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ABSTRACT

. are invariant masticpropertis for plmeof articmation in Spanishplosives. These properties have beenfound in thefirstmsoftlecomonent Tleyaremmen'. _ mlepemlent
andcanbeusedso ‘'culation disbngtnshbetweenplmesof

1. INTRODUCTION

Tbsbfiyofinvariantazoustic properties' preaem‘tlnphomcchainisomoftlnminsubjectsingresearchtlntistahngplmeatpreeeminthefieldofphomtics. Stevensam Bltmteinhave fornmlateda
~the°fiofxomficinvarimuntdmm

invariame isthe residtofseriesofacotsficpromg
thatmmseem °°mP°nents oftlnsomllwava;LJaeoisucmvanamacon'es-pommgwamm
phomficmgoryordeumevereammmun ‘acoustic signal 1...! but tamer is vid
integrated acoustic properties that $91,001,:
severaloftlmeconpom' (Sm,81 I.

Severalresear'clnr-shadalmMysuggested m(1974);.Stevens (1975); Pam (1973)) unfciztlzmpropertiesmouatedwithapbomtic feabnemmvanantfromanaeousticpointofview thatistothey areinlepenient of the context‘inwhichwugfeatme‘is prodmed. According to Stevens andBlmtein(l978)theinvmimmesoftheplmeof
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articulation can be chrmterized regarding tle
spectrumat agivenmonnntratlnr tlmvariatiors
through time, as for example, transitions. Thus, a
comeqmrre of formant podtions am burst
Wafer fits; f taken between 10-20
neec. osion o the plosive way show
different charattefistics for each place ofarticulation
The present study follows this lim, an! cement-ates
onSpamsh ploaees. Its aimis todetermim, froman
mamhmnrimtelemnts ofttesounl

mghtclnrmterize‘ tlnthreediff
ofmmation. erentplm

2. CORPUS

Ole-corpieofamlysisiscomisu of2009entence58
syuablemwhtchbtk]alwaysappearintln
pemllbnntesyllablewhichisalsotleominwhichMffllsflnssb'mbnelnsbeenchoeenbecmseit
gamdonlgst‘mm fiber of syllables and stressno .gem; 1940- strmtxmeofSpanish (Navarro

must be emptmized that the corpus amlyaedofgtmpnmflmntspeechsentemeflhisisanimportant
Since the Characteristics of speech sounds varyatcordmgtottetypeofstatennminwlfichtluymfitted (Sheep, Pffeiffer, 1976).
realizationso [ptk]alwaysappearinVCV

$8{1‘3‘31133171131'8CrepresemstlreallophomwhichisThe sbalredlemhoftlnvowelsofSpanish.and cgrpuslmbeenrealizedbyfinformntsflmlefemale Speakers, without strong dialectalhm (stanlard).1_"or therecording, wehave 158dMorita-mod oflmertingtteutterametobeanalfledsaid' Meme—flan hmbn-eofwhichisz'fiemaqmetvoice: '-\. am left',

3- EXPERIMENTAL PROCESS
um m m m . .
cha: 1 . rded in an amchou:
11-514 Jim an UHER 4000 Repom. and mm-

W112. Afterwards, the corresponding

spectrogram hm been made with a Voice Print
series7000 sonograph,inbroa1banlaml witha
limrangeof5000lizatthemostData
corresponling to bust, VOT an! transitions lave
beentakenomfromalltlmerecordings.
The valms thus obtaimd, which corresponl to 1200
Spanish Imam, hive been sub'pcted to a
computerized treatment by mam of the SPSS
(ShtisticalhegefortlnSocialSiemes).

4. RBULTS

4.1. Burst

T13 cluttterization of burst in spetrogmns has
beenrealizedregardingits dtn‘ationanltlnrangeof
freqmdeeinwlichitsemrgyspreals. Tlaresuls
obtaimd showtlnttln valmstlmbmstdurationremh
aresimilarinnnleamlfermlewoicesanlalsointle
differentvowels tlntfollow[ptk]. Itsel- tlntstress
doesnotaffecttlfismmticcmeitlnr.0ntlnotler
lull, tlm'eisadifferemebetweenthevalmsfor
:lveragedmationwlichlnvebeenobtaimdineazh

ocive:

-averagedm-ation[p]: 15,384 mac.
- average duration [t ]: 15,267 mac.
average duration[k]: 21,868 mac.

Tm btn'sto1'[k]isz9,65$longertmnt1m01'[p], am
28,5395 longer than that of [t], tln differeme
between[p]arx1[t]beingverymll. .
Fromtlnpointofvww oftlnfreqtemesoverwlncb
mgy’sspread, for all plosives, tln energyofbustis
fomlinabanloffreqmnfiesofabout 2001-12. the
rungs from 800 Hz. to 1000 Hz. in 65-70% of tin
Internet. Busts next to front vowels 1a a
Wemytoinitiatetheemgyinbanlsoffreqmy
whicharemommtlmbmstsbesidebmkvowels,
altlnugh, inbothcases, thesignificantbmlisstilltln
ombetween 800an11000 Hz.1nresmctoftle enlof
burst emrgy, tln limit for [p] lies between 1200 112
an! 4000 Hz. in 86,146% of the moraines. For [t]
b1nstenergyeulsbetween2200flzand 5000112. in
93,7335 of the cases. Am, finally, for [k], between
1200 an! 3500 Hz. in 85,443% of the utter-mes. In
this latter case the emrgy is comentrated between
themlimits, mlihetheauuofm]or[t]thelimiuof
whichcanreach4000llz., orevenintlncaseoflt], to
5000112., asmntiomd above. ‘
There is a clear differeme in duration ml

comentrationofemrgy for [k] as opposed to the otter
two plosives.

