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Thi s  paper presents a quant i fied descript ion of the main acoustic  

characteri s t i c s  of the six  cont rast ing syl lab le-types in the Shanghai

Zhenhai variety of Chine se ( Sh_Zh ) . l Zhenhai i s  a rural county north

east of the munic ipality of Ningpo in Zhej iang province , and Sh-Zh can 

be described as a common type of Zhenhai dialect which exhibi t s  to a 

greater or lesser extent lexical and phonological influence from the 

neighbouring prest igious dialect of Shanghai . 2 

Sh- Zh belongs to the Wu dialect group of Chinese , and has typical 

Wu phonology . Thi s  inc lude s complex tone sandhi , re strict ion of 

syllable- final consonan t s  to [�J and [7J, and re spective t ripart ite 

and b ipart ite divi s ion , acc ording t o  manner ,  of syl lab le-init ial 

occlusives and fri catives ( Yuan 1 9 6 0 : 59 ;  Chao 19 67) . 

The acoustic  parameters inve st igated in this study were fundamental 

frequency ( Fo ) '  durat ion , and oral amplitude ( Ao ) . Fundamental fre

quency is the acoust i c  correlate of the rate of vibrat ion of the vocal 

cords , and is usually assumed to correspond to the perceptual dimension 

of p i t ch . Durat ion , the t ime dimens ion o f  the acoust i c  s ignal , corre

sponds to perce ived lengt h ,  and is determined physiologi cally by the 

re lat ive t iming of art iculat ory event s .  Oral amp litude re fers to the 

integrated time-varying sound pres sure t ransduced at a distance from 

the speake r ' s  l ip s . It is important to realise that the oral amp l itude 

thus measured is a funct ion of three factors which vary in an es sen

t ially independent manner ,  and whi ch are consequent ly difficult to 

isolat e .  The first of the se , the t ime-varying amp l itude of the glottal 

source , oc curs extrinsically as the result of art i culatory gesture s 

whi ch affect the sub-glottal pres sure ( Ps ) '  such a s  differing 
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respiratory e ffort or adjustment s in the open quot ient of the glottal 

cycle (Zemlin 1968 : 19 8- 204 ) .  Thus , other things being equal, a change 

in Ps will be reflected by a change in Ao . 

The second factor , the t rans fer function of the supralaryngeal vocal 

t ract , modifies the amplitude of the glottal s ource by attenuat ing the 

tran s fe r  of energy at certain frequencies and passing maximum energy 

at others (Lieberman 19 7 7 :31-36) . The t ransfer function i s  determined 

by t he shape of the supralaryngeal vocal trac t , change s in which - as 

for example when different vowels are art iculated - will then d iffer

ent ially modify the amplitude of the glottal source . Thus , other 

things being equal , a change in the supralaryngeal vocal tract shape 

will be re flected by a change in Ao . Thi s  i s  the reason for intrins i c  

vowel amplitude (Lehiste and Peterson 19 59 :4 29 ) .  

In addit ion to the above two factors , changes in Ao will oc cur as 

t he re sult o f  the interact ion of harmoni c  and formant frequenc ie s  

(House 19 59 ) .  Thus , i f  Ps and t rans fe r  funct ion are held constant , 

changes in Fo will be reflected in changes in Ao . 

From the art iculatory point of view , then , the oral amplitude i s  o f  

prosodic intere st only in so far as it re fle c t s  those amplitude features 

whi ch the speaker is extrinsi cally controlling , that i s , the t ime-vary

ing amplitude of the glottal source .  It is there fore ne ces sary to 

ensure that fluctuati ons in Ao due to intrins ic vowel amplitude and 

the interact ion of harmoni c  and formant frequenc ies are kept to a 

minimum . I have done thi s by 1) select ing examples spoken with as 

near steady state supralaryngeal configurat ions as possible , mono

phthongality b ei ng adjudged by reference to formant t rajectories on 

wide band spectrograms , and 2) analys ing about equal numbers of open 

and close vowels in each part i cular s ample . Although it would have 

been p o s s ible to apply a correction factor to the oral amplitude t o  

eliminate the e ffec t s  o f  the interact ion between formant and harmonic 

frequenc i e s , I have not done so , because the ac tual Fo range used by 

the informant in this  study was t oo narrow t o  have c aused appreciable 

changes in Ao . The oral amplitude data presented below can the re fore 

be t aken to give a reasonable app roximation of the t ime-varying ampli

tude of t he glottal s ource . 

Amplitude i s  usually assumed t o  correlate with perceived loudne s s . 

In the perception o f  speech , however , there i s  evidence that lis teners 

base loudne s s  judgement s on feature s more directly related t o  the Ps 
and glottal source amplitude than the oral amplitude (Lade foged 1967 : 

35- 4 1) . 
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1 .  P R E V I OU S  STU DI E S  

3 

There have been very few acoust ical studie s  on Wu tone s ,  and there 

are , to my knowledge , none which pay attention to all three parameters 

of Fo' Ao , and durat ion . 

Liu ( 1 9 2 5 ) analysed the Fo and durat ion of two Jiangyin tones 

kymographically , and there are also some kymographic re cords of various 

Ningpo utt erances in Tchen ( 19 38 ) . Sokolov ( 1 9 6 5 ) presented data on 

the Fo and durat ion of Shanghai citation monosyllable s ,  and the Fo and 

durat ion of some Shanghai monosyllab ic and poly syllab ic utterances 

have been invest igat ed by Zee and Maddie son ( 1 9 7 9 ) .  A comparison of 

their result s with those presented below can give an idea of the degree 

of s imilarity in Fo shapes between Shanghai and Sh- Zh!Zhenhai dialect . 

The neare st site  to Zhenhai for which de s cript ions of citation tone 

pit ch values are available i s  Ningpo t own . Ningpo town was one of the 

sites  visited by Y . R .  Chao in 1 9 2 7  when collect ing material for h i s  

pioneering monograph on the Wu diale c t s  ( Chao 1 9 2 8 ) .  Chao ' s  p i t c h  

descript ions compare vi sually very well w i t h  the Fo data obtained i n  

t h i s  study. 

The pitch of the c itat ion t ones of Ningpo town has also been re corded 

in a recent descript ion ( Shi 1 97 9 )  with the five-point system devi sed 

by Chao ( 1 9 30 ) . The pitch values given , howeve r ,  do not agree well 

with those in Chao ( 1 9 2 8 ) or the present study , and the t ran s c riptions 

must , there fore , be t reated with caut ion . 

2 .  S YLLA BLE-T Y P E S  

I n  Shanghai- Zhenhai , any c itat ion monosyllable o r  mono syllab i c  

word belongs unambiguously to one of s i x  contrast ing type s .  Below are 

li sted example s of these six syllable-type s ,  t ogether with their main 

auditory characteri st ic s .  

1. The pitch of type 1 syllable s falls from high in the speaker ' s  

pit ch-range to low , with a short init ial level component . ( In terms 

of Chao ' s  ( 19 3 0 )  five-point pitch s cale , i t s  value would be 42 or 4 4 2 . ) 

The fall often start s highe r ,  and sounds more abrupt , in syllable s with 

nasal codas . The first half of the Fina1 3 seems the loudest , and the 

length o f  the Final i s  short er than average for the syllable type s .  

Voice qualit y  i s  normal , and there i s  a gradual offset t o  voic ing . 
4 Example s  are : 

[5\J5: ' poem '; [tr] ' s ho p ' ;  [?lcevJ ' t o  p i ck '. e . g . ' t h e  n o s e ' ;  

[tQtl)J : ' n e e d L e ' .  

2 .  Syllable s of t ype 2 have a concave pitch contour , start i ng in 
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mid pit ch-range , falling , and then rising jus t  int o the upper third of 

the pit ch-range , where vOicing i s  terminated by a glottal-stop . The 

pitch shape would be best trans c ribed by 3 2 4  in the Chao notat ion : 

this adequately expres se s  the relative onset and offset height s ,  and 

concave shape , but implies too Iow a dip in pitch . Other pos sibilit ies 

could therefore be 334  or 4 3 4 .  

Loudnes s  i s  concentrated at the beginning and end o f  the Final , with 

the end usually the loudest . Length i s  above average , and the voice  

o ften has  a somewhat tense  quality . Some examples are : 

[tQi?] ' ch i cken '; [5\?] 'wa t er '; 

[ka.?] 'river '; [ta!)?] ' t o  wai t ' ; 

'wen ( o f  wat er) ' .  

3 .  Type 3 syllables have striking auditory characteri s t i c s ,  re sult

ing primarily from the·  comb ination of a convex pitch contour which 

s t art s in the  low part of the  pit ch-range - 2 3 2  or 242  - with loudness  

energe t i cally concentrated on the first half o f  the syllable . I n  

addit ion , voice  qualit y  over approximately the first third o f  t h e  Final 

is whispery [_]. There i s  gradual offset t o  voic ing . Syllables of 

type 3 have average length . Example s  are : 

[n�d ' 80u t h ' ;  [m�] ' b u 8Y ' ;  

[m!!)] ' door ' ;  [�il!)] ' town ' ;  

[�d ' t o  b e ' ;  [�l] ' 8w e e t ' .  

4 .  Syllable s of t ype 4 have a concave pitch cont our , start ing in 

the low pit ch-range , falling to the bottom of the range and then rising 

again t o  mid pit ch-range , where voi c ing is opt ionally terminated in a 

glottal-stop . The pitch shape would be best t ran scribed by 2 1 3  or 2 1 4 . 

Loudne s s  i s  concentrated at both beginning and end of the Final , but 

the end s ounds considerably louder ,  with a typical burst-like quality .  

Type 4 s yllables are the longest , and have whi spery voice  over the 

first half t o  two-thirds of their lengt h .  

[�d 'word '; [�l?] ' gro u nd ' ;  

[�il!)] ' n e ar '; [�?] ' dream ' 

5 .  Syllables o f  t ype 5 give an auditory impre s s ion of very short , 

high level p i t c h ,  which ends in a glottal- stop - 2' There is a s ingle 

burst of loudne s s , and voice  qualit y  sounds somewhat tense . Type 5 

syllables sound the short e st of the six type s .  Example s are : 

[tv?] ' Zaw ' ;  [tt?] ' targe t '; 

[tQjv?] : ' foo t '; ' t o e a t ' .  

6 .  Syllable s o f  type 6 have a pitch contour whi ch rises  abruptly 

from low in the speaker ' s  pitch-range to upper mid ,  where it ends in 

a glottal-stop - 24 or 2 3 .  There i s  a s ingle burst o f  loudne s s .  They 
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seem slightly longer than type 4 syllable s , but group together 

perceptually with them against types 1 to 4 as short vs . long syllables.  

Voi ce quality i s  whi spery over t he first part of the Final.  Example s 

are: 

' bu ddha ' ; 

, s t raig h t ' ;  

3. S YLLABLE S T R U C T U R E  

' offiae ' ; 

' jade ' . 

The only relevant details of segmental structure t o  be ment ioned 

concern the syllable-init i al consonant s - the ' Init ials ' - and cert ain 

co-oc currence re strictions . 

Ob struent init i als are divided into two group s on the bas i s  o f  their 

co-occurrence with the syllable-types : aspi rated and fort i s  unaspirated 

voicele s s  obstruent s ,  i . e .  [ph p fJ etc . - oc cur only with syllable

types 1 ,  2 ,  and 5 .  The sounds t ranscribed above with I PA voiced 

symbols plus t he voi cele s s  diacrit i c , i . e .  [g, ¥ ,  g, gtJ et c . , o c cur 

only with syllable-type s 3 ,  4 ,  and 6 .  Thi s  second group corre sponds 

to what is conventionally termed the ' breathy voi c e d' Ini t i als i n  the 

Wu diale ct s .  For Sh- Zh , and the Zhenhai dialect , at leas t , this is a 

mi snome r ,  since t he s ounds are voi cele s s , and the oc clusives have a 

voi cele s s  whi spered release whi c h  i s  auditorily clearly dist ingui shable 

from normal aspirat ion . I retain t he label ' lenes ' t o  describe this  

group , t ogether with the appropriate IPA transcrip t ion , on  the basi s  

o f  their audit ory quality vi s a vis  the dec i dedly fort i s  arti culat ion 

of the voicele s s  unaspirated series with syllable-types 1 ,  2 and 5 .  

There are very few syllable s o f  t ype 1 ,  2 or 5 with sonorant 

Init ials in t he lexicon , and syllable s of t ype 5 and 6 cannot oc cur 

with a syllable-final nasal. 

4. P RO C E D U R E  ( G E N E RAL) 

The syllable s to be analysed were selected from a re cording of a 

li st o f  s ome 3 0 0  Chine se characters made by a young male nat ive speaker . 

