Reduction Rule, which applies to lax low

vowels. If [o] were treated like [e] by the Tensing Rule (20a), we would expect to find back

alternations analogous to algeb ra-algebraic ; that is, we would expect to find pairs of the form

[. . . Ce]-[ . . . Cdwik]. There are no such pairs (although we do have hero-heroic, echo-echoic,

etc., with final [6]). To explain this gap, we would need some rule that excludes final [c] from

the domain of the Vowel Reduction Rule. But (45) does precisely this, and thus has some

independent motivation. Hence there is a quite simple and independentlyjustified explanation

for the low#]-[dw#] contrast.
Notice that rule (45) must precede the Tensing Rule (20a), so that the final vowel will

be tensed.

4.3.3. rtts oIPIrrHoNc [dy]
English has three " true " diphthongs phonetically, namely, laylQide), {ewl (loud), and

[oyl koin) (with their variants and several dialectal forms). Of these, we have so far accounted

only for the first two. We now turn our attention to the phonological representation of
phonetic [ay].

Notice first that we have no vowel-glide sequences in the lexicon so far since [ew] and

[ay] derive from /u/ and /i/, respectively. Hence the lexical redundancy rules will be much
simplified if we can represent [dy], too, as a monophthong V* on the lexical level. The optimal
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solution would be to take V* as some vowel which fills a gap in the phonological system and
which is converted to phonetic [5y] by independently motivated rules. In iact, this optimal
solut ion can be attained in this case.

To see this, observe that we do have the Diphthongization Rule (21) which inserts a
glide after a tense vowel. To account for the glide of [cy], we must, therefore, take V* to be
some tense vowel to which the y-glide can be attached by rule (21). Since a y-glide is inserted
by this rule only after a nonback vowe1, we must take V* to be nonback, which means it
cannot be [o]. The vowel of phonetic [5y] is low and round; therefore, if we are to
avoid adding new rules to the grammar, we must take the underlying vowel V* to be low
and round as well. We are thus led to the conclusion that V+ should be the tense, nonback,
low, round vowel, that is, [-]. In further support of this conclusion is the observation
that [-] in fact constitutes an otherwise unexplained gap in the phonological pattern, since
the other three tense low vowels (namely, tF], ta], ttl) do appear in lexical matrices.

Suppose, then, that we take the form /kcen/ as the underlying lexical entry for coin,
thus filling this gap in the phonological pattern. By the Diphthongization Rule (21),

lkenl ---, [k-yn]. The Vowel Shift Rule, amended above as (43), applies only to vowels
which are the same in backness and rounding. Consequently, it does not apply to [ee], which is
round but nonback, just as it does not apply to [a], which is back but nonround. We now
require a rule which will convert [-] to [;], that is, a rule which makes this vowel back. But
we already have such a rule in the grammar, namely, rule (39), which, in effect, makes a
tense low vowel back before a nonback glide; hence it converts [i] to [e], just as it
converts [tr] to [a], before [y]. Thus it turns out that the grammar already contains rules that
account for [5y] from an underlying monophthongal segment [-], which, furthermore, fills
a gap in the phonological pattern.26

As we have noted several times, the segment [;] which underlies [5y] is not subject
to laxing (e.g., in exploitatiua). Thus we must either restrict the Laxing Rule, like the Vowel
Shift Rule, to segments which are the same in rounding and backness, or add a special adjust-
ment to the Tensing Rule so that it always tenses [c].

4.3.4. pnEvocluc y-cLrDEs

We have not yet accounted for the " vocalic nucleus " [yuw] that appears phonetically
in words such as pnre, cutaneous, accuse in the boldface position. As in the case of phonetic

[iy], which we discussed above, there is strong motivation for regarding this as phonologi-
caliy unitary. We need not concern ourselves about the final [w] of [yfw];this will be intro-
duced by the Diphthongization Rule. The problem, rather, concerns the [y] preceding the
vowel. If this is not introduced by some phonological rule, then the underlying representa-
tions of words such as pure, cube must be of the form cGVC. This conclusion would force
us to give up several otherwise valid generalizations concerning consonant-glide-vowel
sequences in underlying representations; for example, the following:

l+al
(a) G - '  w /C-V
(b) C --- [-nasal] l -G
(c) [+ ant] ---' [+ cor] / - 6
(d) C --- [-antl I s*c

26 Since contemporary English differs from its sixteenth or seventeenth century ancestor in the fact that it
no longer admits phonological diphthongs-i.e., sequences of tense low vowels followed by lax
high vowels-in its lexical formatives, [-] is the proper representation for what historically was the
diphthongal sequenc€ [5y]. For further discussion of this point, see Section 5 of Chapter Six.
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(e) [-back] /  [ -  cont]  G -

Case (a) permits /rvrst, dwell, ttvang, quote, quarry, etc., but excludes [y] in the position of the

[w] of these words. However, we have [y] in phonetic [Cyuw]. Case (b) excludes forms such

as * nwist, *rzn e// (alongsid e oI twist, dwell); but we have new (lnyiwl)21 and so on regularly

with [+nasal] [y]. Case (c) explains the inadmissibility of *pwin, *bwell, *mwist (compare

also case (b)), and so on, but would be falsifled by pure, muse, abuse. (We shall see that

case (c) need not be restricted to anterior consonants when we turn to a more careful study of
glides.) Case (d) permits forms such as square, squint, squall, but not +stware, * stwint. On the

other hand, we have stew, fstula, and so on. Case (e) excludes phonological forms such as

/kwOt/, /kwnt/, which would eventuate as phonetic * [kwnwt], * [kwewt] (or * [kwdwt] ),
respectively, by the Diphthongization and Vowel Shift Rules, while permitting phonological

lkwerl, lkwrtl , which become lkwryrl (queer), lkwdyt] (quite), respectively. But it would be
contradicted by ctbe, accuse, and numerous other such forms.

In short, consideration of lexical redundancy rules provides strong motivation for

regarding phonetic [y[w] as a reflex of some unitary phonological segment, and we shall
see directly that there are other, independent sources for this conclusion.

Let us consider, then, the question of whether there is some reason, apart from
lexical redundancy rules, for adding to the grammar at some point the rule:

| 
+voc 

I
I - cons I
L- low l

f"v I
| +hish I

L-T*J
\*) + -  v l -

where r! is some feature that differentiates the cases of high back vowels before which [y]
will be inserted from those before which it will not be inserted. Notice that whether (47)

precedes or follows the Vowel Shift, some such discrimination must be made.
There are certain lexical items that have high vowels, either back or nonback, as

" stem-forming augments " (see Chapter Three, pp. 129-30). Such items might be introduced
into the lexicon as in (48):28

(.t /habitfui
/perpet f u/
/prafverbfi/
/pre:sidfentf i i

The stem-forming augment drops except before certain affixes (-al -ous, -ate, -ity) by an
early rule (possibly a lexical rule). Thus we have president-presidential (with [tif V] going

27 In some dialects, the effect of this and several other rules that we will mention is masked in certain forms
by the fact that a later rule deletes [y] in certain positions after dentals and palalals, so that nen would be

Inuw]. Such dialects may alsocontain pairs such as coartilrtrre( [kenstiiativ], with lil from lty]) vs.constitute
( lkanstatiitl ), residual ( frezijiwau, with U] from [dy] ) vs. residue ( [r€zednw] ), and so on. For simplicity
of exposition, we dismiss this possibility from consideration here, returning to a discussion ofit in Section 6.

Obsewe that the different cases of (46), as usual, have marginal exceptiors, e.9., ennui (case (b) ),
pueblo (case (c)). Our formulation of redundancy rules will not include the rules of (46) as given, but
these do remain as valid generalizations about formatives, and this is all that is necessary for the present
argument.

23 Notice that there are many obvious generalizations-e.g., the sumxes -ent, -or, and, others are automati-
cally followed by the augment [f i].
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to [S*V] by rules that we describe in Section 6), prooerb-prouerbial, habit-habitual-

habituat e, p e rpe tual-pe rpet ui ty-perp e tuat e, etc.
Our concern here is with the stem-forming augment [*u]. But consider first its

nonback analog [{i]. When unstressed, this vowel is tensed by rule (20) and appears as
phonetic fiyl, as irt prooerbial. When stressed, it undergoes Vowel Shift after being tensed by
rule (20) and appears as phonetic [5y], as in sobriety, propriety. This is straightforward in

terms of the processes that we have already discussed.
Consider now the stem-forming augment [fu]. We would expect it to behave

exactly as its counterpart does, that is, to become phonetic [u] when unstressed and phonetic

[rw] when stressed. But this is not what we find; rather, in both stressed and unstressed
positions we have lynwl (ambiguous, ambiguity). Thus stem-forming Ifu] is peculiar in two
respects: it has a y-glide inserted before it, and it does not undergo Vowel Shift where it
would be expected to do so.

How are these two facts related ? If they are to be related, there must be some seg-
mental feature that is automatically assigned to stem-forming []ul (but not to certain
other occurrences of [u] or [u]) that exempts it from the Vowel Shift while at the same time
requiring rule (47) to apply to it, prefixing to it a 1,-glide. Notice that the augment [f u] is
always prevocalic and therefore tensed by rule (20). Rule (47) thus inserts a [y] before some
tense vowel that differs from [n] in the feature {. Apparently, then, the stem-forming
augment [fu] must be specified as [a{], whereas [u] is [-o{]. We are then faced with the
problem of determining rf in such a way that when a high back vowel is [a$], it is exempt
from the Vowel Shift Rule. If this is possible, then stem-forming [fu] will not only be
supplied with a preceding y-glide by rule (47), but will also be excluded from the Vowel
Shift, as required.

We have already observed that for a tense stressed vowel to be exempt from Vowel
Shift, it must not be the same in rounding and backness. Since stem-forming Ifu] is tense
and stressed in forms such as ambiguity (which are the crucial ones in this connection), we
see that to be exempt from Vowel Shift it must be not [ri] phonologically but rather the
corresponding unrounded vowel [i] or the corresponding nonback vowel [il]. But we know
that the vowel in question receives a postvocalic u-glide, which is inserted by the Diph-
thongization Rule (21) only after back vowels. Therefore the vowel must be back, namely,

[i]. We see, then, that the feature $ must be "round," and that the augment Ifu] must
receive the feature [-round] which differentiates it from ordinary [i] and prevents it from
undergoing Vowel Shift when stressed and tensed. Thus cn! in (47) must be [-round].

Summarizing, then, we have the following rules:

u --r f-roundl in some context

0"*y

i ----r [ + round ]

Rule (49) must precede the Vowel Shift Rule; rule (51 ) must follow the Vowel Shift Rule. We
will determine the position of rule (50) directly.

(-,

('.) /-ii${'l
(")
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It remains to estabiish the context for rule (49). Recall that we have already discussed

a rule that converts /u/ to [yuw] in words s:uch as Neptune (see Chapter Three, Section 16).

This rule tenses /u/, inserts a .y-glide in front of it and a w-glide after it, and prevents it from

undergoing Vowel Shift (as in neptunian, for example, which does not become
*[nept6wnEen] ). As we have already noted, this process appiies in the context -CV.
If we now generalize it to the context - ClV, it will apply to the stem-forming augment

[{u], which is always prevocalic. We therefore restate rule (49) as (52):

. .

(r') r ---+ [+ 
tense,l 

/ - clv
|  -  rounol

1:

.':1,

Rules (52), (50), Diphthongization, and (51) now convert underlying /u/ to phonetic [yuw]
in the boldface position of words such as cube, annual, Neptune, ambiguity. Rule (52)

belongs together with the Tensing Rules (20). Words such as menu, ualue, cue, fuel wlll be

represented lexically as /menue/ , lve.luel, /kue/, /fuel/. We thus, incidentally, account for the

fact that the first syllable in words such as menu, ualue, tisnrc, issue, nephew, sinew has a lax

vowel. Laxing here results from the application of rule (19b), the trisyllabic laxing rule (the

only exception being Hebrew). Phonetic contrasts such as corl,-cue, or foul-fuel-mule
( [fewl] - [fy[wal], [myuwl]) do not require new phonological segments; rather, they result

from the lexical contrasts /ku/ - /kue/, /fui/- /fuel/ - /mule/. Words such as inn une, commute,

inure, cutaneous will be derived from the underlying forms /imune/, /koN:mute/, /inure/,

/kutaeni f as/, respectively.
The stem-forming augments []il and [{u] may be represented phonologically

simply as [-back] and [+back], respectively. Augments are redundantly vocalic, high,

and 1ax. Rounding redundantly corresponds to backness for lax vowels. The augments are

tensed by rule (52) or (20a) and achieve their final phonetic forms (as [iy] or [ay], or [ynw] )
by other rules that we have already discussed. Thus for a word such as ambiguity we wlllhave

the followine derivation:

(r')
ernbigf [+back]f i ty
embiglufity
embigfifity
ambigfiwlity
embigfyiwlity
ambigfyuwfity

Rule (52) is restricted to lax [u]. This is, in fact, a necessary restriction. It prevents

espousal /espflsfal/, auowal fevi|_el/ from becoming *[espylwzel], *[avyrlwal], for

example.
Notice that phonetic [yuw] cannot occur before a double consonant, since it can arise

only by rule (52) (but see Chapter Five, note 3). This excludes forms such as * [myiwnt] or
*[py[wnd]; rather, the reflex of underlying /n/ in this position will always be [ew] (or [aw]),
as in mount, pound.

There are certain redundancies involving phonological /u/ that deserve mention. As

is well known, labials do not occur after phonetic [aew]; that is, we have cube, dupe, fume,
but no such words as *[kewb], *[dewp], *[fewm].2e Actually, the restriction is more gen-

eral: velars do not occur in this position either. That is, we do not have such forms as

2e This rule has long been familiar to students of the historical phonology of English; see, e.g., Jespersen
(1909, Section 8.23): " Before lip consonants we do not get the [ [au]-NC/MHl diphthong."

READJUSTMENT RULES

nurr (52)
DrPHTHoNGrzArroN (21)

nurr (50)
RULE (51)

ii

*?
is
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*[dawk] or *[hawg] alongside ol duke or huge (from underlying /huge/ ). We might account
for these observations with a redundancy rule to the effect that:

('4 C -- [+cor] i  i -  [-seg]

Thus noncoronal consonants will occur after /[/ only before vowels (in which case u --- U);
they cannot occur before consonants because of the restriction on tense vowels before clusters
(see rule (8) and the related discussion on page 172).

Another phenomenon relevant at this point is illustrated by a comparison of forms
such as table-tabular-tabulate, constable-constabulary, angle-angular-triangulate, fable-
fabulous, title-titular, miracle-miraculous, circle-circulale. Evidently, in nouns and stems
that are subject to derivational processes (see pp. 173-74), phonetic [yirw] appears in a final
stop-[l] cluster when certain affixes follow. Thus we must have rules with the effect of (55):

O --+ yuw

For the moment, let us simply take (55) as the required rule. We see, then, that it will
convert [ttrblfaer] to [t6byuwlfer]. The segment [ae] of the latter form will be made lax
by rule (19b) (which, as a resuh of the required ordering of the rules-see (57) below-will
apply when the representation is [taebul{ ar]). We will have, then, [taebyuwler] (tabular),

contrasting with [teybl] (table), in which the segment [6] has become [€y] by Diphthongiza-
tion and Vowel Shift, and the liquid has become syllabic by processes described in Chapter
Three, pages 85-86. The other examples of this sort cited above can be taken care of in the
same way.

have a rule that inserts [y] before [i] (originally [u]), namely, (50).

simplify (55) to (56) :3o

Q---u/

We assume the following ordering:

(a) Rule (s6)
(b) Laxing Rule (19)
(c) Tensing Rl9le (52) (u ---+ t)

30 Note that (56) does not insert a vowel before the u l in words such as legislate because a continuant rather
than a stop precedes the Ul. It also will not app)y when [] precedes suffixes such as: -age (as in
assemblage), whichis phonologically [a ee]:-if]r (asinqmplifr), which is phonologically [if fiki (see Section
4.3.5, p. 201); the comparative and superlative (,o bler, noblest) if we regard these as having the character-
istic # boundary of elements adjoined by transformation at the stage when (56) applies; -atre, -t, etc.
(resemblance, capahly) because of their phonological shape. It does apply before the major affixes -ate,
-al, -ous, etc. (Note that -nr is, with rare exceptions, simply the variant of -al after [l].)

As noted above, however, it is only the nouns and stems subject to derivational processes to which
this rule applies, Thus it does not apply to agentive -el' ( gambler, peddler, angler, contrasting withangular).

Notice that rule (56) might also be used to account for the occurrence of [ye] in nouns ending in

[1] followed by -a, -us, -um (e.E.,fornula, mo<]ulus, curriculw ) as an alternative to considering this to be
an inherent vowel. This is plausible since it would account for the overwbelming predominance of [U]
over other vocalic nuclei in this position.

Another possibility, for all such cases, is to regari the [u] as an inherent vowel in the lexical entry,
dropping rule (56). We see little to choose between these altematives, and will simply continue, arbitrarily,
with the assumption in the text.

We already
Therefore we may

l56l [ -cont]
I  _ voc I _ l+VC [_ sesl
t l
I  +cons I
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(d) y-Glide Insertion (50)
(e) Diphthongization (21)
(f) Vowel Shift (43)
(g) Rounding Rule (51)

following derivation for tabular, for example:

tablfer
teebul f er

1

tabul l- er
I

tabilfer
I

tebyilf aer
I

ttebyiwl f eer
I

tebyriwlf er
I

tabyDwler

This derivation seems accurate for fairiy careful speech, in which the medial vowel is rounded.
Suppose, however, that we wish to account for the variant [tabyalar]. We might add a special
ad hoc laxing rule such as (59), which would apply only to this vocalic nucleus and would
follow (57d) and precede (57e) :

( ' ,

FIRST CYCLE

RULE (57a)

nurr (57b)

RULE (57c)

nurr (57d)

RULE (57e)

RULE (579)

VOWEL REDUCTION

]i
i -- [-tense] / f-l

I  -Srress I

.!,r

*:

This rule would subject the mediai vowel of tabular to the Vowel Reduction Rule, which
applies to minus-stressed lax vowels (see Chapter Three, rule (121), p. i26), so that the
derivation (58) would terminate with [trbyeler]. The same rule would apply in forms such
as commutation, accusation, where [U] derives from an original lttl, giving [kamyetA5an],

[ekyezA5an] as possible variants. Recall that in these words we have commute, accuse at the
termination of the first cycle, but in the second, wordlevel cycle the vowel in the second
syllable becomes [-stress] by the Auxiliary Reduction Rule (118) of Chapter Three (which
falls together with (57b) above) after the various stress placement rules have applied. Rule
(57c) makes this vowel [+tense], permitting y-glide insertion by (57d). The application or
nonapplication of (59) will therefore determine whether the phonetic form is [kamyetASen]
or [kamyrlwtASen], and so on.

There is more to the matter of reduction of [U] than these remarks indicate. Thus we
have reduction in the boldface position of nature, fortune, cdmmunal, as well as (optionally)
in the examples given above, but not in Neptune, commune, for example. However, we
have not been able to determine precisely what the correct form of (59) should be.

Of the rules listed in (57), ali are rules of word-ievel phonology. In view of the
uncertain status of VC/ as a strong cluster (see Chapter Three, pp. 83, 140, and note 82),
we have placed (57a) (: (56)) before the stress rules. We know that the underlying form
ol miraculotts, for example, must be /mireklf cs/. The position of main stress in the
noun miracle indicates that the second vowel is phonologically lax. Thus, if /Vkl/ is a
weak cluster, the vowel [u] must be inserted in the second cycle prior to the application
of the stress rules, or we would derive antiraculous.If /Vkl/ is a strong cluster, there is no
such compelling need to impose this ordering, but it does not result in any incorrect forms.
Since the Laxing Rule (57b) (: (19)) depends on the position of stress, it must follow the
stress assignment rules. Rule (57c), which tenses the inserted segment [u], must also follow
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the stress assignment rules or we will derive *mirac lous. Therefore the ordering of the rules
is determined by several considerations to be as in (57), with the rules of stress assignment
fol lowing (57a) and preceding rhe orher rules of  (57).

