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Cerdinal Voviel System to include:
2na CVs” [y, ,0e2,0E,D,c,0,ul

An additional set formuiated by adding tiie phonetic property of plus
liprounding to cosrespond  to its new function of set operation.
Moreover, the possibility still exists to extend the basic Cardinal Vo-
wel System to incinde several sets whenever one adds one of the follow-
ing functional phonctic property of : nasalization or pharyngalization.
Fina!ly, this study shows the value of the hypothasis of having some
mode! which could be replaced by a more satisfactory omne rendered
through the faith in a mathematical theory: yet, other types of vagus-
ness and insufficiencies in phonetics semetimes may encountzr us whizh
- cap be met with similar ways of scientific frameworks.

NOTES

(1) See Cohen: 1968, Dalon & Monna: 1982,Drake: 1974 and Morse:
1985,

(2) See op cit, P. 31 and Dalen, Doet & Swart: 1975, p. 19.

(3) Sece for example Abercrombie: 1971,Gimson: 1972, Heffnzr:1949,
Jones: 1969 & 1975, Katamba: 1989, Vassityev: 1970 and Ward :

1972,

. (4) Sec Awancss: 1984 & 1989, Cutler: 1985, Robins: 1981 and Yule :
1285.

(5) Sce Cohen: 1966, p. 9,Drake: 1974, p. 29 and Doct & Swart: 1978,
p. 1%

(6) Ibid; Drake, 1974

(7) Ibid; Awaness: 1984, Cutier: 1636,Gleason: 1961 and Robins:1931

(8) Sec; Iadefoged; 1975, Vassilyev: 1970 and Yule: 1985.

- (9) See; Abercrombie: 1971, p. 151, Gimson: 1972, p. 37, Ward 1972,
p. 59 and Yule, 1985, p. 43.

(10) Sec; Gimson: 1972, p. 76, Jones: 1969, p.18 and Ward: 1972, p.60.

{(11) The twe systems with six more secondary CVs fail to locate a Sait-
able position to each point within the diagram. Their domain is

rather mixed up.
(12) See; Abercrombie: 1971, Gimson: 1972, Katamba: 1989 and Wa-
rd: 1972,

(13) The validity of the diagram is considred to be another i33ue, thece-
fore, it is excluded from the discussion; se2 Katamba: 1939; Lad-
efoged: 1975 and Yule: 1985.
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t — The actual presentation of the concept of Cardinal Vowsl Systan
within two different sets of eight vocaiic elements in each sat i3 rather
confusing and vaguely formulated.

il ~The incensistent relational property among the total Vowels of
eachr Ssct that characterises its referential reiationship does not coincide
properiy with the formation of a scientiflic set,

i —The actua! formation of elemenis of the Cardinal Vows] System
represents & ‘set of sets °, where two different corresponding phonatic i -
epertics are used within each set, which confuses the funstional totality

of the system.

A

iv — The functional confusion of each systzm can be cleared off by
spiitting ke use of each of the phoneiic property of miaus lin-rouading
and plus lip-rounding within each system senarately.

v — Il wili be rather nore convenient to formulate cne baic Cardin-
nal Yowel set which can be extended to include several others by adding

any other functional phonetic property to the corresponding variables
(clements) of the sct.

The analytical revision, based on the set theory, proved t9 o ocertain
extent that the actual formation of the tofal vumbar of the glamzals of
cech set is rather confused. The set thooric aspents of proporty, totality
and consicrerncy of its functional propzriios do not allow two diffarrat fu-
nctienal properties within the corresponding mariamatical ap2:2tina

all the variabies of each system. The totai numbsz® o7 variables o7 a sv30m
lias to denote a set which cun be, Dy 2l means, ndre coavenien: ty  prei-

o
2

-

cit and apply The {olicwing modified system (ad 103 320 00 elzns vasilic
variables (eloments) ) jusiiiivs tio {ormation which might be sawe iateli-
¢ilic end less confused thon tefore.

o

v

BOVs 7 el ), e, 48,8, A ,6 ,a]

This is a finite cet of eight vocalic variabizs (elements) oreseatzd by onz
consistert pionciic prorerty  of minus lip—rounding in correspondence
with 1ts functional set theoric operation.