The list was recorde d at one s i t t ing i n  the phone t i c s  laboratory of t he 

Universi t y  of Manche st er ' s  Department of Lingui s t ic s . I used a Ferro

graph reel- to-reel t ape re corder and Ampex 6 1 1  profe s sional 1 . 5  ml 

acet ate t ape , and recorded at a speed of 7� ip s .  The recording level 

was set manually . There was no amb ient nOi s e , and the re cordings are 

of high quali t y .  

The informant was 2 5  years old a t  the t ime of recording ( 19 7 3 ) .  He 

was born in 1 9 4 8  i n  Shanghai ,  the younge st son of Zhenhai- speaking 

parents  who came from Qingshuipu , a small t own in Zhenhai county . 
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His family l e ft Shanghai one year after his birth for Hong Kong , where 

he was brought up and educat e d .  He went to England in 1 9 6 8  for further 

educat ion . He speaks fluent Engl i s h ,  almost fluent Cantone se , and 

St andard Chinese with a Sh- Zh accent . 

The informant ' s  speech - e specially the phonetic values o f  syl lab le

type contours , tone sandhi rules and general morphophonemi c shap e s  

which have b e e n  described in Rose ( 1 974 ) - i s  representative of a 

rather conservat ive Zhenhai speech form , from which the younger genera

t ion of Zhenhai speakers in China already constitutes ( in ,  for example , 

loss  o f  many nasalised phoneme s )  a conside rable departure . 

As far a s  the composit ion of the list  was concerne d ,  a l l  six  typ e s  

of syllab l e  were represented , and oc curred randomly .  I selected 

examp les of syl lab le s  to be analysed from the list  in the fo l lowing 

way . The original corpus was first divided into six  group s corre spond

ing to the s ix syllab le-type s .  From each group all syl lables  were 

exc luded with either aspirated init ial consonant , e . g . [tshn, phlJ, or 

comp lex vowel final s , e . g .  [wei, I j u , Ja , JaJ . Thi s  was to e l iminate 

from the s ample any stat istical noi se coused by the possible influence 

of aspiration ( Hombert 1 97 8 )  and changing vowe l quality ( p . 2 ) on the 

acoustic  parameters invest igated . Next , each of t he six syl lab le-type 

group s was further c la s s i fie d ,  where p o s s ible , ac cording to the ab sence 

or p re s ence of a sonorant Initial , and the ab sence or p re sence o f  a 

syllab le-final velar nasal . Thi s  was because previous studies ( Howie 

1 9 7 6 ; Sauvain 1977 ; Fok 1 9 7 4 ; Kratochvil 1 97 1 ,  1 9 77 ) have e ither 

demonst rate d  or ment ioned that such factors can sub stantially e ffec t  

t h e  Fo' Ao , and durat ion o f  syllable-types in Chinese . 

Thi s  proce s s  yie lded 1 5  sub -group s from the original six  group s . 

Each sub-group was then further s i ft e d ,  i f  numbers permitted , to ensure 

a reasonab le balance  o f  open and c lose vowe l s . This was to minimi se 

the effe c t  o f  vowel ' height ' on Ao ( p . 2 ) and Fo ( Lehi ste 1 9 7 0 : 6 8 - 7 1 ) .  

Tab le 1 ,  on p . 7 below , gives t he number o f  examp les analysed in each 

sub -group . In Tab le 1, note that examp les of C sV( Q )  sequences in 

syl lable-t yp e s  1 ,  2 and 5 are lexically rare and did not occur in the 

corpus . The s ingle example of C s VQ in syllable-type 4 was not measure d .  

In the t ext be low , I have u s e d  the fol lowing slightly redundant , but 

phonologically re levant tran s c ription s  to designate subgroup s within a 

part i cular syllable-type : 

l .  V i s  re-written as U in syllables of type 1 ,  2 and 5 

2 .  V i s  re-written as L in syllab les of type 3 ,  4 and 6 

3 .  a final q indicates  syllable-types 5 and 6 

4 .  t he diac rit i c s ' A and Y are used t o  repre sent the pitch shape s  

o n  syllable-types 1 ,  3 and 2/4 respect ively . 
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Thus cLQ stands for any type 4 syl lab le with sy l lab le-final velar nasal 

and obst ruent Init ial , e . g . [g��Q] : ' heavy '. and CsLq stands for any 

type 6 syllable with sonorant Init ial , e . g .  [ml?] ' i n k ' .  

5. P R O C E D U R E  (ME N S U RAL) A N D  IN ST R UM E N TATIO N 

Each example was segmented , and the durat ion of t he Final ( DF ) ,  

sonorant Init ial ( where present ) and point of onset of the velar nasal 

( where present ) ascertained by re fe rence to wide-band spect rograms , 

and the wave form in high speed ( 2 0 0  cms/se c ) osc i llograms . 

The offset of t he Final was adjudged to occur at t he point where 

the glot tal pulse t rain showed an obvious discont inuity in the regu

larity of increase of period . In adjudging this point of phonation 

o ffse t , at most a discrepancy o f  one glottal pulse , or about 1 . 0 - 0 . 8  

csec was involved . 

Segment boundaries between sonorant Initial consonants and vowels 

in CsV(q) syl lab les - Painte r  ( 19 7 9 : 1 9 )  calls them " fault transi t ions" 

because they have t he appearanc e  of geological faults - are character

istically sharp and unambiguous with respect  t o  locat ion . There was, 

there fore , no di fficulty in determining t he point of onset of the Final 

in these cases. 

TABLE 7 
NUMBER OF EXAMPLES ANALYSED I N  EACH SUBGROUP 

( C  = unasp i rated obstruent ; C = sonorant ; 
V = monophthongal vowe l ; Q - �yllable- final 
ve lar nasal ; - = phonotactically exc lude d . ) 

SYLLABLE TYPE SEGMENTAL SPECIFICATION 
CV CVQ C V s 

1 1 4  1 4  

2 12  5 

3 1 4  1 1  9 

4 1 1  8 1 8  

5 1 3  

6 1 3  7 

CsVQ 

6 

1 

I n  syl lab les wit hout sonorant Init ial consonants,  the point of onset 

of Final durat ion was equivalent to phonat ion onset . In such c ases ,  

it  was often necessary to ignore t h e  first obvious glottal pulse , 

because it woul d  have had insufficient amplitude t o  be audible . This 

was t he approach adopted  by Lisker and Abramson ( 19 6 9 : 41 6 ) in t heir 

we ll-known study of voice  onset time . 

The point o f  onset of t he ve lar nasal consonant was defined as the 
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first glottal pulse after the dis cont inuity in overall int ensity distri 

but ion expected w i t h  nasals had occurred on the wide-band spectrogram . 

In the vast maj ority of case s ,  this point could be ascert ained with the 

p re c i s ion of one glot tal pulse , ( le s s  than 1 c s ec ) . 

In addit ion to the measurement o f  durat ion o f  Final , in syl lab les 

o f  type 2 ,  4 ,  and 6 - that i s ,  in syllab les with a final rise in pitch 

contour - the durat ion from Final onset to Fo peak ( DP )  was also 

measure d ,  using synchronised wide and narrow-band spectrograms . 

Ao and Fo values were measured at various intervals of DP and DF , 

depending on the part i cular syllab le-type : the exact points at which 

measurement s were made were chosen t o  provide an  opt imal s ampl ing of 

the curves involved , and can b e  read from the t ab les of results  b elow . 

Generally , in s y l lab les of type 1 and 3 ,  Ao and Fo were samples  at 1 0 %  

intervals o f  Final durat ion , i . e .  0 % , 1 0 % , 2 0% . . .  1 00 %�F .  I n  type 5 

syllab le s , s amp l ing point s  were at 2 0%DF interval s ,  i . e .  0 % , 2 0 % , 4 0 % , 

. . .  1 0 0 %DF . The Ao o f  syllables  of type 2 and 4 was s amp led at 1 0 %  DF 

point s , as we l l  as 5 % , 1 5 % , 8 5 % , and 9 5%DF ,  and the Fo of type 2 and 4 

syl lab les was samp led at 1 0 %  intervals of duration to Fo peak . I n  type 

6 s y l lab le s , the ampl itude was s ampled at 2 0%DF intervals ,  and at 90%DF ,  

and the Fo at 2 0%DP intervals . In addi t ion , in s y l lab l e s  of type 2 ,  4 ,  

and 6 ,  t he Fo at 1 0 0 %DF was measure d .  

In syllab le s  with sonorant Initials ,  Fo was measured a t  onset and 

mid-point of sonorant durat ion , and Ao was measured at onset , mid-point , 

and three-quarters o f  sonorant durat ion . 

I n  the t ables  of re sults below , Fo value s are given in Hert z ,  to t he 

nearest  Hz , Ao values are given in decibel s ,  t o  t he neare st 0 . 1  dB, 

and durat ion values are given in cent ise conds , t o  the nearest milli

second . 

Onset and offset values o f  Fo are normally not re solved adequately 

by p i t ch ext ract ion devices or narrow band spectrograms ( Fant 1 9 6 8 : 18 8 ,  

1 8 9 ; Hombert 1 9 7 6 ) ,  and s o  I measured Fo at these point s direct from 

the wave form in high speed o s c il lograms . Otherwise , measurements of 

Fo were calculated from the arithmetical mean of the Fo measurements 

as derived from the first 3 harmonics in narrow-band spectrograms with 

expanded fre quency scale ( 1" : 200 Hz ) .  A l l  spectrograms used in thi s 

study were made on the model 7 0 4 9  A Kay Sonagraph 80/85 - 8000 Hz Spectrum 

Analyser of the Cambridge University Department of Lingui stic s .  Thi s  

mode l has a narrow-band-pass filter of 4 5  Hz , and a wide-band-pass 

filter of 3 0 0  Hz . The high shaping pre-emphasi s  c ircuit s were not use d ,  

a l l  spectrography being done a t  the Flat ' Fl-l' setting . 

In order to determine the ac curacy of this spectrographic measurement 

technique , I compared 96 Fo measurements taken at various %DF point s in 
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1 2  o f  the syl lables  examine d with t he F values for the same %DF points 
6 0 

extracted by computer . The 96 spectrographically derived measurements 

had an arithme t i cal mean value of 2 . 1  Hz less  than those o f  the c om

puter,  with a standard deviat ion of 2 . 5  H z .  This means that - assuming 

the comput erised ' pit ch' detection to be ac curate - the actual Fo value 

of a part i cular spe ctrographi cally derived Fo measurement is equal t o  

the spe ctrographi cally derive d measurement p lus 2 . 1  Hz , p l u s  or minus 

4 . 2  Hz  at the 9 0 %  confidence leve l .  Thus the spectrographi c  method 

used i s  tolerab ly ac curate - more ac curate , in fact , than has been 

previously surmi sed pos s ible in measuring Fo from narrow-band spe ctro

grams 7 . I c onsidered the ,value of 2 . 1  Hz too sma l l  to require adjust

ment to the ac tual value . I did not est imate the ac curacy of Fo 
measurements made direct  from the wave form: assuming constant and 

ac curate running and p l ayback speeds for the tape re c order and mingo

graph , these measurements should be more accurate than those made from 

the spectrograms . 

The Ao measurements quot ed in this study were made u s ing the F-J 

Electroni c s  Intensity  Meter and Elema Schoenander Mingograph 34 of the 

Department o f  Lingui st i c s ,  School of General Studie s ,  at the Aus t ral ian 

Nat ional Universit y .  

The F-J Intensity Meter emp loys ful l-wave , l inear re c t i fi cat ion . I t  

has two channel s : one provide s a 500  Hz  high-pass fi ltered output ; 

the other registers amplitude over the ful l  frequency range ( 5 0 - 1 5 , 0 0 0  

H z ) . The re sponse of it s ful l  frequenc y  range channel i s  given a s  + 

0 . 2  dB.  In addit ion , integrat ion t ime can be set independently for 

each channel at 2 . 5 ,  5 ,  10 , 2 0 ,  or 40 mse c , and an opt ional linear or 

quasi  logarithmi c disp lay is independently avai lab le on both channels . 

I chose the l inear display and 20 msec smoothing t ime : the linear 

scale permit s the mo st ac curate regi st rat ion at high ampl itude levels , 

i . e .  for vowe l s , and 2 0  msec i s  the integrat ion t ime sugge sted by 

Lehi ste ( 19 7 0 :12 4 )  on the bas i s  of the re latively long t ime cons tant 

reported by Miller ( 1 9 4 8 )  and Smal l ,  Brandt and Cox ( 19 6 2 ) for auditory 

percept ion of loudne s s  jUdgement s .  