Summarizing, we see that there is good evidence to support the conclusion that all of
the English vocalic nuclei that we have so far considered are phonologically monophthongal.
Phonetic [iy], [cv], [ay], [rtw], [ow], [ew] (with their various dialectal and stylistic variants)
derive from underlying lCl, lEl, lil, l(,1, ldl, lftl, respectively, by Diphthongization, Vowel
Shift, Rounding Adjustment, and Backness Adjustment. phonetic [e] (which may have an
off-glide which we discuss in Section 4.3.6) derives from underlying lel, wltich does not
undergo Vowel Shift. Phonetic [dy] derives from underlying l;rl, the fourth possible low
vowel, by Diphthongization and Backness Adjustment (vowel Shift being inapplicable).
Phonetic [yuw] (or [ye] ) derives from underlying /u/ in the context - c;v. we can then
preserve the generalizations regarding consonant-glide strings illustrated in (46). The rules
of this section account for alternations s,tch as table-tabular; the occurrences of phonetic
[yuw] in forms such as ambiguous, ambiguity, instead of phonetic [[w] (paralleling the [iy]
ol prouerbial) or phonetic [aew] or [aw] (paralleling the [dy] of sobriety); the occurrence of
phonetic [ylw] as a reflex of phonological l:ul infume, cutaneous, and so on; the occurrence
of phonetic [aw] or [aw] as a reflex of underlying /[ I in profound, mountain, pomtd, and rhe
impossibility of phonetic [ynw] in these positions; the impossibility of phonetic [aw] or
[aw] before noncoronal consonants.

The rules summarized in (57) account for a few other apparently exceptional phe-
nomena. For example, Jespersen remarks (1909, section 4.73): " the three syllable rule [our
rule (l9b)-NC/MHl does not apply to [iu] : F ri (or Latin a)"; and cites, among other
examples: credulity, community, obscurity, Iunacy, scrutiny. These examples now fall together
with such apparent counterexamples to trisyllabic laxing as mediate, radiate, itlgratiate
(see p' 185). In all cases we have laxing by rule (19b) and subsequent tensing (by (52) in the
case of [u]; by (20b) in the other cases). In the same way we account for the tenseness of the
first vowel in words stch as mutual, usual, uuula. Similarly, the fact that [U] does not reduce
to lol in commutation, communism, etc., as noted in Section 14 of chapter Three (see p. I22),
is a consequence of the Tensing Rule that applies after the Auxiliary Reduction Rule which
falls together with the Laxing Rule.

consider, next, pairs such as sulfur-sulfuric, talmud-talmudic, cherub-cherubic. The
vowel of the second syllable must be lax in the phonological representation, as we can see
from the position of main stress in the simple form. The fact that we have a tense vowel in
this position in the derived forms is explained by rule (52).

There is one problem in this analysis of [yiw] that must still be dealt with, however.
consider words such as auenue, reaenue, residue, continue,which terminate with [yriw] (or, in
the case oI residue, with [diw], in some dialects, for reasons that we will discuss in Section 6).
As matters now stand, the underlying lexical representation must be /evvnue/, /revvnue/,
/re: sidue/, /kcN:tinue/. (In the case of residue, the medial vowel might be tense; ths :
boundary is required to account for the voicing of [s], as we shall see in Section 5.) But the
stress placement rules, as given in the last chapter, will assign to these words the stress con-
tours *audnue, x reudnue, * resfdue, * continrte. That is, in the case of the three nouns, the Main
Stress Rule (chapter Three, rule (102), p. 110) will exclude from consideration the final lax
vowel lel and assign primary stress under case (i) to the syllable before the weak cluster 7u7;
and in the verb continue, the primary stress will be placed by case (i) of the Main Stress Rule
on the vowel immediately preceding the weak cluster /e/.
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Within the framework so far developed, we can account for this arrangement of facts

only by treating the source of final [yuw] in these words as a weak cluster, that is, as a

string of the form VCd; if the words auenue, reuenue, residue, continlLe are represented as

ievenq/, /revenq/, /re:sidg/, /koN:tinq/, where rp is a weak ciuster, then the stress

contours will be assigned in the correct way. ln the case of auenue, reuenue, the final weak

cluster <p will then be omitted from consideration under condition (b) of the Main Stress

Rule, and primary stress will be placed on the first syllable of the residual string, its second

syllable being weak. In the case ol residue, the final cluster g will be omitted from considera-

tion in the same way, and primary stress wiil be piaced on /sid/, the : boundary preventing

stress assignment to /re/ under case (i). Under, condition (c), the,Stressed Syllable Rule,

primary stress is shifted to the left, giving [re: sidrp], the string [:sidq] being omitted from

consideration, as is permitted by this rule. The other rules then give the form [rezed(y)rlw],
as required. The verb continue will receive primary stress on the second syllable in the usual

way, under condition (e) of the Main Stress Rule, by case (i), which places stress before the

weak cluster q.

The analysis presented earlier failed because tp vvas not a weak cluster, but was rather

the phonologically bisyllabic element /ue/. We must therefore revise this analysis in such

a way as to assign the words in question a weak cluster in the position of g. There are

two ways to achieve this result. The first would be to take q to be not /ue/, as before, but

rather /ue/, where [e] is the glide corresponding to [e], that is, the segment with the features

[-vocalic], [- consonantal], [-back], [-high], [-low]. This decision requires only one

change in the rules given earlier: we must rephrase rule (52) so that [u] becomes [i] in the

context -C[ [-consonantal], that is, before a vowel or a glide. Since this is a simplifica-

tion of the rule, we would make the modification in any event. Furthermore, we have already

had occasion to make use of /e/ in the lexicon (see Chapter Three, Section 16, p. 161).

The second aiternative is to take rp to be /u/, and to modify rule (52) so that it converts

[u] to [i] either in the context - Cl [- consonantal] or in the context - # . Under this

modification, I will be a weak cluster and stress will be assigned properly.

We see little to choose between these alternatives. Rather arbitrarily, we will accept

the assumption that luel is correct, for expository purposes, leaving a more principled

resolution of the problem to a deeper study.

Notice that we can regard all instances of final /ue/ as /ue/. We have made use of the

bisyllabic character of /ue/ for only one purpose, namely, laxing of the first v owel in oalue,

tissue, etc. But quite apart from the analysis of [yuw], we would have to give the context for
|  - ! , r f rPce

t r isy l labic laxing in the s implest  form: C(C l )  |  ; - ""  lCo[-consonantal ] :  
and in th is

form, it applies to the first vowel of [veelue], etc. liotice alJo that the choice of /ue/ requires
a complication of condition (b) of the Main Stress Rule, which omits from consideration
a final string of the form q[+ consonantal]g, where tp is an unstressed lax vowel or glide (see

p. I33). To cover the case [ue]. we musr replace tp[+consonantal]o or *{l*l l l l l l ,1"t"'f"}r[-vocarrcl6 |
A form such as [re:sidue] falls under the second of these conditions in two ways, first with
the omitted string being [ue] and second with the omitted string being [e]. If the rules are
to apply properly, these two cases must be disjunctively ordered and the first must apply
before the second. This is provided for by our present system of notations. Notice that
q[-vocalic]fi is an abbreviation for two cases, rp[-vocalic] and 9, applying in that order.
Since [ue] falls under the first of these, the second will never apply to the forms in question.
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Notice also that in a derived form s\ch as residual, no further rules are needed. Thus
we begin the second cycle with the representation [re: sidue -l- el]. primary stress is placed
before the weak cluster [ue] under condition (a) of the Main Stress Rule (the Amx
Rule), giving [re:siduef el]. The string [ue] becomes [ynw] in the usual way, and [e]
elides before a boundary by the e-Eiision Rule. By other familiar processes, we derive
[razijuwol].

In short, by simplifying rule (52) (dropping one feature) and replacing final /ue/ by
/ue/ (either in lexical representations or by a redundancy rule), we derive just the required
forms in these examples.

we might mention a few other minor tensing rules that belong together with rule (52).
There is some evidence that we should add the rules in (60) at this point:

(*)  tur {"1 [+rense] I  I  l
\  /  I  u,  1+stressJ 'ge

(b) o --- '  5 /  -Cv[-seg]

Rule (60a) accounts for the appearance of a tense vowel in forms such as angel and, lowtge,
which would otherwise contradict rule (8). Notice that lunge, sponge cannot be derived from
underlying /lunge/, /spunge/, respectively. we shall see below in Section 4.3.7 that they can
be derived from an underlying representation containing lax lol in stressed position.

Rule (60a) will also account for contrasts such as angel-angelic |rom underlying
/angel/. In angel in isolation, stress is placed on the first syllable, which is tensed by rule
(60a) and then undergoes Diphthongization and vowel Shift in the usual way. ln aigetic,
(60a) does not apply, and we derive [enjelik]. The same rule explains the tense vowel in
range' strange' etc. (from underlying /range/, lstrengel, respectively). Tense vowels are nor,
in general, to be expected before this cluster. Notice, incidentally, that formatives with
phonetic [. . .anj. . .] are extremely rare (example s beingflange, gange, and, with formative
boundary, tangfent). This fact is explained by rule (60a). The cluster [ni] will arise only
from /nge/ by velar softening (see Section 6), and, when lo,l precedes this cluster under
stress, it will be tensed by rule (60a), with the exceptions noted.

Rule (60b) is needed to account for alternations suchas telescope-telescopic-telescopy.
consider the underlying vowel of scope. From the position of stress in rerdscopy, we know
that this vowel must be lax. From the form telescopic, we know that the underlying vowel of
scop€ must be either lcl or lol, since our study of back vowel alternations has shown that
these are the only vowels that give rise to phonetic [d] before -rc. Since the underlying vowel
has already been determined to be lax, it must therefore be lcl. But this leaves the probtem
of accounting for the form telescope, where the phonetic reflex of this vowel is 10w1. rrris
phonetic form can derive only from [o], by Diphthongization and vowel Shift. Therefore we
need a rule tensing /c/ in some position. It cannot be that lcl is tensed to [5] in the context
-c# ' as we can see from words such as cot, srop, where the /o/ remains, to become [d]
in a manner we have already discussed. The only possibility, then, is to make use once asain
of the rule of e-Elision in final position, and to take the underlying representation t; be
/telefskcpe/, tensing being determined by rule (60b).

The same rule might also be used to account for contrasts such as photograph (with
[ow] in the first syllable) vergus monotone (with [a] in this syllable). In both cases it seems
that the underlying vowel can onry be lcl. The distinction, then, can be in terms of a rexicar
opposition [+ rule (60b) ], which appears to be quite idiosyncratic from a synchronic point
of view.
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4.3.5. vowEr- sHrFT FoR LAx vowEls

We have so far restricted the
certain lax vowels, we can account
perfectly regular.

Consider first the nonback high vowel [i]. If this were to undergo Vowel Shift, it
would become [a], just as [i] becomes [e]. (We continue to restrict Diphthongization and
Backness Adjustment to tense vowels, so that the alternation [i]- [e] for lax vowels is parallel

to the alternation [i]- [ay] for tense vowels.) The alternation [i] - [e] is, in fact, found in a
certain class of irregular verbs in English, e.9., sit-sat, sing-sang. These verbs will be marked
in the lexicon as belonging to a special lexical category, and by Convention 2, page 173, this
lexical category will be distributed as a feature of each segment of these verbs, in the ap-
propriate context. Thus, in particular, the vowel of si I will have a certain feature [+ F] when
it is in the syntactic context -p4st. (Past is deleted after determining the category of the
lexical item and, in consequence, the distinctive feature composition of its segments.)
We can then account for the alternation that gives the past tense form by permitting the
Vowel Shift Rule to apply also to vowels in the following specially marked context:31

207

(")

Vowel Shift Rule to tense vowels. By extending it to
for several other phenomena, some marginal, some

( ' ' ) t-t
L+F]

Thus we can find a small " subregularity " in the class of irregular verbs by generalization of
the Vowel Shift Rule to certain lax nonback vowels.

Extension of the Vowel Shift Rule to the context (61) also enables us to account for
the alternation s atisfy-satisfaction. The form un deflying satisfy clearly contains the formative
-/y which we also find in ramify, clarify, etc., and, presumably, it also contains the formative
sate, which has the underlying representation /set/. The underlying representation of -/y
must be /flk/. In forms such as clarffication, the vowei of this formative will be reduced to

[e] by the processes described in Chapter Three, Section 14. In final position, the [k] is
dropped by the ad hoc rule (62), which also applies Io multiply, etc.

k -+ 6l+cJ-#

When the vowel of -f remains tense, it becomes phonetic [ay] by the Diphthongization and
Vowel Shift Rules discussed above.

These remarks are quite general. We apply them now to the special case of satisfy,
with the underlying representation /s€et +is +fik/.

In isolation, this form emerges from the stress cycle with the representation

[si6t+is+fik]. By rule (19b), the trisyilabic case of the Laxing Rule, the vowel [a] becomes

[ae]. The Diphthongization and Vowel Shift Rules convert [i]to [ay], and rule (62) drops the
final [k], giving [sftisfiy].

Consider now satisfaction, with the underlying representation iset+is+fik+
6tfivn/. The lexical item satisfy belongs to the large class of irregular verbs that drop
the /tr/ of I+Et+I in the derived forms (receit;e-reception, reduce-reduction, describe-
descriptiae, etc.) This gives the form [sFt+is+fik+t+ivn]. The stress cycle now yields

[s6t f is f fik f t f ivn]. In Section 2 we observed that English phonology contains

3r Recall that by Convention 2, every segment of the lexical items that do not belong to the category [+F]
is automatically marked I F], so that the extended Vowel Shift Rule will apply only to the appropriate
imao'  

' la 
r  f^rme
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rule (8), which makes vowels lax before consonant clusters, as a special case of the general
Laxing Rule. As noted there, this rule is not a lexical redundancy rule which applies only
within formative boundaries, but rather a phonological rule which applies to any tense
vowel followed by a consonant cluster, in particular, to the vowel [i] of [strtfisffik{
tf ivnl. Furthermore, [€] becomes lax by rule (19), as in satisfy in isolation. If, now, we
assign sarri/y (or, perhaps, the formative -fy) Io ihe category [+ F], along with sir, sr'ng, erc.,
in their past tense forms, then the Vowel Shift Rule, now extended to the context (61), will
apply, giving [s:]tf isf fbkf tf iVnl, which becomes IsritisfdkSan] by rules to be discussed
later.

In short, to account for the superficially unique [ay]-[a] alternation of satisfy-
satisfaction, we need only assign satisfy to a certain subclass of irregular verbs that receive
the feature [+F]. Once again, we can extract a subregularity from what appears to be a
totally exceptional case.32

Certain other irregular phenomena can also be brought into the scope of the Vowel
Shift Rule in the same way. Consider, first, forms such as retentit)e, retention, conrent,
exemplary, biennral. In each case the vowel in boldface has undergone an exceptional change
from expected [e] to phonetic [e]. Thus the vowel of -tain, for example, becomes lax by
rule (8) before the double consonant in the derived forms. But the underlying vowel is /&/
(which, when it remains tense, becomes [Cy] by Diphthongization and Vowel Shift, as in
retain, contoin); hence the corresponding lax vowel should be [e]. To account for the fact
that we have [e] in place of [ae] in these words, we can assign the formative -tain to the
category [+F]. It will thus fall under the Vowel Shift Rule, extended to the context (61),
after the vowel becomes lax by rule (8). Since the Vowel Shift Rute converts [a] to [e], we
derive the desired form. The other cases are similar.

We can use the same device to take care of the A-e alternation noted in the preceding
chapter. As we observed there (see (142), page 136), underlying /E/ becomes [e] in the
affix -ary in words such as secretary, secretarial. Since a form of laxing is involved, it is
reasonable to combine this with the Laxing Rule ( l9), as a special case. Thus the Laxing Rule,
appropriately extended to -ary, will convert this ltr.l to fel. If we now assign to -ary) Ihe fea-
ture [+ F], the Vowel Shift Rule will convert [E] to [e]. Notice that Tensing will not apply
to the laxed lel of secretarial (see note 17).

According to (43), Vowel Shift applies to vowels that are [+stress] and [+tense]. ln
(61) we extended Vowel Shift to vowels marked with the diacritic feature [+ F]. By our con-
ventions, these two contexts must be conjunctively ordered. Consequently, if a vowel
satisfies both (43) and (61), it will undergo Vowel Shift twice. Thus, for instance, a tense
stressed [a] which is also marked [+ F] would first be turned into [e] by virtue of (43) and
subsequently into [i] by virtue of (61). The cases we have examined up to this point have all
contained nontense vowels and were hence subject to only a single application of the vowel
Shift Rule. There are, however, instances where Vowel Shift does appear to apply twice;for
example, double application of Vowel Shift gives clear fkl\yrl from underlyin g lklar I
(cI. clarity). Similarly, verbs such as rise rose and take-took require double application of
the vowel shift Rule in their past tense forms. If we take the present tense form as the
underlying form, we must assign the lexical representations lrizl, lttrkl, respectively, which
give [rdyz], [t6yk] in the usual way. To derive the past tense forms, we first apply a rule
shifting backness and rounding, which is widely applicable to irregular verbs and other
32 Observe that extension of the Vowel Shift Rule to certain occurrences of lax [i] amalgamates entirely

unrelated historical processes which have fallen together synchronically in English (see (36), Chapter Six).
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irregular forms and which we shall discuss later. This gives [ruz], [tak]. Diphthongization
and Vowel Shift give [rowz], [towk]. Finally, reapplication of the Vowel Shift Rule gives the

forms [r6wz], [tuwk].33 We can readily account for this double application of Vowel Shift

by marking all such forms as [+F]. If the stressed vowels so marked are also tense, the

Vowel Shift Rule will apply twice.
Let us turn now to the case of the lax, high, back vowel [u]. Suppose that we were

to add (63) as a context for the Vowel Shift Rule:

In this context, the first part of the Vowel Shift Rule would apply, with the result that [u]
would be converted to [o]. The second part of the Vowel Shift Rule would not apply to this

newly formed segment, however; [o], not being [+tense], [+ F], or [+ high], doesnotmeetthe

conditions for application of the Vowel Shift Rule. We have seen that the Rounding Adjust-

ment Rule (37) applies to the vowel [5] which results from underlying /ii/ by Vowel Shift,

so that original /u/ becomes phonetic [ew]. If we extend this rule to [o] arising by Vowel

Shift from /u1, then the rule will convert [o] to its nonround counterpart [,t] (i.e., to the lax

vowel which is [-high], [-low], [-round]). We will see, in fact, that the Rounding

Adjustment Ruie is even more general than this. With this extension, underlying /ui will

become phonetic [,r] by Vowel Shift and Rounding Adjustment, whereas underlying iu/,
which undergoes Dotft stages of the Vowel Shift, as well as Diphthongization and Rounding

Adjustment, becomes phonetic [aw] (or [ew], with further Backness Adjustment and Laxing).

Thus, extension of the Vowel Shift Rule to the context (63), and a corresponding

extension of Rounding Adjustment, will convert /u/ to [^]. In fact, as we have already noted

in connection with the alternation profound-profundity (30c), there is good evidence that this

process exists as a part of English phonology. Notice further that phonetic [u]- [.t] contrasts

are very rare in English, and in many contexts they are not found at all. Thus, for example,

although we have words such as fund, duct, lung, bunt (phonetically, [f.tnd], [drkt], [,tl],

[b.tnt] ), we could not have words with the phonetic forms *[fund], +[dukt], x[lul], *[bunt].

