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ABSTRCT

Fricatives are produced with a constriction in the vocal tract narrow enough to produce turbulence. Their
acoustic features are analyzed based upon the gestures of the front cavity. The present experiments are deal-
ing with five voiceless fricatives /f/, /s/,/ts/ »/8/»/x/ in Standard Chinese (SC). They are arranged in
CVCV contexts in which three peripheral vowels are combined with each fricative in C1 and C2, thus made
45 tokens,and spoken by two Pekinese of middle age. Spectrographs of all the tokens are made and their a-
coustic data are measured, i. e., frequencies and durations of the lower margins (LM) and/or that of the
concentration bars of fricative noise in C1 and C2, frequencies of vowel formants up to F4, and both the
onset and offset transitions in each formant in V1 and V2. In this paper, spectrograms of the whole tokens
are shown,and seven tables of different data are given. According to the different articulatory gestures, the
coarticulation effects of voiceless can be classified into three groups; (1) homorganic, (2) heterorganic and
(3) contiguous. Coarticulationof /x/ belongs to the first group, /f/ the second and /s/, /8/s /8/ the
third. In this paper, intra-syllabic and inter-syllabic coarticulations which occured anticipatory and/or car-

ry-over are discussed.

INTRODUCTION

Since the nature of fricatives are not so simple as that of the stops, for they are featured by timing varied
continuants instead of interruptors. The intrinsic feature of a fricative is rather better for perception than
that of a stop, for the information elemants of the latter is most borne in its extrinsic feature, thus, to exam-
ine the acoustic features on the noise segments might be more reliable than that on the transition cues.
"Fricatives are produced with a constriction somewhere in the vocal trabt narrow enough to produce turbu-
lence. The cxcitation is best modeled as a pressure source in front of the constriction ” ,as Zue has stated
(Zue 1985).” In general, the transfer function of the vocal tract will have poles if one assumed that the
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constriction is small enough to permit decoupling of the cavities, In this case, the transfer function might be
dominated only by poles, which are the natural frequencies of the front cavity,” This is true when a frica-
tive noise produced by a constriction in vocal tract at a distance from the mouth aperture is good enough to
give an ideal front cavity by which the transfer function poles are well-formed in the noise spectrum. How- .
ever, when the place of constriction is quite fronted, there will be no more poles of concentration area can be
found in the spectrogram. There are five voiceless fricatives in SC,i.e. /f/,/s/,/s/+/¢/ and /x/. The
fricative /x/ is a best sample for the former case, and /f/ the latter case. Thus, the acoustic features of
fricatives are mostly differed by the various lengths of the front cavities. Also, the voiceless fricatives are
sustained and dynamic, their noise spectra give the overall acoustic features from begining to ending, which
are modeled by the transfer functions of the articulatory gestures dynamically configureted and mostly deter-
mined by the position of constrictions. In the noise spectra, the lower margin is usually identified with the
lower formants of succeeding vowel, especially the F2, of the adjacent vowels. Attention paid to these lower
margins as well as to the noise patterns may be a brief way to obtain more understanding of the fr‘icatives
(Badin 1989, Soli 1980, Stevens 1987). As for the coarticulation effects of the fricatives in a sequence of
speech, examination of the shifting of vowels' formants and comparing that in syllables with that in contexts
may give more informations about the coarticulation of fricatives. Owing to the fricative features are strong-
ly differed by their articulatory gestures, their coarticulations may be classified into three groups, as stated
by Catford (Catford 1977), namely, hbmorganic, heterorganic and contiguous, in which the effects of

coarticulations can be seen in the data rather different from each other.