Reijatively, one can easily extend the formation of the ibove hasiz
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cet gt ! oimanotlor fant of sets” { Daton, p. '70 which has
oo
i Lo, CE, D ] and,
‘ o,V o threseiznzats ol some: otz 5:t (Systeny whei
¢ b ancilor set but not the SCVs system.

2
Fioaliv, Drate: p. 24, Cohen: p. 51 and Morse: p.25 emphasize the
fact that ary o or more than two sets, which share one identical prop-
erty in common, can be one set, 1.2, a primary Cardinal Vowzls set ¢

be a3 foliows:

? 5‘9“3 * » 9 ]

Where; this is a set of cight diffzrent clements shaving in common ta:
rhoretic property of seinus lip-rounding among all its variables. They
rationaily presont a upilied set which can be considered as a system  of

a reicl oosende.s Simslarly,
SCyYe 7o Ty, Lee, QE, D,c,o,u ]

Itis tho fermesion o0 g possible addiional set which can be presented by
addiny :‘.:u‘-‘.f*':r shanctio nroperty ( ﬂ:atur(‘\ to the eight vocalic elzmznis
of the ahovs formniated 3--5'=‘i51111;'3--' { or Basic ) Casdiial Vowel System,

Pesidor anothor monzih ey gHI oxists to extend the primary Cardis
nol Vev o cofinie o thia ﬁm: s gt is the feature oﬁ’ rs:zfs:i‘;ézf,:ztiam to
the wight cioer s oribhe primary Car nat Versiretor even a iourth set,

by adding sonne o thor phonatiz featur: like pharyngeaiization,and so on.

Tre ¢iscussion proved the value of utiizing the math.~1iical theo-
ric apparatas to ovise the phenotic data under stady. Taz sy 120y was
useful to reveal some confsing praseatation of the variadbles  ¢iat govern
the roicrentad relationship of ot the vosan: olamants 1 two differcnt sets.
The eualytical ravision carvicd out hove in relzvanves 1) som:  abstract
capects of the st theory like property, totality and relationship revealed
the follawing:
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Ll MZT2 a162,72,82.]
Donivoy, cnd in on arn et o elhize e pecvicus Cogintinary moa-

Jiematical procedures in shonetics or phonoiogy, it )

.
“"-.‘.é-.j": I SR I )

e

vealize some phm‘:a@-gzca: or rhonciic reloticns presented by terms hik

“*a member cf collection ” —a class and **

afamily 7, Le.,
iwembers of scig, where the rclation among their elements or constituen-

+
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nn i ittt ore rrimonteS e eme onifiedd ct; e, varizbles shar-
. - N e
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Fieeolore i oro Ras to revise the aotn of the Cardinal Vows! Dyowom,
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heution of oy dinguistic set.

Hernce, the revision and the validity of the data presented by the Ca-
réinal Vowe!ls System (1 sets ) have to be focussed first on the accuracy
c! the fermaiton of this system by scts of cight refercncial elements in
cach.

1hus, to specify the Set theoric relation of all the elzmants of thz nr-
nnary Cardinal Vowel System ( PCV5 ), one flI}CsS tha Aonawing:

FCVE "z [i,e, .a,alDn,e,ull]

Lo, a mixed mathematical set, broouse [ the above setisg o »0 i3 ”
with rmere than one ¢ofinite Lature or phonatic rzintion iswitd ¢ form-
uleie the cbove sol of tofs, whish ara 02w Do v oandinz oo Vs First

five cluments ana plus Eprounding among the last thoos clements,
Thus, and on the basis ¢f the set theoric principios ( Dalein: n. 13 ),
(le chove inaccurate set has {o e sgplit into:

PCVs efi,c, ,a,a]and, ancother et of:

PCVs e [¢, o, u]These are tiiree slemsnts of so 0y sderset (8ys0m)

witici ©. . another sct but not the PCVs ™ sct ( R R

Simiiarly , the revision of the secondary Carainal Vowel Sysiem (o-

CVi) will reveai the following:

SCVs " e [y, ,¢,CE, D[ |, , 1
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ent elemants { numbers ) sharing onz common mathematics!
which is either rexl or natural. property

Thus the digii 1 is a member of S0t A "7 and it cannot be a member
of set B 7. Simiiariy, the digit 12 is a rnember of set B ** and it will cause
a clear confusicon to consider it 2 member of set A ™",

Morcover, une has to distinguish between the formation of two di-
flerent types of sets. A finite sot is a set which comprises a limited number
of elements and never accorts any other variables, c. g.,