These forms are inadmissible in the English dialects that we are studying and must be ex-

cluded by appropriate rules. The Vowel Shift Rule and the extensions just mentioned have
just the required effect, converting /fund/ to [f.lnd], etc. We can thus account for the lack of

contrast and, at the same time, preserve the symmetry and simplicity of the system of lexical

representations, which will contain, among lax vowels, only those which are [-back],

[ - round] ( l i l , le l ,  /e/)  or  [+back],  [+round] ( lu l , lo l , lc l ) .
The Vowel Shift Rule, asjust formulated, will convert a// cases of phonological /u/ to

phonetic [a,]. But clearly there are cases of phonetic [u] in the language (e.g., push, pull,

bushel, bull); that is, there are residual cases of contrast or near contrast involving phonetic

[u] and [,t]. Phonological /u/ thus gives rise to phonetic [4,] by the Vowel Shift Rule, and to

phonetic [u] when the Vowel Shift Rule does not apply.

33 The representation [t[wk] becomes [tuk] by a fairly general rule that applies to [[w] in various contexts,
in particular -k, before rule (62). Apart from the word spook and various slang forms, which often
break low-level rules, all of the forms with phonetic [nwk] derive from underlying /i/.

On page 168, we noted that it is possible for the values ofal/ of the features of an underlying vowel

to be changed in its phonetic representation. The example given was underlying /[/, which becomes [a]
in some dialects. Now we have another example, namely, underlying /E/, which becomes [tJ] in toke-took

: .

*r

Itr



204 English phonology

In Section 4.3.4 we dealt with a very similar problem. There we wanted to find a
tense, high, back vowel which did not undergo vowel Shift and could serve as the source
for [yuw]. we saw that the proper choice was the unrounded vowel corresponding to
[u]' that is, the vowel [i], which is immune to vowel shift because it is not the same rn
backness and rounding. This vowel itself derives from underlying/u/ by rule (52), which tenses
and unrounds [u] in the context -c1v. The vowel [i] finally becomes [D] by the late
rule (51).

The analysis of [yuw] suggests a way of providing for phonetic [u]. suppose that we
add an early rule with the effect of (64) :

(") n ----+ [-round] in certain contexts

If we then generalize rule (51) so that it rounds [i] as weil as [i], we will have the derivations
of. (65) for push, pun, for example:

pu5 pun
pis nur-r (64)

pon vowEl sHrFr, EXTENDED To (63)

p^n EXTENSION OF ROUNDINC ADJUSTMENT
pus GENERALTZATToN oF (51)

All that is necessary, then, is to specify the contexts for rule (64) in such a way that it covers
all words with phonetic [u]. Investigation of the examples suggests the following formu-
lation :

(,t

(,,)
f - tense | |

l*  r ' i rn |  [-  round] 
I

( ' (  t t  \

f  -nasar l  l ' i * l  I
l+ant )
L-.o' . l  l f-"",11

\  L +cor l /

(a)

(b)

Rule (66) unrounds /u/ when it is preceded by a nonnasal labial segment and followed either
by Ul or final [] or by [5] or [d]. case (a) applies in the boldface position in such words as
pullet, pulley, bullet,bullock, pull, full.we know, in the first four cases, that the medial cluster
is double [] by the fact that /u/ does not become [i] by rule (52) (and, finally, [yDw]), as
would happen in the context -cv. case (b) of the rule applies in words such as bush,
puslt, bushel, butclter. Notice that the occurrences of phonolo gical lul that are unrounded by
rule (66) (or rule (52)) will be phonetically round, and those that remain round because
rule (66) (or rule (52)) does not apply will be phonetically nonround, that is, [,r].

Rule (66) is a lexical redundancy rule;it precedes all phonological rules. It does not
cover several exceptional cases of unrounding; for example, put, pudding, puss, cushiott.
These must be listed in the lexicon, either as purely idiosyncratic or by an extension of rule
(66). Thus, insofar as there is a marginal phonetic [u]-[a.] contrast, there is a marginal
phonological /i/-/u/ opposition in the lexicon.

There are various other problems connected with these cases; for example, the
absence of tensing of lul in budget, butclrcr, and bushel (which suggest that the stressed
vowel is followed by a double consonant) and the inapplicability of (66) to words such as
budge, budget, and.fudge, which can be accounted for either by limiting (66) to segments
preceding voiceless palato-alveolars only, or by assuming that the lexical representation
corresponds to the spelling, in which case (66) will be automatically blocked.
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Summarizing the phonetic variety of underlying high back vowels, we have the
following situation. The tense phonological segment /u/ always undergoes Vowel Shift.
In the cases so far considered (there wiil be a slight extension below), this gives phonetic

[6w] or [ew], depending on dialect. The lax phonological segment /u/ becomes phonetic

[ylw] when it is in the context - CIV; it remains phonetic [u] (after unrounding and com-
pensating rounding) when it is in the contexts of (66); elsewhere it undergoes the first stage
of Vowel Shift and becomes phonetic [,r].

4.3.6. runrnrn REMARKs oN DrpHTHoNGrzATroN

We are now in a position to account for a defect in the Diphthongization Rule,
formulated as (21) in Section 4.1. This rule introduces a glide after a tense vowel, the glide
being [w] if the vowel is back and [y] if the vowel is nonback. Thus, [i], [e], [e], [G] receive
a y-glide, and [n], tol, [51, te] receive a w-glide. This assignment is appropriate for all cases
except [d], where it is clearly incorrect. For example, father and Chicago do not become
phonetic *[faw6er], *[5ekawg6w], respectively; rather, [A] receives a centering glide of some
sort or a feature of extra length (with various dialectal differences that do not concern us
here).

We may account for this phenomenon by adding the following supplement to the
Diphthongization Rule:

[- cons] ---- [+ voc] / a -

Thus Diphthongization will convert [a] to [aw], and rule (67) will convert [dw] to [au]. The
first part of the Vowel Shift Rule, followed by the Rounding Adjustment Rule discussed in
the preceding section, will then convert [au] to [a,r], just as /pun/ is converted to [p,rn]. Thus
father, Chicago, which are lexically represented as /fd6Vr/, /Svkago/, are converted ulti-
mately to [fa,r6er], [Saka,rgdw]. The phonetic interpretation of [d,r] varies with the dialect,
as does the phonetic interpretation of the other complex vocalic nuclei. Thus [a,r] may
represent [a] followed by a centralizing glide (a mid central vowel) or simply extralong [a];
or the off-glide may be dropped and [aa,] will not be distinguished phonetically from [a].

In Section 2 we presented rule (5), which converts underlying /o/ to phonetic [d], as in
cot, stop. This rule falls together with the Rounding Adjustment Rule and therefore comes
after Vowel Shift in the ordering of the rules. The segment [a] formed by rule (5) will not be
diphthongized and will contrast with the phonetic [e,r] that comes from original /a/. Thus
we have such contrasts as father-bother ( [fa,r6or]- [ba6er] ), from underlying ltA6Yrl-
lbclVrl, and rajah-Roger. For essentially the same reasons, we wiil have length contrasts
as in balm-bomb, starry-sorry, with the shorter of the two paired vowels deriving from /c/ by
rule (5). (The source of [a,r] in these items will be discussed in the next section.) In dialects
in which [da,] is interpreted phonetically as [d], the contrast will not appear.

4.3.7. runrHrn REMARKS oN pHoNETIcALLy Low vowELS

To complete the discussion of the system of English vocalic nuclei, we must account
for the phonetically low tense vowels: [5] as in lawn, audacious; [a] as in spa, balm;
and, for some dialects, [e], as in can, meaning " receptacle " (as opposed to caz meaning
" be able," which has lax [e] phonetically).

The distribution of [ae] varies from dialect to dialect, but in each dialect almost all
cases are predictable from underlying /e/, which tenses in positions determined by lexical

205
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category or by the following consonant. The few cases that cannot be predicted3a must be
listed in the lexicon as involving a highly marginal subclassification of [ae] in certain mono-
cvl la! ' i^  

' .^ .^L--- .eJ rro vr !  ruvr yrr ! r r r !o.

The case of [5] is less marginal and more important. In words slch as laud, brav,l, it
appears that [d] must come from some tense vowel that does not undergo vowel shift. we
must therefore find a vowel V* which is not subject to Vowel Shift and is later converted to
[5] by rules which are, as far as possible, independently motivated. The obvious proposal is
to take v* to be [6]; since this vowel is different in backness and rounding, it does not undergo
vowel Shift, and it can be converted to [o] by a late rule of Rounding Adjustment of which
we have already found many examples. This proposal is strengthened by the observation
that [a] has, otherwise, an extremely restricted distribution in lexical entries. In particular,
it is excluded from monosyllables. Thus there are no such forms as *[li,tn] contrasting with
[5,rn] (/awr),3s or * [bra,d] contrasting with [br5.d] (brawt). This fact permits us to derive
phonetic [5] in monosyllables from underlying ld.l. we therelore add rule (6g), which will
fall together with the other Rounding Adjustment Rules, as we shall see.

166, a -  [*round] /  [ -seg]Co-VCo [-seg]

Thus the word laud, for example, will have the following derivation:

(,,
lad
lawd orrnrHoncrz.trlon(21)
laud r.ur-r (67)
ldod vowEl sHrFr, rxrrNoro ro (63)
l5,rd RouNDTNGADJUsTMENT

Rounding Adjustment applies twice to give the final line of (69), once to [a] by case (6g),
rounding the tense vowel, and once in the manner described in the preceding section,
unrounding the lax [o] that derives from [u] by Vowel Shift.

we thus are assuming that the vowel of laud, brawl has a centering glide, like the
boldface vowel of father, chicago. Again, we are limiting ourselves to the phonetics of a
single, prototype dialect, passing over much phonetic detail and dialectal variation that are
beyond the scope of this study.

we have already noted quite a few cases of Rounding Adjustment following the
vowel Shift Rule. we will summarize-the various cases in Section 4.3.g. In order to achieve
maximal generalization in the formulation of this rule, we will want to extract from the rule
the particular contexts that restrict its various special cases. In particular, we will wanr to
eliminate from (68) the restriction to monosyllables, which will be unique to this case. The
obvious way to achieve this result is by a lexical redundancy rule that exempts la.l from
rounding adjustment in polysyllables (e.g., father, chicago, restaurant). we therefore add
the rule (70) (where n is the number of the rule that rounds /i/ after the vowel shift Rule as a
special case of Rounding Adjustment, i.e., the rule temporarily formulated as (6g)):

t') d ---+ [-rule n] in polysyllables

3a For example, in our prototype dialect, the vowel in monosyllabic adjectives ending in [d], e.g., [sed] (sal)
versus [bEd] (bad).

3s of course, we may have such forms from phonorogical /o/, which goes to [i] by rure (5). Thus words such
as conch' fond, pot must be given the representations /kcnd/,lF,ndl, lpltl in their lexical entries. Forms such
as spark, spar, spa have underlying [e], as we shall see directly.
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We have now accounted for the cases of phonetic [5] in monosyllables, but we must

still fi.nd a source for the vowel in the boldface posilion of aadacious, clausttophobia, mulliga-

tuwny, etc. An interesting fact regarding this vowel is that in polysyllables it is in comple-

mentary distribution with phonetic [aw] or [ew], that is, with the reflex of phonological /u/.

The latter appears only in the context -[+nasal] c, as in council, countenance, mountain,

scounclrel, mountebank, and in the context -V in some dialects, as in Howell, dowel

(contrasting with howl, foul). Typically, [o] does not appear in these contexts and [6w] or

[rw] does not appear elsewhere in polysyllabic formatives.36 This fact suggests that in

polysyllables phonetic [d] may derive from underlying /u/, just as [aw] or [aew] derives from

/u/. This is quite plausible on other grounds, since [c] is, in fact, an intermediate stage in the

derivation of [aw] (or [aw]) from iD/. Recall that after it is diphthongized, /u/ becomes [5]

by Vowel Shift and then becomes [a] by Rounding Adjustment. To derive [d] from under-

lying [[], then, it is necessary only to arrest the lnl ..- [o] --+ [a] transition at its middle stage,

permitting Vowel Shift to apply but not Rounding Adjustment. Since phonetic [5] and

phonetic [1w] are, asjust noted, in complementary distribution in polysyllables, the cases in

which only vowel Shift applies to underlying /u/ can be distinguished from the cases in

which both Vowel Shift and Rounding Adjustment apply to underlying /[/.
In short, there is good reason to suppose that phonetic [5] derives from underlying

idl in monosyllables and from underlying /ii/ in polysyllables.3 7

Clearly the segment [5] appearing in polysyliables is not to be distinguished on

phonetic grounds from the segment [a] in monosyllables, although they have different

phonological sources. In particular, the following glide, if any, must be the same. In the

dialect we are taking as our prototype, this is a centering glide, which we are representing

as [,r]. In the case of the [5] deriving from lal, we have already accounted for this glide by

rule (67), which converts [w] to [u] after [a], [u] then going automatically to [,r] by Vowel

Shift and Rounding Adjustment. Clearly, then, we must extend (67) to the occurrences of

[w] which follow those cases of /0/ which are going to become phonetic [5] rather than

phonetic [aw]. That is, we must revise rule (67) so that it converts [w] to [u] not only after

all cases of [a] but also after [t] everywhere except in final syllables, before nasal clusters,

and before voweis. The simplest way to express these facts is by the rule (71), the exceptrons

to (71) being marked by the lexical redundancy rule (72):

!!']

Af

&.

t .
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&..
*i

( ' ' )

(,,)

,  lu l
w--+ui \ i -

ta,

(co+ )
r  -  [ - ru le (71)J I  - t  [+nasal lC]

(v)
(The fact that (72) applies to the vowel whereas (71) applies to the glide will be dealt with

shortly.) The phonological rule (71) will now convert [w] to [u] not only in words such as

father and laud, as beforc, but also in maudlin, aug:ment' etc. The lexical redundancy rule

36 This formulation requires that words such as saunter, launder, trousers be treated as phonologically

monosyllabic. (Note that laundry is flandriy] phonetically, not [Sndariy].) There are, incidentally, other

sources of phonetic [cl (e.g., before liquids, in c€rtain contexts), as we shall see directly.
3? We have observed (see p. 195) that [Aw] (or [aw]) do€s not occur before labials or velars, and we have

suggested that this is a result of the lexical redundancy rule (54) that makes consonants coronal in the

context t - [ - segmentl. But this redundancy rule does not affect noncoronal consonants fouowing /U/
in medial position, and we have forms suchas awkwqrd, quburn, qugur, traumalr, in which underlying /n/
appears before a labial or a velar.
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(72) will block the application of (71) in words such as renown,frow, allow, rowdy; mountain,
fountain; tower, dowel.lnthese cases, it will leave a labializing glide after the tense vowel. For
rule (72) to apply correctly, it is necessary to make a few otherwise unmotivated decisions
about the placement of formative boundary, and there still will remain marginal contrasts
in the lexicon; but we will not press the investigation of this point any further.

Let us now compare the derivations of mountain and maudlin:

(t ')

\ro)

mtntan midlin
m[lwnton muwdlin DIpHTHoNGtzATIoN

mirudlin rurr (71)
mtwntan mSodlin vowEr- sHrFr
mewnton mi,rdlin RouNDTNG ADJUsTMENT

In the third line of (73), rule (71) applies to maudlin, changing [w] to [u]; but it is prevented
by rule (72) from applying to mountain, which has a nasal cluster following /u/. To form the
final line of (73), Rounding Adjustment applies to the lax vowel [o], giving [,r], and changes
the segment [5] in the context -w but not in the context -v. The exact mechanics
of the Rounding Adjustment Rule will be presented in Section 4.3.g. For the present it is
only necessary to observe that the cases in which the rule effects a change are distinguishable
from the cases where it does not, the relevant distinction here being the specification of the
feature " vocalic " in the following segment.

Rule (71) makes the glide [w] vocalic when it follows [a] or [D] but not when it
follows other vowels. Since the segments [a] and [[] are the only vowel segments followed by
[w] that have the same coefficients for the features " round " and " high," we can reformulate
rule (71) as follows:

f - cons I

L + uu.tl ---+ [ + voc] /

We will henceforth refer to this as the Glide Vocalization Rule.
There is a discrepancy in the formulation of rules (72) and (7 4) that must be eliminated.

Notice that the lexical redundancy rule (72) assigns tbe feature [-Glide vocalization Rule]
1:1-rule (7a)l) to the vowel /[/ in certain contexts in lexical formatives. But the Glide
vocalization Rule (74) refers to a glide following the vowel [n], not to this vowel itself.
Therefore the fact that the vowel is marked [-rule (74)]will not prevent rule (74) from
applying to the glide which follows this vowel, a glide which is inserted only by the Diph-
thongization Rule. clearly this glide must also be assigned the feature [-rule (74) ]. Recall
that the Diphthongization Rule (21) inserts after a tense vowel a glide agreeing in backness
and rounding with the backness of the vowel. Evidently, we must also require that the glide
agree with the vowel in the feature [arule (74) ], and the Diphthongization Rule (21) must be
modifled to include this specification. The rule will then insert a glide which undergoes rule
(74) just in case the vowel it diphthongizes is not excepted from Glide vocalization by the
lexical redundancy rule (72).

There is clearly a more general way to state the Diphthongization Rule, thus ex-
pressing an aspect of this rule missed in our formalization. The Diphthongization Rule
inserts a glide which accepts from the vowel preceding it all leatvre specifications that are
possible for a glide. The Diphthongization Rule is, in other words, the simplest sort of
" assimilation rule," in a very general sense of this notion. This is clearly a linguistically

f eround'l
ldhieh l_

Lv I
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significant fact, a generalization not captured in our formalization. We will return, incon-

ciusively, to a discussion of this and several other related inadequacies in Chapter Nine.
The next problem involving phonetically low vowels has to do with the realiza-

tion of underlying lal as [6], noted several times in our discussion. The rule (5) which con-
verts lcl to [d] can be analyzed into two steps, the first of which unrounds /c/ and the second

of which tenses the resulting [a]. The first step can then be formulated as a special case of the

Rounding Adjustment Rule which follows Vowel Shift in the ordering. We will discuss some

of the dialectal variation involving underlying /o/ below.
Still to be accounted for are the occurrences of phonetic [5,r]-the same phonetic

segment as in laud, audible, etc.-in words such as long, soft, cost, toss, cloth, and before

liquids. We will put aside the case of liquids for the moment and consider the other cases.

Since the words cited are monosyllables, the vowel cannot derive from underlying /ii/ in the

manner just outlined. The other alternative is underlying ldl , as in la*-n and fraud. This is
ruled out in words such as /ong and soft, however, since tense vowels do not occur before
such ciusters, as we have noted (see p. 171 and note l9).

The case we are now discussing can be incorporated into the grammar as so far
constructed in several different ways, and we havs not found any entirely compelling argu-
ment for one or another approach. We therefore sketch one possibility, which seems to us
to involve the fewest ad hoc rules and to leave the smallest number of exceptions, observing,
however, that there are other plausible hypotheses.

In discussing double applications of the Vowel Shift Rule (p. 202), we noted that
there is a phenomenon of backness adjustment that applies to many irregular lexical items.