EXPERIMANTAL DESCRIPTION

Our experiment for the coarticulation of SC fricatives is dealing with the contexts of double syllabic
C1VIC2V2. The project is laid the reason that the feature of C1 followed by V1 gives an intrasyllabic coar-
ticulation effect, while that of C2 interleft between V1 and V2 gives an intersyllabic one. Three peripheral
vowels are distributed to each of the five fricatives, that would have made a total of 15X 15= 225 combi-
nations. For the sake of simplicity, the tokens are reduced to 45 with C1 and C2 being the same. However,
the peripheral vowels /i/, /a/, /u/ are not all combined with the five fricatives respectively in SC phonolo-
gy, some of them have to be substituted by their adjacent vowels as /t /,/}/,/e/ and /5/ for /i/, and /y/
for /u/, according to phonological rules of SC. In fact, /e/ is an abbreviation of dephthong /ei/. These to-
kens are written in Chinese characters instead of alphabets, in order to give an impression of ane character by
one syllable, and can be spoken by the speakers naturally in a disyllabic combination for one token but
meaninglessly. The readings are in normal speed and moderate stress, and all the characters are in first tone
of SC avoiding the neutral tone.

All the spectrograms are measured and give the data of frequency in hertz and duration in micro-second. The
data of the frequency are including the lower margin of noise specttum with measurements at begining and
ending; concentration noice bar; the formants of vowel with measurements at begining, middle and ending.
The formant measurements also include both the onset and offset transitions of F1 to F4. The data of dura-
tion include two measurements at begining and ending of all the consonants and the vowels in the tokens. In
addition, a list of the five fricatives in monosyllables CV combined with the vowels as C1V1 in the tokens

J— 4 ——



Table 1. The iower margins(L¥) of frequency ranges of Cl and C2 and the
formants F2 of Y1 and V2 of SC fricative /f/.
£ WRIERE/MI/HTRAEETHFFLRERE L.

LM of CI F2 of Vi LM of C2 F2 of V2
CVCvy

Be En Be Mi En Be En Be En
fafa 1540 1540 | F2 1230 1230 1230 | 1930 1930 | F2 1160 1230
fafu| 2080 1230 1230 1230 1230 | 1000 1000 70 770
fafe | 1160 1160 1230 1310 1310 | 1000 2310 1460 2160
fufa| 1000 1000 | F2 850 770 770 | 1000 1460 | F2 1080 1230
fufu | 1000 1000 770 1710 770 | 1000 1000 770 779
fufe | 1000 1000 770 770 770 | 1080 1390 1460 2080
fefa| 2000 1230 | F?2 1460 2080 20808 | 1770 2230 | F2 1160 1230
fefu| 1160 1390 1460 2080 2080 | 1000 1000 70 770

fefe | 2000 1460 1460 2080 2080 | 2160 2160 | 1690 2080

Be: bigining, Mi: middle, En: ending

Table 3. The lowest noise bar (LNB) of Cl and C2 corresponding to formants
F2 of V1 and V2 in C1ViC2V2 of fricative /x/ in SC.
3. HEERE//HBREBRFSHYNNATHF2IERENE %,

- F2 of V1 F2 of V2
cvcy LNB of C1 LNB of C2
Be Mi En Be En
Xaxa 1000 F2 1230 1230 1230 1540 F2 1230 1230
Xaxu 1540 1390 1230 1390 540 770 770
Xaxy 1000 1310 1310 1310 1230 1160 1160
Xuxa 600 F2 770 770 850 1160 F2 1230 1230
Xuxu 690 770 770 770 620 770 7170
Xuxy 620 770 770 779 1000 1160 1160
XyXa 1230 F2 1230 1230 1230 1230 F2 1236 1230
XYxu 1230 1230 1230 1080 620 770 770
Xyxy 1160 1230 1230 1230 1160 1230 1230

Be: bigining, Mi: minddle, En: ending



Table 2. The lower margins (LM) of frequency ranges of Cl and C2 and
the formants F2 of Vi and V2 in C1VIC2V2 Of the SC fricatives

/s/,/s/,and/g/.
2. BBERE/s/,/5/,/¢/ HTRBERTEREREESEEE.