I t  i s  important t o  note that , for this inve st igat ion , the intensity 

meter channel  was cho sen which registered amp l itude over the ful l  

frequency range . Use of the high-pas s filter would have comp l i cated 

the re lationship between the glottal and measured oral amp l itude by 

introducing an addit ional variab le , which i s  diffi cult to control for ,  

o f  di fferential re solut ion of between-samp le di fferences i n  spectral 

characteri s t ic s . The flat Ao value s obtained in thi s  study may be 

profitab ly compared with the c orre sponding high-pass filtered value s 

given in Ro se ( 19 7 9 ) for an almost identical corpus . 
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Using a specially prepared calibration tape, which consisted of a 
1000 Hz sine wave signal, the level of which was increased in 2 dB steps 
through 30 dB, I found that the intensity meter and the mingograph were 
very accurate indeed. For 14 measurements of the level of the cali
bration tone at each of the 2 dB steps from 30 db to 4 dB inclusive, 
the mean discrepancy was -0.33 dB, with a standard deviation of 0.25 dB. 
This means the actual Ao value for a given Ao measurement is equivalent 
to the meter measurement minus 0.33 dB, � 0. 4 dB at the 90% confidence 
level. The amplitude measurements were consequently left unadjusted. 

6 .  R ESU L TS 

Arithmetical mean values for duration, and fundamental frequency 
and amplitude as functions of the duration of the Final and/or duration 
to fundamental frequency peak in the 14 sub-groups examined are given 
in Tables 2 to 15. Standard deviations are given in brackets. Thus 
from Table 4, it can be seen that the mean value for the duration of 
the Final (DF) in type 2 CU syllables is 32 csec, with a standard 
deviation of 3 csec, whereas the mean value for duration to the 
fundamental frequency peak (DP) is 29.3 csec, with a standard deviation 
of 2.9 csec. It can also be seen that at 60% of the duration to the 
fundamental frequency peak (60%DP), or (29.3 csec x 0.6=) 17.6 csec 
from the onset of the Final, the mean Fo for CU syllables is 135 H z ,  

with a standard deviation of 6 H z. Also, at 60% of the duration of 
the Final (60%DF), or (32 csec x 0.6 = 19.2 csec from the onset of 
the Final, the mean Ao value for cO syllables is 22.7 dB, with a 
standard deviation of 2.8 dB. 

The results are also plotted graphically in Figures 1 to 14. In 
these figures, the Ao and Fo shapes are shown synchronised, in order to 
facilitate accurate comparison between the two parameters at any point 
in time. Fo shapes for all syllable-types are compared in Figure 15, 
and Ao shapes for all syllable-types are compared in Figur� 16. In 
none of these figures has the duration parameter been normalised. Note 
that the mean Ao values in dB have been replotted against a linear 
scale. If almost equal differences in loudness are derived by the 
perceptual mechanism from logarithmically equal intervals of amplitude 
(Ladefoged 1972:83), plotting the dB values logarithmically can easily 
give an erroneous visual impression of the way the amplitude may be 
perceived. Note also that the onset of the Final is shown to occur 
in all cases at csec 0, irrespective of whether the syllable has a 
sonorant Initial preceding the Final or not. 
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7 .  D I S C U S S I O N  

In the discussion of the results below, I shall first make some 
general observations on the contributions of the three acoustic para
meters of Fo' Ao, and duration to contrasts between syllable-types. 
Next, I shall mention, for each of the acoustic parameters in turn, 
some salient points of the relationship between their shapes and values 
in each syllable-type, indicating some of the phonological implications 
which arise therefrom. I shall then briefly comment on some of the 
more important implications of the observed correlations between Fo 
and Ao, and between Fo and duration. Finally, I shall describe the 
effects on Fo' Ao and duration of the syllable-final velar nasal, and 
syllable-initial sonorant. 

It is clear from the results of this investigation that each 
syllable-type is characterised acoustically in all three parameters of 
Fo' Ao, and duration. Indeed, each syllable-type can be defined 
equally well in any of the three parameters, with the exception of 
duration in CUq and CLq syllables. 

In order to demonstrate the relative contributions of the individual 
acoustic parameters to a particular contrast between syllable-types, 
I shall examine the contrast between types 2 and 4 as realised on Cll 
and CL syllables. 

It is necessary first to break down the Ao and Fo shapes into the 
traditional dimensions of Register and Contour, defined, however, in 
the following way. Register can be understood as a kind of overall 
level (in the sense implied by Zee ( 1978» , and defined as the value 
for a particular Ao or Fo shape corresponding to the arithmetical mean 
of the Ao or Fo values at the %DF or %DP points. This absolute mean 
value can then be relativised by expressing it as a percentage of total 
relevant Fo or Ao range. For example, the mean Fo value of CD syllables 
is 

143+138+136+134+134+134+135+137+14 1+146+153+14 0= 139 Hz , 
12 

and the mean Fo value of CL syllables is 116 H z .  The total mean Fo 
range in CV (q) syllables is 169 Hz (CUq, at O%DF) minus 105 Hz (CL, 
at 30%DP) = 64 Hz . The Fo register value for CD syllables is then 

139 - 105 Hz x 100 = 53%, 
64 

and for CL syllables 
116 - 1 05 Hz x 100 17%. 

64 
Therefore, CL and CD syllables are separated by a 36% difference in 

register, which is very highly significant (p < .001; t=8.16, df=21). 



Percentage 
of Final 

TABLE 2 
MEAN AND STANDARD DEVIAT ION VALUES FOR FUNDA}tENTAL FREQUENCY (Hz) , AMPL ITUDE (dB), 

AND DURAT ION ( c s e c ) IN  1 4  SHANGHAI -ZHENHAI CITAT ION MONOSYLLABLES OF TYPE 1 ,  
WITH MONOPHTHONGAL VOWEL F INAL , AND UNASPIRATED OBSTRUENT IN IT IAL ( CO) . 

of duration 
(DF) 0 10 20 30 4 0  50 60 70 80 90 

Fundamental frequency 160 165 162 159 156 151 146 139 132 121 
8 7 7 7 8 (10 6 7 7 7 

Amplitude 17.9 22.1 22. 4  22.6 22.5 22. 4 22.3 21. 5 20.5 18.6 
(2.3 2. 7 2.8 2.5 2.3 2.4 2.3 2.0 2.2 1.9 

Duration of Final 25.7 (2.8) 

Percentage 
of Final 

TA B L E  3 
MEAN AND STANDARD DEVIAT ION VALUES FOR FUNDAMENTAL FREQUENCY (Hz) , AMPL ITUDE (dB) , 

AND DURAT ION ( cs e c ) IN 14 SHANGHAI -ZHENHAI C ITAT ION MONOSYLLABLES OF TYPE 1, 
WITH UNASPIRATED OBSTRUENT INIT IAL , AND SYLLABLE - F INAL VELAR NASAL (CUQ) .  

of duration 
(DF) 0 10 20 30 4 0  4 5  50 60 70 80 

Fundamental frequency 177 181 176 172 1 68 161 153 145 136 
(10 9 8 8 8 9 10 9 9 

Amplitude 19.8 25.3 24.6 23.5 23.0 22.6 22.7 22.3 21.1 19. 8 
<3.4 2.5 1.7 1. 4 1.3 1.5 1. 3 1.1 1.2 1.3 

100 

llO 
9) 

14.9 
1.5 

90 

126 
8 

17.2 
1.2 

Duration of Final 22.2 (3.2); onset of nasal consonant occurs at csec 9.2 (1.5), i.e. 41% DF. 

100 

116 
7) 

13.8 
1.0) 



TAB LE 4 
MEAN AND STANDARD DEVIAT ION VALUES FOR FUNDAMENTAL FREQUENCY ( Hz) , AMP L I TUDE (dB) , AND 

DURAT I ON (csec) IN 1 2  SHANGHAI - ZHENHAI C I TAT I ON MONOSYLLABLES OF TYPE 2, WITH 
MONOPHTHONGAL VOWEL-AND- GLOTTAL-STOP F INAL , AND UNASP I RATED OBSTRUENT I N I T IAL (CC) .  

Percentage of duration 
to fundamental 0 10 20 3 0  40 50 
frequency peak (DP) 

Fundamental frequency 143 138 13 6 134 134 134 
(9 6 6 6 6 6 

Percentage of duration 
of Final (DF) 0 5 10 15 20 30 1I0 50 

Amplitude 18.6 22.7 23.4 23.1I 23.1 22.8 22.3 22.2 
(2.5 2.8 2.9 3.0 3.0 2.8 2.7 2.8 

Duration of Final = 32  (3 ); duration to fundamental frequency peak 
fundamental frequency at 100% DF = lllo (7). 

TAB LE 5 

60 70 80 90 

13 5 13 7 llll 1116 
6 7 8 8 

60 70 80 85 90 95 

22.7 23.1I 211.1I 24.5 23.8 22.9 
2.8 2.6 2.8 3 3.2 3.7 

29.3 (2.9); 

MEAN AND STANDARD DEVIAT ION VALUES FOR FUNDAMENTAL FREQUENCY (H z ) , AMPL I TUDE (dB) , 
AND DURAT I ON (csec) I N  5 SHANGHA I - ZHENHAI C ITAT ION MONOSYLLABLES OF TYPE 2 ,  W ITH y 

UNASP I RATED OBSTRUENT IN IT IAL, AND SYLLABLE - F I NAL VELAR NASAL AND GLOTTAL - STOP ( CU� ) . 

Percentage of duration 
to fundamental 0 10 20 3 0  1I0 50 60 70 80 90 
frequency peak (DP) 

Fundamental frequency 142 138 13 5 1311 13 5 136 13 9 1112 1117 1511 
(4 1I 5 1I 3 1I 5 6 7 6 

Percentage of duration 
of Final (DF) 0 5 10 15 20 30 1I0 50 60 70 80 85 90 95 

Amplitude 20.6 211.4 23. 7  23.3 23. 1 21.7 21.1 20.9 21.1I 21.9 22.1I 22.6 22.1 21.3 
(2.7 3.1 3.1I 3.5 3.3 3.2 2.6 2.6 3.0 2.9 2.8 2.1I 2.1I 1.9 

100 

153 
9) 

100 

18.9 
2.9) 

100 

159 
6) 

100 

17.8 
2.5) 

Duration of Final = 33. 8 (2.7), duration to fundamental frequency peak = 31. 8  (3.4); fundamental frequency at 100% DF 
= 1115 (7) onset of nasal consonant occurs at csec 12.3 (2.5), i.e. 36% DF, or 39% DP. 

f; 
8 
en 
>-3 H 
() 
() 

� 
t'l 
'" 
H 
en 
>-3 H 
() 
en 

fil 
� 
til 

I H 
I 

N 
::c 
t'l 
z 
$: H 



Percentage 
of Final 

Fundamental 

Amplitude 

TABLE 6 
MEAN AND STANDARD DEVIAT ION VALUES FOR FUNDAMENTAL FREQUENCY (Hz) , AMPL I TUDE (dB) 
AND DURAT ION (csec) I N  14 SHANGHA I - ZHENHAI C ITAT ION MONOSYLLABLES OF TYPE 3 ,  W I TH 

MONOPHTHONGAL VOWEL F I NAL , AND OBSTRUENT I N I T IAL (CL) .  

of duration 
(OF) 0 5 10 20 30 40 50 60 70 80 

frequency 122 116 117 125 133 140 143 143 140 134 
(8 8 7 8 7 6 6 6 6 6 

15. 9 19.3 21. 1 22. 7 23.6 23. 7 23.6 23. 3 22. 0  
(2.8 3. 3 2. 8 2. 4 2. 7 2. 4 2. 5 2. 3 2.2 

Duration of Final 29.6 (3.6) 

Percentage 
of Final 

Fundamental 

Amplitude 

TABLE 7 
MEAN AND STANDARD DEV IAT I ON VALUES FOR FUNDAMENTAL FREQUENCY (Hz) , AMPL ITUDE (dB) , 

AND DURAT ION (csec) I N  1 1  SHANGHA I - Z HENHAI C ITAT I ON MONOSYLLABLES OF TYPE 3 ,  
W I TH SYLLABLE - F I NAL VELAR NASAL , AND OBSTRUENT I N I T IAL ( ct� ) .  

of duration 
(OF) 0 10 20 30 40 50 60 70 80 90 

frequency 125 119 123 135 144 152 153 151 144 133 
(9 8 7 7 6 7 8 8 9 7 

16. 8 20.0 22.1 23. 7 24.8 24. 6 24. 4 23. 3 22. 2 20. 1 
(2.6 4.0 3.3 2. 6 2. 3 2. 3 2.4 2. 3 2. 3 2.2 

90 100 

125 110 
8 9) 

19.7 14. 9 
2. 1 1. 9) 

100 

118 
6) 

15. 0  
1.7) 

Duration of Final 26. 3 (2.5); onset of nasal consonant occurs at csec 10.8 ( 1. 8), i.e. 41% OF. 



