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A3STRACT

The distinction between aspirated ana

non-aspirated consgcnants  in Standard
Chinese (SC)  is wusuaiiy described in
traditional ohonetics as a ditterence in

tgrce Or giottis opening. Our experiments
including acoustic analysiss manometers
measurements and perceptiton tests with
syntmnesized consonants: reveaied that
intformation about aspiration is carried by
prolonged turbuience with different
teatures.. The perceptive cues for aspi-
ration in affricates aiso cgesend upan the
tongue positions ot the foiiowing wvoweis:
wnen before a low voweis the aspiration is
realizea as a tricative /h/ immegiatly
foliowing the releasing noise, whiie
setore a high- voweis it is reailized as
tne prolongation of the reieasing noise.

INTRODUCTION

in Stancara Chineses tmere are two
grouss ot consenants which can be sroouced
20tan with and without assiration. These
are the voiceiess stops and affricatess
eacn 0t whicn is distinguismea from its
countersart in the feature aspirated/mon-

assiratec i1n -the Chinese mhonaiogy.

In many Eurobean ianguases: e.g.
Sngiish, the aspiration of wora initial
stops is only a conditional features out
in many tone |anguages, especiaily in
Chinese; it is a prmonemic feature. In
traditionat Chinese phanetic worxss the
nature ot aspiration is mostly discrined

in terms of the force ot articuiation: the
ispirated comsgnants maving greater force
9 articuiation than the non-aspirated
tnes. Ome of the popuiar phonetic outiine
00Ks stateds “In aspirated articuiatiaon
the air stream expeiiec trem  thne moutn
favity is stronger tman in non-aspiratec
frticulation.12 [t.is aiso mentioned mere
and there that “an air-fiow after reiease
Scaliea asoiration”; that “the air-tiow
'"  non-aspirated sound is weaker and

:”QWE”» ang vise versa) anc that “for an
SPlratea sound, the giottis is oocenec
during reiease;, tne air pressure iS5 :arsc
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-and the air-tiow Dbreathing out ' s

opviogus”, etc.
In  recent gecacess; tnanks to tne
wideiy appiication of phmonetic . experimen—

tation; phoneticians can stucy tne
probiems 0of aspiration more ceeplys anc
the veii ot non-aspirateag/asopirateac ais-
tinction are nNOw Deing raises gracual:iy.
Many tegninics have peen useg for investi-

gating tnis feature in the ieveis of art:-
cuiation, acoustics anag perception. The
VOT +features at aseirated/ non-aspiratec
OpPOSitCN was examinec in spectrograms anrc
was proved by perception tests as an
rmportant cue[2),tnere were aiso investi-
gators ceaiing with the gigttic movements:
air-tiow ratesy and nerves activities.
Those stuaies mave prougnt the aiscussion
of aspiraticon to a high level.[33]

This eaper 1ntenags to ma<e furtmer
studies on the B non-aspiratea/asciratec
consonants in Stangara Chinese in oreer to
raise ang answer tme folliowing questions:

1) Which is the main perceptive cue
for aspirations . the air-stream force, tne
duration or VOT, or the giottis oceeninc?

2) Wrat are the articuiataory pro-
cesses Of these consonants?

3) Are tnere any different asoiratior
features oetween stops ana attricates?

EXFERIMENT

Eariy 1n 60’s we testec a:i tne
SC consonants, spOKen Dy twao soeakers, a
ma:e anc a temaies of the Beijing ciaiects
using a ievei recorger (type: BK 23C4) tc
measure tne ameiituces anc the :enrst- ot

sesments. The ampiituage
renresents the overa:: acgustic Pressyre
and the iengtn was measured  from tne
reiease o20int to the starting ooint oOf
vowe's.

“or measuring the concentration area
ot noise and tme VOT as weli as tnme
+ransition cue in stops ana attricates, a
Kay sonagraph of mocel 7029 was used. Trne
ampiitucde were measurec immeciately after
the reiease. Tne materials were spoKen Dy
a maie 3eijing native.[4]

Two sets 0of manometers were usec to

tme cansonantal
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air-pressures

measure the supra-giottis
and air-tiow rates, the equipments were
constructed by Protessor Peter lLacefogeda.
{5l Thanks to the Department ot
linguistics at UCLA, the experiments were
done in their iab by Dr.H.M. Ren. Two
informantshpa maie ana a temaie: were asked

to pronounce all the staps and the
atfricates in Stancard Chinese) each
foliowed by three vouwelss; high or iow.