LM of C2

LM of Cl F2 of Vi F2 of V2
cvey
Be En Be Mi En Be En Be En
sasa | 4620 2310 | F2 1390 1390 1160 | 1770 2310 | F2 1230 1390
Sasu | 4640 2400 1390 1310 1230 | 2390 2310 1160 780
Sasl | 4080 2660 13906 1310 1310 | 2160 2310 1230 1230
susa | 2700 1930 | F2 11606 850 1080 | 2460 2460 | F2 1310 1310
susu | 32386 2230 1160 710 1000 | 2230 2620 1080 770
Sus: | 3160 1160 1080 770 1080 | 1160 1160 1230 1230
Sisa | 4000 1850 | F2 1310 1310 1310 | 2230 1620 | F2 1310 1310
Si1su | 3310 1469 1310 1310 1310 | 1230 2000 1390 770
S1S1 | 3470 1390 1319 1310 1310 | 1310 1310 1310 1310
Sasa | 2700 2000 | F2 1540 1390 1390 | 2000 1540 | F2 1310 1390
sasu | 3000 1310 1620 1390 1540 | 1310 1310 1160 770
sast 2700 1540 1460 1460 1460 | 1540 1540 1620 1620
gusa | 2310 1160 | F2 1000 770 850 | 1620 2160 | F2 1460 1310
susu | 2310 1230 1080 850 1000 | 1230 1230 1080 850
Sust | 2230 1160 1080 770 1230 | 1160 1540 1620 1620
Sisa | 2460 1690 | F2 1690 1690 1690 | 1690 1690 | F2 1460 1390
sisu | 2540 1390 1779 1770 1770 | 1390 1160 1080 850
s181 1770 1460 1770 1770 1770 | 1460 1460 1690 1690
eaga | 2350 2540 | F2 1850 1460 1690 | 2000 2310 | F2 1850 1460
Gagy | 3850 2620 1690 1540 1540 | 2080 2080 1930 1930
cagi 2850 2310 1850 1460 1690 | 2080 2080 2080 2080
Eyea | 2080 1770 | F2 2000 2000 2080 | 1770 1930 | F2 1930 1390
GYGy | 2080 1770 1930 1930 1930 | 1620 1620 1930 1930
CYRi 1850 1770 1850 1856 2160 | 2000 2000 2080 2080
ciea | 2390 2000 | F2 2080 2080 2080 | 2230 2230 | F2 1850 1390
cigY | 2850 1930 2000 2000 2000 | 2080 1930 1930 1930
clgl 2230 1930 2080 2080 2160 | 1930 1930 2080 2080
Be: begining, Mi: middle, En: ending



are also spoken by the same speakers. Their spectrographs are also made and measured to compare with that
of CVCV. All the measurements of the two speakers make an amount of 9600 data, After simplifying, only
F2 are chosen for the representation for coarticulation effects of fricatives as listed in Table 1—3. As has
been mentioned before, the data of F2 are sufficient to denote the distinction of coarticulation effects of
fricatives(Soli 1980, Repp et al 1987).

The acoustic features of various fricatives are not as simple as the white noise with several concentration
areas, actually they are the sequence of noise modeled by the transfer function of the front cavity and ap-
peared in the spectrograph with quite different patterns according to variant gestures. In SC, the voiceless
fricatives are represented by five general patterns determined by the followir;. iormants patterns as shown by
diagrams in Table 4. Pattern 1 is a segment of random ”filling” in spectrogram, with an upper threshold up
to 8kHz or more, and the lower margin is varied as the following vowel. Pattern 2 is a varient of the pattern
1, with its lowest portion separated from the noise filling and become a concentration noise bar as broad as a
formant of wide band spectrograph, This is a speaker-dependent feature that can be seen in Figrue 1—3.
The pattern 1 deffers from pattern 2 for a pole of transfer function in the latter is more dominant than that
of the former. In fricative /f/, there are only pattern 1 occurred, and in fricatives or sibilants /s/, /s/,
/s/, pattern 1 and 2 are all occurred subject to the different utterances as well as the different speakers.
The fricatives of pattern 1 and 2 in SC assimilated by their adjacent vowels are shown by the difference in
frequencies between the begining and the ending of the lower margins in certain fricatives, which denote that
the modification of the front cavity varied immediately after the turbulence excited from the constriction. In
a noise string of C1V1, the begining frequency denotes the gesture approaching to the starting point of the
onset transition of a certain formant of the succeeded vowel. The envelop direction of the lower margin
downward, or upward or curved , denotes a CV transition similar to that in a stop consonant. However, the
transition of a stop is undert;;ken by the vowel only, while that of a fricative is undertaken partly by the
noise and partly by the vowel, although the contour of the lower margin is usually not smoothly connected
with the onset transition of the vowel(Wu 1989 b).