For example, if we take present tense forms of verbs to be the underlying forms, then we have

nonback voweis becoming back and round in the case of alternations stcb as cling-clung,
tell-told, bind-bound, break-broke, and back vowels becoming nonback and nonround in the

case of alternations such as run-ran, holcl-held. Similarly, in irregular plurals we have back
vowels becoming nonback and nonround, as in mouse-mice, foot-feet. These phenomena

suggest that there must be a pre-cyclic readjustment rule switching backness in certain

lexical items in certain contexts :

('t _. l -aback |  , t - l
V + |  , l  |  |  ,  I  ln certaln l r regular lorms

L -  drounol  LdDacKl

Given the readjustment rule (75), we can account for the derived forms in the exam-
ples of the preceding paragraph by assuming the underlying representations /kliNgi, /tel/,
/biNd/, /brek/, lrwl, lholdl, lmusl, lfotl. Rule (75) wil1, in the appropriate contexts,
convert: /kliNg/ to [kluNg], which becomes [kl,rNg] by Vowel Shift and Rounding Adjust-

ment, in the manner described above, and, finally, [kl,rr;] by Nasal Assimilation and the

dropping of final [g] after a nasal; /tel/ to [tol] before [d] (the vowel then becoming [6w] by
processes discussed on page 214); lblndl, which by Diphthongization, Vowel Shift, and other

rules becomes [baynd], to [brlnd], which in parallel fashion ultimately is turned into

lbewnd]; /brek/, which becomes [br6yk] by Diphthongization and Vowel Shift, to [bmk],
which becomes [browk] in the same way; lrunl, which becomes [r,rn] by Vowel Shift under

condition (63) and by Rounding Adjustment, to [rin], which must be marked [+F] in the
past tense so that it becomes [ren] by Vowel Shift under condition (61);/hold/ to lheld];

/mts/ to [mis] (these being realized as [mdws] or [mews], [mdys], respectively, in the usual

way); /fot/, which becomes [flwt] by Diphthongization and Vowel Shift, then [fut] in the



( ' ,

210 English phonology

manner described in note 33, to [fet], which then undergoes Diphthongization and Vowel
Shift in the usual way.

But notice that we have the alternations long-length, strong-strength, which also
clearly iliustrate the backness switch stated by rule (75). This fact strongly suggests that the
underlying forms should be llongl, /strong/, and that to account for the phonetic forms

[5a,4], [straa,4], we consider some process that has the effect of (76):

o ---+ tA- -

Further support for this assumption comes from the observation that we clearly
cannot derive long from underlying /longi, since /o/ in this context becomes phonetic [d] in
the usual way, as we can see from words such as congress, tlrcng (which is [0a,r4] in the
dialect that is being described here). Additional evidence is provided by the example lose-lost.
The simplest analysis of /ose (phonetically [hlwz]) is from underlying llozl by Diphthongiza-
tion and Vowel Shift. Then /ost must be represented llozldl, the irregularity of this verb
being that the usual # boundary before the past tense affix is replaced by formative bound-
ary (i.e., 4 ---+ [-word boundary]; see pp. 13, 67). There is a general rule devoicing clusters
which will convert /l6z{d/ to fios+t]. (Cluster devoicing here must be a case of "linkage"
in the sense of Chapter Nine.) The Laxing Rule (8), which applies to a vowel followed by a
double consonant, will then convert [6s f t] to [os f t]. (Recall that dental clusters are
excluded from this rule only if they appear within a formative-see page 172.) Now the
processes summarized as (76) will convert [ost] to the desired phonetic form [5,tst].

There are, then, fairly good reasons for assuming that there must be rules with the
effect of (76). If we can convert lol to lal, we will have succeeded in accounting for (76),
since [a] becomes [o,r,] by Diphthongization, vocalization of [w] by rule (74), Vowel Shift,
and Rounding Adjustment.3e The questions we must consider, then, are how much the
grammar must be complicated to convert /o/ to [1] before the application of the Diphthong-
ization Rule and in what contexts this change takes place.

Achangeof [o] to[a] involves three features, namely, "round," "tense," and "low."
Notice that we already have a rule making [u] tense and unrounded, namely, rule (52),
which is part of the system of Tensing Rules. We can therefore generalize rule (52) by ex-
tending it to [o]. If, then, we restate (52) as (77) and add rule (78) as a final addendum to the

33 Consider, however, the alternation broad-breodth. As mentioned, long and strong cannot have an under-
lying /5/ because of their final clusters. The word broad, on the other hand, has no such cluster and must
derive from underlying /brad/ in the manner described previously (p. 206). Rule (75) will then convert
lbredl9l to [bred+o]. Cluster devoicing will convert the latter to [brEt+d], which will become
lbret*9] by the Laxing Rule (8). If we now assign the feature [+F] to broad, then [bret+0] will
become [bret{d], just as lret.entiv] becomes lretentiv], by Vowel Shift under condition (61). Thus the
only irregularity of broad, other than its being subject to rule (75), will be its assignment to the ad hoc
category [ + F].

3e Recall that Rounding Adjustment applies to all cases of [a] except those specified by the lexical redundancy
rule (70) as excluded from the rounding rule because they appear in polysyllabic formatives. Suppose,
then, that the word .Boslon is represented as /bostcn/, and becomes [bAstJn] by the rules that we are now
discussing, which convert lol to [aL]. By Diphthongization, Glide Vocalization, and Vowel Shift, we derive
[bA^stm]. But Rounding Adjustment now applies, despite the fact that this is polysyllabic, since the vowel
[a] in question is not an underlying vowel and hence is not excluded from Rounding Adjustment by the
Iexical redundancy rule (70). Therefore we derive [b5,rstan], as required.

Once again, we are not concerned here with the exact phonetic details of [;^], which will vary with
dialect, phonetic context, and style. What is crucial at this point is that this vowel not be distinguished
phonetically from the other cases of [5,r], which undergo the same phonetic modifications.

;

:]
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system of Tensing Rules, we achieve the desired conversion of [o] to [a].

[+tense,,  f l *"1c6t-consj ll_,ounar ,[l*] 
l

f ---+ [+low]

Rule (77a) is rule (52). Rule (77b) is the new rule applying to underlying /o/ in some
yet-to-be-determined context, indicated in (77b) by . . . . Rule (78) is the only quite ad hoc
modification that is necessary to account for the processes summarized in (76).

From the examples we have so far considered, it appears that the relevant context
for rule (77b) is the following:

rl;H,Tl I-  
)L+ant J I
\  [+ nasal] C /

( ' ,

211

| - tense I
| +tact I
LVJ

(a)

(b)

lso I

,;.

That is, the processes summarized in (76) apply, so far, before tf I, tsl, tel, and nasal clusters.
There are, in fact, many other restrictions, which can be stated as lexical redundancy
rules.ao These processes are, of course, the synchronic reflexes of the well-known tensing
of ME 

''a'l and /5i which is attested in our records from the sixteenth century onward.
(See Horn and Lehnert, 1954, pp. 667-92.)

Given these rules, we will have the following derivation Ior long, for example:

long
l,tng rurr (77b), rN rnr coNrrxr (79)
ldng nurr (78)
ldwng DrHTHoNGTzATToN

l6ung nurr (74)
ldong vowEl sHrFT
l'ir.ng ROUNDINGADJUSTMENT

15rrq NAsAL AssrMILATroN; DRopptNc oF FrNAL rosrNnsll [g]
In the same way, we can derive moss, often, cost, cloth from the underlying forms

/mos/, /ofn/ (or /oftVn/), lcostl, lkloll, respectively.
In the light of these extensions, we can return to the dialectal variation of the segment

-- lol , as in stop, cot, conic. The rules that we have given so far assign to this segment the pho-
netic form [a], which, as we have noted, may contrast with [a,r] resulting from underlying /d/
(Roger-rajah, bother-father, etc.-see p. 205). In another American dialect (Eastern New

' England), phonological /o/ becomes not phonetic [d] but what according to workers on the
American Linguistic Atlas is " a weakly rounded low-back vowel."al If we disregard the
fact that rounding is somewhat weaker here than in other rounded vowels, we can designate
the segment under discussion as [al], that is, as the same (at this level of representation) as

I no Fo. 
"*u-ple, 

for many dialects we have only / ol, ,'ot l.l , before lstl, lfl , and l0l ; only lcl,not /o/, before
/nlt, dl/.

ar Wetmore (1959).
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the vowel of lawn, cost in the dialect we have been taking as our prototype. To obtain this
phonetic realization of the segment /o/, we need only extend rule (77) to low vowels,
as a third case. Then underlying lkotl Qot), for example, will become [kat] by the new (77c)
and, finally, [kc,rt] by Diphthongization, Rounding Adjustment, and the subsidiary pro-
cesses that we have discussed. Notice that this modification of rule (77) can be stated without
adding any features to the rule if we use the angled bracket notation of chapter Three (see
pp.76-77). Thus we can reformulate rule (77) as (81):

{ t '  }\ / 
|  -tensel

| +uact I
LVI

.., ll::x:il , I
f_t

L * r,i*n l 
Ci [-cons]

|  
_hich 

l ( . . . )
l( -tow)l

(a)

((b)), (c)

( , ,

By the conventions that we have already established, this schema abbreviates three rules,
each carrying out the process described in (81) in the contexts (s2a), (g2b), (g2c), in that
order:42

l_t

f * nt*nl cl [-cons] (a)

l -n ienl . . .
L -low I

|  -h ich I
L+low I

(b)

(c)

(D

(II)

consider next the situation in British Received pronunciation, in which phonetic [c]
appears in cot, stop, conic, etc. we can account for this dialect by adding one further set of
angled brackets to (81), as in (83):43

42 Where . . is as specified in (79). Recall that the angled bracket convention interprets a schema of the fbrm
XtlaFl) Y' 'Z)W as an abbreviation for the two successive, disjunctively ordered rules XlaFlyzw,
Xl- aFl YW' where F is a feature and Z some string other than a single specified feature. (See Chaprer
Three, note 78.) we give a precise statement of these conventions in the Appendix to chapter Eight.a3 The schema (83) (p. 213) expands to:

lJ;T] - I,I::il"11 ,l*,*-lc6r consl

l;TT] - [,]::nll ,l.t*,], ,
Schema (I) expands to two disjunctively ordered rules, the first with the element in angled brackets and
the second without it. But notice that the second of the two will never apply, since itis disjunctively ordered
with respect to the first and has the same context as the first. Therefore schema (I) is identical to 

"rr" 
1u.1

of (81). Notice that we are here assuming a different convention than in Chapter Three for rules of tne
form X(Y)2. (See note 24 in Chapter Three.) At a later point we will incorporate these conventions into
a more general framework which will permit both alternatives,

Schema (II) expands to two disjunctively ordered rules, the first of which tenses and unrounds tire
nonhigh nonlow vowel in the context represented by . . . , and the second of which unrounds the nonhigh
low vowel everywhere,

....

-J

i



r_-t l
Ln n'rnl cd t-consl 

I
t_t  i
l - r ' isr ' l<. . .> |
L( - low)l  )

{s:)
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f- tenset -  |

l *uu. t l  . . . -  l (+tense) l  /  I
I  v i  r - rouno I  /  

|

(a)

((b)), (c)

With this modification, the rule converts [u] to [i] and [o] to [a,] in the stated contexts, as in
cases (a) and (b) of (77) and (81); but it converts [a] to [a], the corresponding nonround,
nontense vowel. Thus underlying /kot/ will become [kat] by (83c) and, finally, [kat] by
Rounding Adjustment.

Thus all three dialects, namely, General American, Eastern New England, and British
Received Pronunciation, have the same lexical representations for the words in question and
differ only in trivial modifications of rule (77).aa In our terms, the three variants of this rule
(namely, (77), (81), and (83)) are equally complex (see Chapter Eight, Section 1).

Let us return now to the vowel /o/. Consider such words as courage, oDen, coDey,
honey, money, with phonetic [.t] as the vowel of the first syllable. Notice that in each case
we can derive the vowel of the first syllable from underlying /o/; furthermore, this is the
simplest (and Ior courage, ouen, the only) source for these forms.as In the case of courage, we
know that the first syllable terminates in a weak cluster since it reduces in courageous; the
vowel, however, cannot be /u/ or it would become [yiw] in courage. There is no other
possibility, apart from /o/, that will not require new, ad hoc rules. Therefore we must take the
underiying representation to be /korage/. The only rule that applies to the first syllabie, then,
is Rounding Adjustment, which converts the vowel to [,r]. Since the underlying /o/ does not
appear in the context (79), it does not undergo the processes summarized in (76). Velar
Softening, Vowel Reduction, and e-Elision give the phonetic form [krrrej] (see p. 235,
(133)). In the word ouen, once again we cannot have an underlying /u/ since rule (77a)
would apply, changing the vowel ultimately to /yud. If we take the underlying form to be

/ovVn/, we will derive phonetic [,rven] by Rounding Adjustment. Notice that ouen, with a
voiced medial consonant, does not fit the context (79) and therefore does not undergo the
processes of (76), as contrasted with often, rvith an unvoiced consonant following /oi, which
does undergo these processes.ao

Proceeding now with the discussion of phonetic [o,t], we must still account for its
occurrence before [rC] in port, chord,force. One possibility is that the underlying vowel is /o/
and that the second context of (79) should be extended to all sonorants (that is. to nasals and

aa A further differentiation, into dialects which do and those which do not contrast Roger with rajah, bother
with fsther, etc., in the first syllable, depends on a late phonetic rule involving [a^]. (See p. 205.)

"s In the case of honey, mozey, a possible lexical representation is /hunni/, /munni/ (tbe double consonant
being necessary to prevent application of rule (77a), which would result finally in phonetic [yUw]. The
representations /honi/, /moni/ are more economical, however, in terms of features. Furthermore, in the
case of money the latter representation has the advantage that only one feature change is then necessary
to account for the alternation money (lmonil) - monetarl (/mcnitAry/).

a6 It is possible that the underlying representation of ouen is fofYnl and that the medial consonant is voiced
intervocalically. There are cases of intervocalic voicing of [s], and of [d] as well, but we have not been able
to arrive at a satisfactory formulation of these processes. (See Section 5.)

A similar observation is relevant in the case ofthe alternationcloth-clothe.Speculating beyond what
we have worked out in detail, one might suppose that cloth hvs the underlying form lkla9l, and clothe the
underlying form /klc0e/. Intervocalic voicing converts the latter to [kl:6e], and the rule mentioned in note
40 converts the former to [klod], which then becomes phonetic [kl5^d] in the mannerjust indicated. The
form [klcde] becomes [kl5de] by rule (60b), which tenses [c] before final CV, and then [kldwd] by the
regular processes of Diphthongization, Vowel Shift, and e-EIision.
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liquids, there being no vowels in this context). Suppose, then, that we replace (79) by (84) :

('4
The examples so far discussed are unchanged. But underlying /port/ will undergo a deriva-
tion exactly fike that of (80), becoming, finally, [par'rt].4?

Consider now the words told, hold, etc., in which [o] occurs before [C]. (See the
discussion of Backness Adjustment (75) ). The phonetic reflex of [o] in such cases is not to be
distinguished from [dw] resulting from underlying /o/; thus told is phonetically identical to
tolled, from ltSl#dl. We thus must account for the modification in (85):

o ---+ 6w | -l

This is fairly simple within the present framework of rules. The segment [o] in the context
-/C will become [rr] by rule (77b) in the context (84). If we now block application of both
rule (78), which converts [i] to [a], and the Glide Vocalization Rule, then the vowel [,r]
will be assigned the glide [w] by the Diphthongization Rule, will be unaffected by Glide
Vocalization and Vowel Shift, and will become [o] by Rounding Adjustment. Thus [told]
(which results from the application of rule (75) to underlying /tel/ before [d]) and under-
lying /hold/ will become phonetic [tdwld] and [howld], as required. The only modification
of our rules is that rule (78) and Glide Vocalization must be blocked before []. We might
provide for this by a lexical redundancy rule adding the feature specifications [-rule (78) ]
and [-Glide Vocalization] to lax vowels followed by [] (thus, to the vowels of tell, hold,
etc.) The fact that two exceptional properties must be noted raises doubts about the analysis.
Observe that if we were not to block Glide Vocalization, the phonetic reflex of /ol/ would be

[o,tl], which would be acceptable if [6wi] and [5,r1] are not distinguished on phonetic
grounds.

Still to be accounted for are occurrences of phonetic [d,r] in final position and before

[r], as in spa, spar, spark, start, and in words such as balm, palm, calm. The latter might be
derived from underlying /o/ in dialects which do not contrast the reflexes of ful and lFtl, i.e.,
which do not contrast bother-father, comet-calmer, bomb-balm, etc. The situation is more
interesting where these contrasts are retained, and underlying io/ is therefore excluded as a
source. We cannot derive these words from underlying lbdml, etc., because /d/ undergoes
Rounding Adjustment in monosyllables, as we have seen (rule (68)). Conventional ortho-
graphy suggests what is probably the optimal phonological solution. Notice, in fact, that
although there are words such as flm, helm, culm (from underlying lfilml , lhelml, /kulm/ ),
there are no cases of low vowels in the phonetic context - Im. This suggests that
words such as balm derive from underlying ibV*lm/, etc., where V* is some lax low
vowel, by rules that convert /V*1/ to [a^]. Before turning to the choice of V* and the position

a7 The redundancy rule implied in note 40 will then have to be extended to the context - rC for dialects
in which only /. . . orC. . ./ appears and not /. . .JrC. . . /. This rule will state that lax back vowels become
nonlow in the context -rC. Notice that this extended rule, however, must be a rule of the phonology
rather than a lexical redundancy rule, and must, in fact, follow the Laxing Rule (8). Thus, consider words
such as tear, swear, 6ear, from underlying lt&r L lswarL Jbar/. With past and perfect inflection, theseforms
undergo Backness Adjustment (75) and become [tir], etc. In the perfect, furthermore, /{Vn/ becomes
[]nl, and we have [tdr+n], etc. The Laxing Rule (8) converts this to [tcrn], which must undergo the rule
making lax vowels nonlow in the context -rC, so that it will eventually become [t5^m] (like [pa rt],etc.)

/ f - voicel \

Jl **", |  [-  
|  L+ant J I
\ [+ sonor] C/

( ' ,

:*
. ":f
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and form of these rules, let us consider the other examples of phonetic [d,r] mentioned at the
outset of this paragraph.

Words such as spa seem rather difficult to account for. Clearly the underlying vowel
cannot be /a/, for Rounding Adjustment would give [sp5a.] (like law, flaw).It cannot be any
other tense vowel, for Vowel Shift would give a form from which [fu] cannot be derived; and
even if the underlying vowel is lax, it will be tensed in final position by rule (20) and, being
stressed, will undergo Vowel Shift, again giving a form which cannot become final [d,r]. In
fact, all of the tense vowels dc appear in final position under stress (e.g., fy, fee, flay, cow,
coo, mov), boy, law, from underlying fiil, lflcl , lflel, lknl, lkel, lm6l, lbr,l, llal, respectively).
Evidently, the only possibility is to represent qpc with a lax vowel which is somehow prevent-
ed from being tensed by rule (20). We can block this rule, which tenses final vowels, by assign-
ing some segment in the position after the vowel. This segmsnt cannot be a vowel for the
vowel of spa will become tense in prevocalic position. It cannot be a true consonant or a
liquid since, in general, these segments do not drop when postvocalic in final position. It is,
therefore, best to assume that these words end with a glide. We must, then, add a rule
inserting some glide after the vowel of .qpa before the Tensing Rule (20) applies. Further-
more, consideration of the framework of already established rules indicates that the inserted
glide must be [w], which wiil become [u] by the Glide Vocalization Rule (74) and will
then undergo Vowel Shift to [,r], providing the centering off-glide needed in the phonetic
representation [spd,r]. We must therefore select as the underlying vowel of spa some lax
vowel V* which will permit vocalization of the glide to take place and will ultimately
become phonetic [a]. In fact, we can achieve this result, adding only one rule, if we take V*
to be lel.