TABLE g 
MEAN AND STANDARD DEVIAT ION VALUES FOR FUNDAMENTAL FREQUENCY (Hz) , A}!P L I TUDE (dB) , 

AND DURAT I ON ( c s e c )  IN 9 SHANGHA I - ZHENHA I  C ITAT I ON MONOSYLLABLES OF TYPE 3 ,  
WITH MONOPHTHONGAL VOWEL F I NAL , AND SONORANT I N I T IAL ( Cs

t) .  

Percentage of duration 
of Final ( DF ) 0 10 20 30 4 0  50 60 70 80 90 

Fundamental frequency 115 118 124 131 138 14 4 14 5 143 137 128 
( 4 4 4 5 5 6 6 6 6 6 

Amplitude 16.5 19.5 21. 3 23.0 24.1 24. 8 2 4 .9 25. 0  23.5 21.1 
(2. 7 2.4 1.9 1.3 1.5 1.5 1.3 1.7 2.1 2.2 

Duration of Final = 30.1 (3); duration of sonorant Initial = 8.8 (2.3); fundamental frequency at 
sonorant onset = 120 (9), fundamental frequency at sonorant mid-point = 108 (4); amplitude at 
sonorant onset = 10.3 (0.8); amplitude at sonorant mid-point = 14.4  (1.3); amplitude at 3/4 of 
sonorant duration = 15.1 (1.5). 

TA BLE 9 
MEAN AND STANDARD DEVIAT ION VALUES FOR FUNDAMENTAL FREQUENCY ( Hz) , AMP L ITUDE ( dB ) , 

AND DURAT ION ( c s e c )  I N  6 SHANGHA I - ZHENHA I C ITAT ION MONOSYLLABLES OF TYPE 3 ,  
WITH SYLLABL E - F I NAL VELAR NASAL , AND SONORANT I N I T IAL ( C s

t� ) . 

Percentage of duration 
of Final ( DF ) 0 10 20 30 4 0  50 60 70 80 90 

Fundamental frequency 117 121 128 136 144  151 156 154 147  135 
( 4  5 5 5 5 7 11 12 12 11 

Amplitude 18.5 21. 9 23.1 24. 1 24.7 24.0 23.6 23.0 22.0 20.3 
(3.1 3.2 3.4 2. 9 2.9 2.9 2.9 2.8 3.2 3.4 

Duration of Final = 27.5 (2); duration of sonorant Initial = 8.6 (2.4); onset of nasal consonant 
occurs at csec 10.9 (1.7), i.e. 4 0% DF, fundamental frequency at sonorant onset = 121 (6); 
fundamental frequency at sonorant mid-point = 115 (4); amplitude at sonorant onset = 9.3 (3); 
amplitude at sonorant mid-point = 15.8 (3.8); amplitude at 3/4 of sonorant duration = 170. 6). 

100 

119 
7) 

15.3 
2.8) 

100 

115 
9 

14.7 
1.6 



TA BLE 1 0  
MEAN AND STANDARD DEVIAT ION VALUES FOR FUNDAMENTAL FREQUENCY (H z ) , AJ1P L I TUDE (dB) , 
AND DURAT I ON (csec) I N  1 1  SHANGHAI - Z HENHAI C I TAT I ON MONOSYLLABLES OF TYPE 4 ,  WITH 

OBSTRUENT I N I T IAL , MONOPHTHONGAL VOWEL F I NAL , AND OPT I ONAL SYLLABLE - F I NAL GLOTTAL - STOP (ct). 

Percentage of duration 
to fundamental 0 10 20 30 40 50 
frequency peak (DP) 

Fundamental frequency 119 108 106 105 106 108 
(7 6 7 7 8 8 

Percentage of duration 
of Final (DF) 0 5 10 15 20 30 40 50 60 

Ampli tude 14.4 16.5 15.9 15.4 15. 2 15.0 15.3 16.2 17.3 
(2.1 2.6 2.7 2.7 2. 6 2.6 2.6 2.9 3.0 

Duration of Final = 36.3 (4.2); duration to fundamental frequency peak 
frequency at 100%DF = 121 (6). 

TA B LE 1 1  

60 70 80 90 

112 116 124 132 
8 8 7 7 

70 80 85 90 95 

18.6 20.0 20.5 20.7 20.2 
3.0 3.1 3.0 2.6 2.6 

33.8 (4 ) fundamental 

MEAN AND STANDARD DEVIAT ION VALUES FOR FUNDAMENTAL FREQUENCY ( H z ) , AMPL I TUDE ( dB ) , 
AND DURAT ION (csec) I N  8 SHANGHAI - ZHENHAI C I TAT ION MONOSYLLABLES OF TYPE 4 ,  W ITH 
OBSTRUENT I N I T IAL ,  AND SYLLABLE - F I NAL VELAR NASAL AND OPT IONAL GLOTTAL - STOP (ctQ). 

Percentage of duration 
to fundamental 0 10 20 30 40 50 60 70 80 90 
frequency peak (DP) 

Fundamental frequency 126 109 102 100 101 103 107 113 123 132 
(5 6 5 4 4 4 5 5 6 5 

Percentage of duration 0 5 10 15 20 30 40 50 60 70 80 85 90 95 
of Final (DF) 

100 

14 1 
8) 

100 

16.4 
2.1) 

100 

146 
5) 

100 

Amplitude 16.7 19.1 17. 4 16.9 16. 6 16.2 16.0 16. 7 17.7 18.7 19. 9 20. 1 20.1 19.4 15.9 
(2.8 4.2 3.6 3.2 2.9 2.4 2.6 2.4 2.2 2.3 2.5 2.6 2. 4 2.7 2.3) 

Duration of Final = 36.3 (4 .1), duration to fundamental frequency peak = 34. 5 (3.5); fundamental 
frequency at 100%DF = 128 (9); onset of nasal consonant occurs at csec 13.4 (3.1), i.e. 37%DF, or 39%DP. 



TA B LE lZ 
MEAN AND STANDARD DEVIAT ION VALUES FOR FUNDAMENTAL FREQUENCY (Hz) , AMP L I TUDE (dB ) , 

AND DURAT I ON ( csec)  I N  18 SHANGHAI - ZHENHAI C I TATION MONOSYLLABLES OF TYPE 4 ,  
WITH MONOPHTHONGAL VOWEL-AND-GLOTTAL-STOP F I NAL , AND SONORANT I N I T IAL (C  L). 

s 

Percentage of duration 
to fundamental 0 10 20 30 40 50 60 70 80 
frequency peak (DP) 

90 

Fundamental frequency 1 10 107 106 106 107 109 112 117 124 131 
(6 6 6 6 6 6 5 6 7 7 

Percentage of duration 
of Final (DF) 0 5 10 15 20 30 40 50 60 70 80 85 90 95 

Amplitude 16.2 17.0 17.2 17.2 17.2 16.8 16.9 17.5 18.2 19.5 20.8 21. 4 21.6 21.4 
(2.0 2.2 2.2 2.1 2.4 2.7 2.7 2.9 2.9 3.1 3.0 3.0 2.9 3.1 

lCO 

140 
8) 

100 

18.0 
2.6) 

Duration of Final = 36.9 (3.2); duration to fundamental frequency peak = 34.6 (3. 1); duration of 
sonorant Initial = 9.2 (2.8); fundamental frequency at 100%DF = 124 (9); fundamental frequency at 
sonorant onset = 114 (5); fundamental frequency at sonorant mid-point = 110 (5), amplitude at 
sonorant onset 11.3 (2. 4); amplitude at sonorant mid-point = 14.5 (2.7); amplitude at 3/4 of 
sonorant duration = 15.0 (2. 3). 

Percentage 
of Final 

TA B LE 1 3  
MEAN AND STANDARD DEV IAT ION VALUES FOR F UNAMENTAL FREQUENCY (Hz) , AMPL I TUDE (dB ) , 

AND DURAT ION (c s ec )  IN 13 SHANGHAI -ZHENHAI C I TAT I ON MONOSYLLABLES OF TYPE S, 
W ITH UNASP I RATED OBSTRUENT INIT IAL , AND SYLLABLE-F INAL GLOTTAL - STOP (CUq ) .  

of duration 
(DF) 0 10 20 30 40 50 60 70 80 

Fundamental frequency 169 167 168 166 160 
(12 10 II 9 8 

Amplitude 20. 4 25.8 25.8 2 5 .8 25.1 
(2.3 2.1 2.5 2.6 2.7 

Duration of Final 9.1 (2.4) 

90 100 

127 
11) 

20 
2 ) 



TABLE 1 4  
MEAN AND STANDARD DEVIAT ION VALUES FOR FUNDAMENTAL FREQUENCY (H z ) , AMP L I TUDE (dB) , 

AND DURAT ION ( c s ec )  I N  13 SHANGHA I - ZHENHA I C I TAT ION MONOSYLLABLES OF TYPE 6 ,  
WITH OBSTRUENT I N I T IAL , AND SYLLABL E - F I NAL GLOTTAL- STOP (CLq) . 

Percentage of duration 
to fundamental 0 10 20 30 4 0  50 60 70 80 90 
frequency peak (DP) 

Fundamental frequency 121 116 119 131 145 
(9  7 8 10 9 

Percentage of duration 

100 

148 
8) 

of Final (DF) 0 5 10 15 20 30 40 50 60 70 80 85 90 95 100 

Amplitude 16.2 18.2 19.7 22.2 
(1.9 2.4 2.4 2.5 

Duration of Final = 10.5 (1.5) ; duration to fundamental frequency peak 
fundamental frequency at 100% DF = 123 (16) 

TA BLE 1 5  

23.7 22.8 
1.5 1.4 

9.2 ( 1.4), 

MEAN AND STANDARD DEVIAT ION VALUES FOR FUNDA}IENTAL FREQUENCY (Hz ) , AMPL I TUDE (dB) , 
AND DURAT ION ( c s e c )  I N  7 SHANGHAI - ZHENHAI C I TAT ION MONOSYLLABLES OF TYPE 6 ,  

W ITH SONORANT I N I T I AL ,  AND SYLLABLE - F I NAL GLOTTAL - STOP (Cs Lq) . 

Percentage of duration 
to fundamental 0 10 20 30 40 50 60 70 80 90 
frequency peak (DP) 

Fundamental frequency 110 113 118 126 135 
(2 3 5 6 2 

Percentage of duration 

19.2 
2.1) 

100 

147 
3) 

of Final (DF) 0 5 10 15 20 30 40 50 60 70 80 85 90 95 100 

Amplitude 18.0 20.0 21.8 23.7 24.4 22.9 19. 3  
(2.0 1.9 1.4 1.5 1.9 1.9 2.2) 

Duration of Final = 13.2 (3.6) ; duration to fundamental frequency peak = 10.8 (3.2) ; duration of sonorant 
Initial = 9.4 (1.8) ; fundamental frequency at 100%DF = 117 (7) ;  fundamental frequency at sonorant onset 
= 114 (5) ;  fundamental frequency at sonorant mid-point = 108 (3) ; amplitude at sonorant onset = 11.6 
(1.5) ; amplitude at sonorant mid-point = 15. 6 ( 1.7) amplitude at 3/4 of sonorant duration = 16.5 ( 1 . 9). 
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F I GURE 1 

Synchron i s ed Fundamenta l Frequency and Re l a t ive Amp l i tude 
Value s  for 14 Shangha i - Z henha i C i t a t ion Mono syl l ab l e s  o f  
Type 1 ,  with  Monophthongal Vowel F ina16 and Una spirated 

Ob s t ruent I n i t i a l  (C  ) .  
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F I GURE 2 
Synchroni sed Fundament a l  Frequency and Re l a t ive Amp l i tude 
Values for 14 Shangha i - Zhenh a i  C i tat ion Mono s y l l ab l e s  o f  
Type 1 ,  with  Una s p i r�ted Ob s truent I n i t i a l , and Sy11ab 1e 
F inal Ve l ar N a s a l  (CU� ) . ' N '  I nd i c a t e s  Point o f  Ons e t  o f  

Ve l ar N a s a l  
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F I GURE 3 

Synchron i sed Fundamental Frequency and Re l a t ive Amp l i tude 
Values for 12 Shanghai - Z henh a i  C i t a t i on Monosyl l ab l e s  o f  
Type 2 ,  with Monophthong a l  Vowe l - and- G l o ttal - Stop Final , 

and Unas p i rated Ob s t ruent I n i t i a l  (C6) .  
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F I GU R E  4 