Pattern 3,4 and 5 are all of the apectra of fricative /x/. In pattern 3, there are three noise bars with a
highest one at the top, a next one of half high identified to F5 of the succeeded vowel if any, and a lower
one identified to F2. As in the pattern 4, there are four noise bars with a highest one at the top, and other
three ones located corressponding to F2, F3 and F4 respectively. In pattern 5, there is one noise bar identi-
fied to F2 of vowel /u/ only. All of these three patterns are occurred only in /x/, and the number of noise
bars are determined by how many formants of the succeeded vowels are shown in the spectrograms. Table 4
gives all the tokens grouped into five columns, with fricatives /s/,/s/ and /g/ in the left three columns be-
longed to the coarticulation group of the ”contiguous” , /f/ the ”heterorganic” and /x/ the "homorganic”.
Pattern numbers in C1 and C2 are given in this table in which the occurence of different patterns refer to the
different coarticulation groups as well as the cavities of the vowels.

In C2V2, when a fricative of C2 is articulated between two vowels V1 and V2, the gesture of the front cav-
ity has to be configureted firstly to accomodate to the gesture of the preceding vowel, then lastly to the ges-
ture of the succéeding vowel as the C1V1 does. Thus the coarticulation of C2 effects both anticipatory and
progressively. So the lower margin of C2 and that of C1 are rather different in the begining but similar in
the ending if their succeeding vowels V1 and V2 being the same. ..
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Table 4. The noise patterns of Cl and €2 in C1VIC2V2 in SC fricatives.
R4, WHIEREFENEFNTRARTNA.

C1vic2ve| Pat. [[CIVIC2V2| Pat. [|C1VIC2Y¥2] Pat. ||C1VIC2V2| Pat. [{C1VIC2V2| Pat.
Cic2 Cic2 , c1c2 C1C2 C1c2

/sasa/ | 1 1| /sasa/ | 1 1| /eapa/ | 2 2} /fafa/ | 1 /xaxa/ | 5 4
11 1 1 2 2 1 4 4

/sasu/ | 1 20l /sasu/ | 1 2| /eagy/ | 1 1| /fafu/ | 1 /xaxu/ | 4 5
1 1 1 2 2 2 T 3 3

/sas1/ | 1 1| /sast/ | 1 1|| /eagi/ | 1 1|| /fafe/ | 1 /Xaxys/ | 3 3
1 1 1 2 2 2 1 3 3

/susa/ | 1 1| /susa/ | 1 1] /eyea/ | 1 /fufa/ | 1 /Xuxa/ | 5 §
‘ 11 1 .1 1 0 3 3
/susu/ | 1 2§ /susu/ | 1 2} /e¢vey/ | 1 /fufu/ | 1 /xuxu/ | 5 §
1 1 1 2 1 1 3 3

/susi/ |1 2 /susy/ {1 L1 /eyeis | 1 /fufe/ | 1 /xuxy/ | 5§ 3
1 2 11 1 1 3 3

/sisa/ | 1 1| /sisa/ | 1 1| /glea/ | 1 /fefa/ | 1 /Xyxa/ | § 2
1 11 2 o1 3 3

/s1su/ | 1 2| /sisuw/ | 1 L /elgy/ | ] /fefu/ | 1 /xyxu/ | 3 3
1 1 11 2 1 3 3

/s181/ | 1 1| /sast/ | 1 L /elels |1 /fefe/ | 1 /Xyxy/ )} 2 2
1 1 1 1 2 1 3 3

Legends for the table:
Pattern 1 Pattern 2 Pattern 3 Pattern 4 Pattern 5
”" 1 Tiv

|” 1] TN

114 1KLL
Hm " 1

For each C1V1C2v2, pattern numbers in the upper row: speaker A,
Pattern numbers in the lower row: speaker B.

DISCUSSION

The fricatives are not only featured by their concentration areas and transitions as had been understood since
the fifties of this century, but also, as mentioned before, they are bearing almost all the possibilities of coar-
ticulation effects of the consonants intrasyllabic and interacting with their surrounding vowels. Their acoustic
coarticulatory features and patterns can be briefly grouped into three categories as Table 1 — 3, which are
discussed here.