Suppose, then, we represent spa as fspal and add to the grammar a rule of p-lnser-
tion, rule (86), to precede the Tensing Rule (20):

275

(',

We will then have the following derivation for spa:

r0 
-  

w I  E-#

spse
spuDw nurr (86)
sp&u RULE (74)

SPAA VOWEL SIIIFT; ROUNDING ADJUSTMENT

spal ancrNrss aotusnarNr (39)
spa^ nwe (5)

The rule of w-Insertion, which is entirely new, precedes the Tensing Rule (20) and permits
the preceding vowel to remain lax, as required. The Glide Vocalization Rule (74) converts
[w] to [u] when [w] follows a vowel that has the same value for the features " round " and
"high." In previous examples this rule applied after [u] and [a]; since [a] is [-round] and
[-highj, the rule applies after this vowel as well, and gives the third line of derivation (82).
Vowel Shift and Rounding Adjustment apply in the usual way to give the fourth line of the
derivation. To derive the next line, we apply the Backness Adjustment Rule (39), modifed
so as to yield [dw] as the reflex of /tji. In this form, the rule is:

(',

(") l.|]-] 
---+ [+back] 7 -[-const
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We have simplified rule (39) by dropping the feature [-vocalic] from the context (see p' 189).

In the form (88), the Backness Adjustment Rule converts [ey], which results by Vowel Shift

from underlying lil, to [iy]; it converts [aey] to [ty] (see Section 4.3.3); and it converts

[a,r] to [a,r] to yield the fifth line of the derivation (87)' Recall that this form of the rule is

designed for the dialect in which the phonetic reflex of /n/ is [aw]' The rule must be slightly

complicated, now, for the dialect in which the phonetic reflex is [ew].48 The final line of the

derivation results from the application of (89), which we have already presupposed, although

we have not actually stated it:

('t a ---+ [atense]

This rule is presupposed by rule (5), which converts [c] to [e] (as in cot, stop, conic, etc.)

Rule (5) involves unrounding and tensing. The unrounding will, of course, be a special case

of Rounding Adjustment. Therefore (5) can be simpliied to (89), which will apply in the

derivation (87) to give the phonetic representation.
In summary, the only new rule is (86), the rule of w-Insertion.ae Furthermore, there are

several considerations that determine the underlying vowel of spa to be /ai, as in the

orthography.
Consider now phonetic [i,t] in the words spar, spark, etc. We can arcount for these by

extending rule (86) to (90):

('9
If we now take the underlying vowel to be /ei, we derive the desired phonetic reptesentations

by derivations that are parallel to (87). Alternations such as bar-barrier, bar-barrister,

par-parity, car-carriage lend some slight additional plausibility to the derivation of [a]
from lel before [r].

Having outlined a possible solution to the problem of spa, spar, spark, etc., let us

return to the forms balm, calm, and so on. We saw that these must apparently be derived

from underlying /bV*lm/, /kV+lm/, where V* is some lax low vowel that we have not

yet fully specified. Given the framework already established, the simplest solution seems to

be to extend rule (90) to the c ontext - lm and to add a rule dropping [l] after the insertion

a8 For the dialect in which Backness Adjustment also applies to [dw], to give [rew], as in (39), we must further

restrict the rule so that it applies to back vowels only in preglide position; otherwise ldrtl (as in father)
and [5,r] (as in /aw) will become nonback. This modification is straightforward, but it complicates the rule-

ae We have very little to say, unfortunately, about the interesting question of how complexity of the lexicon

should be measured against complication of the phonology in evaluating a grammar. Examples of the sort
just considered are relevant to this, although the obviously tentative nature of the analysis we have just

offered prevents us from relying on such evidence too heavily. It seems fairly clear that words such as

spa, pa are not exceptions that must be independently memorized but, rather, follow from general rules-

If true, this means that the phonetic form of these words should not be accounted for by idiosyncratic

lexical specification. Notice that we could have accounted for the phonetic forms of spq, paby deriving

them from underlying /spe/, /pa/, which are differentiated from paw lpa/, which becomes [po,r] in the usual

way, by the single feature [- Rounding Adjustment Rule]. Thus the alternatives seem to be these: (l)

mark words such as spc, pa as exceptions with the single feature I Rounding Adjustment Rule]; (2) in-

corporate rule (86) in the grammar. If it is correct that these words are " regular," not " exceptional,"

then (2) must be the correct alternative, and the evaluation measure must be so designed as to meet the

empirical condition that having rule (86) in the phonology is less complex than adding the features in

ouestion to the lexicon.
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of [w]. We can then take V* to be /e/. We therefore extend rule (90) to (91) and derive balm,,
calm, etc., along the lines of (87).so

(")

(',

o * w /"-{,h,-)
It might be that (91) should be simplified by allowing w-Insertion after [c] as well as

[e]. In this case we might account f.or the horse-hoar^re contrast in certain dialects by repre-
senting horse as /hors/, as before, and representing hoarse as /hcrs/. Florse becomes phonetic

[h5,rrs] in the manner described earlier (see (84)). According to Kenyon and Knott, the
vowel of hoarse in such dialects is [ow]. To account for this pronunciation, we add a rule
tensing [o] before [w], after the Diphthongization Rule and before the Vowel Shift Rule.
Then /hcrs/ becomes [hcwrs] by the proposed simplification of (91), and the new tensing rule
converts this to [howrs]. Finally Vowel Shift gives [h6wrs], as required.

Notice that phonetic llt'f in salt,fault, somersault, scald, etc., can be derived by the
usual method for this vocalic nucleus, namely, from underlying /a/ in monosyllables and

/ii/ elsewhere, since /1t/ and lldl, being dental clusters, may be preceded by tense vowels in
formatives. There are, in fact, phonetic [elC] clusters, as in alp, scalp, formaldehyde, altitude,
so that we would not want to derive phonetic [5.tlC] from underlying la,lCl ingeneral.

.- Backness Adjustment applies to [a] after [w], giving [Al instead of the expected le] in squalid,
- equality, wallet, want, etc.; and there is a further step of Rounding Adjustment after [w]

before liquids, as in warn, squall, and so on. It should also be noted that the vowels of words
such as tedr, tore, pale are phonetically low in many dialects, necessitating either a
restriction on the Vowel Shift Rule before liquids or a late rule affecting mid tense vowels
before liquids. In general, there is much more to say about vowel-liquid clusters beyond the

the matter here.

4.3.8. nouNorNc ADJUSTMENT

We have so far come across the following cases of Rounding Adjustment following
Vowel Shift:

'--:

E!

(a) i --+ [+round]
(b) 

^ 
---) [+round]

(c) a ----+ [+round]
(d) 5 ---+ [- round]
(e) i ---+ [+round]
(f) a ---' [*round]
(g) o --' [-round]
(h) r --' [-round]

The first case is the rule that applies to give phonetic [yuw] (p. 194). Case (b) gives phonetic
[dw] as in told, sold (p.214). Case (c) gives phonetic [5,r] as in law, fraud (p. 206). Case (d)
gives phonetic [dw] or [aew] (p. 189). Case (e) gives phonetic [u] as in pull, bush (p. 209.
Case (f) gives phonetic [c] as in cot, conic, in British Received Pronunciation (pp.212-13).

50 We do not give (91) in the most compact possible form since it is quite likely that a deeper investigation
of vowels before liquids will lead to a rnodification of the rules that we are suggesting here as a fust
approximation.
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Case (g) gives phonetic lll in courage, money (p.213). Case (h) gives [a] which becomes
phonetic [a] by rule (89) in General American cot, conic (p. 167).

Summarizing these facts, we can formulate the Rounding djustment Rule as (93):

(a)

(b)

A

(") t l
L - tensel

[n::l] -* r-aroundlI [ffi]
_v (c)

Case (a) of (93) accommodates (92e-h), which are the only lax back vowels that appear rn

derivations at the stage when the Rounding Adjustment Rule applies. Case (b) of (93)

applies to the tense back vowels which have the same values for the features "low" and

" round," that is, to the low round vowel [5] and the two nonlow nonround vowels [i] and [rr].
It thus accommodates cases (a), (b), and (d) of (92). Case (c) of (93) corresponds to case (c)

of (92). The vowel [a] is, in fact, the only one that is followed by a vowel at this stage so

that the simplification of (92c) to (93c) is appropriate. To see why this is so, notice first that

the only back vowels that can be followed by vowels at this stage are the low vowels

[d] and [5].sl But note further that the ordering of the three cases of (93) is conjunctive.

Therefore, there will be no cases of [5V] at the point where case (c) applies, since all cases of

[d] will have been unrounded by case (b). Therefore, (93c) has precisely the effect of (92c).

Although the three cases of (93) are conjunctively ordered, it is impossible for case (b)

to apply to a segment to which case (a) has applied since the contexts are disjoint, and it is

impossible for both case (c) and case (a) to apply since there are no nontense back vowels

followed by vowels. It is possible, however, for case (c) to apply to a segment formed by

case (b). This possibility is illustrated by the derivation of the vocalic nucleus [5,r] from

underlying /u/. To clarify what is involved, we repeat (73), the derivations of mountain and

maudlin, with the final step of Rounding Adjustment now made explicit in terms of rule (93):

mlintan mldlin

miwnten mlwdlin DIpHrrroNGIzATIoN

mludlin clrnr voc.nltzlrtoN (74)

miwnten mbodlin vowEl- sHllr

md,tdlin nurr (93a)

mawnton mtudlin nure (93b)
md.rdlin aur-r (93c)

We see, then, that the Rounding Adjustment Rule (93) hasjust the desired effects, covering

the cases summarized in (92) in such a way as to account for the fact that [5] remains
rounded before a centering glide but not before a labializing glide.

The joint effect of the Rounding Adjustment and Backness Adjustment Rules is to

centralize the vowels originating from underlying ltl and lnl. Our analysis postulates that

sl Recall that lax yowels have been tensed in prevocalic position by rule (20) and that glides have been in-
serted after all tense vowels by the Diphtbongization Rule. Consequently, the only cases of VV are those
in which the second V results from a [w] glide by rule (74), the rule of Glide vocalization. As wehave seen,
Glide Vocalization applies only after the vowels [a], [al, and [n]. The fust of these is irrelevant, being
nonback at this stage of derivation. The vowel [[] has become [5] by Vowel Shift. Consequently, only [e]
and [5] can fall under (93c).

('4

!
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these processes of centralization follow Vowel Shift. An alternative analysis that deserves

consideration would be to place the centralization rules before the Vowel Shift Rule in the

ordering. We have investigated this possibility in some detail (following a suggestion by

R. Stockwell) and have come to the tentative conclusion that it is not workable. The reasons

are of some interest. The major phenomena for which the Vowel Shift and centraiization

rules are designed (namely, alternations such as diuine-diuinity, profound-profundity) can,

in fact, be handled about as well with either analysis. But the subsidiary phenomena that we

have discussed in the last few sections-specifically, the irregular verbs that can be explained

in terms of double application of Vowel Shift (e.g ., driue-droue; see p. 202), the various minor

back vowel alternations, etc.-cannot, so far as we can see, be subsumed under even partial

generalizations if the alternative ordering is accepted. These observations would teDd to

suggest that the ordering is determined not by the basic class of examples but by the sub-

sidiary and marginal cases that can be brought under partial generalizations with one order-

ing but not the other.
Considerations involving general conditions on plausible phonological rules which

we discuss in chapter Nine suggest that there is a principled reason for the ordering of

processes that we propose. Historical aspects of this problem are discussed in Chapter Six.

5, Further consequences of the Vouel Shift RuIe

We have so far discussed the Vowel Shift Rule only in connection with vowel alternations.

However, since consonant alternations are determined in part by vocalic context, we might

expect to find effects of the vowel Shift Rule in the consonant system, and this is in fact

the case.
Consider alternations such as those illustrated below:

(a) criticism-ffiticize-critical
(b) medicine-medical-medicate
(c) allege-allegation
(d) rigid-rigor
(e) regal-regicide
(f) analogous-analogize

In each of the words criticism, medicine, rigid, the consonant in boldface undergoes soften-

ing before a nonlow nonback vowel (which may be [e] as well as [i]). This process of velar

Softening, one case of which we gave earlier as (6), we now restate as (96):

(")

(,,)
[  - low I

lc  - -  t !  /_ l_6u.11
1l-- 's l  ,  L v l

We observe, once again, that (96) can be analyzed into several steps and that it applies

only to certain lexically marked elements.
Notice that velar softening must precede the vowel Reduction Rule. After vowel

Reduction the boldface elements of critical, medicine, medical, rigid, rigor are all followed

by the same vowel (which is, furthermore, back). Before the application of the Vowel

Reduction Rule, on the other hand, the appropriate context for (96) is still in evidence: the

phonological segments which do soften are followed by [i], and those that do not are

followed by [e] or the vowel of the affx -or.
Additional information bearing on the position of (96) in the sequence of rules is
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provided by the words criticize, regicide, analogize, medicare, allegation in (95). In these
examples we have the [s], [j] variants of lkl, lel in the phonetic context -[ay] and the
[k], [g] variants in the phonetic context - [6y]. Both cases seem to contradict the velar
softening Rule (96). However, we observe that in these examples the underlying forms are
[kritikiz], [regikid], fene.lcgizf, [medikat], [alegEtivn], respectively. Thus, in the under-
lying forms, the velars that soften are followed by nonback nonlow vowels, and tnose
that do not soften are followed by vowels that are back or low. we conclude. then. that
rule (96) must also precede the vowel Shift Rule, which changes the nonlow vowel [i] to
low [a], and low [e] to nonlow [e]. Thus we have derivations such as (97) for the examoles
of (95):

(r, 
(a) r6gfer (b) 169fifkid

r6jfifsid nuI-n (96)
r6jfilsid nxrr.rc nurr (l9b)
r6jfif siyd omrrnoNcrzrrrou (21)
rdjasdyd vowEI, sHrFr (43), vowrr REDUcrroN

All three occurrences of phonological velars in (97) appear in the context of a following
vowel which, in its phonetic quality, does not permit softening (namely, back [e] or [e]).
Nevertheless, both velars of (97b) soften by rule (96) because the underlying voweL following
them is nonback and nonlow, while the velar of (97a) does not soften because the under-
lying vowel following it is low. Here, then, is new justification for the vowel shift Rule.
entirely independent of that adduced in Section 4.

only one further comment is needed concerning the examples of (95). we must
account for the softening of the phonological lgl of altege. To soften, this segment must be
followed by a nonback nonlow vowel, which drops in final position. Evidently, this must
be the vowel [e], which has the appropriate features and which is dropped, when final, by
the e-Elision Rule (chapter Three, rule (155)). we conclude, then, rhat allege must have
the phonological representation le.lege l.s2 These observations give independent support
for the rule of e-Elision.

Along the same lines, we can now provide an explanation for the alternation [vlw]-
[,r], as in reduce-reduct ion s3 If we take the underlying form to be /re=duke/, *t".. : l,
the boundary symbol discussed in chapter Three (p. 94), and. the stem is assigned to the
category of elements that undergo derivational processes and velar Softening, then we will
have the following derivations:

re:duke*Et*iVn
re: duk+t+ivn READJUsTMENT RULES

nur_r (96)
RULE (77a)

RULE (50)

DrpHTHoNGrzATroN (21)

re:dok*t*iVn vowEt- sHrFr (43), crsr (63)
re: dytwse re: d,rk*tf iVn RouNDrNc norusrurNr (93)
redyiiws red,rkson (nur_rs ro ne crveN r_.nren)

52 Alternatively' /ad: lege/ (see p.222). Either choice will lead to the correct stress assignment by the rules
of chapter Three. Notice that [e] drops here before -ation, exacrly as in reduction (in which case t€Iof -ation also drops-see p. 201) and many other forms.

53 In some dialects the alternation is [tw]-[,rl because of the rule deleting [y] which was mentioned in
note 27. We return to this matter in Section 6.

r6ygfel
riygel

re: duse
re: dise
re: dyise
re: dyiwse

I

t
il

t

t

(r,  
re:duke
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The only special feature oI reduce is that, along with quite a few other verbs, it drops

(V)+61 when sumxed with -ation, giving the second line of (98). To obtain the alternants

[riydyuws] and [riyd.tk5on], the prefix might be represented with tense /6/; alternatively,

the Tensing Rule might be slightly revised.
To conclude this discussion, we discuss one additional example illustrating the Velar

Softening Rule (96). we had occasion in Chapter Three (p. 95) to refer to a rule that we

restate for now as (99):

(', s -)  [+voice]  /  V:-V

Thus, in prefix-stem verbs, for example, we find pairs such as those of (100), where the /si of

the stems -sume, -serte, -sist, -sign is unvoiced in the first column, since the prefix ends in a

consonant. but voiced in the second, where the prefix ends in a vowel:

( ' * )

( 'o')

It is clear, from the first three pairs, that one of the prefixes of the paradigm we are concerned

witlr is [eks]. We have just seen, furthermore, that the underlying stems in concede, incite-

and, theref ore, in exceed, excite-are lkcdl . lkltl , with /k/ becoming [s] by velar softening.

Thus exceed and, excite must, at an intermediate stage of derivation, have the form [eks :

siydl, [eks:sayt], respectively (after Vowel Shift). These words, however, do not have [ss]

sequences phonetically, showing that there must be a rule that simplifies [s: s] clusters to [s].

As we have already seen (cf. rule (156) in chapter Three, p. 148), this is simply a special

case of the general rule of Cluster Simplification that replaces or deletes one C of a CC

sequence where the two consonants are identical. Along with the rule (99) of s-Voicing,

then, there is the rule of Cluster Simplification. In words such as exceed, excel, we have an

consume resume

conserte preserte, deserte

consist, insist, persist resist

consign resign, design

Notice, however, that among the prefix-stem verbs there are certain pairs, such as

incite-recite, concede-recede, which seem to contladict rule (99) since phonetic [s] rather

than [z] occurs intervocalically following : ' We now have an explanation for this' We

give the stems -cite,-cede the underlying reptesentations lk1tl,lkedl, respectively, assigning

them to the category of elements subject to derivational processes and Velar Softening. As

we have just observed, Velar Softening precedes Vowel Shift. Thus, after Velar Softening

yields [re:sit], [re:sed] for recite, recede, these become [re: sdyt] and [re:siyd], respec-

tively, by regular processes that we have already discussed. To prevent the voicing of [s] to

[z] in these forms, it is necessary only to have rule (99) precede rule (96) (more properly,

rhe last stage of (96), which gives [s]). In these and similar cases, the required phonetic

output will be obtained if we enter the forms in the lexicon in the manner suggested by

conventional orthography, which here, once again, turns out to be quite close to the corlect

underlying representation.
Consider next the f ollowing forms:

extend contend
expel compel
exclude conclude
exceed concede
excite incite

i
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unvoiced phonetic [ks] cluster produced by cluster simplification applied to [ks:s](originally from [ks:k]). A rule voicing prestress [ks] crusters (compare examine, exart,
etc.-see (119), p. 228) is blocked by the cluster of three consonanrs.

Among the prefixes are also ad-, ab-, sus-, sab-, as in adhere, admire, abhor, abduce.
suspect, sustain, subdue, sz6srsl, Consider now, alongside of the examples of (100), such
words as :

( ' ' ) assume, assist, assign

In these forms we have phonetic [s] in intervocalic post-boundary position, in apparent
contradiction to rule (99). Notice, however, that there are no form s * adsume, *adsist,lidsrgn,
just as there ?,te no *ad.test, *abpear alongside of attest, appear. This arrangsment of occur-
ring forms indicates that the prefixes aD- and ad- undergo assimilation of the final consonant
under certain conditions, with the resulting clusters later simpiifying by the general cluster
Simplification Rule. Thus we have the rule:

( ' * ) c __* C* I  e_:Q*

where c and c* are both noncoronal (i.e., rabial or velar) or both coronar (i.e., dental
or palato-alveolar). Thus [ed:test] --+ [aet: test]---"+ [etest] (by cluster simplification);
[zeb: per]--+ [ep: p6r] ---+ [apiyr] (appear); [aed: sist]--- [as: sist] _-+ leesist] (ossrsr); and so
on. The [s] in the forms of (r02) thus remains unvoiced because the [s:s] sequence brocks
(99) and only later simplifies to [s] by cluster simplification. In a similar way we can
account for sets such as resemble-dissemble--assemble, with [z] in the first form, rule (99)
having applied, and [s] in the other two forms, rure (99) having been blocked by the cluster
which later simplifies.