Synchron i sed Fundament a l  Frequency and Rel at i ve Amp l i tude Val ues 
for 5 Shangh a i - Zhenh a i  C i t at ion Monosyl l ab l e s  o f  Type 2 ,  with 
Una s p i r ated Ob s t ruent I n i t i a l , and Syl l ab l e - F inal Velar Nasal 
and G l o t t a l - S top ( C� � ) . ' N '  I ndicates  Point o f  Ons e t  o f  Ve l ar 

Nasa l . 
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F I GU R E  5 

Synchoni sed Fundamental Frequency and Re l a t ive Amp l i tude 
Values for 14 Shanghai - Z henhai C i tat ion Monosyl l ab l e s  of 
Type 3 ,  with Monophthongal Vowel F ina l , and Obs truent 

I n i t i a l  (ct) . 
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F I GU R E  6 

Synchronised Fundamental Frequency and Re lat ive Amp l i tude 
Va lues for 1 1  Shanghai - Zhenhai C i tat ion Monosyl lables  of  
Type 3 , with Ob struent Initial , and Syllab l e - Final Velar 
Nasal (ctQ) . ' N '  Indicates Point o f  Onset o f  Ve lar Nasal . 
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F I GU R E  7 

Synchroni sed Fundamental Frequency and Relative Amp l i tude 
Values for 9 Shanghai - Zhenhai Ci tation Monosyl lables  of  
Typ� 3 ,  with Monophthongal Vowel Final , and Sonorant Ini tial 
( CsL) . The Point of  Onset o f  the Vowel Final i s  Located 

at csec O .  
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F I GU R E  8 

Synchroni sed Fundamental Frequency and Re lat ive Amp l i tude 
Values for 6 Shanghai - Zhenhai Citation Monosyl lables  o f  
Type 3 ,  with Syllab l e - Final Ve lar Nasal , and Sonorant 
Initial (C tl) ) . ' N '  Indicates Point of  Onset of Ve lar 
Nasa l . Th� Point o f  Onset of  the Vowe l Final i s  Located 

26 

24 

22 

iii' 20 

:!:!. 
CD 

18 "C 
:e 
Q. 
E '" 1 6  

CD > :;: 1 4  '" 
Qi 0:: 

1 2  

1 0  

8 

200 
.... 
:x: ;: 1 80 
(.) 
c 
CD 
::> 1 60 I 
] 1 40 
c 
CD 
� 1 20  "C C 
::> 

L.L 1 00 

at csec O .  

o csec N 

o csec N 

20 csec 

20 csec 

40 csec 

40 csec 



ACOUSTIC CHARACTERISTICS OF THE SHANGHAI-ZHENHAI SYLLABLE TYPES 2 7  

F I GURE 9 

Synchronised Fundamental Frequency and Re lat ive Amp li tude 
Values for 1 1  Shanghai - Zhenhai Citat ion Monosyl lables  of  
Type 4 ,  with  Obstruent Initial , and Monophthongal Vowel 

Final with Opt ional Glotta l - Stop eCL ) .  
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F I GU R E  1 0  

Synchronised Fundamental Frequency and Re lat ive Amp l i tude 
Values for 8 Shanghai - Zhenhai Ci tation Monosyllables  of  
Type 4 ,  with Ob struent Initial , and Syl lab l e - F inal Velar 
Nasal and Op tional Glotta l - Stop (ct!) ) . ' N '  Indicates Po int 

of  Onset of Velar Nasal . 

22 
CD 
� 20 Q) 
"0 
::> 

±: 
Ci 
E 1 8  
'" 
Q) 1 6  > 

+: '" 
Qj a:: 1 4  

o csec N 20 csec 40 csec 

200 
N" 
!.. 1 80 >-0 
c 
� 160 CT 
� -
] 1 40 
c 
Q) 

� 1 20 
"0 C 
::> ..... 100 

o csec N 20 csec 40 csec 



ACOUSTIC CHARACTERISTICS OF THE SHANGHAI-ZHENHAI SYLLABLE TYPES 2 9  

F I GU R E  1 1  

Synchroni sed Fundamental Frequency and Re lat ive Amp l i tude 
Values for 18 Shanghai - Zhenhai C itation Monosyllables of 
Type 4 ,  with Sonorant Initial , and Monophthongal Vowe l 
Final with Optional Glottal- Stop ( C  t) . The Point  of  Onset 

o f  Vowel Final is Locat�d at csec O .  

22 

20 
iii 
:!:!. 18 
Gl 

"0 
:l 

:!:: 16 Q. 
E 
... 
Gl 14 > 

:;:: ... 
Qi 12 a:: 

10 

o csec 20 csec 40 csec 
200 

'N' 
:r: -;:: 180 
0 
<: 
CD :l 1 60 I 
� 1 40 
<: CD 

� 1 20 "0 <: 
:l .... 100 

o csec 20 csec 40 csec 



3 0  PHILIP JOHN ROSE 

F I GU R E  1 2  

Synchronised Fundamental Frequency and Re l at ive Amp l itude 
Values for 13 Shanghai - Zhenhai C itat ion Mono syl lab les  of  
Type 5 ,  with Unaspirated Ob s truent Initial , and Syl lab l e -

F inal Glottal - Stop (CUq) . 
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F I GU R E  1 3  

Synchronised Fundamental Frequency and Re lative Amp l i tude 
Values for 13 Shanghai - Zhenhai Citation Monosyl lables  of 
Type 6 , with Unasp irated Obstruent Init ial , and Syl lab l e -

Final Glotta l - Stop (CLq) . 
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Synchroni sed 
Values for 7 
Type 6 ,  with 
Stop ( CsLq) . 
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F I GU R E  1 4  

Fundamental Frequency and Re lat ive Amp l i tude 
Shanghai - Zhenhai  Citat ion Monosyl lab l es o f  
Sonoran t Ini t i al , and Syllab l e - F inal Glottal -
The Point of  Onset  o f  Vowel Final i s  Located 

at csec O .  

0. csec 20. csec 40. csec 

0. csec 20. csec 40. csec 



ACOUSTIC CHARACTERISTICS OF THE SHANGHAI-ZHENHAI SYLLABLE TYPES 3 3  

F I GU RE 1 5  
Fundamental Frequency Values Compared for 

(A) CV (q)  , 
(ll )  CV!) ,  A 

(C ) CSL (q )  / CsL!) Syl lables . 
= C ( s ) Vq Syl lables ; 

- - - - - = cst !)  Syl lables . 
Onset of  F inal i s  shown at csec O .  
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F I GURE 1 6  

Re lat ive Amp l i tude Values Compared for 

(A) CV ( q ) , (B) CV� ,  and (C) Cs L (q)  / cs
t � Syl lab les ; 

C ( s ) Vq Syl lables ; - - - - - = cs
t � Syl lables . 

Onset of Final i s  shown at csec O .  
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Contour may be de fined as  the  curve obt ained by expre s s ing each 
%DF or %DP point me asurement of Ao or Fo as a percentage of  the mean 
Ao or Fo range of the syl lab le-type in ques tion . Plot ting contour 

values in this way factors out the parameter of  duration and the 
dimension of  regi ster .  For example , the mean Fo range in CD syllab les  

is  1 5 3  Hz  ( lO O %DP ) minus 1 3 4Hz ( 30 ,  4 0  5 0 %DP ) = 19Hz . The mean F o 
onset value ( 1 4 3Hz ) will  have , there fore , a contour value of 

1 4 3  - 134 Hz x 100 = 4 7 % . 
19  

The Fo contours of  CD and CL syllab l e s  are compared in Figure 1 7 .  It  

can be seen  that both  types share similar onset and offset contour 
values ( at approximat ely mid-range ) .  The ir  peaks oc cur , and lowest 

points are reache d ,  at very near�y the same %DF point s ( about 9 3 %DP 

and 2 7 %DP respect ively ) .  However ,  the CL contour falls  qui cker and 
st art s to rise earlier than the C� cont our , so that di fferences of  
13%  and 1 5 %  of Fo range separate them at  9 %DF and 6 5 %DF respectively . 
Analys i s  of the contour value s for these two t ypes  exc luding values at 
1 0 0 %DF ( Tab le 16 b e low ) shows that there is no reason at the 5 %  level 

to rej ect  the hypothe s i s  that they come from the same populat ions , 
whereas the difference in regi s t er be tween the two types  is  highly 

signi fi cant ( p . l l ) . 

TAB L E  1 6  

REGRE S S ION ANALYS I S  OF CD AND d Fo CONTOURS 

Sums of Squares of Mean Variance 
Source Residuals (3 degree df Squares Ratio 

polynanial) 
v 

CL 731. 18 18 40 . 62 Combined regression, CU, 
v v 

148 . 58 14 10 . 61 Sum of regressions , CU, CL 
2 . 83 

Difference ,  combined regression - 4 30 . 01 sum of regressions 

(F  = 3 . 11 for 4/14 df at 5% level ) 

I t  can be seen , there fore , that within the parameter of  F , the con-
v 0 

t rast between CD and CL syllab les demonstrab ly re side s  in the dimension 
of  Fo regi s t e r .  

As  far a s  t h e  A o  paramet e r  is  concerne d ,  t h e  di ffe rence in A o  regi ster  

between syl lab le-types 2 and 4 is  greater  than for Fo ' C� syllab le s  
have an A o  register value of  7 2 % , compared with 2 4 %  for C L  syllab l e s . 
There i s  there fore an Ao regi ster  di ffe rence between CL and CD syllab l e s  
of  4 8 %  ( c f .  3 6 %  for Fo regist er ) . 

The di fference in Ao contour between CO and CL syllables is  shown 
in Figure 1 8 . It can be  seen once again that there i s  great er  contrast
ivene s s  in the Ao parameter than in the Fo parameter : the Ao contours 
are ob viou sly more contrast ive than the i r  corre sponding Fo cont ours . 
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The main di ffe rence between the Ao contours o f  the two types l i e s  in 
the re latively greater concentration of  Ao in the first hal f  of  CD 
syllab le s : note that , in CU syllab le s ,  the first peak is  only 19% of 

dB range down on the second peak , compared to a difference of  4 7% of 
range in CL syllable s .  I n  CL syllab le s , t oo , Ao fal l s , and starts to 
ri se , earlier t han in CU syllables : a characteri s t i c  which , it  can be  
not ed , parallels  the  Fo contours of  the s e  syl lab les  ( Figure 1 7 ) .  

The contrast  in Ao shapes between CL and CD syllab l e s  i s  there fore 
a funct ion of both register and contour di fference s .  

CU syllab les  also di ffer from CL syllables in the parameter of  

durat ion . The difference , whether between DF  value s ( 4 . 3  c s e c ) ,  or 
between DP value s ( 4 . 5  csec ) ,  is  shown by t-test to b e  highly signi fi

cant ( DF :  . 0 2 > p > . 01 ;  t =  2 . 7 ,  df = 2 1 ;  DP : . 0 1 > p ;  t = 2 . 9 7 ,  df 

2 1 )  . 
To summari se , the above analys i s  has e stab l i shed that CU and CL 

syllab l e s  contrast acous t i cally in all three parameters of  Fo ' Ao , and 
durat ion . With Ao and Fo ' it is  the regi ster  di fferences whi ch appear 

most  important , although Ao contours are also cont rast ive . 

F I GU R E  1 7  

Compar ison of  Fo Contours in ct'i ( -- ) and d ( - - - - -) Syl lab les  
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F I GU R E  1 8  

Compari s on o f  Ao Contours in CO ( -- ) and d ( - - - - - ) Syl l ab l e s  
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The gene ral Fo shapes for the individual syllable-types ( Figure 1 5 )  

require little  comment . Apart from the CUq syllab le s ,  which sounded t o  
me highe r ,  with re spect t o  cb syllables , than their mean Fo shapes 
appear to warrant , the Fo data confirm the auditory impre s s ions . The 
ab rupt fal l in Fo at the end of types 2 ,  4 , 5 , and 6 is inaudible as 

such : it is one of the acoustic  corre lat e s  of the syl lab le- final glottal 
stop in these syl lab les ( c f. the ab rupt fal l  in Fo report ed for [7] also 
in Shanghai dialect ( Zee and Maddieson 1 9 7 9 ) .  

It can be noted that , although Chao ' s  ( 1 9 3 0 )  notation is  of  course 
intended as a method of  t rans crib ing p i t c h ,  the Fo shapes can be 
expre ssed in terms of  the five-point s cale , without perhaps too much 
di stort ion : cb : 5 1  ( 52 ? ) ;  CD : 3 3 4 ( 4 3 4 ? 32 4 ? ) ;  cL : 2 3 2 ;  cL : 2 1 3 , 

CUq : 2; CLq : � ( �? ) . 