In Table 1 (cf. Fig. 4), The data of LM of fricative noise are given. For the noise production, the /f/ is
produced by a constriction between the upper teeth and the lower lip with a slit turbulence. Its gesture is not
as regular as that of the sibilants in Table 2, which are produced with groove turbulence. In fricative /f/,
there is a very shallow éavity which gives an effect of radiation rather than that of resonance. Its spectrum

is random without any concentration area. The LM of fricative /f/ is depending upon the mouth shapes 4
rather than the tongue positions of the vowels. In Table 1, it can be seen that in C1, the LM ending fre-
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quencies of /fu/ is lower than that of /fe/ because the lips of the former is rounded while the latter is spread-
ed. As in /fa/, the fricative noise is starting with its lips in natural state. In all the CVCV tokens, the LM
fregencies of /fa/ are not in the same pattern because their lips are not always kept in the same gesture.
In Table 2 (cf. Fig. 1—3), there are three sibilant fricatives /s/,/s/, and /g/ each followed by three
vowels, i.e. , /a, u,1/ for /s/, /a, u,}/ for /s/ and /a, y, i/ for /g/. The LM of the three fricatives in
C1 are higher at the begining and lower at the ending, no matter what the succeeded vowels are. It is because
that these sibilants are articulated with their tongue tips streching towards the alveolus or palate, and at the
very begining of the articulations for these fricatives, the degree of their constrictions are not able to be ad-
justed so exactly and are ussually overshot, then the slits become more narrower and the front cavities more
shorter, thus the LM frequencies become higher and decline to accommodate the following vowels.
The LM of the three fricatives in C2 are different from that in C1, for they are coarticulated with their pre-
ceded vowels also, so their begining frequencies are identified with the offset transitions of Vl1s instead of
high initial frequencies.
As in Table 2, when the fricatives /s/ and /F/ are followed by vowel /a/, the releasing of the constrictions
with the tongue tips moving downwards, that give little effects of transitions in the noise area. The transi-
tions of coarticulation are revealed in the vowel formants, both the offset in V1 and onset in V2. When they
are followed by the vowel /u/, the lips rounded and protruded anticipatorily , and the tongue tips withdraw
backwards. Both the movements cause the front cavity being lengthened, thus the LMs become lower. When
they are followed by high front vowel /1/ and /1/ respectively, the tongue tips move a littie to cause the
constriction being loosened, by which the turbulence are just ceased but kept the tongue positions unchanged,
then the vowels started. So there are no transitions can be seen both in noise and in voice areas. In general,
as the dynamic gestures for coarticulation of these fricatives are configured by continuous tongue move-
ments, the coarticulations_ are grouped as " contiguous”.
The fricative /e/ is different from the other two in table 2. The constriction is formed by the tongue blade
against the front palate and is named as palatalized. Owing to the consonant is palatalized, any of its suc-
ceeded vowels must have a palatalized onset transition. According to the ”final” system of SC, these transi-
tions are symbolized as /i/ or /y/, and should be written between C and V in a syllable in ”Pingyin” text.
These transitions are called ” medials” of the diphthong or triphthong in Chinese phonological works. The /g/
with the transition /i/ preceding a vowel is articulated with a spreaded-lip gesture, while with a /y/ is with
a protruded-lip gesture. The coarticulation effects of palatalized /¢/ are shown by LM clearly in the spectro-
grams, and their transitions are of both progressive and regressive.
In Table 3 (cf. Fig. 5), the fricative /x/ is succeeded by each of the three vowels /a/, /u/, and /¥ /, in
which /+/ is a considerably front vowel that can be constructed in the /x/ V syllable in SC phoneme instead
of a high-front /i/. The fricative /x/ is a V-dependent one whose constriction is always identified closely
with tongue dorsum of the suceeded vowel, and the front cavities of both the former and the latter are similar
in gestures. So there is no LM in the noise area but the formant-like concentration noise bars, which are
closely connected with their corresponding formants abpeared one or more in a spectrograph without transi-
tions interleaving (Table 4 pattern 3—5). As in C2 of the tokens C1V1C2V2, the noise bars of /x/ are
usually coarticulated with the succeeded formants of V2 and seldom assimilated by the preceded formants of
V1. The carry-over coarticulation is only effected intra-syllabically in CV which is a case of homorganic
J— 9 N



