
SOME ACOUSTIC PROPERTIES OF TONES IN BURMESE 

1 .  P H O N OL O G I C A L  TON E S  

U The i n  T u n  

On the basis  of Trubet zkoy ' s  definit ions of phoneme , phonological 

unit , phono logi cal contrast , and his  rules 2 and 3 for t he di fferen

t iat ion of phoneme s and variants ( Trubet zkoy 1 9 6 8 : 7 , 1969 : 4 8- 4 9 ) ,  the 

following phonological tones can be ass igned to the phoneme inventory 

o f  Burme se phono logy . 

Four t one s :  

Tone I / t r;a/  ' L o tu s ' ,  ' to take a Long t ime ' 

Tone I I  / t r; a /  ' to hear ' 

Tone I I I  / t r; a /  ' to fa H down ' 

Tone IV /t r; a ? / ' t o  b e  s t ringen t ' ,  ' to b e  tig h t ' 

The Burme se phono logi cal tone s ,  howeve r ,  are c las s i fied di fferent ly 

by various writers . Taylor ( 19 2 0 ) and Firth ( 19 3 3 )  c las s i fy t he 

Burme se t ones into three . Firth ( 1 9 3 6 ) and McDavid ( 1 9 4 5 ) sugge st 

t hat there are five tones i n  Burme s e .  Cornyn ( 19 4 4 ) ,  Burl i ng ( 19 67 ) ,  

St ewart ( 1 9 5 5 ) and Becker ( 19 6 4 ) agree in clas s i fy ing the Burmese t one s 

into four.  

If  the  e v e  phonological syllab le pat tern i s  recognised , a s  in 

present-day written Burmese and old ep igraphic Burmese , it  i s  true 

that / t r;a ? / ( writ ten t qa p ) ,  ( Tone IV in the above examp le ) could be 

t reat ed as belonging to the e v e  patt ern , and thus the re would be only 

three tones in Burmese . In present-day spoken Burme se , howeve r ,  the 

final s t op s  of the written e v e  pat tern are rep laced by a final stop , 

which i s  a glottal stop i n  i solat ion . I f  the e v e  pattern i s  regarded 

as one phonological syllab le pattern , then this characteri s t i c  w i l l  be 

the sole repre sentat i on of the final e of the e v e  pattern . There fore 

it is more ac ceptable to analyse the Burme se phonologi cal syllable  

pattern as V and e v  and to t reat the final stop as a tonal feat ure . 
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Firth ( 1 9 3 6 )  and McDavid ( 1 9 4 5 ) class ify the Burmese t ones into five 

because they treat the neutral vowel [ a J  as a separate tone . The 

neutral vowe l [ a J  appears as a non-final neutral syl lable in words 

cons ist ing of two or more sy l lab le s ,  but never i� r�nosyllab ic words . 

Burmes e  i s  basically a monosyllabic language and any non-mono syllab i c  

word in Burme se with a neutral vowel [ a J  i s  either a borrowing or a 

lexical compound or the result of a derivational p roce s s .  There fore , 

in this analysi s ,  the Burmese phonological tones are c la s s i fied into 

four . [ Note that Tones I ,  I I  and I I  in thi s analy s i s  are general ly 

described as even or level t one , heavy or breathy tone and creaky tone 

respectively in the literature . The cardinal order and symbols  o f  the 

tones in this analys i s  are somewhat different from Oke l l  ( 1 9 6 9 ) but 

same as Cornyn ( 1 9 4 4 )  and Cornyn and Roop ( 1 9 6 8 ) . J  

2 .  E X P E R I ME N T  

There are altogether fi fty vocalic nuclei in Burme se apart from the 

neutral vowel [ a J . 

Basic non-nasalised nasalised 
symbol Tone Tone Tone Tone Tone Tone Tone Tone 

I I I  I I I  IV I I I  I I I  IV 

I l .  r 2 .  1 3 . ) 4 .  I ? 5 .  f 6 .  Ii> 7 .  T X I 

a 8 .  e 9 .  e 1 0 .  €I l I . a l ? 
1 2 . l'j 1 3 . atl 1 4 .  e�1 X 

e 1 5 .  t 1 6 . e 1 7 . E: 1 8 .  e
? X 

. ?  a.ll 
A 

a�1 a i 1 9 . a l  2 0 .  2l . a-I 2 2 .  X 

2 3 . 
, 2 4 . a 2 5 .  a 2 6 . a ? 2 7 .  .!. 2 8 .  Ii> 2 9 .  � X a a a a a 
, , ? .!. A , 

:> 3 0 .  :> 3 l .  S 32 .  :> 3 3 . a u  3 4 . a u  3 5 . a-u 36 .  a-u X 

6 3 8 .  , ou ? , A , 
0 3 7 .  0 39 . 0 4 0 .  4 l . o-u 4 2 .  o-u 4 3 .  o-u X 

4 4 .  , 4 5 . Q 4 6 . U 4 7 .  ? 4 8 .  .!. 4 9 .  8 5 0 . n X u u u u 

( [ e I J , [ a u J  and [ o u J can be regarded a s  the different realisations of 

l e i , 1 :> / , and 1 0 1  in the environment o f  nasali s at ion or a final stop 

and [ al J c ould be the allophone o f  l a l l  in the nasalised environment . ) 
A l l  t he se fifty vocalic nuclei o f  two male nat ive speakers and two 

female nat ive speakers were re corded in [ h V d � J ( / h V d � / )  frame for the 

monophthongal nuc l e i  and in [ h vv n d � J  ( / h V d � / )  and [ h v v ? d � J  ( / h V ? d � / ) 

frame s for the diphthongal nuc le i .  The init ial consonant [ h J  was 

chosen in the frame s because it i s  the weake st consonant to bring 

forth any co-art iculation e ffect on the fol lowing vowel ;  the medial 
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[ d ]  was cho sen t o  make the segmentat i on easy ; and the final [ a ]  was 

chosen to make the utterances natural for the Burme se speakers as this 

i s  a frequent vowe l .  

Some o f  the utterances i n  these frames are nonsense words whether 

the last syllable [ d a ]  i s  e l iminated or not . These  nonsense words 

however have to be t olerated because the purpose of the experiment i s  

t o  analyse the phonet i c  qual i t i e s  of the vocalic  nuc l e i  of the utt er

anc e s  and they are not fore ign for the Burme se speakers to pronounce .  

The e stab l i shed writ ing system enab les the subj e c t s  to pronounc e  them 

eas ily  and natural ly whethe r  they are meaningful or not . 

Every speaker uttered every sound twice and both utterances  were 

re corde d .  A l l  the recorded sounds were processed with a Frokj aer

Jensen intens ity and fundamental frequency meters , using the linear 

intensity output and the duplex o s c i l logram and fundamental frequency 

output . The output s were displayed by a mingograph . The neces s ary 

precaut ion s were observed both in recording and proce s s ing . When the 

fundamental frequency of every utterance was measure d ,  a s l ight di ffer

ence between the first and the second utt erances o f  t he s ame sound 

somet ime s oc curre d .  In such a case the average value of the two was 

taken . 