There are several phonologi cal rules in Sh- Zh,  and Zhenhai dialect , 
which divide the syl lab le-types into two natural classes  of 1 ,  2 ,  and 
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5 on the one hand and 3, 4, and 6 on the other. (These two natural 
classes also correspond to the categories of Yin and Yang in traditional 
Chinese phonology). This kind of situation has been previously handled 
with undefined pitch features like [ +Hi ] (Wang 1967) or [Upper] (Yip 
1980 ) .  It is not, however, immediately apparent how the necessary 
feature can be defined, given the Fo shapes in Figure 15. In what 
sense is the pitch of 1, 2, and 5 syllables [ + " Hi" ] ?  [ + " Hi" ] type 1 
syllables certainly have a high pitch at onset, but fall to a low pitch; 
the mean peak Fo value for [ + " Hi" ] type 2 cO syllables is only 5 Hz  
higher than the mean Fo peak in [-" Hi" ] type 6 CLq syllables; only 12 
Hz separates the Fo peaks of [ + " Hi" ] cO and [-"Hi" ] ct types. 

If we wished to define this feature acoustically with reference to 
Fo' two possibilities suggest themselves. The first uses Fo onset 
values; the second invokes the concept of register as defined on p.ll. 

Syllable types 3, 4 and 6 have almost identical Fo onset values -
in CL (q) syllables, for example, 122, 119 and 122 H z  respectively -
and any types with Fo onset value above, say, 40% of total Fo range 
can be defined as [ +Hi ], or Yin. (Note that 40% of total Fo range is 
131 H z  in CV (q) syllables, and 132 Hz in CV � syllables.) However, 
syllable types, 1, 2, and 5 do not onset at the same Fo value, and in 
CV � syllables, in fact, the Fo onset value for [+Hi] type 2 (C� �) is 
nearer to the [-Hi ] values than the other [ +Hi] syllable CU �. 

Using the register approach, however, gives an interesting and 
intuitively satisfying result. The Fo register values of the syllable
types in the present data are as follows : 

86% : CUq; 69% : cb�, 64% : CU; 53% : CU; 52% : CU�; 46% : CsL�, 44% : CL�, 
4 1% : C

s
L, 38% : CL; 39% : CLq, 31% : CsLq; 19% : CL�, 17% : CL, 16% : CsL. 

These values indicate a demarcation - in acoustic terms at least - at 
50% of total Fo range : [ +Hi]/Yin syllables in the Ninpo dialects have 
Fo register values of 50% and above; [-Hi ]/Yang syllables have Fo 
register values of below 50%. 

9 .  D U RAT I ON 

A constant duration hierarchy obtains for the Finals (i.e. DF 
measurements) of the syllable-types, viz 4 > 2 > 3 > 1 > 5 > 6. 
T-tests show that types 5 and 6 are different at the 10% level (t 
1.76, df = 24), as are also CV types 2 and 3 (t = 1.71, df = 24) . 
Other types are different at least the 5% level, with the exception of 
CU� and CL �, which do not differ significantly. 

Note that, if DP values are taken to constitute the relevant duration 
measure in syllable-types 3, 4, and 6, a durational contrast between 
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types 2 and 3 no longer obtains for C U  vs CL, whereas the OP value of 
CU � syllables still remains significantly different from the OF value 
of CL� syllables (p < . 005; t = 3 .3 9, df = 14). 

If desired, the durational relationships can be quantified by 
expressing the duration of individual syllable-types as percentages of 
the largest duration value, i.e. of type 4. For C (s)V (q) syllables, 
this gives the following results (the largest duration (OF) value, 
36. 9 csec, occurs on csL syllables) : 

25% : CUq; 28% : CLq, 36% : CsLq; 70% : CU; 80% : CL; 82% : CsL; 

87% : CU; 98% : cL, 100% : csL. 
For C (s)V �  syllables, the values are as follows (the largest duration 
(OF) value is 36.3 csec) : 

6l% : CU�; 72% : Ct�; 76% : CsL �; 93 % : CU�,  100% : Cr. 
These relativised percentage values fall into two groups. Values 

less than 4 0% of reference duration define one specification of another 
important phonological feature in Sh-Zh, i.e. [ -Long ] ,  or the tra
ditional Ru category; values of above 4 0% of reference duration define 
the opposite specification of the feature. 

1 0 .  AMP L I TU D E  

The amplitude shapes for all the examples are shown in Figure 16. 
As with the Fo shapes, each syllable-type occupies a definite 

position in a hierarchy of Ao register values, viz. 5 > 2 > 3 > 1 > 6 > 
4 .  F�r C (s)V (q) syllables, th; Ao register values are : 83 % : CUq ; 
72% : CU; 64 % : Cst, 57% : CL; 55% : CU; 6l% : C  Lq, 52% : CLq; 3 6% : c  L, 25% : cL. s v S 

1\ 

For C (s)V� syllables, the register values are 70% : CU�; 70% : CsLQ; 
67% : CL �; 65% : CU �; 3 5% : CL Q .  Note, however, that the feature [ +Hi] 
cannot be defined in Ao register terms, as was possible with the Fo 
register. This is because type 3 syllables, which are [-Hi ] ,  have 
higher Ao register values than type 1 syllables which are [+Hi ] .  

In Rose ( 1979 : 23), where high-passed amplitude was measured, i t  was 
claimed that Ao register was sufficient to provide an additional 
definition for the [ +Long] feature, since syllable-types 5 and 6 had 
very high Ao register values, separated from the other types by about 
4 0%. With flat amplitude registration, however, it is clear that 
[ +Long ] cannot be defined in terms of Ao register, since types 5 and 6 no 
longer group together. Moreover, the register value of the [-Long ] type 
5 syllables is only about 10% higher than the [ +Long ] type 2 syllables. 

Within the dimension of Ao contour, there is a contrast between 
peripherally (CU, cL, C (s)Lq) versus centrally (CU, C (s)t, CUq) 
located amplitude. Ao contours of CU and CD could in addition be 
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des cribed as contrast ing with c ( s ) t and c ( s ) L in the presence vs . 

ab sence of  an initial Ao peak . 

1 1 .  INT E R P A RAME T RIC C O R R E L ATIO N S  - F
o 

A N D  A o 

The t ype of posit ive correlat ion between Fo and Ao regi st ers reported 
in Zee ( 19 7 8 )  for Taiwane se non-Rusheng tones is not as strong in Sh- Z h .  
For example , although the Sh-Zh syl lab le-types with the highe st  and 
lowe st  Fo register values ( types 5 and 4 respectively ) also have the 

hi ghest  and lowest  Ao register value s , type 1 syllables  have Fo 
regi sters higher , but Ao regi sters lower ,  than type 3 syllables . 

Of  much greater signifi cance than register correlation i s ,  howeve r ,  
the generally st rong s imilari ty i n  contour between A o  and Fo shapes .  

Thi s  degre e of simi larity seems t o  b e  lacking in other avai lab le dat a  

o n  Fo and A o  in tone languages , a t  least a s  far as tones with ri sing 
Fo are concerned ( Sauvain 1 9 7 7 ; Phuong 1 9 8 1 ; Zee 19 7 8 ; Li 197 1 ) . For 

example , of the 9 c lear examp l e s  of tones with ri sing Fo contours in 

North , Central , and Southern Vietnamese , ( Phuong 1 9 81 ) , there is only 

one - North Vietname se tone 6 - which shows a clear increase in Ao 
corre sponding to an increase in Fo ' Even in this case , however , the 
increase i s  only about 2 dB , and the Ao contour start s to decay well 

b e fore peak Fo is  reache d .  These facts  indicate that t one language s 

differ considerab ly with re spect to the relat ive contribution of  sub
glottal pressure to production of  Fo ' and that it is  c learly premature 
to assume ( Cat ford 1 9 7 7 : 1 10 ; Ohala 1 9 7 8 ) that Fo is universally 
primarily cont rolled by vocal cord tens ion ( c f .  Hombert 1 9 7 7 : 18 ;  Zee 
1 9 7 7 : 1 1 7 ) . ( It can in fact be shown by app lying a version of  the 

technique out l ined in Monson ' s  ( 1 9 7 8 )  ' Indirect as sessment of  the 

contribut ion of  sub-glottal air pre s sure and vocal cord tension to 
changes o f  fundamental frequency in English ' that vocal cord tension 
p lay s only a secondary role in the control of  Fo in some syl lable 
types in Sh-Zh and Zhenhai dialect ( Rose 1 9 8 2 ) . )  

Not only are there c lear di fferences between language s in the control 
of Fo ' however .  The present data show that the mode o f  control o f  Fo 
can di ffer , even within a single language . This can be demonstrated 
by examining l inear change s in ab solute mean Fo and Ao over t ime in 
di fferent syllable-type s .  For example , in CL syllab le s ,  in the 8 . 8  

c s e c  between csec  2 3 . 7 and c s e c  32 . 5 , the Fo rises from 1 1 6  H z  to 1 3 8  

Hz . Corre sponding t o  this rise o f  2 2  Hz , the Ao rises 2 . 6  dB , from 
1 8 . 1  dB at csec  2 3 . 7 to 2 0 . 7  dB at c se c  3 2 . 5 . 

In CLq syl lable s ,  the 22 Hz rise in Fo from 1 1 6  Hz to 1 38 Hz takes 
5 c se c  ( from c s e c  1 . 5  to c sec 6 . 5 ) , and corre sponds t o  an increase in 
Ao , from 1 7 . 6  to 22 . 5  dB , of  4 . 9  dB . 
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I n  CL syl lables , the 2 2  H z  rise i n  Fo from 1 1 6  H z  t o  1 3 8  H z  takes 
9 . 5  c se c  ( from csec 1 . 5 t o  c se c  11 ) ,  and corre sponds to an increase in 
Ao , from 1 7 . 6  to 2 3 . 4  dB , of 5 . 8 dB . 

The se re sult s can be compared with the corresponding data from types 

3 ,  4 ,  and 6 with sonorant Initial consonant s :  in C L syllables , a R 
2 2  Hz rise in Fo from 115  Hz t o  1 3 7  Hz takes 10 . 3  c sec ( from c se c  

2 3  t o  c sec 33 . 3 ) ,  and corresponds t o  an increase i n  Ao , from 1 8 . 4  t o  
2 1 . 6  dB , of  3 . 2  dB . In CsLq syllab les , a 2 2  Hz rise in Fo from 1 1 5  Hz 
to 137 Hz  takes 9 . 3  csec ( from c se c  0 t o  c se c  9 . 3 ) ,  and corresponds to 

an increase in Ao , from 1 8  to 2 4  dB , o f  6 dB . 

In CsL syllables , a 2 2  Hz rise in Fo from 1 1 5  Hz to 1 3 7  Hz takes 

1 1 . 5  c sec ( from c s e c  0 to csec 1 1 . 5 ) ,  and corre sponds to an increase in 
Ao , from 16 . 5  to 23 . 9  dB , of  7 . 4  dB . 

The l inear rates of  change of  Fo and Ao with respect to t ime derived 

from the above data are given in Tab le 1 7  be low . 

TA B L E  1 7  

COMPARI SON BETWEEN L INEAR RATES OF CHANGE OF F AND Ao 
W ITH RESPECT TO T IME IN  SYLLABLES OF TYPE 3 ,  4 0  AND 6 .  , 

Type �Fo/�t (Hz/csec)  �dB/�t ( dB/csec) {CsL 2 . 1  0 . 3 
4 CL 2 . 5  0 . 3 {C

�
t 1 . 9  0 . 6 

3 CL 2 . 3 0 . 6 {C Lq 2 . 4  0 . 6  
6 C�q 4 . 4  1 . 0  

I t  can be seen from Tab le 1 7  that , with the except ion o f  CLq 
syl lable s ,  the rate of change of Fo with re spect to t ime is about the 
same ( x  = 2 . 3 Hz/cse c )  for types 3 ,  4 ,  and 6 .  However ,  there is a 

c lear difference between type 4 syllab l e s  on the one hand , and types 
3 and 6 on the other , in the rate of change of  Ao with respect  to 
t ime : in types 3 and 6 it is  twice the value of  that in type 4 ,  i . e .  
0 . 6  dB/csec  vs 0 . 3 dB/cse c . ( Note that the �Fo/�t value of  4 . 4  Hz/csec  

for CLq syllables  i s  ( 2 . 4/4 . 4  = ) 0 . 5 t ime s greater than for CsLq 
syllab le s .  I f  the �dB/�t value o f  1 for CLq syllab le s  i s  adj usted by 
this amount , the value of  0 . 5  dB/c sec  i s  obtained which i s  almo s t  the 
same as the value o f  0 . 6  for CLq and type 3 syllab les ) .  