For the percemtion tests; & numoer ot
non-asoirated anad aseirated stops anc
atfricates were syntnesizea by & syntmnetic

system cesigned by tme phcnetlcs iapora-
+gry of the Institute ot Linguisticss
Chinese Acacemy of GSocial SC|ences.E64

Selected sampies of spectrograms uwere made
a+ tne syntnmesized syilaoies.
For comparison: we
spectrograms from Miao ianguase in Guiznow
and Bai-ma language in Tibet: which nave
aspiratec fricatives in contrast with non-
asocirated fricatives: in orger to examine

magde several

the mnature of the aspiration noise. The
materiais were kindly suppiied by tre
imstitute ot Na+ticna:ities Cnirese

Acacemy ot Spciai Sciemces.

DISCLSSION

OR DJURATICN? To cetermine
$grce or the iemgth ot the

FORC=
wnetner tne

noise »iays the majcr roie as tne Perces”
tive cues taor aspirations & numoer of
experimental .tecnniques were uUSeC. As the
space 0Of the present paper is iimiteas

cn:y a few selectec exampies are given
here. Fig.l and Fig.2 are histograms ot
tme amoiituces measurea ftrom the acoustic
recdres spoken by two subjects A and B (e
ma:e anc a femaie). The ampiituce ot asei-
ratec stops and affricates are snown some-
what stronger than that ot unaseiratea
ones, especially in /pa/ and /pu/; wnere
+he explpsion ot unasoiratec stops are toO
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Table I Supraglottal air-pressure of
stops and affricates in SC

g p t k ts tg ts
& A 10 90 - M 89 . 14
g B 10 27 - 1 39 58
p( t‘ k‘ ts‘ t@‘ tp‘

[N
2 4 11 84 3 11 39 17
B 10 24 - 19 - 10 25

Table II Supraglottal air-flow rate
of stops and affricates in SC

Y

$ YP t k  ts tg ts

g A - 54 - 50 - -

S B - - - - - -
¢

. P t¢ k¢ s tg" tef

< A 90 100 110 100 120 80

B 100 50 90 100 120 80

non-3soirates consonants. Mporeovers tne
Proportion of oressure in /t’/ arcd /t/ s
84/93 ana in /ts’/ and /ts/ is 39/89 =y
Heaxe:lA; and in /tg’/and /ts/ is 25/58
ay 3.§§e air-pressure ot asoiratec conso-
nants is cccasionaltly weeker ratner  than
2;?:9%2 tnan that of ncn—asgirateclanes.
"2!8 L1 gives tme cata of ‘supragiotta:
ﬂr‘??nw rates, whicn are cirectiy prosCcr-
tionai to the duration measured in tne

ES:SE;C cimgnsicn., That is to says; tne
oo e aerfluw; the more tne noise is
ainn +|§Zc. The cifference in sunr;gsattax
“Dlratg Detween aspirated ana no?—
'Seasy : consonants are mucn greater. it
e oxp, o exoiain. In unasoirated 5topS>
mmed Gssive noise s snort ana IS

iately foiigwed by the wvowel. There

‘5 DCCaSiDﬂa ;y

in a siient gan oetween CV
Stead of a

noise. In unaspirated

gfiricates: although the friction seems to
be the results aof air-flow, the air does
not expel continuousiy out from the
pulmonic cavity whiie the glottis Keeps
open. Mowogver; the width ot the giottis
opening is much more smalier than that of
aspirateg atfricates {7J. So their air-
tiow rate zould hardiy be measured.

SOUND  SOURSE The aspiration of
cognsonant is usuaily detinea as a noise.
Op the acoustic point ot views questians
m!gnt be raisead as: what are characteris-
tIFS ot these noise? Are they all white-
noises or noise with.different parameters?