Of the three outputs observed on the mingograph ( i . e . intensity  

display trace , duplex o s c i l logram t race and the  fundamental frequency 

trace ) ,  the intens ity di splay t race of the tones doe s  not show any 

consi stency or any common factor by whi c h  the contrast i ve feature s of 

the tones can be dist inguished. It is tempt ing to say that in the null 

context that these fift y  utterances are in , the inten s i t i e s  of the tones 

do not behave regularly as they do i n  sentence s .  The dup lex osci l logram 

t race also enables  us only to dist inguish the vowel segment s from the 

adj acent con sonant s along the fundamental frequency trace . There fore , 

o f  the three parameters , only the fundamental frequency t race o f  the 

tones 1 s  dealt with in this present analy si s .  

The fundamental frequency a s  shown i n  the mingograms o f  all the 

four subj e c t s , ri ses  gradually from Tone I t o  Tone IV. The fundamental 

frequency for Tone I start s at a relat ively level range and tends to go 

down slight ly ; the fundamental frequency for Tone II s t arts at a rela

t ively level range , goe s  up , and then fall s  down re latively low ; the 

fundamental frequency for Tone I I I  starts at a re latively high range , 

usually higher than or as high as the peak o f  Tone I I , and fal l s  down 

relatively low ; the fundamental frequency for Tone IV starts at a high 

range , frequently higher or as high a s  the peak o f  Tone I I  and fall s  

low , b u t  n o t  as l o w  as Tone I I I  because it  s t o p s  very suddenly before 

it  can drop lower . The general c ontrast ive features of the four phono

logical t one s offered by t he analys i s  of their fundamental frequency 
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can be described a s : 

I leve l ,  low 

II high ,  r i s ing , fal ling 

III high, fal l ing 

IV high , fall ing , abrupt end . 

For the detailed contrast i ve charact eri s t i c s  of the t ones , in terms 

of their fundamental frequencies , there i s  no special pOint to be 

ob served for Tones I and II because Tone I s imply start s at a level 

range and fal l s  s l ight ly in the end and Tone II starts at a level range , 

goe s  up and fal l s  down to the level range . However there are some 

detailed contrast ive features to be observed for Tones III and IV in 

comparison with Tone II. 

The fundamental frequency of all the utteranc es in Tone III by t he 

two female speakers start s with a high range , higher than the peak of 

Tone I I  with one except ion . For the one except ion also , the starting 

range i s  the same as the peak o f  Tone II. The fundamental frequency o f  

the utterances of t he first male sub j e ct i n  Tone III start s with a 

relat i vely high range , usually as high as the peak o f  Tone II. Of the 

fourt een utterances  of the first male subj ect in Tone III, the funda

mental frequency for nine he starts with the high range equal to the 

peak o f  Tone II, the fundamental frequency for three start s with the 

high range highe r than the peak of Tone II; and the fundamental fre

quency for the remaining two starts at a range s l ight ly lower than the 

peak of Tone II. The fundamental frequency for all the utterances in 

Tone III by the second male subject  start s at the high range , higher 

than the peak of Tone II. 

For the two female subj e ct s ,  the commenc ing high range of Tone IV i s  

generally either higher than o r  a s  high a s  the peak o f  Tone III. How

ever , in one case for one female subj ect and in three cases for the 

othe r ,  the commenc ing range of Tone IV i s  either equal to or s l ight ly 

lower than the peak o f  Tone III. Of the e ight utterances i n  Tone IV 

of one mal e  subj ect , four are equal t o  and four are s l ight ly lower than 

the peak o f  Tone III; of the eight utterances  in Tone IV of the other 

male subj e c t , three are equal to and five are s light ly lower than the 

peak o f  Tone III. 

The fol lowing table summari ses  the average fundamental frequenc ies  

o f  the four t ones for the four subj ect s ,  out of their 200 utterances 

i . e .  5 0  each ( 1 4 in Tone I ,  I I  and III and e ight in IV ) among the four 

subj e c t s  i . e .  out of 56 utterances  in each of the first three tones and 

32 utteranc e s  in Tone IV . 
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TA B L E  1 

Tone Subject Initial Middle Final 
(High) (Peak) ( Low) 

H Z  H Z  H Z  

I 1st female 2 2 6  - 1 7 4  

2nd female 2 3 0  - 1 7 6  

1 st male 1 2 2  - 1 0 6  
2nd male 1 3 5  - 105  

II  1 st female 2 3 7  2 5 5  1 9 1  

2nd female 2 4 1  2 5 4  2 1 3  

1st  male 1 4 4  1 6 5  1 4 2  

2nd male 1 4 6  1 5 2  1 3 7  

I I I  1st female 3 0 2  - 1 9 0  

2nd female 3 0 0  - 1 6 0  

1 s t  male 1 6 6  - 1 1 7  

2nd male 1 8 4  - 92 

IV 1 st female 2 9 7  - 2 0 4  

2nd female 294 - 1 7 5  
1st  male 1 5 9  - 1 2 2  

2nd male 1 7 2  - 1 1 0  

The fol l owing table summari ses t h e  average fundamental frequencies 

o f  the four tones for two females and two male s .  

TAB L E  2 

Tone Initial Middle F inal 
H Z  H Z  H Z  

F M F M F M 

I 2 2 8  1 2 3  - - 1 7 5  1 0 5  

I I  2 3 9  1 4 5  2 5 4  1 5 8  2 0 2  1 4 4  

I I I  3 0 1  1 7 5  - - 1 6 5  1 0 4  

IV 2 9 5  1 6 5  - - 1 9 0  1 1 6  
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This t able can be visual ised more c learly on the graph . 

TA B L E  3 

FEMALE MALE 

HZ 

200 
II 
IV 
I III 
III IV 

II 
I 

100. 

I n  these graphic des cript ions o f  the t one s ,  there is very little 

dist inct ion between Tone III  and Tone IV.  Thi s kind of dist inct ion is 

t o  be made c lear in the next experiment and analy s i s  where the factor 

o f  durat ion o f  the tones is  t aken into acc ount . 

3 .  E X P E R I M E N T  2 

The aim of this experiment i s  to find out the further acoust i c  

qualities  o f  the tones in terms of lengt h .  The author ' s  original 

intention was to put the aforesaid fi fty vocalic nuc lei in one frame 

which can occur both in nul l  context i . e .  by itself as a meaningful 

syllable ; and in phrase or sentence cont ext . As the most suitab le 

syllab le pattern for this purpose , the writer originally chose [ t v ( v ) ] 
( / t V / ) frame . The init ial consonant [ t ]  was cho sen to make the segmen

tation easy . A l l  the fifty vocalic nuclei can fit meaningfully into 

this frame . The author made up fi fty sentences with these fifty vocalic 

nuclei in [ t v ( v ) ] frame . As a tentat ive e ffort , four male native 

speakers were asked to utter these fifty nuclei in [ t v ( v ) ] frame , both 

in null context and sentence context . Their ut terances were recorded 

and proce s sed with the Kay s ound spectrograp h .  It  w a s  found that the 

corre ct analy s i s  was almost impo s s ib le if these fift y  vocalic nuclei 

are put in CV frame . The following maj or defe c t s  presented prob lems . 