I t  seems , there fore , that since the rate of  change o f  Fo with re s
pect to t ime i s  nearly constant for all the examp le s ,  the di fferences 

in rates  of  change of  Ao with respect t o  t ime between type 4 syllab les  
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on the one hand and types 6 and 3 on the other mus t  re flect a di fference 

in the amount of sub-glottal pres sure be ing used by the speaker in 
the s e  types . Why should this be?  

The observed di fferences probably reflect the di fferent ial sensi
t ivity o f  phonation registers t o  changes in sub-glot t al pres sure 
( Lieb erman 1 9 7 7 : 89 ,  90 ) ,  and the phys iological incompatab i lity between 
the phonatory set t ing for whispery voice  and the use of vo cal cord 

tension t o  increase Fo ' 
In type 4 syllables , the 2 2  Hz rise in Fo examined occurs on the 

l at ter part of the syllable ( from about 60  to 90%DF ) , where phonat ion 
is normal . Over this part icular part of the syllab l e ,  vocal cord 
tens ion contribut es s light ly more t o  the increase of Fo than sub
glot tal  pres sure ( Rose 1982 ) .  

In syllables of type 3 and 6 ,  however ,  the 22  Hz  rise in F occurs o 
near the onset o f  the syllable , where the vocal cords are adj usted t o  

produce whispery voi ce ( p . 4-5 ) .  It  i s  c lear that increasing the Fo by 

increasing vocal cord tension i s  incompat ible with the phonatory set

t ing for whispery voice , whi ch involves " . . .  somewhat re laxed vocal 

cords . . .  " ( Cat ford 1 9 7 7 : 101 ) .  Hence the ob l igatory init i al rise in Fo 
on syllab le-types 3 and 6 can only be achieved by means of sUb-glottal 

pre s sure increas e s .  The degree of sub-glottal pres sure increase needs 
t o  b e  greater than in type 4 syl lab les be cause the contribut ion o f  vocal 
cord tension is exclude d ,  and because , pre sumably , the vocal cords when 
set -up for whi sper are less  sensit ive to sub-glottal pre ssure changes 
than when in normal phonatory mode . 

It  i s  also likely t hat , in ac cordance with the Motor Theory o f  

Speec h  Percept ion , the auditory impre s s ion o f  ' energetically concen
t rated loudne s s ' not ed for type 3 syllables  above ( p . 4 )  is re ferab le -

via the acoust i c  cue of Ao - to the abruptly increased sub-glottal 
pre s sure over t he first hal f  of these syllab le s .  

From the above discus s ion , i t  can b e  seen that the product ion of 

syllab le-type s in Sh- Zh involves de l iberate and considerab ly differen
t iated control over sub-glottal pres sure . Thi s  has intere st ing impli
cat ion s  for diachronic  Chine se tonology , since it  provide s a t onal 
feature other than Fo/pi t c h ,  i . e .  sUb-glottal pre ssure , which character
ises  syllab le-types 3 and 6 against type 4 .  From Middle Chinese , voiced 
o c clus ives deve loped di fferen t ly into the modern dialect s ,  depending on 
the syllab le-type . Thus in Cantonese and Mandarin ,  asp irated re flexes 
o f  Middle Chine se voiced o c c lus ive s are found in syl lab le-types cognate 
with Sh- Zh syllab le-type 3 ,  ( and in some cases syllab le-type 6 ) , but 
unaspirated reflexes are found in syllable-types cognate with Sh-Zh 
syllab le-type 4 .  It i s  there fore possible that the differential 
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development of the voiced o c c lus ives re flect s a syl lab le-type contrast  

in Middle Chine se similar to that in modern Sh- Zh , e spec ially since 
aspiration has been found to correlate in some languages with increased 

sUb-glottal pre s sure . 

1 2 .  I N T E R P A RAME T R I C  C O R R E LAT I O N S  - F o  A N D  DU RAT I O N  

I n  re cent studie s ,  an intrinsi c  corre lat ion between syl lab le durat ion 
and Fo contour has been posite d .  Ohala ( 19 7 8 : 3 1 )  not e s  that speakers 
appear to be ab le to produce fal ling Fo contours faster than ris ing 

one s ,  which explains why tones with ris ing Fo have a longer duration 

than tone s with fall ing Fo ' Also , corre lations have been report ed 
between duration and Fo register,  and durat ion and Fo range : in syl
lab les  with fal l ing Fo ' durat ion decreases with Fo regi s ter , whereas 

in syllab l e s  with ris ing Fo ' durat ion depends on the range of Fo 
covered - the smaller the range , the short er the durat ion ( Rombert 

1 9 7 7 : 15 ) . 
To what extent do the se corre lat ions hold for the Sh- Zh data? The 

durat ion ( DF )  hierarchy in C ( s ) V ( q )  syllab le s , repeat ed here from p . 3 8 ,  
is  4 < 2 < 3 < 1 < 6 < 5 .  The durat ion contrast between the [ +Long ] 

( 4 , 2 , 3 , 1 )  and [ -Long ] ( 5 , 6 )  syllab les i s ,  of course , extrins ically 

controlled by the speake r .  
The durat ional re lationship b etween types 4 and 2 appears t o  b e  an 

example o f  a positive corre lat ion b etween durat ion and Fo range , and 
i s  there fore a p laus ible ext ension o f  the previously noted correlation 
for syllables  with ri s ing Fo : syllables of type 4 and type 2 both have 
the same concave Fo contour , but the mean Fo range in type 4 syllables 
i s  almo s t  twice that of type 2 syllable s ,  vi z .  36 vs . 19  Rz  respect
ively . 

There is  nothing excep t ional about the di fference in durat ion 
between type 1 and types 4 and 2 : if syllab les  with fal ling Fo con
tours are intrins ically short er than those with rising c ontours , then 
they are b ound t o  b e  shorter t han those with falling-rising contours . 
The same reasoning app lies t o  the durat ion c ontrast between type 1 

and type 3 syllables . 
There remain , however ,  two cases whi ch do not exhib i t  the expected 

durat ional relat ions . Type 3 syllab l e s ,  with ris ing- fall ing Fo con
t ours , are s horter than types 2 and 4 ,  which have fal l ing-ri s ing con
t our s ,  and type 6 syllables , with rising Fo contours , are short er  than 
type 1 syllab le s ,  which have fal l ing contours . 

Now a convex Fo contour , l ike that of Sh- Zh type 3 syllab le s ,  i s  

very rare i n  Chinese diale ct s : of the 3 4 3 3  Fo shapes  invest igated i n  
a survey o f  Chinese dialect tone s , only 80  were found t o  have such a 
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contour ( Cheng 1 9 7 3 : 10 3 ) . In current termino logy , then , the Fo con
t our of Sh- Zh type 3 syllables  would be considere d ,  as for examp le in 
Wang ( 19 67 ) ,  highly marked and ( in some unspecified way ) ' complex ' .  

Howeve r ,  i f  the type 3 syl lab le Fo contour i s  more complex than the 

c oncave contours in types 2 and 4 ,  we should surely expe ct  it to have 
a longer durat ion , app lying the inference from relat ive durat ion to 

re lative complexity o f  art iculat ion implied in Ohala ( 1 9 7 3 : 1 5 ) . ( Note 

that in Cheng ' s  ( 1 9 7 3 ) surve y ,  352  of  the 3 4 3 3  Fo shape s were concave ) .  
Clearly , in this cas e ,  the idea of  relat ive durat ion of  an Fo con

t our as an indicator of complexity is incompatible with the idea o f  
complexity of  an Fo contour being reflected in i t s  frequency of  o c cur

rence/markednes s . I think this incompat ibility can be re solved by 
recal l ing ( p . 4 2 ) that the mode o f  control o f  F in type 3 syl lab le s o 
( with convex contour)  di ffers from that in type 4 ( with concave con-

tour ) . In type 3 syllab le s ,  the part ic ipat ion of  vocal cord tens ion 

in the control of  Fo is ruled out by the phonatory set t ing for whi spery 

voice , so  t hat sub-glottal pre ssure has to be use d .  I f  it i s  possible 

that a convex Fo contour can be produced qui cker  by a burst o f  sub
glot t al pres sure ( akin t o  the e ffe ct of  the push-in-the-chest  technique 

de s c ribed in Lade foged ( 19 6 7 ) ) than by changes in vocal cord tension , 
the short er durat ion o f  type 3 syllables  relat ive to types 4 and 2 
would be e xplained . 

The que st ion of  mode of  Fo control is  also o f  relevance to the 

prob lem o f  the durat ional relationship between types 6 and 1 .  Normally , 

we would expect type 1 syllab le s , with fal ling Fo contours , to be 
short er  than type 6 syllab le s ,  with ri sing Fo contours . There fore , the 

fact that type 1 syllab les have a much greater duration than type 6 
syllab les  requires comment .  

It  will  be recalled that type 6 syllab les are [ -Long ] , where as type 
1 syl lab le s  are [ +Long]  ( p . 39 ) .  Since this phonological feature i s  

primari ly manifested by extrinsi cally controlled re lat ive duration , 

type 6 syllables  must  be kept shorter than type 1 syllab le s .  Thi s , 

however ,  only explains half of  the prob lem, because putat ive intrinsi c  
re lat ionship s ,  like t he correlat ion between Fo contour and durat ion , 
should  not by definition be phono logi cal ly suspendible . There mus t ,  
there fore , b e  an addit ional factor present which enab les  the ris ing 

Fo required for type 6 syl lab les to be produced quicker than the 
fall ing Fo required for type 1 syllab l e s .  In the light of the re sult s 
report e d  above , this factor seems once again to be the mode of  Fo 
control in type 6 syllab le s . As  in type 3 syllab le s ,  a more abrupt 
increase in Fo i s  achieved by a burst of  sub-glottal pres sure , rather 
than increased vocal cord tension . 
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To summarise , i n  orde r to explain di fferences in durat ion between 
the Sh- Zh [ +Long ] syllables  as intrins ically correlated with their Fo 
characteri s t ic s ,  it i s  neces sary to conside r ,  in addit ion to the 

factors of  Fo range and contour,  their mode of  Fo control . The mode 

of Fo contro l must  also be considered in accounting for the ab sence of  
an  expe cted corre lat ion between Fo contour and durat ion in types 1 and 

6 .  

1 3 .  E F F E CT O F  S Y L L A B L E - F I NAL V E L A R  N A S A L  

All  syllable-types capab le phonotactically of  showing the  final ve lar 

nasal , i . e .  types 1, 2 ,  3 ,  and 4 ,  were analysed . The re sults are shown 

graphically in Figure s 2 ( CU � ) , 4 ( CU � ) , 6 ( CL � ) ,  8 ( CsL� ) and 10 ( CL� ) , 

where ' N '  marks the on set of  the velar nasal . Many intere s t ing and 
per�aps unexpected correlat ions exist  between the final nasal and all  

prosodic parameters . Note , for example , that the pre sence o f  a syl

lab le- final nasal appears t o  corre late with a s igni fi cantly higher Fo 
at syllab l e  onset in type 1 syllab le s .  I shall re strict  my comments  

here , howeve r ,  to correlations between syl lab le- final nasal and Ao , 

and between durat ion and point of  onset o f  nasal consonant . 

1 4 . F I N AL N A S A L  A N D  F o 

The e ffect o f  a final nasal on Ao can be seen from a comparison 

between the Ao shapes  on C ( s ) V and C ( s ) V� syl lab les in Figure 1 6 .  
Probab ly the mo st obvious e ffe ct i s  the slightly lower Ao value s ,  

re lat ive t o  CV syllab le s ,  which are found on that part o f  the Ao shape 
corresponding to the nasal consonant . In CU� syllables , for example , 
the Ao rise  over the nasal is  1 . 7  dB compared to 2 . 3  dB in CU syl
lable s , and in CL� syllables the Ao rise i s  4 . 1  dB , compared t o  values 

of  5 . 7  dB and 4 . 8  dB in CL and Cs
L syllables re spectively . Be cause o f  

their relat ively large , acou s t i cally ab sorbent surface are a ,  the nasal 
pas sage s have a high damp ing factor,  and there fore an intrinsic  differ
ence in amp litude between nasal and non-nasal sounds is to be expected 

( Ohala 1 9 7 5 : 29 2 ) .  
A drop in Ao caused by a syllable-final nasal has been noted for 

very di fferent Chinese diale ct s ,  name ly Yangzhou ( Sauvain 1 9 7 7 : 20 3 ) ,  
Cantone se ( Fok 1 9 7 4 : 2 3 ,  see also Figure s 2 ,  3 ,  pp . 1 3 9 ,  1 4 0 ) , and Peking 
dialect ( Krat ochvil 1 9 7 7 : 2 9 ) . Unfortunate ly , the type of amplitude 
involved - i . e .  whether flat or pre-empha s ised - is usually not made 

c lear , and the differences  not quant ifie d .  Thi s  is a regrettable 

omi s s ion,  b ecause a drop in Ao can have perceptual s ignifi cance : in 
casual Peking dialect spee c h ,  where nasal codas are often dropped ,  the 
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morphophonemi c pre sence of the nasal is  s t i l l  signalled by a mid
syl lab le drop in Ao , and also , interest ingly , in Fo ( Kratochvil 1 9 7 1 ) .  