coarticulation that is different from the other fricatives. In SC, /x/ is phonetically a velar fricative which is
. grouped in same place of articulation but different in manner simillar to the velar stops /k/ and /k7. It may
be moved somewhat forwards or backwards according to the dorsum position of the following vowel. The
/x/ in SC is different from the pharyngeal /h/ in English.
In Table 5, the data of coarticulation effected on vowels in di-syllabic CVCV are given. The frequencies of
three formants in C1 and C2 are measured. Their values are compared with the formants of the tokens of
monosyllabic CV. Their difference are shown in percentage value, in which the 4+ value means that the for-
mant frequency in CVCV is higher than that in CV, While the — means it is lower. For example; the /su/
in C1V1, in which the value of F2 in V1 is +10% , which means that the /u/ influenced by /s/ becomes
fronted, while the /su/ in C2V2, its F2 in V2 is also +10%, and the F1 is +18%, it means that this
/u/ is fronted and also dawnward, and the formant of high-back vowel at the ending of a di-syllable is un-
derspecified. While the /su/ in C1V1, the F3 in V1 is —34%. The decreasing of F3 means that the /u/ is
more rounded by both reasons that /§/ is retroflex and the F3 downwards, and as the /§u/ in C2V2, the F3
of V2 is —41%, it means that /u/ is more dawnwards with the lips more rounded.
When a fricative articulated without any preceding segment in a linguistic sequence, the constriction usually
becomes narrower at the begining, then loosened afterwards to a certain extent to produce a perceptable fric-
tion as described before. according to the aero-dynamic aspect, the narrower constriction results an increas-
ing of supra-glottic air presure, which gives to the fricative noise an exitative effect. It is presented by
acoustic effects in different ways according to the coarticulation grouping. As in the Table 1—5, it can be
found that in Table 1 and 3, the starting frequencies of /s/, /s/ and /g/ are higher than the ending ones.
It can be explained as: when the starting constrictions are loosened, the lower lip for /f/ and the tongue dor-
sum for /x/ are lowered vertically with the lengths of cavities unchanged; while the tongue tipe for /s/, /8/
and /g/ are withdrawn horizontly with the cavities prolonged, thus the starting frequencies of the former are
stable, and that of the latter are raised.
Here are two averaged data of the LM frequencies of some of the sibilants and of the duration of all the five
fricatives (Table 6 and 7). In Table 6, the difference of frequencies between C1 and C2 is larger in /s/ and
smaller in /s/ and /¢/. That means the coarticulation effects in /s/ is greater than that in /s/ and /¢/. In
' Table 7, the duration of the fricatives of speaker B are roughly 20%; longer than that of A. It perhaps means
that the coarticulation in duration is more speaker-dependent.

CONCLUSION

An investigation of fricatives articulatorily as well as acoustically might be one of the most interesting topics
that many phoneticians and acousticians were dealing with. Although fricatives are rather complex and ” far
from being completely understood both in production and perception” as many phoneticians claimed. In
short, the fricatives in production and perception can be closely related to their gestures grouped above.

Most of the literatures were published, that were on the fricatives of English and other popular languages but
very few on Chinese. Moreover, the early studies on fricatives were mostly paid attention to the phenomena
of acoustic features and transitions of monosyllales rather then multi-syllables (Fant 1960, 1973, Stevens
1960, Strevens 1960, Shoup 1976, Kagaya 1979, Soli 1981, Ladefoged and wu 1983, Wu 1988, 1989,
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etc, ).