C7set o [2,4,6.8, 10] = finite sot;
where C 7 set consists of only five elements: and
D7setef2,4,6,8,10,...0] non - finite sat;

i.e., set B 7 has no limits for its clements; therefore, it is quite easy to add
one or more relative members to it. [n addition o this, and in order to
make 2 clear disiinction between different sets, I refer to a fuadamental
use of the term ‘relation’in the sct theory which is mostly presaited by the
concept “is an element of 7, “is a member of”* or “it belongs to”, Thus
to avoid the lapses resulting from the use of all these expressions, I will
resirict my dircussicn to the use of the following mathematical principal
formuia and operation.

3

22 {C7Le, Zisanelement of 32t C 7 und 142{D ], ie., 14isan
clement of D 7 set,

Finally,I would like to dirert the reader’s atiention to the foliowing
supposition il theee ave two suts whose elements are exactly those objects
cnbical property in beth, they must be one set (Drake
p. 34, Cohen: p. 51and Merse: p. 25); wher eas, a s=t with two or more

Cifferent propeities i5 an inaccurate set and ¢an be analysed and sp lit into

which Hiave an 1)

a 'set of seis’. For example,

X*"e[1,2,3,4,5,[62,7

[R]
wr

o

i
| S——
[ S

mcorrect set.

Where sat X 77 coatains twv)y diffzrzat sb2monts of real and natural! num-
bers respectivly to be split into two different sets of X1 and X2 ie.,

J-i-"/"/r 33



property which represents a scientific scale of auditory cquidistant me=asu-
rement has 1o "¢ revised on the basis of some reliable procedures. I have
thought thai the set theory in mathematics might help to present some
adequatc analytical procedurc for such a revision and reformulation,
AIM AND FPROCFDURE

Tte primavy aim of this paper is to shed light on the above problem
located in reference to the data presented by the Cardinal Vowel System

. apart from its diagram (13). Thus, the analytical procedure will cover the

32

following axes only:
}

i - Revising the scientilic accuracy of the data presented within a scale
of two different systems by adopting some relative operations of the
© Sct theory.
ii — Presenting a revised reatization of the data which might ais» bz more
efficient, less confusing and more reliablz in any further studizs.

RISCUSSION

First, I think it wil! be more convenient to the reader (o formniata
some workable knowledge about sets and set  theory before I proceed  in
the revision of the problem and its data. It is quite cnsy to recognize and
formulate mathematical scts of some common objects, clements and di-
gits, for example, a set of 1990 cars, a set of linguistic books on ths shel-
vesand a set of real numbzrs ... etc. In order  to simplify the casz, [wil)
take samples of mathematical sets using digits ( numbazys ):

The digits(1,2,3,4,5,6,...) formasetof real numbers which can he
presented in a set theoric formula by:
ATt e [1,2,3,4,56,..]

Where, £ means contains and [ ... ] the limits of the set variahlcs.
Similarly, B 7 set represents a sct of natural numbers, e.g.,

BVsete [12,22,32 42 52 62 ..]

Where , B " sct contains natural numbers and none of the real numbars.
This, simply, presents the fact that we have two different mathematicat
sets of numbers: A * set is a set of real numbers, while B " set isa s2t of
natural numbers. This emphasizes the fact that cach set contains  differ-



simply contains eight referential variables (vowels) which are believed to

fo:m a conventtonal scale for measurement and desciiption. This system

is calicd thr vripcayy Cardival Vowel get as against the secondary Curdi-

nal Vowe! sct.From the very beginning these two scts were confused Wh‘.
en they were presented within one identicat  diagram (12) of similar proc-

ecdural value. Tt was thcught that this would present a unified Scale of app-
roximate referential points of measurement for any vowel sound. The fo-

Nowirg dmgram tustrates the confusion presented within Jone’s Cardinal
Vowels scale using numbers:

CV.NO.1 /i/( J~—< ‘(Hhcov. NO. 8 Juy
CV.NO.9 /y/ . \ \l)cv. NO. 16 Jey /
CV. NO. 2 Jey \ L cv, no. 7 oy
CV. NO. 10 /@y r)cv NO. 15 /y/

CV. NO. 3 /s/
CV. NO, 11 /ce /
CV. NO. 4 /ay

CV. NO., 12 ¢/

CV, NO, 6 /D /
CV. NO, 14 /4 /
CV. NO. 5 /q /
CV. NO, 13 /p /

Nobody denies the importance of the above scale; it has bezen used

for years now and its value lies in the following points:

i ~ The items are arbitrarily selected and generally uscd as descriptive
devices.

it~ They wre paiphe clements, their limit is always inclusive.