Moreove r ,  a syl lab le- final nasal can be synthesised merely by abruptly 

de creasing Ao in mid- syllab le ( Kratochvil 1977 ) .  Now , it  i s  c lear that 

the flat Ao di fferences b etween some CV and CVQ syl lab les in the second 
hal f of their durat ion are unlikely t o  be above the di fference limen 

for the percept ion of amp litude 8 , whereas the p re-emphasised ampl itudes 
o f  Sh- Zh CV and CVQ syllables show much greater contrast ivity ( Rose 
1 9 7 9 ) .  This invites  the speculat ion that the perceptual mechani sm 
invo lve s some kind o f  high-pass filtering in order t o  be ab le to detect  

ampl itude drops q ua cues  for final nasals . 
A sec ond characterist i c  of syllab les with final nasals is the higher 

Ao value s ( re lat ive to CV syllab les ) ,  regist ered j ust after the onset 
o f  the Final . For example , the Ao value of CU Q syllables  at 10 %DF i s  
2 5 . 3  dB , 3 . 2  dB up on the corresponding Ao value of 2 2 . 1  dB for CU 

syl lable s .  In type 2 syllab les the di ffe rence i s  1 . 7  dB , and in type 
4 syllab le s ,  2 . 6  dB . For CU Q syllables , at least , this di fference in 

Ao seems t o  refle ct  extrinsic  contro l ,  possibly in order to maximise 
cont rast ivity in Ao  between the first  and second halves of the syllable , 
and thus enhanc e  the funct ion o f  Ao as a perceptual cue for nasals 
( Rose 1 9 82 ) . Note also in this connect ion that , in the ab sence of 

compensat ory adj ustment s in vocal cord tens ion , we should expect to 
find an inc rease in Fo concomitant with such a deliberate increase in 

Ao . Thi s  i s ,  of course , exact ly what i s  observed in the higher Fo on 

CU Q ( and CL Q )  syl lab les ( p . 3 3 ) . 
Final ly , note that most of the drop in Ao in syllab les with final 

nasals occurs on the vowel p rior to the onset of the nasal consonant . 

Thi s  i s  p robab ly an indication both of early ant i c ipatory nasali sat ion 
o f  t he short vowe l preceding the [ Q ] ,  and ( later)  of narrowing o f  the 

vocal trac t c aused by movement of t he back of the t ongue t owards 
ve laric occus ion . 

1 5 . N A S A L  O N S E T  P O I NT A N D  DU RAT I ON 

Examination of the measurements for the onset of the nasal consonant 
shows that the value N/DF in CU Q and CL Q syllab le s ,  and N/DP in CU Q and 
ctQ syllab le s  is a c onstant 4 0 % . The speaker appears , there fore , to 
be t iming the onset of the nasal consonant with reference to the dura
t ion charac teri s t i c s  of the syllab le in whi ch it  oc curs , so that ve laric  
occ lusion i s  e ffected at  1/3rd o f  the re levant duration ( DF in ct Q ,  

and CU Q syllables ; DP i n  CU Q and CL Q syllables ) .  Thi s  means , o f  course , 
that the proport ions of short vowel ( 1/3rd ) and velar nasal 2/3rd ) are 
maintained constant within the syl lable-type while their ab solute 
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durat ion values will di ffer . For example i n  CU 8 syllab l e s  the short 
vowel and [ 8 J have mean durations of 9 . 2  c se c  and 13 csec  re spe c t ive ly , 
compared t o  13 . 4  c se c  and 2 2 . 9  csec  in CL8 syllables . It  is  also 
intere s t ing to note that it  is  the duration to Fo peak in CU8  and CL8 

syllab le s ,  rather than the durat ion of  the Final - or durat ion t o  Ao 

peak - which appears to be the relevant measure for the t iming of  this 
art i culatory pattern .  

1 6 .  E F F E C T  O F  I N I T I A L  S O N O RANT  

A compari son o f  the  Fo shapes of  syllables having a sonorant 

Initial in Figure 1 6 ( C )  with those in Figure 1 6 ( A )  and ( B ) having 

ob st ruent Initial s ,  gives a c lear i llus t rat ion of the di fferent e ffe ct  

on  F onset value and cont our caus�d by the sonority fe ature . In o 
syllab l e s  of  type 3 ,  4 ,  and 6 with ( voiceless  ' lenes ' )  ob s t ruent s ,  

there i s  an initial drop in Fo after Final onset . The size  o f  the 
drop in F , and the duration o f  this consonantally induced perturbat ion o 
depends upon the syllab le-type . In types 3 and 6 ,  the drop i s  6 Hz  

and the e ffect lasts  from 1 to 3 cse c s ;  in type 4 syllab le s ,  the drop 

is much great er : 14  Hz ( CL ) and 2 6  Hz ( CL8 ) ,  and the perturbation 

last s longer t oo - approximately 12 csec . 

The init ial drop in Fo after voiceless  obstruents  in  syl lab le-type s 
3 ,  4 ,  and 6 contrast s markedly with the flat F onset contour on o 
syllab le s  with a sonorant Init ial . In the se syllab le s , the Fo at Final 
onset i s  already at a low value , s imilar to the value of  the Fo 
inflexion point in syllables with non- sonorant Initial s .  

Comparisons l ike t he one above al low us t o  separate those acous t i c  
feature s which are characteri s t i c  o f  a syllable-type from those which 
are att ributable to other independent ly variable  feature s ,  l ike 
differences in the nature of the Initial consonant . Thus the initial 
fall in F observab le in CL ( q ) syllables appears to be due to art i cu-o 8 
latory and/or ae rodynami c feature s connected with the Init ial consonant , 
and i s  not a dire c t  characteri s t i c  o f  the Fo contour of  type 4 syl
lable s .  

Although the durat ion o f  the voiced part o f  the syl lab le i s  consider
ab ly increased by the addit ion o f  a sonorant Init ial , the duration o f  
the Final remains unaffected , i . e .  i t  ret ains the same ab solute and 
re lat i ve durat i on values as Fina l s  in syllables without sonorant 
Initials . For example , the DF value of  2 9 . 6  c s e c  in type 3 s y l lab les  
without sonorant Initials  ( CL )  does  not  di ffer signifi cantly from that 

of 3 0 . 1  c sec in type 3 syllables  with sonorant Ini t ials  ( C s
L ) ;  c . f .  

the DF values in CL8 and CL8 syllables o f  26 . 3  and 2 7 . 5  c sec re spect ively 
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and in CL and C L syllables of  36 . 3  and 36 . 9  csec re spect ively . Type s 
6 syllab le s , for some as yet ob s cure reason , are an exception : the 
2 . 4 .  c s e c  di fference in Final durat ion between CLq and C Lq syllab le s  s 
i s  s i gni fi cant at the 5 %  level ( . 05 > p > . 02 ;  t = 2 . 2 3 ,  df = 1 8 ) .  

The re sult s given above agree with t hose reported for Yangzhou 

( Sauvain 1 9 7 7 ) and MSC ( Howie 1 9 7 4 ) ,  and hence provide additional 

evidence t hat durat ion , Fo ' ( and also Ao ) characteri stics  of  Init ial 
sonorant s can in most  cases be excluded from tonetic  domain in Chine se . 

1 7 .  S UMMARY  

In the above inve st igat ion , I have attempted to give some idea of  
the comp lexity in the physical reality underlying c itat ion syllab le
type contrast s  in a Chinese dialect . I have also t ried to i l lus trate 

t he potential o f ,  and necessity  for , a polydimens ional approach to 
t onal inve s t igation con��a the prevalent monodimensional stance which 

ignore s from the out set all parameters except Fo/pitch variat ion 

( Krat ochvil 1 9 7 7 : 2 2 ) .  I have used acoustic  data to demonst rate that 

Sh-Zh syl lab le-types are characteri sed in at least the three acoust i c  
parameters of  Fo ' Ao , and durat ion , and that the phys iologi cal me ch

ani sms which produce the ac oustic  e ffec t s  are di fferentially controlled,  

depending on  the syl lab le-type . I have i l lustrated some propo sals 

for quan t i fying the relat ive contribution s  of  each paramet e r ,  inc luding 
definit ions of  register and contour dimensions within the Fo and Ao 

parameters , and have also shown how the data might be used in defining 

the phono logical feature s [Hi ] and [Long ] in Sh- Z h .  



ACOUSTIC CHARACTERISTICS OF THE SHANGHAI-ZHENHAI SYLLABLE TYPES 

N O T  E S 

1 .  An earlier version o f  this paper - Rose ( 1 9 7 9 )  - was c irculated 

at the 12th Internat ional Conferenc e on Sino-Tibetan Language s and 

Lingui st i c s  in Pari s .  The present paper differs from the earlier ver

sion mainly in the larger number of examp les analys ed per sample and 

in the measurement of flat , as opposed to high-passed amplitude . I 

am grat e ful t o  Paul Kratochvil for c ri t i c i sms and suggest ions . 

The dat a quoted are from my own field work on the dialect s of  the 

Ningpo area ( Ningpo t own , Cix i ,  Zhenhai , Dinghai , Fenghua , and 

Xiangshan ) carried-out over the past seven years with nat ive speakers 
in Hong Kong , Taiwan , Shanghai , and Manchester .  More extensive dat a 

on Zhenhai dialect are contained in  Rose ( 19 8 2 ) . 

2 .  For some det ails  of  the past and present sociolinguistic  situat ion 

in the Shanghai area , see Sherard ( 1 9 7 2 : 3 , 5 ) and Hu ( 1 9 7 8 ) . Phono logi

cal interaction between the Shanghai and Zhenhai dialects  is complex . 
For the purpos e s  o f  t hi s  paper it i s  sufficient t o  not e t hat Shanghai 
dialect influence is restricted to segment al s . Sh-Zh speakers normally 
retain charact eri stic  Zhenhai suprasegmental sounds and rules , which 
are very di f ferent from those of  Shanghai dialect . 

3 .  ' Init ial ' and ' Final ' ,  when written with capital s ,  are the conven
t ional t ranslat ions of the t radit i onal Chinese phonological terms for 
t he immediate segment al constituent s of the syllab le .  Initial re fers 

to the syllab le-init ial consonant , and Final to the rest of the syl

lable . Thus in the syllables  [ t i ]  and [ d ¥4 0 Q ] ,  t and d¥ are Init ial s ,  
and i and 4 0 Q  are Final s .  

4 .  Loudne s s ,  pitch  and length have not been transcribed . 

4 9  
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5 .  For typographical convenience ,  the symbol [ \ ] has been chosen t o  
represent t h e  Sh-Zh unrounded non-ret roflex apical vowel . 

6 .  The ' pit c h '  detect ion algorithm I used i s  a software equivalent of 

the hardware method presented in Dubrowski et al . ( 1 97 5 ) , whi ch i s  a 

modified aut ocorre lat ion method us ing c lipping . My thanks to Geoff 

Bristow , Department of Engineering , Cambridge Univers ity , and Francis  

Nolan , Department of Linguist i c s ,  Cambridge University , for their  help 

in making the program availab le and running it for me . 

7 .  C f .  Cheng ( 19 7 2 : 2 89 ) ft • • •  this degree of accuracy [� 4 H z ]  i s  more 
than one c an ask for when measuring from a narrow band spectrogram . . .  " 

8 .  I t  i s  very doubt ful whether the di fference l imen in overall dB 

level for this kind of natural speech within this range o f  fundamental 

frequencies  and leve l s  i s  smaller than 1 dB . At leve ls of 6 0  or 7 0  dB 

above threshold , the j ust not icable difference ( JND ) for normal 

l i st eners is less  than 0 . 5  dB for a typical p sychophysical st imulus 

t one of 1000  H z ,  but for a synthetic  vowel at an obviously much lower 

Fo ' the JND is  apparent ly + 1 dB ( Lehi ste 1 9 7 0 : 11 5 ,  116 ) . 
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