1 . / V /  o f  / t V /  can be fol lowed b y  any consonant which is the 

initial cons onant of the next CV syl lable  and the fol lowing con sonant 

can affe c t  the F2 off-glide frequency value of the vocalic nucleus . 

2 .  When / V /  of / t V /  is followed by a voiced stop which i s  the 

initial con sonant of the next C V  sy l lable in a c lo se j uncture , the 
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fol lowing voiced s t op be come s cont inuant in t he form o f  a fri cative . 

For instance , / t t /  means ' earth -wo rm ' and / ka� / i s  a classifier for 

animal s  and insect s .  When / t t /  and / ka� /  are comb ined in close j uncture , 

/ k/ become s voiced according to the vo i c ing rule and it become s [ t t g a� J . 
Howe ver the proce s s  o f  the change from / k/ doe s  not stop at [ g J .  That 

[ g J  whi ch is t he phonetic reali sation of / k/ often become s voiced and 

is shown on the s onogram as voiced ve lar fri cat ive [ y J .  In such a case 

it  i s  very di ffi cult t o  segment t he preceding [ V J  from [ y J  which shows 

the charac teri s t i c s  of a re sonant and cont inuant l ike a vowe l . Such a 

prob lem oc curs e spec ially when r a J  i s  followed by a voiced b i lab ial 

and [ I J  i s  fo llowed by a voiced velar consonant , and more so when t he 

[ t v ( v ) J  frame i s  fo llowed by a vowe l . For the problem o f  voiced stops 

changing to fri catives and continuant s ,  one might l i ke to choose the 

c onsonant which does not become voiced , for t he init ial C o f  the next 

CV syl lable which follows [ t v ( v ) J .  This i s  impo s s ib le because t o  get 

t he right length o f  the / V /  o f  / t V / ,  t he next syllab le should immedi

ately follow it , and when one CV  immediat e ly fo llows , t wo s y l lab les are 

combined in close j uncture where the voic ing rule always t ake s p lace 

on t he following C .  
3 .  Phono logically , a meaningful vowel or a syl lab le which i s  

grammat i cally a free form can oc cur by i t s e l f  in n u l l  context . Peop le 

do say and understand t hese individual monosyl lables  which o c cur by 

t hemselve s .  Howeve r ,  these monosyl lables  are generally fol lowed b y  a 

part i cle . I f  it i s  a noun it i s  usually fol lowed by a clas s i fier or a 

part i c le and if it i s  a verb it i s  usually fo llowed by a part i cle , 

e ither s t at i ve ,  imperat ive or polite and so on . 

t omed to adding part i c le s  t o  monosyllab le s ,  they 

awkward to art iculate one individual syl lab le by 

As people are so accus

uncons c iously find it  

itself.  Hence t hey 

either repeat i t  or put a st rong stre s s  on it  when they have to art ic u

late one individual syllable . That kind o f  stre s s  i s  e specially strong 

when t hey pronounce it  cons ciously be fore the microphone in the studio . 

That i s  why the vocalic nuclei in null context of these subj e c t s  are 

extremely and unnatural ly long , and hence t he writer was not happy to 

use t he sonagrams they produced , as rel iab le dat a .  The fo llowing sona

gram i s  an examp le of it . 
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F I GU R E  1 

Sonagram o f  I t ! I I I Repeated Twice . 

I t  I followed by I i i  in Tone I I .  
The average length for I i i  i n  Tone I I  
i s  only 2 1  C s ,  whereas i t  i s  3 0 . 8 Cs  
in this sonagram . 

For these reasons , the writer had to eventually use the frame s from 

Experiment 1 .  The se frames I h V d a / , I h V d a l  and I h V ? d a l  ( [ h v d a ] ,  [ h vv n d a ] ,  

[ h v v ? d a ] )  do not create either nul l  context or sentence context . The 

last C V  syllable [ d a ]  in these frames has i t s  grammat i cal funct ion some

t imes as a demonstrat ive part i c le ( that or this ) and somet ime s as a 

nominal iser . For instance , in [ ho d a ]  ( [ h v d a ] with [ 6 ] ) ,  [ h6 ]  means 

there , [ d a ] means that , and hence [ h o ]  and [ d a ]  are two separate words 

forming a phras e .  In [ h fu n d a ]  ( / h V d a / with l a� / ) , [ h a� n ]  ( / h a� / )  means 

' t o bark ' ,  [ d a ] funct ions as a nominal i ser , and hence [ h at n d a ]  means 

' b a r k i ng ' ,  forming a separate word as a noun . In this way these three 

frame s form either word or phrase context which lies  between the two 

extreme s - null context with one syllable where the nuc leus length i s  

extremely long,  and sentence context where the nuc leus length i s  

extreme ly abrupt . Moreove r ,  i n  these three frame s ,  the nuc le i  are 
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consi stently fo llowed by t h e  same consonant i . e .  [ d ]  and hence there i s  

n o  disturbance o f  different co-art i culat ion e ffe ct o n  the F2 o ffgl ide 

value . There fore in t hi s  experiment as wel l ,  the writer use d ,  with 

sat i s fact ion and assurance , the same t hree frame s from Experiment 1 .  

The same procedure of utterance , re cording and averaging between 

the first and second ut terance s ,  was also used in this experiment . 

However , in this experiment , to get the accurate average measurement s 

of formant frequencies and lengths , ten more male native speakers were 

added to the original number of two ( first and se cond male subj ec t s , 

subj e c t s  1 and 2 )  and thus the number o f  sub j e c t s  was rai sed t o  twelve , 

and no female voi ce was used . Thi s t ime all these re corded utteranc e s  

( 1 , 2 0 0  utterances alt ogethe r ;  5 0  nuc lei each ut tered t w i c e  by every 

subj ect ) o f  t he twelve male subj ects  were processed with the Kay sound 

spectrograph . The analysi s  was made on 1 , 2 0 0  sonagrams p roduced from 

t hese 1 , 2 0 0  utterance s .  

4 .  TABL E S  S H O W I NG T H E  A V E RA G E  L E NG T H S  O F  T H E  T O N E S  

The fol lowing t ables  summari se the average component durat ions o f  

t h e  four phonological tone s among the twe lve male sub j e ct s .  F o r  mono

phthongal vowe l s , transit ions t oward and away from the s teady state are 

given as ongli de and offglide ; for diphthongal vowe l s , firs t and second 

steady states , and t ransit ion between the two are shown , as well as 

onglide and offglide t ran s i t ions i f  any . 