But, the claim that these clements constitute one System which can be us-
ed scequately by two different sets of eight related clemsznts within each
is ccnsidered the cause of a possible confusion in application and apprch-
ension. Morcover, the vaiidity of the statement that cach set is formulated
by the set of eight elements of cxactly determined and invariable vocalic
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IS very liberal (5). A set can  be easily obtained by putting together a-
number of obiccts or clements sharing some commen characteristic (5) (6).
Dalen (1982: p. 13) defjnes a sct as “a collection of certain distinat objects

ol our intuition or of our thought into a whoie’. Generally, the usz of the

set theory ocutside mathematics enforces the existence of one common fe- |

ature to relate objerts or elements first, then one constructs a set, which

can be a finite or non-finite one.

Phonology and phonetics provide, as T think,a wealth of such relatad
elements: vowels, consonants, features, sylables, pitches... ete. Therefors,
ithe use of the sct theory in this study is that of utiiity and validity. The sect
theory will help, as it is thought,to revi
formation of the constituents of the Cardinal Vowel systems for T believe
that the wvailability of the set theoric apparatus provides a healthy meth-
odological procedure in studying some aspects which  have similar phon-
etic features in common(7). Yet,I will not venture here to dail with the
independznt problems of some higher axioms of the sct theory; T will
stick to those parts that do not require a refined mathematical apparatus.

This study will be restricted to an analytical revision of the wype of
phenetic data which has to be formulated and presented in sets onty, It

will not question the validity of the diagram uscd here for the set thesrie
apparatus falls rather short of providing the m
operations for such an issue (8).

THE PROBLEM

se and then to reconstruct the set

eans and the mathematical

The problem is related in general to the proczdure of idantifying ade-
quately many different rangss of vowe! sounds, for vowsl scunds vary co-
nsiderably from one language to another and from one pronunciation to
another (idiolects). Some phoneticians (¥) were confronted with such a
problem and tried to find a rationally acceptable solution for it by
referring mostly to the different movements of the tongue  inside the
oral cavity addition to the shape and posture of the livs. Thus, the
probiem in particular lics in the establishment of some selscted variabias
within sets of measurable vowel sounds to formualte what is k nown as
the Cardinal Vowel System (10).

Various systems of Cardiral Vowcls have been presented (11), But,
the main concern of this study is dircctly retuted to the fundamentality of
constructing these scts which represent two different  scales. Each system
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AESTRACT

This papgr is an sttewmpt to utilize the theoric operations of the set
theory in mathematics.Jt is assumed to bring some clearness to the
selection and formation of the total voealic elements of the cardinal vowel
svitem. Some abstract aspects of the set theory like, to:ality, property and
functional relationship  are used to help to reatize som> confusion and
impreper fermation within the twoe sets of the systcm. Each of them isatt-
ested Lo contain vaguely a ‘set of sets’ which is thought to be the cause of
the inconsistency and insufficiency of their application.

The revision revealed the possibility of formulating a refined  basic
system, which contains one intelligible set of eight different vocalic varia-
bies (clements). This busic system,unlike before, can be extended to inc-
flude two or more  sets, once one changes the identical relative phonetic
property of all the vocatlic clements of the set within the basic syslem,
INTRODUCTION

The set theory in mathematics is very dominant in use in many scie-
ntific fields (1). Some mathematicians even claim that the best presenta-
tion of connccted scientific facts or objects has to be made in sets (2).This
study is an attempt to apply the set theory in a revision to the status of
the cardinal vowel system and the arrangement of its different connected
‘clements which are actually presented within two dilferent sets (3). Yet,
one does nnt guarantee a total success for this attempt, but, nevertheless,
it is a try to utilize mathematical devices in phonetics which may lead
to a kind of refined scientific cxplanation of some other recurrent data, It
might provide motivation for a stronger belief in the scientific supremacy
of mathematics to solve some other phonotic problems (4).

It is quite obvious that the concept of a set fcrmation in mathematics
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