Quite similar remarks apply to the prefixes sus-, sub-. Again, we have assim atron
(analogous to (103)) and simplification, giving forms such as sffice, support, succumb.

Notice' incidentalry, that rule (r03) is actua y somewhat more general, since we
also have partial assimilation of the final nasal of a prefix, as in the word,s comper, combat
vercts conceh:e. contend.

Finally, consider the followins words:

('oo)
By the symmetry of the paradigms we are considering, these must have
representations of (105), although they have the phonetic representations
possibly, reduction of the vowel in the prefix) :

( tos) lab:kedl,/sub:kedi, /sub:gest/

( ' * )

accede, succeed, sugges t

[aksiyd], [saksiyd], [s,rgjest]

the underlying
of (106) (with,

The phonetic forms of (106) result from the underlying representations of (r05) in the
following way. First, the Assimilation Rule (103) (with the generarization to saD- mentioned
above) applies to give the forms of (107):

( ' ' )

I
\

[eek: ked], [suk:ked], [sug:gest]
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Next, Velar Softening applies, followed by Diphthon gizatio:u'. and Vowel Shift in the usual

way, giving, finally, (106). Hence the forms of (106) result from perfectly regular phonologi-

cal processes and are quite analogous to those of (100), (101), (102), despite superficial
differences.

The examples we have discussed in this chapter by no means exhaust the phonology

of the English vowel system. However, they do cover what seem to us some of the most

difficult and crucial aspects of vocalic phonology, and they illustrate the form that this

aspect of a phonological description must apparently assume.

6. The consondrr.t systern of English

Although it is not without its problems, the consonant system seems less interesting than
the vowel system, and we will not treat it in anything like the same detail. We have already
discussed the analysis of consonants into true consonants, glides, and liquids, and have
pointed out that there is a cross-classification into obstruents and sonorants, the latter
category containing nasals, liquids, and glides (along with the vowels). We will be concerned
here only with obstruents and their relation to glides.

The obstruents may be analyzed in terms of the features [*coronal] and [* anterior]
in a way that corresponds roughly with the traditional analysis into dentals, paiato-alveolars,
labials, and velars. (See Chapter Seven for further discussion of our conception of the
phonetic framework.)

We assume that of the segments listed in Table I, Section 3, the lexicon of English contains
the following exampies in the four categories of (108):

( ' *  
)

(r ro)

i  - - - \  dental  t ,d
t109 1
\ '" ' l  palato-alveolar E,j

labial p, b f, v
velar k, g k', g*

s,z e,6

x (x*)

Thus each category has stops and continuants, the dental continuants being further divided
into [* strident]. Among the velars, the stops are subdivided into [*round]; the labialized
(rounded) consonants are interpreted as the sequences [kw]' [gw], and [xw], respectively.
The velar continuant /x/ becomes phonetic [h]. The palato-alveolars (particularly when
voiced), the rounded velars, and the velar continuant have iimited distributions in the lexicon,
but we will not go into the readjustment rules needed to describe these facts. Recall that
there is a further lexical classification of velar stops in terms of the feature [*deriv], specii-
cally, in terms of susceptibility to Velar Softening. We will represent the velar stops that
belong to the " derivable " category and undergo Velar Softening as lkdl, lgdl, contrasting
with /k/ and /g/. Among the readjustment rules, there are many that apply to specific deriv-
able formatives; for example, the ruie (110):

+ anterior
- anterior

I mi -+i l 'el
t  - ' -  d l : l  1.  )

luer --Ttonl
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This will account for the spirantization of ftf in submissiue (by rule (120a) below, with
subsequent devoicing) and the voicing of ltl in subuersion (which then becomes [Z] by later
rules). There will be no further discussion of these readjustment rules.

We will present here what seems to be the core of the system of rules involving
consonants, listing the rules in the order in which they appear, with a few comments about
each. Several illustrative derivations will follow the presentation of the rules.

If it is correct to take /x/ and ix*/ as the segments underlying [h] and [hw], as might
be suggested on grounds of lexical simplicity (see also p. 234), then we must add a rule
converting the velar fricative into a glide:

( r r r ) -+h

We must now give a rule inserting [w] after rounded velars, that is, atter lk*1, lg'1,
and [h*] (resulting from (l I 1) ) :

[ + round-l
4.. . -  w/L c l -

Rule (112) inserts [w] after the velar in words such as square, language, and (in some dialects)
when fhwenl. This rule might be combined with (91), which also inserts [w].

We turn next to the Velar Softening Rule, which has been discussed several times
(see (96)). This rule converts lel to Ul and /k/ to [s]. To convert l9l to Ul, we must modify
/g/ with respect to the features " coronal " and " strident." Thus the rule affecting /g/ is (1 13) :

( r  r :J

|  -cor I
t l

t - "" t
L+cont l

( ' 'z)

lf we were to generalize rule (113) simply by extending it to /kd/, then it would convert /kd/
to [d], which would f all together with the original ldl of chair, chastity, church, etc. We
therefore instead amend rule (113) so that it assigns to /kd/, but not to /gd/, the feature

[+anterior] as well as the features [+ stridentl, [+coronal]. (As mentioned in Section 3, the
features " high," " back," and " low " playnocrucial rolein the consonant system of English,
within the present framework, and will in general not appear in the rules of this section. See
however, Chapter 9, Section 4, for a reformulation of the Velar Softening Rule in a revised
framework.)

f - backl
qd --  l+cor |  / - l_to* I

+str id l  /  |  
' -  

|
L-consl

I r --l-:::,l
/ \ VELAR soFrENrNG

[ l  
14,  

r  -conr |  -|  |  l+cor
l -ant  

|  |
|  +der iv l "  l+str id
l1-noicel l  

L(+ant)

Rule (114) abbreviates two rules, the first of which changes /kd/ to [c] (i.e., the dental
affricate) and the second of which converts /Cu/ to Ljl. The change of [c] to [s], which will
complete the process of velar softening for lkdl, will be effected by a later rule. Observe
that rule (114) converts /kdi into a segment which is distinct from every other segment.

The rules mentioned so far must be quite early in the ordering. As we shall see later,
they must precede the rules of Tensing and e-Elision, among others. We may, in fact, place
them either before or immediately after the rules of stress assignment. Noti*ahotpygJle!=
, .
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At this point in the ordering, then, we reach the rules of the stress cycle discussed
in the preceding chapter. Of particular relevance here are two rules that were dealt with in

Chapter Three, one of which (rule (130), p. 130) converts [y] to [i] and the other of which
(rule (57), p. 87) converts [i] to [y]. We restate these two rules as (115) and (116), respec-

tively:

( r rs)

(r  ro)

Y - 
i  7g-[-seg]

| + cor.l ,i -Yl1. ]+-v

- / \ I  t17 |
\ /

Rule (1 15) converts formative-final ly I to 11) (ultimately, [iy] ) in words such as

industry, oligarchy, industrial, industrious. As we noted in Chapter Three, rule (115) must

be in the cycle (and must clearly follow the rules of stress assignment if -1, is to assign stress

in the appropriate way). Thus the word felonious, for example, will have the underlying

representation [o [nfelcnfy]n os]^. In the first cycle, primary stress is assigned to the first

syllable and /y/ becomes [i] by rule (115). Thus we begin the second cycle with the form

[^felanfi]cs]^, and the rules of stress assignment, together with those discussed earlier

in this chapter, give the phonetic representation lfol6wniyes].
Now consider rule (116). As noted in Chapter Three, this rule too must be in the

cycle, to account for the placement of primary stress in words such as conudntional. Therc-

fore both rule (1 15) and rule (116) must be in the cycle, after the rules of stress assignment.
Rule (115) seems correct as it stands, but rule (116) requires somewhat closer study.

As given it converts [i] to [y] in the context Cf -y, where C is a dental or palato-

alveolar. It does not apply where C is a labial (cf. obliuion, champion, marsupial, etc.)54 or

a velar (Kentuckian, tracheal-recall that velars of the phonological category [+ deriv] have,

at this point, become dentais if unvoiced or palato-alveolars if voiced). But when the con-

sonant is dental or palato-alveolar, the situation is fairly complex. Thus the rule converting

[i] to [yl applies to the words in Column I of (117) but not to those in Column II:

IT
(a) rebellious punctilious

bilious familial
Pennsyltania Lithuania

(b) pauilion

battalion
onion
companion

(c)

(d) religious
admonition

5a The word sauior is an exception, if pronounced [sAvyar]'

quatetnion

accordion
enchiridion
collodion
ganglion

colonial
testimonial

fe lonious
ignominious

criterion
clarion (continued)
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(r rz)continued

(f) imalion.
conJessrcn

Furthermore, there is nearly free variation in forms such as mammalian, marginalia,
Mendelian and near contrasts such as ingenious versus genral.

Such facts suggest that the applicability of rule (116) is rather idiosyncratic and that
there must be a feature [+rule (116)] that categorizes certain formatives containing [i].
The worst possible case would be that this feature is entirely free. However, closer inspect.ion
of examples such as those in (117) suggests that there are redundancies that can be exploited.

Consider first the examples under case (a), It seems that in the items of column I
there is some motivation for a formative boundary before the segment [i] that is subject to
the rule, while in the items of column II there is no reason to place a formative boundary
in this position. These cases, therefore, are already taken care of by rule ( I l6), which applies
only to items with + in the appropriate position, and we can limit the feature [* rule (l l6) ]
to formatives that begin with [i]. It will then follow that rule (1 16) will not apply to words such
as those of Column II, case (a), if the underlying forms are /puNktilif cs/, /femilyfel/,ss
/li0uanie/. If correct, this is a considerable improvement.

Consider now case (b) of(ll7). Notice first that there is good motivation for assum-
ing that all of these words are phonologically represented in the form I . . . ivnl rather than
I . . .yVnl. There are two reasons for this: first, the representation / . . . yVn/ would violate
otherwise valid restrictions on the distribution of lyl in the lexicon; second, the placement
of stress requires the analysis with /ivn/. Furthermore, except for the words quaternion and.
ganglion, all words with terminal -ion, where this is not a nominalization element, fall into
column II when the consonant is [d] and into column I when it is any other consonant.
Therefore, continuing with the assumption made in connection with case (a), we can add a
readjustment rule assigning formative boundary in the context C-ivn, when C * [d].
The only exceptions, then, are quaternion and ganglion. These are also the only examples
in which the segment [i] which is subject to the rule follows a cs cluster (where s is a sono-
rant). we therefore restrict the readjustment rule that inserts formative boundary to the
context ec-ivn, where rp is a vowel if c is a sonorant. with this rule, no classificatron
with respect to rule (116) is necessary for the examples of case (b).

The examples of case (c), which are representative, indicate that the formauve
[i] or [y] takes the categorial feature [- rule (1 16) ] when it follows [n]. The right-hand column
ofcase (d) illustrates the fact that aJter [r], [i] is always assigned [- rule (116) ]. Alternatively,
we could modify the readjustment rule introducing f in the context C-ivr to exclude
[r] as well as [d]. The reason for assuming rhat rule (l 16) applies in the examples of (d) of
Column I is that there must be a later rule that deletes [y] after nonliquid palato-alveolars
(rule ( 122) ), as in the boldface positions of words such as religious, admonition (presumably

55 Supporting evidenc€ comes from comparing /a miliat lfemrliyall with familiar [fomilyar]. The underlying
form of the latter is /femilfif al/. A very general rule converts -al to -ar in the context t(+i)-
(cf. similar, molecular, etc.) Rule (116) then gives the cited phonetic form for /arzflrar. If there is no forma-
tive boundary after ll l in familial, the rule converting -al to -ar will not apply, and rule (l 16) wiu not
apply. Thus both of the phonetic differences between /arz iliar and familial are determined by the presence
or absence of formative boundarv.

(e) partial
officious
Russian

cardial
inuidious
lithium

j

't.

a
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from /admcnis/, although such examples as punish-punitiDe rnight suggest a close relation

between [5] and [t] in these forms). Case (e) demonstrates that the formative [i] is assigned

[- rule (116) ] after [d] (cf. case (b) ) and also after nonstrident continuants. case (f) shows

that the nominalization affix -ion always undergoes rule (116), so that no categorization is

necessary in this case.
It seems, then, that the feature [+rule (116)] can be predicted for the formatives

lil and llvnl and that the position of formative boundary will otherwise determine its

applicability in accordance with rule (l l6), with only a few ad hoc rules (e.g., case (b) ) and

marginal exceptions.s6
with these observations, we can return to the problem of how to formulate rules

(115) and (116). Since these are rather similar in form and since both must be in the cycle,

it is clear that they fall together as indicated in (118):

/  \  f  [+voc] /  ( - [ -seol  \
l r rs l  l -DacKl 

'  
|  (a l

\  /  l+hiCh |  - - - ,  t .  _.^^,  , l *cor l  ,  lo.stressl  I  -
l - "on, l  [ t -vocJ l l6 l+- l  v J)  (b)

Case (a) restates (115);case (b), (l16). The redundancy rules sketched above detef-

mine the correct applicability of (118b).

Let us now consider how rule (118) is ordered with respect to the other rules of the

cycle, and, in particular, what the condition is on a in (118b). In the examples we have given

so far, it was always the case that a : -. Furthermore, it is quite clear that when cr : l,

rule (118b) does not apply. Thus consider the words peculiar, familiar. since they terminate

in phonetic [. . . lyer], the underlying forms must be /pekul]if all, /femilfi]ell'
respectively. The rule mentioned in note 55 converts the final lll of -al to [r]. Rule (118b)

then converts til to [y] in the expected way. But consider_the forms familiarity, peculiarity.

In one major dialect these terminate in phonetic [. . . lEerotE]. Therefore, it must be that

in the final cycle, after stress is assigned to -cr and [y] becomes [i] before -ar by rule (118a),

rule (ll8b) is blocked by the primary stress on the following vowel. Thus the segment [i]
remains, and becomes [E] by familiar processes.

These facts show that rule (118) must follow the rules of stress assignment and that

d must meet the condition a* I in rule (118b). We see so far, then, that when cr: -, the

rule is applicable, and when a: 1, the rule is inapplicable.
Now consider the case in which the segment [i] is followed by a vowel in the [+ stress]

category with stress weaker tharr l. Examples of this are auxiliary, benefciary. The former

will have the form Inksil+i+er+il at the point when (1lSb) is,o,up?lyi as we shall see

directly. If this rule does not apply, we will derive, finally, the form [SgzilEerE]' by applica-

tion of the other rules of this and the preceding chapter. If (118b) does apply, we derive
! l

[igzilyerE], the penultimate vowel reducing in immediate poststress position by the Auxil-

iary Reduction Rule (118d) of chapter Three. In precisely the same way, we will derive for

benefciary the phonetic form [benefi5EerE] (from underiying /benefikfifErfy/) if (118b)

does not apply, and [benefiiorE] if (118b) does apply.

56 It may be noted, moreover, that such words as orientate, dlienate, amiliorqte, detdriorate are apparent

exceptions to the Alternating Stress Rule il they are pronounced with [iy] rather than [y] in the position

17g -. 1161igs that the exceptional behavior could be accounted for by extending (116) to cover these

cases, with a later rule, following the Alternating Stress Rule, converting [y] once again to [i].
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The applicability of rule (118b) in these cases depends on the condition on a. If the
condit ionise: - ,  then rule (118b) wi l l  not apply;  i f  the condit ion is a* 1,  then rule
(118b) will apply. As we have noted in chapter Three (p. 123), both cases are possible. The
dialectal variation, then, depends on how the condition on o is given in rule (i lgb). We
note, incidentally, that in the dialect with the condjtion q*1 tn rule (1igb), this rule
must precede the Auxiliary Reduction Rule that assigns to an immediately post-tonic vowel
the features [-tense], [-stress] in certain contexts so that it becomes subject to reduction.

The position of rule (118) in the ordering is still more narrowly constrained than
this, as we can see by- considering forms svch as emaciate. The only phonetic realization rn

13

this case is [EmASEAI]. But consider the dialect with the condition e * I in rule (1lgb).
Since this rule does not apply to emaciate, it must be that [At] tn emaciate has primary
stress at the point in.the derivation when we reach (118b); that is to say, it must be that the
lorm is lemac *.if I rl. Evidently rule (1.18b) must precede the Alternating stress Rule,
which converts the preceding fo rm to lemaclillll. Therefore rule (118b) must follow the
Main Stress Rule and precede the Alternating Stress Rule (and, therefore, the Auxiliary
Reduction Rules).

Summarizing, then, rule (118b) is in the cycle, following the Main Stress Rule and
preceding the Alternating Stress Rule, and the condition on cr is c * I for one dialect (in
which this ordering is determined) and a : - for another dialect.

At this point we reach the main rules of word phonology discussed earlier in this
chapter, in particular, the Laxing and Tensing Rules. After the Tensing Rules, we come to
the rule of s-Voicing that was mentioned earlier in this chapter (rule (99)) and in the pre-
ceding chapter. Rule (1 19) is a somewhat more accurate version of this rule:

("r)  r r^^. . ,  fv:-v \  tar
\  /  l ' ' - i . l  /  l i+tens.t  I

|  +str id |  
. . . -  [+voice] /  { l  t  l -ul  (b)

L+conr l  l -  :  I
\vk-v )  (ct

As it stands, rule (119) slightly extends rule (99) of Section 5. Case (a) applies in words such
as resume, reside, resident, design, resolute. Case (b) applies in words such as music, rosary,
miser, gymnasium, Cartesian, Asia, usual, from underlying /musik/, irosVry/, /misVr/,
/gimnaesifVmi, /kertesfif aenl, las{te.l, /usurl/ (with a further rule of palatalization
for the last three forms). Notice that voicing does not take place in issue (from underlying
lisuel ), asylum, misogyny, philosoph(-y, -ical), etc., because the preceding vowel is lax.
However, as the rule now stands, there are quite a few exceptions (e.g., basic, isolate
masonite, gruesome, awesome).s1 Case (c) applies where the orthography has :r in such wordj
57 Many apparent exceptions to rule (119) can be accounted for by taking the source of [s] to be /kd/ rather

than /s/. Recall that original /kd/ before til, te], tyl, [el is now [c], at this stage of derivation (by Velar
Softening (114) ) and therefore is not voiced by rule (119). The last two examples Iisted-gruesome and
a\qesome-suggest a readjustment rule exempting /s/ from rule (l l9) after formative boundary. Notice that
the first three examples given as exceptions are also exceptions to the Laxing Rule (l9b). perhaps, then,
we should say tbat these words undergo laxing and are therefore exempt from s-Voicing, and that their
irregularity consists in the fact that they undergo subsequent idiosyncratic tensing. Certain other excep-
tions to (l l9), particularly to case (b), can be accounted for by lexical redundancy; for example, /s/ is
exenrpt from this rule in the few words of the lexical form /... VsV/(e.g., oirtuoso, Caruso, Medusa).
Others will be accounted for by rule (124a), which devoices [z] in certain positions.