TA B L E  4 

Basic Tonal Symbol Onglide Steady S tate (SS ) Offgl ide Total 
Symbol Cs Cs Cs Cs 

I i i  I I f ! 4 . 8  9 . 0  5 . 0  1 8 . 8  

I I  I t !  4 . 4  1 1 . 8 " 5 . 5  2 1 . 7 

I I I  I I I  3 . 9  8 . 9  3 . 2  16 . 0  

IV I I ? I 2 . 0  4 . 3  2 . 8  9 . 1  

lei  I l e i  4 . 8  9 . 6  5 . 0  19 . 4  

I I  l e i  5 . 7 12 . 0  5 . 2  2 2 . 9  

I I I  l e i  3 . 6  9 . 1  4 . 1  1 6 . 8  

SSl Trans SS2 

IV [ e l ? ] / e ? 1 0 3 . 8  6 . 0  3 . 8  0 1 3 . 6  
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Basic 
Symbol 

l e i  

l a l l  

l a l  

1 0 1  

/0/ 

l u i  

I T I  

l a l  

Tonal Symbol 

I 

I I  

I I I  

IV 

IV 

I 

I I  

I I I  

IV 

I 

I I  

I I I  

IV 

I 

I I  

I I I  

IV 

I 

I I  

I I I  

IV 

I 

I I  

I I I  

I 

I I  

I I I  

I U  
I f.!  
I f.!  
/r. ? I 

l a l ? 1 

l a l  
l S I  
l a l  
l a ? 1 

I I> I  
l S I  
I � I  

? ? [ a u  J /o I 

161 
101  
101  

? ? [ o u  J /o I 

1 6 1  
l a l  
l u i  
l u ? 1 

[ f J  
[ f J  
[ T J  

[ � J  
[ g J  
[ � J  
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TA B L E  4 ( c.on.t . ) 

Onglide Steady State (SS )  Offglide Total 
Cs Cs Cs Cs 

4 . 5  1 1 .  5 4 . 5  20 . 5  

6 . 6  1 1 . 4  4 . 5  22 . 5  

4 . 1  8 . 5  4 . 8  17  . 4  

1 . 7  7 . 6  1 . 6  10 . 9  

SSl Trans SS2 

0 4 . 6  6 . 7  3 . 7  0 1 5 . 0  

5 . 1  1 1 .  0 5 . 9  2 2 . 0  

6 . 8  12 . 3  5 . 4  2 4 . 5  

5 . 0  1 0 . 0  5 . 0  2 0 . 0  

1 . 9  6 . 8  2 . 0  1 0 . 7  

5 . 6  1 0 . 6  5 . 6  21 . 8 

5 . 6  12 . 4  5 . 2  2 3 . 4  

3 . 8  7 . 9  5 . 5  1 7  . 2  

0 . 5  6 . 0  6 . 0  3 . 0  0 1 5 . 5  

5 . 7  1 0 . 6  5 . 0  2 1 . 3 

6 . 6  1 1 . 6  5 . 9  2 4 . 1  

4 . 7  8 . 7  4 . 0  17 . 4  

0 4 . 2  6 . 7  3 . 3  . 4  1 4 . 6  

5 . 0  9 . 8  4 . 7  1 9 . 5  

5 . 1  12 . 4  4 . 7  22 . 2  

3 . 9  7 . 4  3 . 6  1 4 . 9  

2 . 2  4 . 8  2 . 7  9 . 7  

3 . 4  8 . 1  2 . 8  1 4 . 3 

3 . 8  8 . 3  4 . 2  1 6 . 3  

2 . 1  6 . 3  2 . 4  1 0 . 8  

3 . 6  6 . 4  3 . 4  1 3 . 4  

3 . 9  8 . 0  4 . 1  16 . 0  

2 . 7 3 6 . 5 3 2 . 7 3 1 2 . 0  
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TA B L E  4 ( c.ont:. ) 

Basic Tonal Symbol Ongl ide Steady State ( SS )  OffgUde Total 
Symbol Cs Cs Cs 

, 
/ u /  I [ u ]  3 . 2  7 . 1  3 . 9  14 . 2  

I I  [ 3 ]  4 . 1  7 . 8  4 . 7  1 6 . 6  

I I I  [ t ]  2 . 8  6 . 1  2 . 4  1 1 . 3 

/ e /  S S l  Trans SS2 
( [ al ] ) I [ a.t, ] 0 . 3  5 . 3  7 . 8  4 . 5  0 1 7 . 9  

I I  [ a"', ] 0 . 7  4 . 5  9 . 1  5 . 5  0 . 5  2 0 . 3  
I I I  [ a1.j ] 0 4 . 3  6 . 5  4 . 1  0 14 . 9  

, 
5 . 4  /a-' / I [ a-' J 0 1 0 . 1  5 . 0  0 20 . 5  

I I  [ a"', ] 0 6 . 0  1 0 . 6  5 . 7  0 22 . 3  , 
0 4 . 7  4 . 4  16 . 3  I I I  [ al ]  7 . 2  0 

/ 5 /  

( [ a-u ] ) I [ l'u ]  0 . 9  6 . 3  6 . 0  5 . 7  0 1 8 . 9  

I I  [ a�u ] 0 7 . 1  7 . 2  5 . 6  0 . 6  2 0 . 5  

I I I  [ al.u ] 0 . 3  5 . 2  6 . 5  3 . 9  0 16 . 0  

/ 5 /  

( [ o-u ] ) I [ l'u ] 0 4 . 8  5 . 6  5 . 2  0 . 6  1 6 . 2  

I I  [ o.ou ] 0 6 . 1 3 5 . 1 3 8 . 4 3 1 . 12 2 0 . 8  

I I I  [ ol.u ] 0 . 5  4 . 4  5 . 5  4 . 1  0 . 3  1 4 . 8  

4 . 1 . TOTA L L ENGTHS O F  THE T O N ES 

The analysis  of the overall lengths of t he tones shows t hat the 

total length i s  a very c on s i stent c ontrast ive factor of t he t one s . For 

all the vocalic nuc lei Tone I i s  of moderate length ,  Tone II is longer 

t han Tone I ,  Tone I I I  is shorter t han Tone I ,  and Tone IV is so short 

and abrupt t hat it  is even shorter than Tone I I I . Hence the con c lusion 

t hat can be made for t he general contrast ive feature of t he tones on 

the bas i s  of t heir t otal lengt h i s : 

Tone I moderat e 

I I  long 

I I I  short 

IV abrupt 

Of 6 0 0  ( 50 x 1 2 ) average ( average of first and second utterance s ) 
measurement s ,  t here are only 3 4  except ion s  t hat do not agree with the 
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above-ment ioned generali sat ion . The common feat ure of these except ions 

i s  that e ither Tone I I  i s  s light ly shorter or as short as Tone I ,  or 

Tone IV is s l ight ly longer or as long as Tone I I I . There are some 

point s that can explain the cause of these 34 deviat ions from the stan

dard feat ure s .  

1 .  All  the subj e c t s  were instructed t o  utter every sound as they 

usually say it , but taking care to be accurate . When t he subj e c t s  

were t old to art iculate t h e  sounds accurately , they were so caut ious 

about glot t i s  art iculat ion and t ongue and lip art iculat ion ( which 

shape the lower formant frequenc ies ) ,  t hat they tended to give l e s s  

att ention to t he length fac tor ; and this i s  more l ikely t o  happen 

e sp e c ially at word and phrase leve l where the utterance frames are . 