‘The articulation of voiceless fricatives /f,s,‘s.p,x/ in SC are different in place of articulation by gestures,
and more or less differ in their articulation manner of whether it is a sibilant or not, or whether it is excited
by the turbulence of a slit or of a groove. Their coarticulations can be classified into three groups according
to their articulators, i.e. , /f/, the heteroganic; /x/, the homorganic and /s/, /s/ and /g/, the contigu-
ous. The coarticulations of these fricatives are also different in context distributions, which are controled by :
the relations intra-syllabic and/or inter-syllabic. For the effects of coarticulation, some of them are C-de- ;
pendent, some V-dependent and some speaker-dependent. (Recasens 1989). Rules of coarticulation are not '
so easy to be established, for there are so many functions have to be touched on. Moreover, the variants be-
tween different speeches by a speaker, or between different speakers, give many difficulties to the phoneti-
cians and technicians. As the relation between the gestures and the transfer functions are not one-to-one, so
the data from articulatory measurements and that from acoustic experiments are not to be applied ideally yet.
However, thoroughful studies of the acoustic features of coarticulation closely controlled by the knowledge of

their articulatory interrelations may be of value.

Table 6. Average data of lower margin frequencies of /s/,/8/ and /g¢/ with
three vowels respectively in C1V1 and C2V2.
&6, WBE/s/,/s/,/6/ TREME, Cl5C2HTHRE.
Sa--  81--  su-- ga-- S1--  su-- fa-- pi-- pgy--
Cl ] Be | 4450 3590 3030 1860 2260 2280 3000 2490 2000
En | 2460 2170 1170 1620 1510 1180 2490 1950 1700
--sa --S1 --su --sa --sv --gu --pa --¢i --gy
C2|Be | 2150 1540 1630 1770 1620 1230 2000 2000 1930
En 1920 1590 2310 1450 1510 1230 . | 2160 2000 2080
Table 7. The average duration data(ms) of fricative noise in CLoand 10 o
ClVIC2v2 in SC, spoken by speakers A and B.
#1. BEBEEEECVCYVEESY M EYH K.
Speaker A Speaker B
/8/ /8/ /gl /f/ /xX/ /8/ /s/ /el /F/ /X/
Cl 160 180 190 110 140 200 210 190 140 120
C2 140 170 160 150 170 200 200 180 1560 140




REFERENCES

Badin, P. (1989), Acoustics of voiceless fricatives.Production theory and data, STL—QPSR, 3, PP. 33
—55.

Catford, J. C. (1977), Fundamental Problems in Phonetics, Edinburgh Univ. Press, PP. 128.

Fant , G. (1960), Acoustic Theory of Speech Production, Mouton, The Hague, Chap. 2. 61

Fant , G. (1977), Acoustic discription and classification of phonetic units, Speech Sound and Features,

MIT Press, Mass. PP. 32—83.

Ferrero, F.E., Pelamatti, G. M. and Vagges, K. (1977), Perceptual category shift of voiceless Italian
fricatives as a function of duration shortening, Lindbrom and Ohman (ed), Frontiets of Speech Com-
munication Research, Academic press, London, PP. 159—165.

Heinz, J. H. and Stevens, k. N. (1961), On the properties of voiceless fricatives, JASA 33, PP, 589 —
596.

Jassem, W. (1964), The formant patterns of fricative Consonants, Languge and Sbeech, 7, PP. 15—31.
Jassem, W. (1977), Clasification of fricative spectra using statistical discriminant fuction, Lindbrom and
Ohman (ed), Frontiers of Speech Comminication Reseach, Academic Press, London, PP. 77—91.
Kagaya, R (1974), A fiberscopic and acoustic study of the Korean stops, affricates and fricatives, J. Pho-

netics, Vol. 2, PP. 161—180.

Klaasen-Don, L. E. D. AND Pike, L. C. W. (1983), The role of coarticulation for the identification of
consonants, Proc. 10th ICPhS, Utreicht,Holland, PP. 451 —454.

Ladefoged, P. and Wu, Z.J. (1984), Places of articulation: An investigation of fricatives and affricates,
J. Phonetics 12, pp. 267 —276.

Raphael, L. S. and Dorman, M. F. (1977), Perceptual equivalence of cues for the fricative-affricative
contrast, JASA 61, S46 (A).

Rrecasens, D. (1989), Long range coarticulatory effects for tongue dorsum contact in VCVCV sequences,
Haskins Lab. Sta. Rep. Speech Res. , PP. 19— 37.