Notice that rule (118b), which converts the fif in Cartesian to [y], applies before (t l9). The right-
most V in the context of (l l9b) should therefore be generalized to [ -consonantal]. As the present discus-
sion is rather informal, however, we shall not incorporate this consequence into the rule.
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as exist, examine, auxiliary, exasperate.In poststress position, as in dnr-t and maxillary, the

cluster remains unvoiced. Notice, however, that the rule does not apply in l, exameter, toxicity,

annexation, and, in general, whenever the [ks] cluster is final in the formative, This exception

requires a readjustment rule which assigns the feature [-rule (119)] to /sl in the context

k-+.58 Perhaps case (c) should be extended to other Cs clusters, as in absolue, absorb,

obsen:e. Notice that the voicing of [k] in the context -z is by a later rule of voicing

assimilation. Clearly there is a great deal more to the matter of voicing of [s] (and probably

[f] and [e] as well-see p.232) thal deserves more caref ul investigation.

Underlying stops and [c] which derives from /kd/ become strident continuants before
state as rule ( 120):

f_ ' l
| | ttue
L + volcel
r  r  f -cons I
|  .  l - l -bact< l [ -see]
l -volcel  |  |

L - stressl

[i] or [y] under circumstances that we

/ \  sPlRANTtzATtoN-  l l20l
\ ,1

l{:".] -' li:'"'il] /

(al

(b)

(cl

(d)

_+y

f-l
L + rtria-1

=

=

:i: .
il

:

Rule (120) converts dental stops to [s] if unvoiced or to [z] if voiced. Case (a) applies

in words such as corrode{it;e, erudeliue, giving, ultimately, corrosit:e, etasfue by a

later devoicing rule (see (124)). Case (b) applies in words such as partiality, ingratiate,

in the boldface positions; in democracy, conlrorcrsy, residency (from underlying forms

in I ...t{yl, with /y/ becoming [i] by rule (118a) and [i] by the Tensing Rule); and

to the parallel forms confidence, residence, etc., with fina1 i fe/ (see Chapter Three, p. 161)'

which, in contrast to final /y/, does not become [+vocalic] by rule (118a). Rule (120b) does

not apply to remedy (where the dental is voiced) or to dfficulty, modesty if we derive these

from /difikultfty/, /modfestfty/, as seems natural for nominalized adjectives (cf . loyalty,

ro)ialt):,etc.) It does apply, however, to the /t/ in words such asparlral, Egyptian, expeclitious,

the augment /i/ having become [y] by rule (118b). (The continuant formed by rule (120), in

these cases, will palatalize by rule (121).) Rule (120c) applies in words such as contrition,

from underlying /kantritfiVn/, and diuision, from underlying /dividfivn/, the /i/ of iivnl
having become [y] by rule (1 18b). Notice that the Spiranti'ation Rule will not apply in

cardial, Canadian, inuidious, etc., in which the augment remains [i]. Case (d) applies to the

segment [c] produced by the Velar Softening Rule (114). It constitutes the last stage of velar

softening tor the unvoiced segment /kd/.
Notice that where [t] is not followed by formative boundary (e.g., all forms in -ity,

which we have represented as /ifty/-see p. 33-and words such as patio, piteous, Antioch,

Pontioc), it does not become [s] (ultimately, [5]) by rule (120).

The Spirantization Rule must follow the rule of s-Voicing, since the [s] formed by

rule (120) does not voice. It must precede the rule of e-Elision so as to account for the

spirantization of [t] in residence (from underlying /re: sidf ent ltl), confdence, etc. It

must also precede rule (50), which inserts the [y] glide of [y0w]. Therefore, we do not have

spirantization ol [t] in fact{uol, elc., by rule (120c). Clearly some further generalization is

possible in the statement of (120), but we will leave it in this form.

53 As in the context + -; see note 57. Notice that case (b) is also inapplicable before certain aflres (e.g.,

dosage, usage).
*



ZS0 English phonology

We are now at the point in the cycle where rule (50) inserts the [y] glide of [yuw].
This, in turn, is followed by a series of vowel adjustment rules which includes Dipthongiza-
tion, Vowel Shift, and Rounding Adjustment. We then have a rule that changes dentals to
palato-alveolars before [y]. Thts diuision has the form [divizfyVn] at this stage of the deri-
vation, the underlying /d/ having become [z] by the Spirantization Rule (120). This occur-
rence of [z] must now become palatal so that we derive, ultimately, [deviZan], the glide after
[Z] dropping by a later rule. Similarly, [s] deriving from underlying /kdi will become [S] in
the boldface positions of words such as logician, musician (the post-palatal glide again
dropping by a later rule), and the same is true of [s] from underlying it/, as in controuersial,
partial, prohibition. And ttl, tdl, tsl, and [z] will become [d], [j], [5], and [Z], respectively,
before [ynw] in words such as actual, gradual, sensual, t:isual. The process is blocked, how-
ever, if the dental consonant in question is followed by a vowel, as in the word satrzty, which
at this stage is represented as [sset f 5y f i f tiy], or if it is followed bV tVVl, as in fortuitous,
endure, ensue, resume (cf., for example, perpetual [porp6duwal] yersus perpetuity (parpet-
yiwetiyl). To describe these and several other facts, we give the Palatalization Rule in the
followine form:

PALATALIZATION
( rzr)

,  f-uactl
I  -  

|  
-voc 

I
L-consl

[  -ant I
- L+r,. ial f 

-cons 
l

L - stressl

In the form given above, the Palataiization Rule applies to a dental obstruent followed by
yV, where V is a stressless vowel. Thus the rule will not apply to the segments in the boldface
positions in society, perpetuity, or the verb associate, which are represented as [sasdyitiy],
lpvrpetyiwitiy], and [as6wsiydyt], respectively, at this stage of derivation.

The last example, associate, points to an inadequacy in the analysis presented.
Although the phonetic segment [s] is fairly common in the boldface position, we also com-
monly find [5]; and, in certain forms (for example, emaciate, benefciary), it seems that the
phonetic realization of underlying /k'/ is [5] in all dialects. The facts are unclear. Thus
Kenyon and Knott give only lil for emaciate and associate, and both [s] and [5] for emacia-
tion, association, sociology. To account for [5] in this position, we must extend the rule to

t-  I  fa stress I
the context |  . .  l iy l  , l .  requir ing that d + l in dialecrsthat have [5]|  + contrnuant I  l -consonantal l
in associate and [s] in orr*iori)n. Since these 

-variants 
seem to coexist or to be distributed

in various ways in many styles of speech, we must assume a considerable degree of arbitrary
lexical categorization or of dialect mixture. Pending further analysis, we leave the question
in this state.5e

Since palatalization in dentals takes place by rule (121) only before glides, we do not
have palatalization of the stops in the boldface positions oI primorilial, remedial, medium,
piteous, Pontiac, etc. In all of these words, the segment following the dental consonant in
question is the vowel [i], not the glide [y], at the point when the Palatalization Rule (121)
applies.

5e We have made no systematic attempt to investigate the J-i altemation in these positions or to collect
other exceptions to these rules. Ilowever, the following are among those that come to mindt mature
[me66r] in many dialects, instead of expected [metdwr] or [matyiwr]; luxurious llt'gLfulyesl instead of
expected U 

^gz(y)iriasl 
(cf . exude , exuberant , in which palatalization does not take place).

| 
- sonorl

l+cor I
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One additional complication must be noted. Although the processes just described
that convert [Di] to [Py] (where D is a dental and P the corresponding palato-alveolar)
apply in the boldface positions in words such as Cartesi(m, Russian,6o prejudicial, they do
not apply in the boldface positions ol potassium, magnesium, gymnasium. Thus we have
phonetic contrasts such as [kdrtEZen]-fiimnAzEem]. The dropping of the glide is contin-
gent on Palatalization, as we shall see directly. Palatalization depends on the change of [i]
to [y] by rule (118b). Therefore it is sufficient to distinguish pairs such as Cartesian-g))m-
nasium in terms of the applicability of rule (118b), as in the examples of (117). Notice that
rule (l l8b) must be blocked only in certain cases of underlying /s/, but not in the case of
underlying /kd/, which is represented as [c] at the point in a derivation at which (1i8b)
applies. Therefore, at worst a categorization of underlying /s/ is involved. However, notice
that rule (118b) applies to [i] only when it is preceded by formative boundary. This suggests
that we instead distinguish the cases in question by the presence or absence of formative
boundary, with lexical representations such as /kartes{i{a:nl, /gimnesifvm/. In many
cases, the formative boundary seems reasonably well motivated. Alternatively, we could
add [+rule (118b) ] as a new classification of /i/ after lsl.

Next, we must delete glides after palato-alveolars , by rule (122)'.

' | +cor 'l
l -consl  l l  I
|  |  Q /  l -anl
L-vocl  /  L_rono. l

:.='

lzz)

,J

:tll.,

This rule applies, in particular, to the [y]-glide inserted by rule (50) before [U], giving
phonetic [eekduwel] from [akdyiwel] (actual), [i5uw] from [i5ynwe] (issue), etc. Similarly,
the segment [y] from underlying /i/ drops in the boldface position in words such as religion,
decision, artificisl. Rule (122) is restricted to the position following obstruents. Thus it does
not apply after the palatal liquid [r], and we have forms such as oirulent with [ry], alongside
of patilion with [y] where the liquid is not palatal. There are no glides in this position.

Notice that rule (122) will delete the element in the boldface position in religion,
artifcial, but not in religiosity, artificiality, emaciate. The reason is that the following vowel
is stressed in the latter group, preventing the boldface segment from becoming a glide.
Thus consider the final cycle in the derivation of words such as relrgroslly. The stress
assignment rules assign [+stress] in the position following the boldface segment [i]. Rule
(118a) converts this segment to [i] (if it was converted to [y] in an earlier cycle). But case (b)
of (118) does not apply since the following vowel is stressed. Therefore this segment is not
a glide and is not subject to rule (122).

We have observed (see note 27) that in some dialects [y] also drops after dentals and
palato-alveolars in certain other positions, as in residue, constitute, tune, rule, rejuuenate.
In such dialects [y] drops in all contexts in which rule (121) has not appiied. Thus we have
contrasts such as residue frlzedttwl - residual [rezijrlwel], constitute [k6nstetiwt] - con-
stitutiDe [kenstidtwtiv]. Hence, if only dental obstruents were involved, we could state

60 The fact that the Palatalization Rule applies in Russiqn indicates that rule (121) must follow the rule of
Cluster Simplification discussed in Section 5. The underlying form for Rzssraz must be /russ*i*en/;
if it were /rusfifen/, we would derive *[rU5an] instead of [r,rSan]. Thus, if Palatalization preceded
Cluster Simplification, we would derive *[r,rs5an], incorrectly. Furthermore, the rule of Cluster Simpli-
fication must follow the rule of Spirantization, since underlying /eks:kEd/, which becomes [eks:s€d] by
Velar Softening and Spirantization, must then become [eks€d] by Cluster Simplification. The corect
order, therefore, is: Spirantization, Cluster Simplification, Palatalization.

#,
5E
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simply that [y] drops after dental obstruents, giving no further contextual information.
But additional information is needed for instances of [y] following dental and palatal
sonorants. Thus [y] never drops after these segments in words s\ch as Dirulent, annual,
ualuable. The relevant fact is the stress on the following vowel. Where the stress is other
than minus, the glide drops. Thus it drops after such dental obstruents as have not become
palatal by rule (121) and after liquids before stressed vowels.

/  \  f  +cnr I
f  l23 l  y -  O l l ' . * ' l - [+stress]

|  +cons I

In addition to these rules, there are several other minor modifications needed; for
example, that of (124):

(rz+) z ---+ [-voicel l- f iue

Rule (124) arcounts for the devoicin g in abusiue, eaaslae. Notice that in the case of et:ade,
corrode, diuide, etc., we have a [dl-tZl-tsl alternation ( [EvAd]-[EvAZen]-[EvAsiv] ) by a
combination of regular processes.

Rule (124) should no doubt be extended to other cases. For example, we pointed
out (not€ 58) that we have [s] rather than [z] io -{age, a fact which can be accounted
for by adding -age lo (124) instead of by a readjustment rule as suggested in note 58. Exam-
ples such as sausage suggest that devoicing in this position may be more general, not
requiring formative boundary. Words such as kinesis, osmds,r suggest either that -r.r be
added to (124) or that the underlying forms are kinet-, osmot, etc., and that the Spiranti-
zation Rule (120) has an additional case involving -ri. There are, however, questions about
the [s]-[t] alternations in pairs such as galaxy-galactic, climax-climactic, osmosis-osmotic
that we have not answered. Also relevant here are the well-known morphological processes
that determine the voicing of final [f], [s], [e] in noun-verb pairs and adjective-verb pairs.
Thus we have devoicing in the nouns cltoice,6r adtice, breath, abuse, formed from the
corresponding verbs, and voicing in the verbs house, clotlte, etc., which are presumably
formed from the underlying nouns. Similarly, we have pairs such as safe-sate, Iife-lirte,
with devoicing in the adjective and noun and voicing in the verb. Whatever the correct
analysis of these forms may be, we should have no difficulty incorporating it within the
framework so far established, For example, the rule that devoices the final continuant of a
noun or adjective derived from a verb can be formulated in terms of a lexical category
associated with such derived forms, which becomes a segmental feature [+9] by the con-

ventions discussed in Section 2.2. We can then add to rule (124) the context f- ;. It,
L +9_

alternatively, the suggestion of note 46 can be realized and the voicing of tfl, tsl, [0] can be

determined by the context l.lt:*l -CV (where tenseness and thus voicing are
LYI

6r If the verb is the underlying form, then we will presumably have to give it the lexical representation
lEizl. The past tense form will be determined correctly as [6owz] by regular processes. To derive tlre
present tense form [duwz], we must mark the verb cioase with the feature that permits double application
of the Vowel Shift Rule in its present tense form, in the manner discussed in Section 4.3.5. To derive
choice, we must subject the underlying form lbzl to a unique case of lexical backness adjustment which
does not carry with it the automatic rounding adjustment that makes rounding coincide with backness.
Thus /d5zl will, by this process, become [6iz], which becomes [ddyz] in tbo regular way, and then [65ys]
by the devoicing associated with the derivational process of nominalization.

'{

l
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presumably determined by the final lel, which is later elided), we can omit any consideration
of this matter from rule (124), since voicing will be accounted for by the s-Voicing Rule
(119), extended to the other continuants by dropping the feature [+ strident].

A further modification is required in the Spirantization Rule (120). If the rule remains
in its present form, words such asquestion and bastion will appear in the output as *[kwesien]

and *[basSan], rather than as [kwesden] and [basden]. The reason is that (120) spirantizes
occurrences of /t/ before the suffix -ion. The [s] resulting from (120) is then subject to the
Palatalization Rule (121), which yields [5] in the output.62

We recall in this regard that Spirantization does not apply in words such as factual
(see p. 229). In these words the underlying /t/ is reflected in the output as [d], whicb is pre-
cisely what is needed in the case ol question, bastion. Thus, if the Spirantization Rule can
be modified so that it does not apply to the /t/ in question, bastion, the correct output v/ill
be obtained: the /t/ will be unaffected by Spirantization and will subsequently be changed
to [6] by the Palatalization Rule (121), just as in the case of factual. The simplest way to
achieve this result seems to be to block the application of cases (b) and (c) of the Spiranti-
zation Rule in obstruents that are preceded by [s]. In other words, we require that the

segmenr undergoing rhe relevanr cases of spirantization be preceded by {!*tooo.'untl ,J.
t  [  -  conl lnuanti /

that is, by a segment which is either a sonorant or a noncontinuant. The rule will then not
apply to the /t/ in question, bastion, which is preceded by a continuant obstruent, and the
derivations will proceed correctly.

As matters now stand, the exampies where Spirantization is blocked involve only
the position following [s]. Note, however, that the above modification as stated will prevent
the rule from applying after other continuant obstruents as well. This fact has an interesting
consequence for a case not yet analyzed. Consider the word righteous, which is clearly
derived from right. lt the underlying form for right rs lritl, then righteous would be repre-
sented as /rit f i f as/ on the lexical level. By the Laxing Rule, we derive [rit f i f cs]; and
the rules of this section give, finally, *[ri5es]. Thus the correct form, [raydes], deviates from
what is expected in two ways: first, in that the first vowel is tense rather than lax; second,
in that it has [d] instead of expected [5]. These observations lead us to seek a different analysis
for the underlying form f.or right.

Suppose that we represent right as /rirpt/, where g is a continuant. Suppose then that
we add the ad hoc rules (125) and (126):

a

( rzs)

( '^)

V ---- [+tense] I  -q

q--- 'O l -C

Rule (125) must follow Laxing and precede Vowel Shift: it can therefore be part of the
general Tensing Rule. Rule (126) will be one of the late rules of deletion, foilowing (124).
With these rules, we derive [rigt] from underlying ligtl by rule (125), and then [rayt] by
Diphthongization, Vowel Shift, Backness Adjustment, and rule (126). But now consider
righteous, represented /riqtlif cs/. Considering just the final cycle, we have the derivation
shown in (127).

62 We are grateful to P. Schachter for drawing our attention to certain aspects of this problem-
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1, 
".,\ 

r igtf i{as
\ ' ' '  )  r iqt f i f  os RULE (125)

riet+y+rs RULE (118b)
rayqt+y+ts DIpHTHoNcIzATroN, vowElsHrFT, BAcKNEssADJUSTMENT

rayqdfyf as nure (121)
raygdf cs RULE (122)
rdydf os nurr (126)

. raydes vowEl REDUcrroN

Thus rules (125) and (126) will account for both of the unexpected features of righteous,if
we can make an appropriate choice of a continuant for /rp/. Notice that spirantization, rule
(120), is blocked by the continuant preceding [t].

Note that as matters now stand, dental, palato-alveolar, and labial continuants can
appear in postvocalic position (e.9., miss, wrist, if, rift, swish), but the velar continuant /x/
cannot. Filling this phonological gap, we can represent right as lixtl, taking lxl to be l9l
in the analysis just suggested. we then replace (125) by (128) and coalesce the rephrased
version of (126) with rule (111), which is now placed much later in the ordering, in fact,
after (124\:

( ' * )

( ' ' )

V ---- [+ tense] I -x

f-:: l  I + /o i -c1
L*"on, l  

l [ -cons] |

We then form righteous from underlying /rixtfif as/ by derivation (127) with /x/ replacing
Itpl.Both ofthe rules (125) and (126) fall together with other already motivated rules (see
also (130) below).

The same device might be used to explain various other exceptions to trisyllabic
laxing, as in the boldface positions of nightingale and mightily. Furthermore, we can use it
to explain alternations such as resr'gn-r esignation, paradigm-paradigmatic. Suppose that
we add a rule converting [g] to a continuant in the context - [a nasal] # . Then underlying
/re: signi, /praefdigm/ will become [rezign], [peeradigm] before -Ation, -arrc, respectively,
but in the forms in isolation, [g] will become [1] before [*nasal]4. If we simplify rule
(128) to the context -[x, y], then that rule will convert [re:siyn] and [paerefdiym] to
[re:siyn], [peree f diym]. respectively. The tensed vowel becomes [ay] in the familiar way.
Rule (129) will delete fu1, giving the forms [riyzayn], [prraddym].

Finally, it has been suggested to us by S. Anderson that the apparently irregular
occurrence of [1]instead of [gg] in word-medial position , as in dinghy, hangar, gingham, Bir-
mingham, may be readily accounted for if the forms are assumed to have underlying repre-
sentations such as /dinxii, lxnnxrl, etc. The nasal will assimilate the point of articulation
of the following velar by a rule that is independently motivated (cf. think, fnger, etc.)
Next, (129) deletes [x] by an extension which requires deletion of this segment in the
context c_.

These alternations support the choice of [x] over other possibilities for g in example
(r27).