2 .  Of these 3 4  deviat ions more than hal f  ( 18 )  are in [ h vv n d � ] 
/ h V d � /  frame , nasalised environment where the later part of nasali sat ion 

changes to the homorganic nasal o f  the following [ d ] i . e .  [ h vv n d � ] . 

In such a case , in the sonagram , the nasal bar i s  somet imes pre sent all 

along underneath both Fl and F2 . Somet ime s Fl and F2 overlap on the 

na sal bar underneath t hem and in such a case , it  must be admitted that , 

the segmentat ion of [ v v ] from [ n ]  i s  not c lear cut . Therefore out o f  

34  deviat ions , 1 8  c a n  be due t o  the inaccuracy of t he segmentation . 

3 .  I t  i s  a wel l  known fact t hat t he linguistic fac tors suc h as 

frequency , lengt h etc . are significant only i f  t hey are compared with 

each other in sentence context . I n  an i solated context such as a 

word or phrase con s i s t ing o f  only two syllable s ,  t he linguistic  fac tor 

may not be a s  s ignificant as in sentence context . 

Even i f  these three points fail t o  explain the cause o f  these 

deviat ion s , the number o f  deviat ions ( 34 )  i s  tolerable compared t o  t he 

overal l  number o f  6 0 0 ; t hat i s , t he deviations from t he standard 

represent only 5 . 5% of a l l  t he utteranc e s .  Therefore , t he above

ment ioned generali sat ion for the contrast ive feature s of t he four 

phono logical tones , on t he basis of their lengt h ,  can be ac cepted as 

sati s fact ory . 

A s  the table shows , t hese  3 4  exceptions do not carry any significant 

we ight on the average . The average total length of all t he four tones 

entirely agrees with t he above-ment ioned length contrast ic features of 

the t ones . The average length differenc e o f  t he t hree tones from Tone 

I are summari sed in t he following t able for basic vowel phoneme s and 

allop hone s .  
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TA B L E  5 

Basic Symbol Tone I I  Tone I I I  Tone IV 
Cs Cs Cs 

/ i l  +2 . 9  -2 . 8  -9 . 2  

lei  +3 . 5  - 2 . 6  -5 . 8  

l e i  +2 . 0  - 3 . 1  - 9 . 6  

l a l  +2 . 5  -2 . 0  - 11 . 3  

1 0 1  +1 . 6 -4 . 6  - 6 . 3  

101  +2 . 8  - 3 . 9  -6 . 7  

l u i  +2 . 7  -4 . 6  -9 . 8  

[ i ]  +2 . 0  - 3 . 5  

[ ;3 ]  +2 . 6  -1 . 4 

[ li ]  +2 . 4  -2 . 9  

[ e-j ] +2 . 4  - 3 . 0  

[ a-j ] +1 . 8  -4 . 2  

[ a-u ] +1 . 6 -2 . 9  

[ o-u ] +4 . 6  -1 . 4 

The average 
length d i ffer-
ence of the 
three t ones +2 . 5 3 - 3 . 06 - 8 . 4 0 from Tone I ,  
for all 14  
basic vocalic 
nuc lei  

The average length of Tone I for a l l  the 1 4  vocalic nuc lei i s  1 8 . 5  e s . 

In the previous analy ses  the average lengths o f  both monophthongs and 

d iphthongs in stop-final environment ( Tone IV ) are compared with those 

of their oral counterpart s in the other three t one s . It should be of 

some interest to compare the average lengt hs of t hese  stop -final nuc le i  

w i t h  t hose of their nasa l i sed c ounterpart s in the other three tone s . 

The fol lowing t ables  show that the alt ernat ive compari son of tones in 

t erms of their lengths also fol lows the patt ern of moderate ( Tone I ) , 

long ( Tone I I ) , short ( Tone I I I ) , and abrupt ( Tone IV ) . 
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TA B L E  6 

Basic Symbol Tonal Symbol Total Length (Cs )  

/ i l  I [ 7 J  1 4 . 3  

I I  [ 1 J  1 6 . 3  

I I I  c T J  10 . 8  

IV [ j ? J 9 . 1  

l a l  I [ � J 1 3 . 4  

I I  [ � J  1 6 . 0  

I I I  [ � J  1 2 . 0  

IV [ a ? J 1 0 . 7  

l u i  I [ � J  1 4 . 2  

I I  [ 3 J 1 6 . 6  

I I I  [ ti] 1 1 .  3 

IV [ u ? J 9 . 7  

average for Tone I 1 3 . 9 7 

monophthongs I I  1 6 . 30 

I I I  1 1 . 3 7  

IV 9 . 83 

TA B L E  7 

Basic Symbol Tonal Symbol Total Lengths (Cs )  

[e  j J I [ lj J 1 7 . 3  

I I  [ e!1 J 2 0 . 3  
, 

I I I  [ e-j J 1 4 . 9  

IV [ e j ? J 1 3 . 6  

[ a l J  I [ lOI J 20 . 5  

I I  [ if J 2 2 . 3  

I I I  [ a!.1 J 1 6 . 3  

IV [a i ? J 1 5 . 0  

[ a u J  I [ l-u J 1 8 . 9  

I I  [ a!u ]  20 . 5  

I I I  [ a!.u ] 1 6 . 0  

IV [ a u ? ] 1 5 . 5  
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TA B L E  7 ( c.ont: . ) 

Basic Symbol Tonal Symbol Total Lengths (Cs )  

, 
[ ou ] I [ o-u ] 1 6 . 6  

I I  [ o�u ] 2 0 . 8  
, 

I I I  [ o-u J 1 4 . 8  

IV ? [ o u  ] 1 4 . 6  

average for Tone I 18 . 4 8 

diphthongs I I  2 0 . 9 8 

I I I  1 5 . 56 

IV 1 4 . 6 8 

I f  we add the contrast ive feature s of the tonal fundament al frequency 

found in Experiment 1 t o  the length contrast ive feature s of the t ones 

found in this experiment , we wi ll have t he following complete contrast

ive features of the tones , fundamental frequency and durat ion . 

Tone I leve l ,  low ; moderate 

II high rising , fal l ing ; long 

I I I  high fal l ing ; short 

IV high falling ; abrupt 

The complete contrast ive feature s of the t ones can be vi sualised 

more c learly in terms of their average length and average fundamental 

frequency as shown in the fol lowing chart for the male speakers : 

Tone I Tone II 

300 HZ 

200 HZ 

100 HZ � 
) 

Time Scale : 1 cm 

Tone III Tone IV 

Fo 

1 Cs 
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5 .  C O M PO N E NT D U RAT I O N S  O F  T H E  M O N O P H T H O N GAL N U C L E I  

\ 

As the table o f  average component durat ions of the twelve subj ects  

shows , the average durat ions of onglide s ,  steady states and offgl ides 

o f  the four tones in all the monophthongal nuclei  for the twelve sub

j ec t s ,  t end to behave in conformity with the contrast ive feature of the 

total length o f  the four tones i . e .  the pattern o f  I I  moderate , I I  lon g ,  

I I I  short and I V  abrupt I as ment ioned above . Out of the ten monophthongal 

vocalic  nuc le i  ( seven vowe l phonemes which oc cur in all the tones and 

three nasalised variant s which oc cur in the first three tones ) the 

ongl ide of I t  I and I � / ,  the steady state of l E I  and l S I , and the off

gl ide o f  l E I ,  l a l  and 15 1 ,  show except ion in that they do not behave 

in conformity with the above-ment ioned pattern . 