Repp , B. H. and Lin, H. B. (1987), Difference in second-formant transitions between aspirated and

unaspirated stop consonants preceding [a], Language and Speech, Vol. 30, Part 2, PP. 115—129.

Saltzman, E. 1. and Munhall, K. G. (1989), A dynamical approach to gestural patterning in speech pro-
duction, Haskins Lab. Sta, Rep. Speech Res. , pp. 38—68.

Scully, G. (1979), Model prediction and real speech; Fricative dynamics, Lindbrom and Ohaman (ed),
Frontiers of Speech Communication Research, Academic Press, London, pp. 35—48.

Shoup, J. E. and Pfeifer, L. L. (1976), Acoustic characteristics of speech sounds, N.J. Lass (ed), Con-
temporay Issues in Experimciial Phovotics, Academic Press, N. Y., pp. 192—194.

Soli S. D. (1980), Second formants in fricatives. The acoustic consegencies of fricative-vowel coarticula-

tion, JASA 70, pp. 976 —984.

Stevens, K. N, (1987), Interaction between acoustic sources and vocal-tract configurations for consonants,

proc. 11th Inter. Congr. Phob. Sci. , Talinn, USSR, Sy 3.4 pp 35— 389.



Strevens, M. P. (1960), Spectra of fricative noise in human speech, Language and Speech, 3, pp. 32—
49.
Wu, Zongji and Xu, Yi, (1987), Aspirated vs. non-aspirated stops and affricates in Standard Chinese,
Proc. 11th Inter. Congr. Phon. Sci., Tallinn, USSR, Se 83. 4, PP.5.209—212.
Wu, Zongiji and Lin, Maocan, (1988), (ed), An outline of Experimental Phonetics, Higher Education
Press, Beijing, PP. 112—152 (in Chinese).
Wu, Zongiji, (1989 a), An Experimental study of the distinctions between consonants aspirated and unaspi-
rated in Standard Chinese, Bull. of Chinese Linguistics, Vol. 3, PP. 256 —282 (in Chinese).
Wu, Zongji and Sun, Guohua, (1989 b), An experimental study of coarticulation of unaspirated stops in
CVCV contexts in Standard Chinese, RPR —IL(CASS), PP. 1—25.
Yeni —Komshian, G. H. (1981), Recognition of vowels from information in fricatives; Perceptual evi-
dence of fricative-vowel coarticulation, JASA 70(4), PP. 966—975.
Zue , V. (1985), Speech Spectrogam Reading, An Acoustic study of English words and sentences, Lecture -
Notes for Special Summer Course, MIT, Mass. , PP. N— 32— 86.



‘i“)tlvf nlu: o
h,mm e

‘ . . .IQ il ! ;,‘”;‘ .
'mlm l[ ]“| ' '1 Ilh] I ’M"' " , . "
v W'"‘“’m W - nmlum 0 *mm;n a i
umtwmﬁﬂmhmmuu ‘“is;“l""‘WML:“;E‘ s ‘ || .......

fafa fafu

/1 R SRt PmﬂﬁW ’ y
IQ“ My g & PR
,'i“i“ 'liw |l" .

lw

(- N TN

SRR .i;'“a‘, ‘np thlmhln
o W

\ l‘. 4 "“Wr &

‘ iy R

.1'

(ST In i b Iy . Lil\.:|.'.' “ I A TIERRRTIRY: i I
® JW““A mew' L o TR m
e o A

lll mmh"mhlmmﬂmmlhm uuunhuummﬂmﬂmm I“m WWM““ ““"Il:n;lu I |

fufa fufu fufe

i

e ‘\" N ”m

()
- B Sy u B i . : i
i L S'a;.mﬂ 3 »' Mh ; i 'l“_r}l'
b :th t AM‘VWW fﬁ MMn L Lt > " A
" NMMM '@Mmh L
) ’ i‘"(f‘ | l
elidimiun W‘J“hﬂllhmmm ; wwmmmm ; o

fefe

Fig. 1. Spectrograms of SC fricatives /f/ in CVCV spoken by speakers A and B.
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