4.2. VOT

TlnvaltmobtaimdfortheVOT of[ptk]regarding
tln different elements of variation have been the
following

-[p]: 17,182 mac.
- [t]: 19,757 msec.
-[k]: 30,014 msec.

although there is an imrewing progression between
tlnvaltesfor[p]anl[t]. ltistrmtlnttlndifferemeis
verysmall. Thisisnotthe casetlnvalmoftaO'l‘
of [k]. T13 VOT for [k] ha a duration40,78% greater
thantlntofip] an! 31,905% tlnntlntof [t].

4.3. Transitiors

Spectrographic representations only show a
'contimmrn' ofemrgyinmovermnt itbeing difficult
orevenimpoesibletoestablishaborderlinebetwua
'transition' ani'fonmnt'. Anlevenmoreifwedeal
withflmntspeech Therefore, we havedecidedto
determimtlntangentbetweentlnpointwlnrevowel
emrgybegimm‘ltlnfreqmyvalmtlntlmbeen
obtained 20 rnsec. after ttnbeginningofthevowel.
Thetangentprovides information aboutthedegree of
slope of fornmts ateverypointmler comideration
makingit possible to mun for-1mm directions and
the degree of inclination ofslopes.
Thmfltsshowtlnttlnvalmofttetangentsofl‘l
arealwayssnnllerthanthoeeoftlntangentsoftln
otlnr formnts. The slopesare always more marked
forF2.TlnvaluesofthetangensofF3a1-ealways
intermdiatehetweenthoseofFlarnFZ.
Tbvalmsoftlntangentsarealwaysgreaterwlnntln
vowel follows the plosive rather tlnn proceeding it
Tlnvalmsatwhichthetangentsoftlnformntsfor
front vowels proceeded or followed by but vowels
arehighertlnnthosearrivedatwhenthepreceeding
offollowingvowelisafrontwowel. Thisimpliesthat
tlnslopeoftheforrmntisnnremrkedin
plenonenoncanoccm': tlnvalueoftln tangentis
bigterforbmkvowelswlnntlnpreceedingor
following vowel is front, in which case, slopes are also
morennrked.Thisfactleadsmtocmrlulenottlnt
thdirectionanltlnvalmoftlnslopedonotdepem
only ontlncontoidtmdercomideration, tlntistoeay
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ontlnplazeofufimdationbutalsoonthevowel-tlm
proceedsor followstheplosive. .
Tlnslopesfortlceformantsaljwenttomamtbonly
omthatalwaystakethesamedirectiorrdescemmin
allmes. Thomoftlnformsforthevowels
adjmmrttoRJfollownoregular-patterninthecaseof
Fl.AsforasF2areoomermd,slopesare,ingemral,
desceMent when the vowel is front and nutrient
wlnnthavowelisbmk. TheslopesofFZaretmnlly
descendant with many exceptions. The Fl slopes for
[k] have no regularity and, althoughinsome mesFZ
arnF3tendtoconverge,thisisnottlnamraltrem
so, in relation to tramitions, to establish regularities
for a velar plme of articulation is prmtically
impossible.

5. DISCUSSION

Astmresmtstlnthavebeenobtaimdarecamm
upon tln amlysr's of the behaviour of approximately
thafirst 35-40 msac. oltlnbeginning of plosives, wecannnkeaoomparison betweentlmeanltheresultsthatStevens arrlBltmrsteinlnveobtaimd. Thairfized
winlow of analysis of 26 mac. imlules practicallytlnsamcomomntalsegmmthantlnomamlpedinthisstulyfortlnmauthors, tlnspectmnofthevelarplan of articulationpments more amplitule inhighfreqmmymats, an! theenergyisdistributed overtlnentirespectrumlntlnresultsobtaimdforSpanish consonants, an dental-alveolar one prmntstl'e larger distribution‘in the energy Spectnrm of tinburst anl second formant transitiom, above, tend togotowardsthehigh zomofthespectrogramthmthesedataseemtoooinide withthoseofStevensanlBltmrstein Accordingtothese authors would giverisetoaspectrmninwhichtln freqm withgreateramplitule are the lower ones (a labial plaza ofarticulation). Inour corpus, thisplme of articulationshows asmaller amount of diffusion of burst energytlnnfor[t],tlnminimmnvalmsofVOTaIfiaregularterfiencyoftramifiomtogototlnlowerzomsoftlnspectrum smh as Stevens and Blumstein propound.Fimlly, for avelar place of articulation, for whichinSpanishtheVOThcsa longerdtn-ationthedata-lofibtsinerlalsgooomcrdltlamwiththoseol’Stevensamlumsternw propo acompmupectrumfor .In our me, although b'ansitiom do not show gr;regularities, .btn'st energy does, a it is alwaysconcentratedmanintermediate zone oftherangeoffrequemes (compact spectrum) ml also, as alreadymentioned, theVOT.

6. CONCLUSION

Viewedfrom tbtlnoryofmousticinvariamefiln
datawhichhavebeenobtaimdinthis stutyfor
Spashplosivesmllowmtostatettmtlmeisirneeda
seriesof integrand motsticpmperties (not only om)thatmanil’estthennelvesinaninvariantnnmnrfor
emhplaceofarticulation Thesepropertiesseemto
mnifestttemelves intlnfirstmc. fromtln
beginningofthebm‘sttotlnonsetofvormng”
oorrmmlingto the vowel.
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