For the onglide , Tone I I  of I i i  i s  0 . 4  C s  short er than Tone I o f  I I I  
and Tone I I  o f  I � I  i s  the same as Tone I o f  I � / . 

For the steady state , Tone I I  o f  l e i  i s  0 . 1  Cs short er than Tone I 

o f  l e i  and Tone I I I  of l a l  i s  0 . 4  C s  longer than Tone I o f  l a / . 
For the offglide , Tone I I  o f  l e i  i s  the same as Tone I o f  l e i ,  Tone 

II of l a l  is 0 . 5  Cs shorter than Tone I of l a l , and Tone I I  of I � I  i s  

0 . 4  Cs  shorter than Tone I of I � / . 
Although there are only two exceptions for onglide , two for st eady 

state and three for offglide , the writer would not be inc lined to con

c lude that the average onglide , st eady state and offglide lengths of 

the t ones on all the monophthongal nuc lei among the twelve subj e c t s  

generally fol low that mOderate-long-short -abrupt patt ern of t h e  tonal 

lengt h .  There are t wo point s that make the writer reluctant to draw 

that conc lus ion : 

1 .  The pattern o f  moderate-long-short-abrupt length on onglide , 

steady state and offglide durat ions i s  not as consi stent at the indi

vidual level as the total lengt h .  

2 .  The pattern o f  contrast iveness  for onglide , steady state and 

offgl ide on the average , is not remarkably s ignificant . In other 

word s ,  that pat t ern o f  average length contrast ivenes s  for onglide , 

steady state and offglide i s  very weak . For instanc e , on the average , 

though the Tone I I I  onglide of l a l  is shorter than the Tone I onglide 

of la l ,  it is only 0 . 1  Cs short er ; the Tone II onglide o f  l u i  i s  only 

0 . 1  Cs l onger than the Tone I onglide of l u i  and so on . There are 

quite a number of s imilar instance s  for the average tonal lengths o f  

st eady state and offglide a s  we l l .  

There fore the writer has t o  b e  content with a broad generali sat ion 

that the average durat ions of onglide , steady state and offglide of 

the four t ones on all the monophthongal nuc lei for the twelve subj ect s 

tend t o  behave in conformit y  with the total length contrast ive pattern 
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o f  ' moderate- long- short -abrupt ' .  

6 .  COMPO N E NT D U RAT I O N S  O F  T H E  D I P HT HO NGAL N U C L E I  

The four t wo-t arget nuc lei [ eI J ,  [ aI J , [ au J  and [ ou J  oc cur only in 

first t hree t one s . On the individual level they either have very short 

onglides and offglides or no onglide and offglide at a l l . Their overall 

length i s  usually the total o f  SSl , t ransit ion and SS2 . That i s  why 

they show very limited duration of onglide and offglide or neither of 

the two . I t  i s  c lear t hat t he fo llowing consonant [ d J  has limited 

co-art iculation e ffect on the diphthongal nuc le i  as Burme se has no v e  
o r  e v e  phonological syl lable pattern . A s  in onglide s ,  s teady s t ate s ,  

and offglides o f  one-target nuc le i , SSl , t ransit ion and SS2 lengths o f  

diphthongai nuc lei mere ly t end t o  fol low t he contrast ive patt ern o f  t he 

total length with some exceptions and l it t le s igni ficanc e . 

7 .  C O N C L U S I O N  F ROM T H E  TWO E X P E R I M E N T S  

In the above discussion s , s ome consi stent acoustic  features o f  t he 

t ones namely , fundamental frequency , total lengt h , and c omponent dur

at ions were explained . Of t he se t hree propert ies , the cons istency o f  

component durat ion i s  only of small signi ficance . Only fundamental fre

quency and t otal l engt h can be regarded as c ons i stent fac t ors . It may 

a l s o  be of intere st to examine whet her fundamental frequency or t otal 

length i s  t he more c onsi stent parameter o f  t he t one s . So far as these t wo 

experiment s with � he utterances o f  word and phrase level are c oncerned , 

it i s  di fficult t o  determine which of t he t wo fac t or s  i s  more consistent . 

However , a c lose look at the mingograms and sonagrams of the sent enc e s  

shows t hat t otal length i s  more con s i s t ent t han fundament al frequency . 

I n  the mingograms o f  t he sentenc e s , the fundamental frequency o f  Tone 

I I  does not rise under c ertain c ircumstance s . 

Though deciding t he phonet i c  cues without any hearing experiment may 

be open t o  c rit i c i sm ,  it i s  t empt ing to say that total lengt h i s  t he 

more import ant phonet i c  cue by which the herearers can d i s t inguish the 

phonological t one s . 

8 .  E X P E R I M E N T  3 

8 . 1 .  S PECTRA L QUA L I T I ES O F  THE TONES ON V O CA L I C  NUC L E I  

I n  the previous experiment s ,  fundamental frequency , total length and 

component durat ions were examined as acoustic  propert ies of the phono

logical t ones . In this  analy s i s , an at t empt will  be made t o  examine 

the d ifferent spectral qualities  of the vowe l s  with d ifferent t one s . 

The 1 , 2 0 0  s onagrams obtained from experiment 2 were used again for t h i s  

analy s i s . 
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8 . 2 .  MONO PHTHONGA L NU C L E I  

For a l l  the monophthongal nuc lei ( [ i ,  T ,  e ,  E ,  a ,  a ,  0 ,  0 ,  U ,  u ] )  
three lower formant s of all the sonagrams in all the di fferent tones 

were measured at their st eady state posit ions . All  monophthongal 

nuclei can be explained under t wo categories , that i s ,  non-nasalised 

monophthongal nuc lei and nasalised monophthongal nuc lei . 

8 . 3 .  N O N - NASA L I S EV M O N O PHTHONG A L  NUC L E I  

The F3  steady state frequency value s of a l l  monophthongal nuc le i  do 

not show any s ignificant or consistent rise or fall in the four d iffer

ent t one s . The Fl and F2 steady state frequency value s of all monoph

t hongal nucle i , however , show a fairly cons ist ent rise on the average 

from Tone s I to II and II to I I I . Graph 1 shows the average posit ions 

of the seven monophthongal nuclei in different tones for twe lve subj ect s .  