In the soectrograms ot these
consonantss in an aspirated stop as /p’ />
the aspirated section is a sequence af
non-periodicai noises bearing the acoustic
features simiiar to that ot fricative /h/.
i.e.s the concentration areas are
s;attered and connected the formants of
the toliowing wvowei with a /plain/
transitional teature. White in an
asmiratea atfricates as /ts’al/; the
sequence of noise is separated into two:
the first part ot the noise bears the same

acoustic character as the fricative /s/;
ang the second part is the same as /h/.
Thus a ciear boundary betuween them is
shown. ) But when an aspirated
atfricated ‘followed by anather vouwel = as
in /ts’l/, +the noise is quite different
from that in /ts’a/. [t gives no /h/ noise

but orol'ongs the /s/ friction. The same
ohenomina can be aiso. founag in /tg‘{/ anc

Trese can pe
physipiogical

/tg’\ / in Stancard Chinese.
expiainea by the

interpretation. When the vowei after an
asoiratec atftricate, it the tongue.heignt
is iower tman that of the consgnant as- in
/ts‘a/s as soon as the constriction of
/ts/ is reieased and the tongue moves to
/a/> no turpuience wiil be produced with
the tongue tips then the aspiration has to
be +formed by another ways> so a /h/ like
turbuience is produced at the pack area of
the tongue. This can be seen in the X-ray
$iims. But in /ts’1/; wher the vouwel
starts; the tongue pOsition coes not move

tar apart from the upper paiate for the
gesture of tre vowel is  homgrganic with
that of /ts’ /s but the stricture is
siightly eniargea ana the tursouience is
dispiayed by the voice.

ERCZPTION TEST In orger to orove

a number of
" throusn A
‘consonants

the results mentioned aoove
perceostion tests are arrangeq
synthesizer Same ot tne

given in Fig.1-4 are sytnesized by ruie
in which the aspirated sections are
cmangec Dy cOuonie the amp:ituce Or coub!e

tne length of the friction. The parameters
of the frictive mart ot the atfricates are
given pased on the guality of /h/ aor o+t
the. same as the friction of_  attricates.
Fig.S is a sampie of an atfricate /ts/
foiiowed by an open vowel /a/. Fram ét

to rignts /tg/ is a non-attricate, /187
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h
tgpa tg a
Fig.5 Spectrograms ot syntmesizec
affricates /tg/ in ditterent nammers
foiiowec by vowei /a/ (see text).

cousie thne amelitude ot /g/, /tss/ doubie

the lengthn of /s/ ana /tgh/, Is /ts/
tfoliowd by /h/. The percestion resuit is
pPromissing in the last sampie; anc in

which a poundary petuween the two ftrictions
is prominantiy seen. Fig.§ is a sampie ot
atfricate /tg/ foliouwed by tne vouwel /l /.,
ang a /tg/ toiiowea ny thne vowe! /i/; both
with their ftrictiors couo'ea the :ergth or
tolrouwec by /h/;  better resuits are
ontaimed by doubled the iengtns insteag of
pius a /n/..

h
tegl . te"1 . teel el
Fig.g Ssectrocrams ot syntmesizec attr -
zates gitferent

/té/ erae /tg/ in
manners oliowea >y vowe!s /]/ arc
/i/ resmectiveiy (see text).

it is interesting tc nhave tris
results reveaied in certain minority
:anguages in China. For exampie; there are
ngn-aspirated/ascirated pairs in Miacg
ianguadge ot Guizhous ©otn the aftricates
and frictives can »>e ascirated. Fig.T
SNOWS two pairs of ’sa”/"s’ a¥ anc
Yai?/”g’i¥, in which we car see that “s’a”

sa w‘s‘a(sha) 81
"measles™ "thick"

rig.7 Spec.»ograms of

# 1(ppi)
"gall" "clear®

non-asoirated and
aspi-atec fricatives /s/ arc /g/ ir
Miac. anguascse.

is “s” plus “h” with a boundary in the
trictions while Yg’i” is a praicnsed Nair
without any boundary in the friction.

CONCLUSION

The stops and. he aftricates ‘in
Standard Chinese ,exist two manners ot
articulation, non-aspirated and aspirated.
The perception cues are maostly based wupon
the noise duration rather than the force.
Moreovers the acoustic features ot the
aspirated noise are different in two types
accarding to the folicwing wvoweis. The
aspiration is formed by adding a' /h/ sound
atter release it it is foliowed by an open
voweis while +tormeda by prolonging the
iength of noise if foliowed by @& high
vowe! haomgorganic with the consonant.
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