The tensing of vowels before velar continuants is apparently restricted to high
vowels. Although examples are far from plentiful, cases such as phlegm-phlegmatic, dia-
phragm-diaphragmatic seem to suggest that nonhigh vowels do not undergo tensing here.
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Moreover, if cases such as pugnacious-impugn arc also to be handled by this

should be reformulated as

/  \  t" lPnl . . . .+ l+tense.l  t_g,t l( t3o) lu l  l - roundl

We can illustrate the rules we have discussed with derivations such as the following.

We restrict ourselves to the rules of this section, for the most part'

/ - \ losician logicism religious

( t3tJ tJgol i to l ia*r ,  tcgdl i td l izm rel igdf  i f  as
jc jc j

yY
S

s
s

o0
lajiSen

decision
de: kdid+ivn

I

i

l6jasizm63 ralijas
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rule, (128)

nut"r (l14)

RULE (118b)

nwn (120b)

nurr (120d)

RULE (121)

nurr (122)

s
z

I
daslZen

artifciality
ert i f ikdl i f  e l* i* tY

s

irtafisiyflatiy

courageous--
kdoregdefcs

o

J

v

I

i
c

2l
;6

o&

FIRST CYCLE

nur.r (114)

srREss RULES,
SECOND CYCLE

nwr (118b)

nuu (120b)un

RULE (120c)

nur.r (120d)uo

nurr (121)65

*uw (122)

(r: i )
coufage

kdoregde
FIRST CYCLE,
FOR COUrAge

RULE (114)

STRESS RULES

TENSING RULE

S-ELISTON*.
#-

E
€_

iE:_.

G;

*

oo
lcftaj ker6yjes

63 The pronunciation [6wjasizm] r€quires the underlying form /lSgfik/, an exc€plion to laxing before -rc.
6a Notice that the seg;ment [i] following lcl in artificiality has already been tensed by the Tensing Rule, and

the segment [i] foliowing lcl it decision has already been laxed by the Laxing Rule'
6s Recall the discussion (p. 231) of the [sF[S] alternation in such forms'
56 See note 18.



Chapter fioe

SUMMARY OF RULES

In this chapter we restate the major rules of the phonology as given in the preceding
chapters, ordered in the way that is required by the facts cited in the discussion.

In the previous chapters the assumption has been made that the vowels appearing
in the abstract underlying representations of English lexical items are monophthongs.
Diphthongs-i.e., sequences of a vowel followed by a glide-are the result of phonological
rules that insert glides in certain positions.l There are six lax vowels in the underly.ing
representations, namely:

In some dialects there is an additional marginal subcategorizatio n of la,l (see p. 205).
The tense vowels include the tense correlates of the lax vowels; and there is distrnc-

tive rounding for the low tense vowels, so that we have the full set: lLl lo,l lALl l.,l. The
distinctive feature complexes of the individual segments mentioned in the discussion appear
in Table I of Chapter Four (p. 176).

The rules that we have given fall into two general classes: the rules of the readlust-
ment component and the phonological rules. The former apply before any of the phonolog-
ical rules. They express properties of lexical formatives in certain restricted syntactic contexts,
and they modify syntactically generated surface structures in a variety of ways. The phono-
logical rules are organized in a transformational cycle. A considerable number of phono-
logical rules, however, are limited so that they apply in the cycle only when the level of
word boundary has been reached. we have called the latter " rules of wordlevel phonolosv."

I There are, of course, sequences of vowels in the underlying representations. These may occur across a
formative boundary, as in scient-, which is phonologically /ski{ent/ (giving scianc<, scientific by regular
processes); or they may occur, marginally, within certain formatives, such as zeo_, dia_, dial, fuel, uia.
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Sunttnary of rules

The cyclic rules fall together in the ordering, and ali but rule (16) (which changes i

to y and y to i) are rules of primary stress assignment. If the ordering were revised so that

(17) (the Alternating Stress Rule) and (18) (the Compound, Nuclear Stress, and Stress

Adjustment Rules) preceded (16), then the rules that assign primary stress would be con-

secutive and would collapse into a single schema of the form:

V --- [l srress]

we noted that the justification for ordering (16) before (17) is not overwhelrning, and there

is no relation between (16) and (18). If, furthermore, the analysis is revised in such a way

as to drop rule (16) from the cycle, then the cycle would be restricted to a single elaborate

schema abbreviating a complex set of rules, with intricate relations of ordering among them,

all assigning primary stress in certain positions. In chapter Three we explained why we were

unable to accept this analysis, but it seems sufficiently attractive for more thought to be given

to its consequences.
Among the processes of primary stress assignment, there are three that shift stress

to the left: the others shift stress to the right, in general. The three processes that shift stress

left are the Stressed Syllable Rule (condition (c) of the Main Stress Rule (15) ), the Alter-

nating Stress Rule (17), and the Compound Rule of (18). As we have noted several times,

it is not impossible that the Compound Rule can be amalgamated with the Stressed Syllable

Rule (as the Nuclear Stress Rule can be amalgamated with condition (e) of the Main Stress

Rule) in terms of a general notion of "sonority" (see p.9l). Although we rejected this

analysis, for reasons indicated earlier, we feel that it still merits attention. It is also worth

mentioning the possibility of amalgamating the Stressed Syllable and Alternating Stress

Rules, each of which shifts stress to the left within a word before a final stressed syllable

(with the modifications presented in the detailed exposition earlier). Such an amalgamation,

iike the others just noted, has more than a superficial plausibility, but we have rejected it for

several reasons. First, there are certain technical difficulties, within our framework, in for-

mulating the schema that would incorporate both these processes. More seriously, a careful

analysis of the cases suggests that there really is a fundamental distinction between them.

The matter is important, both for synchronic and diachronic study of English, and some

additional comment may be useful.
Reducing the Stressed Syllable Rule and the Alternating Stress Rule to their essentials,

we see that each defines a context containing a stressed syllable, and each assigns primary

stress in a domain that is to the ieft of this context. The Stressed Syllable Rule interprets

this domain in terms of the Romance Stress Rule; thus it assigns primary stress to a final

strong cluster or to the syllable preceding a final weak cluster, in this domain. The Alter-

nating Stress Rule, on the other hand, assigns primary stress to the penultimate syllable of

the domain, independently of the form of the final syllable of the domain. Thus the Stressed

Syllable Rule is responsible for placement of primary stress in the boldface position in

anticip-atory and confisc-atory (where the dash separates the domain from the context);

and the Alternating Stress Rule is responsible for the position of primary stress in anecd-ote-

conf sc-ate, philist-ine.

It might be supposed that these processes can be amalgamated by assigning the

feature [+D], which excludes a sytlable from the domain of stress assignment (see p. 138),

in the case of the Alternating Stress Rule. just as [+ D] was assigned for the Stressed Syllable

and Affix Rules in certain instances. At best, this would be unfortunate, since assignment

of [+D] is by general rule in the latter cases, whereas in this case it would be entirely
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238 English phonology

idiosyncratic and ad hoc. still worse, the proposal will fail because of such words as
extrapol-ate, in which the penultimate syllable of the domain is weak and noninitial.

There is, however, a still more serious reason for suspecting that the two processes
under discussion do not fall together. There is an interesting generalization that must some-
how be captured by the rules in question: namery, the Alternating stress Rure, which does
not make use of the strong cluster principle, applies in a given cycle if and only if stress has
been assigned to the final syllable in this cycle under one of the conditions (a!(e) of the
Main stress Rule; whereas the Stressed syllable Rule, which does make use of the strong
cluster principle, applies in a given cycle if and only if stress has been assigned to the final
syllable either in an earlier cycle under condition (e) of the Main stress Rule or in the cycle
in question under condition (a) of the Main stress Rule. This is an important correration
between reliance on the strong cluster principle, on the one hand, and a complex inter-
connection of rujes. on the other. lt is precisely this generalization that is expressed bv the
ordering of condition (c) of the Main stress Rule between conditions (a) and ie.), along with
the principles of cyclic application and of disjunctive and conjunctive ordering. This con-
clusion appears to us to be significant. It leads us to believe that the attempt to amalgamate
the stressed syllable Rule and Alternating Stress Rule would be misguided, quite apait from
any technical considerations, despite the similarity between the two processes.

We turn now to a summary of the rules.
In the list below a few readjustment rules are given first ((r)-(9)), merely as an ilrus,

trative sample. They are folowed by the phonological rures ( (10)-(43) ). The rures that are
not restricted to the level of word boundary are starred; all rules not starred in this list are
rules of wordlevel phonology. We will give each rule with a citation of the chapter (Roman
numeral) and example number of the most recent reference to it; where there are several
citations, these refer to relevant comments about the form of the rule. The rules are not
necessarily given in the most reduced form.

'f
-:

( , )

7. Readj ustrn ent rules

( ' )

( , )

V __-. f-cback l f-l in a number of irregular
[ -around.l ' Lqbackj verbs, nouns, and adjectives

rn certarn coDtexts

r --+ l+voicel ,  - [mi- l iue \'  \per_l iy nJ

IV (75)

ry (r10)

IV 003)

where C and C+ are both
coronal or both noncoronal

l+ l _ |i l l l, lf +consl /r-consrl
L*.o. JL*"or J t l_segl J

1

c ..+ Q+ , ti,J-:..

v ---+ [-rule (2oIrD] f rv (e)



6 ---+ [- rule (34) ] in polysyllables

,, _. [ -rule (30)l t _r' L-rule (32)J

Su;tnmz;ty of nfue

(')

( , )

(')

(')

(')

2. Plwtnbginol rulcs

l  l0 l

o --r t-rure(32)l , -{,.ia,"}

, [ - nasal Iu -, r-round,/ 
L]il: l-

C -+ [+cor] /  t -1-

(")

(")

$+

[h]
segl

[u, i ]  + + l+-#

[ -contl

" / l-"* l-11Y91-set1
[ + consl

[ +cor I l- -backl

l+ ' t  ia l  /  - l - "*  I
L(+ant)l L-consl

I stress] I +-Co#

"-t;it),.)
f+rounal
l - ' *  l -
L+cotrs I
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rv (72)

rv (70)

IY p.214

rv (60

rv(54)

rtr (l2e)
and note 84

Iv (50

rv (91), (l 12)

rv (l14)

,--11
(tr) 

"* " '.FTENING

ld;l -
' ( * ) [.?'*] -' rrr (158)
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MAIN STRTSS

v -.+ rstressr / ["-""tf;6:1.,,fXJll,l,1 -ti::l,t::?]'L  v J 
'L-uot l ' '  (136) '  (151)

I -(,['no'n' \,
/ \ l1*o1c.J

conaitions: F : {f}
y <2

f - stressl
,  ,  ^ .  I  t -(rtLo2r 

|  
-rense 

J [+conslo
L -cons I

- f -sesl(' 
L<, _ai>rl )' co [pstress] co (2voco>2

.*, llTTJ, ] .,,:"u lu'$"'l
{l;J }r-u,.,,r,*
( [ stress] fo - Co [---cons]J

) ] ,n," , , ,^ , , ,

X contains no internal #

.(tu) 
l:Plol ft+vocl / 

c-r-segl 'l -,\ / LfY*l [r-"o"r ,1.fl*-l*T"]i"J
Conditions: q: -, sr af I

X contains no internal #

ALTERNATING STRESS

V 
- [ stress] / -Co (:) CoVCo I stress] Col,,^,,

@MPOUND, NUCLEAR STRESS, STRESS ADruSTMENT

v - f lstress] /  l -**xl-1"<o*t>##l<x*>
Ll srressl

wherc Y*. . . I  stress] .  . .  ;  Z+.. .# # . . .

[2 stress] --+ [3 stress] / -Co[l stress]

LAXING

ArxrLtARy nrouctloN-I

rv (118)

rrr (7s)

rrr (52),
(68), (70)

rrr (l 17)

V ----r
stress 

I I I
tense | / I

I
p:r ,2,3
a is weaker
y is weaker

f-
I
L_ I -,,,,

than p
than 2

I

Conditions:



Surnrnary of rules

(r)

(IID,

(")

(")

Pr) 
TENsING

(I)

(II)

(rrr)3

V ---r [-tense] / +-r+i [-seg]

v -.* [-rense] / - [+cons] f 
.:.:l'l

L-vue I
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rrr (142);
lY p.2O2

rv (8)

rv (1e),
note 16,

andp.192

rv (4s)

IY p.234

IV (60a)

rv (60b)

rv (77),
(7e), (84)

(Iv)

f",J..] r-tensel
Leback l

, f""+tc,lid,{ish I
I -c 

it",+r l-"f"]co t-consrj

o -- '  [3 stress] l-#

g --' [+cont] 1 -ll-nasal\#

l"I
tu l

a ---+

f -'l
[+tense] 7 1, I  nge' Ll stressl

[+tense] / -CV [- seg]

-t. 
.: 2 The preconsonantal laxing rule as given here incorporates a refinement over the formulation in Chapter

Four (rule (8) ). Laxing does not take place in consonant clusters ending with a liquid. Thus, when a true
consonant precedes a liquid, we find both tense and lax vowels: there is supple, bubble, calibre, massacre,
in which the vowel is la,r, as well as maple, noble, Cyprus, migrate, meter (cf. metric), acre, in which the
vowel is tense.

3 We have modified this rule and the tensing rule (23IV) that follows it by introducing an optional

favoc I
I acons l, just as we did in defining " weak cluster " for purpos€s of stress placement (cf. Chapter Three,
I  t -
L-ant l
(49) ). This was done in order to account for the fact that here, too, a consonant followed by [r] or a glide
behaves like a single consonant. With this extension we can account for teDsing in the boldface position
in words such as czprrc, putrify, Ukraine, inebriate, qppropriate, opprobrium, repatriate, colloquial,
obsequious-

Clearly, we are leaving unexpressed an important generalization, namely, that in many different
respects, consonant-liquid and consonant-glide strings function as single consonants. Actually, the
situation is still more complex. We recall that we were forced to include the " weak cluster " option not
only in the Main Stress Rule and Tensing Rules, but also in the Auxiliary Reduction Rule (120) of
Chapter Three (see (24) here). As noted, this repetition indicates that we have failed to capture important
properties of strong and weak clusters and thus poilts to a defect in our theory that merits further
atteniion.

( , ., favoc 
'l 

I
l l  _ lc6l lo.oosl  l1-consl lrL+ gnt 

L_unt l  I
rf  -voice' l  \

rf-* ' l l l : : : ' l  I  i{L- "* I l.ii,:::,i.,l I

| - tensel

| + back I
LVI

I
l+tense I /

- - -+ |  . l  I
| -round | /- - t
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(rv)n

wh€r€ C is a consonant or a boutrdary

EtryIixhplnmlogr

rv (20)

rv (130)

rv (lle)

V ---+

(v) 
f*Ugnt f +tense I
L v l -+ [ - 'ouoal  /  - [x ' r ]

(z+) ".t* "t 
RDUcrroN-II

[*f;'] -' v"r"*t 
f 

*

E*^*t f

f .  t [  u . |

[;"il.,1[1#J;'"':i:.j

t;1"',|:;nl,f_,fri]"

t"ft"F.tlJ
)

rrr (120)

[,-,o*0"- o. [,S,] ", 
* [,.T] * l"Ti*

l l ' - ' l
["t[-"*]i

(,,

k6) * ^".r^r."

u+l

p is weaker than 2
g is weaker rh.n T

r+corr  , | , ] : - I  )

l*tl 
-- r+voicer /l[.t-l-r-**r[

(vk-v )

l-- I
I  l * iue
L + vorcel

lif:",] - ti::il / {[rx,i]- / fil. f-Hi]'--1f
l;l

rv (120)
and p.233

' we have cxtcnded this rule over (20) of chapt€r Four by gencralizing the pre-boundary case of tensing
to all boundaries other th2n formative boundary, thus to : as well as #. Recall tn t : ;pp."* i"i"r."
such as /pre:tend/, /re:sisv (cf. chaptcr Three, Scction l0), where tensing would o se not tateplace in thc prcfix. See also note 6 below.
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l27l  k -r  $ 1lC' i -#

(zg) cLusrER sIMPLmcArroN

C ---+ I - identical coutonant

2l,3

IV (62)

rrr(156);IY p.222
and note 60

ry (50)
andp. 196

rv (78)

rv (21)
andp.208

rv (74)

rv (43)

rv (61)

k,) +tense

- round

+hiCh

* back

v

0ry l -

i ---+ [*low](,)

(") DIPIITHONGIZATION

hTle - lou*t I

H*l
(r) ""-r 

vocAlrzArroN

(ll) "o*"r 
n*t

I-t
t-ahishl / l*ro I

L -low I
t--t

[-prow] /lPro* I'  L-niol

l ,
lt

[ | . * . " ] ]

l t - t  t
{L+r1 |

ll--,FJl

/ f +teos" I
/ lcback I

/ le-.3r|1-
lL v J

lffil -+ r+vocr/[trs']-

[ruact 
'1

l"il'J *
rv (63)
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ROUNDING ADruSTMENT

[-crround]

a -+ [+tense]

English phonology

rv (e3)

rv (88)

Iv (8e)

rv ( l2 l )

rY (t22)

rv (123)

rv (124)

IV (12e)
and p.234

fcroundl
| +back | ---
Lvt

i l;l)
/ l ;_-, I

/ il ll::". l'
I t."'::' I
\  -v /

(rt) BAcKNEss AorusrrrrsNrs

l.f"] 
-+ [+back] 7 -1-consl

PALATALIZATION

[  -sonorl |  -ant I
L +.or I - L+'t.ial

|  -backl
t  I  l l -COnS I
l_ l  _cons l l  II  I  l l -stressl

L -voc l

/{=}J

(")

l : ; : ' l  r  
- /{

f +cor I
|  -am l-
| - sonorl

l ifi ']l;]r+stressl

7 ---+ [-voice] | - liue

li*ll - {r
5 NoG that this formulation of Backness Adjustment is for the dialect with [ew] rather than lewl as the

reflex of underlying /0/. (See rule (39) and note 48 in Chapter Four.) This rule when stated in its fully
general form should incorporaie the rule that converts stressed [d] into [a] in forms such as Alabama,
alabuter (x*Cl:,a.pter Three, p. 152). We omit rule (zl0) of Chapter Four, which, in dialects that have [ew]
from [iwl, laxes [€] produced by Backness Adjustment.
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e-ntNIoN6

245

l.dl* S / - [ -seg]

0 --- e / C- [+ sonor]#

m (1s5)

III p. 85
(')

(*) vowrr, nrouc'oN7

rrr (r2r)

6 This rule deserves a more extensive study than we have given it. In particular, its position in the ordering
is open to some question. Our only justification for placing it here is that, for reasons mentioned in note 1 8
of Chapter Four, it may follow Vowel Shift so as to account for nonelision in the boldface position in
words such as s/rn ultaneous . The rule of e-Elision should be distinguished from a rule that drops both /e/
and the glides ly I and lel before various affixes, as in telescopic, telescopy, harmonic, and harmonize. T"be
latter is, presumably, a lexical rule.

We have noted (see p. 195 of Chapter Four) that the rule of e-Elision can be used to account for the
fact that the first syllable is short in words such as issue, tissue, aalue, menu. As pointed out to us by
S. J. Keyser, it can be used to explain the lax vowel in the fust syllable in words such as prry, city, if we
derive these from /pitee/, /sitee/. Stress will be placed on the first syllable by the usual rule for nouns,
and the trisyllabic laxing rule will guarantee that the stressed vowel is lax- The [e]'s will tense, and the

elide [e] will elide. By the rule mentioned in note 18, Chapter Four, final [6y] will become fryl. This idea
has further corsequences that might be explored.

7 We leave open the question ofjust how the reduced vowel is actualized phonetically in various cont€xts.

| 
- stressl

I - tense I --- 
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