GRAPH 1 

Movements o f  the Seven Bas i c  Vowe l s  in D i f ferent 
Tones  Traced on the i r  Average FI and F2  Steady 
Values C a l cul ated among the Twe lve Subj e c t s . 
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I i i  moves gradually forward and downward from Tones I to  I I  and I I  

to  I I I . In other words , for I I I  both Fl and F2 frequency value s rise 

gradually from Tones I to  II and II to  I I I . I i i  in Tone IV,  howeve r ,  

as against t he general t endency , i s  l e s s  peripheral t han i n  t he first 

t hree t one s ;  so much s o  that it  is even lower t han lei in the first 

three t one s . 

lei  in Tone I I  moves s light ly forward and very not iceably downward 

from Tones I to I I , t hat i s , both Fl and F2 frequency values rise . l e i  
i n  Tone I I I  move s downward very s l i ghtly from lei  i n  Tone I I ,  t hat i s , 

F l  frequency keeps rising and F2 frequency i s  more or l e s s  t he same . 

l e i  moves downward and s l i ghtly forward from Tone I to Tone I I ,  

t hat i s , both F l  and F 2  frequency value s rise . l e i  in Tone I I I  move s 

s light ly downward from l e i  in Tone I I ,  that i s , Fl frequency slight ly 

increases . l e i  in Tone IV , however , a s  against t he general t endenc y ,  

i s  l e s s  peripheral ( much further back and lower and t hus far more 
central ) t han l e i  in t he first t hree t ones , t hat i s , Fl frequency 

s igni fi cant ly increases and F2 frequency s ignificant ly decrease s .  

l a l  in Tone I I  move s downward and forward from l a l  in Tone I ,  t hat 

i s , both Fl and F2 value s increase . l a l  in Tone I I I  move s hori zontally 

forward from l a l  in Tone I I ,  t hat i s , F2  frequency s ignificant ly 

increases and Fl frequency i s  more or less t he same . l a l  in Tone IV, 

however , a s  against t he general t endenc y ,  moves upward and very s light ly 

forward from l a l  in Tone I I I ,  t hat i s , Fl  frequency decrease s . 

1 0 1  and 1 0 1  become more fronted and lower gradually from Tone s I to  

I I  and I I  t o  I I I , t hat i s , both Fl and F2 frequency values increase 

gradually . 

l u i  like 1 0 1  and 101  has a gradual more front al and l ower movement 

from Tones I to I I  and I I  to I I I  exc ept for the fact that l u i  in Tone 

I I  t ends to move s light ly upward from l u i  in Tone I ,  t hat i s , Fl 

frequency tends t o  decrease s light ly . 

From the point s observed so far , it can be conc luded t hat t he non

nasa l i sed monophthongal nuclei have a fairly strong t endency to move 

forward and downward from t ones I to I I ,  I I  to I I I , and I I I  to I V ,  t hat 

i s , both Fl and F2 values increase gradually from Tones I to I I ,  II to 

I I I , and I I I  to IV . There are three cases , however , which s igni fi cant ly 

di ffer from t hat general t endency , viz . I i i ,  l e i  and l a l  in Tone IV . 
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Thi s  kind of deviat ion from the general t endency may be due to the 

influence o f  the final stop . 

The fo l lowing table summari ses  t he average steady stat e frequency 

of the l ower t hree formant s among t he twelve subj ect s ,  for a l l  non

nasali sed monophthongal nuc le i . 

TA B L E  8 

TABLE OF AVERAGE STEADY STATE FORMANT FREQUENCY 

Basic Tone I Tone I I  Tone I I I  Tone I V  Symbol 

/ i l  F 1  3 02 328  3 2 8  4 7 0  

F2 2 3 3 4  2 3 9 3  2 4 1 9  2 2 0 0  

F3  3095  3106  3078  2 8 4 7  

l e i  F1 372  4 1 0  4 2 4  I 
F2 2278  2 324  2 3 1 5  

F 3  2 8 8 0  2894  2 8 8 0  

l e i  F1 5 4 5  5 7 3  5 9 9  6 7 5  

F2 2 0 9 3  2 1 3 5  2 1 1 1  1 9 9 4  

F3  2721  2794  2761  2705  

l a l  F1 8 3 3  8 7 6  876  8 4 7  

F 2  1 3 6 1  1 4 1 1  1 5 2 3  1 5 2 9  

F3 2 5 1 5  2 5 7 0  2 4 7 5  2 4 9 2  

1 ;) 1  F 1  6 3 2  6 3 9  6 6 5  

F2 1 0 1 4  1 0 5 2  1 0 7 4  

F3  2527  2 5 6 1  2 5 4 1  

101  F l  4 1 2  4 3 5  4 8 1  

F 2  8 3 6  8 9 3  9 1 9  

F3  2 6 3 3  2 6 6 0  2 6 4 0  

lu  I F 1  3 3 9  3 2 5  3 5 2  4 9 7  

F 2  8 1 2  8 7 0  8 9 6  1 1 0 7  

F3  2 5 4 1  2 5 7 4  2 5 4 4  2 5 0 2  
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8 . 4 .  NASA L I S EV M O NO PHTHONGA L NUC L E I  

The three nasali sed monophthongal nuc lei ( / T ,  5 ,  u / )  oc cur only in 

the first t hree tone s . Each of their s teady state positions , in any 

of the t hree t one s ,  has it s own wide area of random scat t ering when 

p lotted on the graph for the t we lve subj ec t s . In spite of these large 

variat ions , they s t i l l  keep their own distinct ive area in all the t hree 

tones in which they occur . Thi s  is pos s ible , mainly because t here are 

only three nasalised monophthongal nuc l e i  and t hus t here is a great 

amount of potential range for variat ion . 

Graphs 2 ,  3 ,  and 4 show their steady state posit ions in Tones I ,  I I  

and I II respectively , traced o n  their Fl and F 2  frequency value s ,  for 

all t he twe lve subj ect s . Graph 5 shows the movement s of their posit ions 

from Tones I t o  I I  and II to I I I  traced on their Fl and F2 steady state 

frequencies among the t we lve subj ect s .  One not eworthy pOint on this 

graph i s  that all nasalised monophthongal nuc lei have a strong tendency 

to move forward and downward gradually from Tones I t o  II and II to 

I I I ; that i s ,  both Fl and F2 frequency values increase . The only case 

which di ffers from this general tendency i s  / T /  in Tone III which moves 

s l ight ly backward from / T /  in Tone I I  t hough it shows a s ignificant 

downward movement from / T /  in Tone I I .  The fol lowing table summari s e s  

their average steady s t a t e  frequency value s of the lower three formant s .  

TA B L E  9 

Tone I Tone II Tone I I I  Tone IV 

[ T J  Fl 4 1 1  4 1 5  4 4 1  

F2 2 2 0 9  2 2 7 4  2 2 5 7  

F 3  2 82 1  2 92 0  2 8 7 7  

[ 5 J Fl 8 5 0  8 9 0  9 2 2  

F 2  1 5 2 2  1 5 5 8  1 5 6 8  

F 3  2 4 7 9  2 4 7 1  2 5 4 5  

[ u J  Fl 4 3 4 4 5 1  4 5 1  

F2 9 2 9  1 0 2 8  1 0 6 7  

F3 2 6 2 0  2 5 9 3  2 5 5 4  
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B . 5 .  V I PHTHON G A L  NUC L E I  

One remarkab le feature shown b y  the Burmese diphthongs o n  the sona

grams is t hat t hey hardly have any onglide and offglide whether they 

are glot talised or nasalised in any tone . If the diphthongs show 

occas ional onglides and offglide s ,  their lengths are usually very 

limited . 

Another remarkable feature of t he diphthongs i s  t hat their SSI and 

SS2 are very dist inct from one another both in nasali sed and final-

stop environment s .  In some cases t he SS lengths may be extreme ly short , 

but they s t i l l  maintain their own dist inct ive posit ions on the formant 

bars . 

The se t wo features show that unlike t he monophthongal nuc lei , t he 

vowe l qualities  of the diphthongs are so st rong that there i s  very 

lit t le e ffect of the preceding or following consonant or glottali sat ion , 

on t hem , in [ h vv n d � J  or [ h vv ? d � J  ( / h V d a l  or I h V ? d a / )  frame . 

B . 6 .  M ETHOV O F  M EASUR I NG 

In order to trace t he movement s of t he diphthongs from one st eady 

state to the other , acoustic phonetic ians usually measure onset , SSl , 

SS2 and offset point s o f  the formant s  under invest igat ion . As almo st 

all the d iphthongs in Burme se do not have onglides and offglide s , it  

can be said t hat t heir onset and offset value s are more or less  t he 

same as their SSI and SS2 values respect ively . Therefore , in order 

to invest igate accurat ely t he movements of t he diphthongs , t he writer 

had t o  devise his  own method o f  mea suring the dipht hongs . First ly the 

SSI point and t he SS2 point were marked on the formant bars . Then a 

point exact ly halfway between the two steady states was marked on every 

formant ( Fl ,  F2  and F 3 ) under investigat ion . Lastly t wo point s ,  one 

between the middle point and the SSI point , and the other between t he 

middle point and t he SS2 point , were marked on every formant bar . The 

five point s were marked as point 1 ,  2 ,  3 ,  4 ,  5 ,  serially from SSI t o  

SS2 as shown in t he following example diagram for [ e i J .  

[ e  i J SS2 �id
4 

5 
SSI 3 

: � 
• .. -------------.... --.. 
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A l l  the four diphthongs ( [ e l ? ] ,  [ a u ? ] ,  [ o u ? ] ,  [ a l ? ] ;  and [ el ] ,  [ al ] ,  
[ au ] ,  [ ou ] )  oc cur in both nasalised and final-st op environment s .  I n  

t h e  nasalised environment , they oc cur only in t h e  first three tones . 

What follows i s  an exp lanat ion of their movements  from one SS to the 

other , traced on their average Fl and F2 frequenc ies measured at t he 

five selected point s . 

[ el ] and [ e l ? ] 
The movement s of [ el ]  in Tone I and Tone I I  are more or less  the 

same except that SSl in Tone I i s  s l i ghtly lower than t hat in Tone I I . 

The movement of [ el ]  in Tone I I I  i s  lower ( i . e .  Fl increas e s )  t han 

those in Tones I and I I  e specially at point s  1 ,  2 ,  3 ,  and 4 .  The 

movement of [ e l ? ] is almost t he same as [ el ]  in Tone I I I . ( See Graphs 

6 and 7 ) . 

[ al ]  and [ a l ? ] 
The movement s of [ al ]  from SSl t o  SS2 in the three t ones and that 

of [ a l ? ] are more or l e s s  the same ( see Graphs 6 and 8 ) .  

[ au ]  and [ a u ? ] 
As with [ al ]  and [ a l ? ] ,  the movement s of [ au ]  in t he three t ones 

are more or less  t he same and they are also not d ifferent from t he 

movement of [ a u ? ] ( s ee Graphs 6 and 9 ) . However i t  c an be said t hat 

the movement of [ au ]  bec ome s s light ly fronter from Tone s I to II and 

I I  to I I I . 

[ ou ]  and [ o u? ] 
The movement s of [ ou ]  in Tones I and I I I  are more or l e s s  t he s ame 

except for the fact t hat Tone I I I  has some points further front . 

Point s 1 and 2 of [ au ]  in Tone I I  are remarkab ly low and the rest are 

more or less  the same as those in Tone s I and I I I . The movement of 

[ o u? ] i s  very s imilar t o  that of [ au ]  in Tone I and III  except t hat the 

SS2 point ( po int 5)  moves s light ly forward ( see Graphs 6 and 1 0 ) . 
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GRAPH 7 
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GRAPH 8 

Movement s  of the Nas a l i s ed D iphthong [ ai ]  in 
D i f ferent Tones , Traced on the Average 

Fl and F 2  Values at the Five Selected Points  
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G R A PH 9 

Movement s  o f  the Nas a l i s e d  Diphthong [ au ]  in 
D i f ferent Tones ,  Traced on the Average 

Fl and F2 Va lues  a t  the F ive Selected Point s 
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Movements o f  the Nasa l i s ed D iphthong [ au ]  in 
D i f ferent Tone s , Traced on the Average 
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Although the non-nasali sed and nasalised monophthongal nuc lei  gener

ally show t he general tendency of moving forward and downward from Tones 

I t o  I I , I I  t o  III  and III  to IV, the diphthongal nuc lei do not . It i s  

true t hat t he movement of [ ei ]  in Tone I I I  i s  more front ed and lower 

than those of [ el ]  in Tones I and II and t he movement of [ au ]  become s 

more fronted from Tones I to I I , and I I  t o  I I I . The movement s of [ al ]  
and [ au ]  from Tones I to  I I  and I I  to I I I  do not show any uni formity or 

cons i stency at all . Of t he four stop-final diphthongal nuc lei [ a u ? ] i s  

t he only one who se movement i �  more fronted than that o f  i t s  nasalised 

counterpart [ au ]  in t he first three t one s . The fol lowing t ables 

summari se the average frequenc i e s  of t he stop-final and nasalised 

diphthongs in the three tones , measured at the five selected points 

for the twe lve subj ec t s . 

TA B L E  1 0  

SSl TRANSITION SS2 

Point 1 Point 2 Point 3 Point 4 Point 5 

[ e i ? ] F l  6 5 2  5 9 6  5 1 5  4 1 5  3 4 1  

F 2  1 9 0 8  2 0 3 9  2 1 7 3  2 2 6 7  2 320  

F3  2711  2781  2827  2 8 8 3  2 8 9 3  

[ a i ? ] Fl 9 0 3  7 2 8  6 2 5  5 1 0  3 8 2  

F2  1 4 2 7  1 6 3 8  1 8 2 9  2 0 5 9  2 2 5 6  

F3  2 3 7 6  2 4 7 2  2 5 4 8  2 6 4 3  2 7 2 9  

[ a u ? ] Fl 576  715  6 3 3  5 5 8  3 8 5  

F2 1 3 77  1 3 1 5  1 2 2 9  1 1 6 6  1 0 8 7  

F 3  2 5 3 4 2 5 3 1  2 5 4 4  2 5 3 0  2 4 8 2  

? [ ou ] Fl 5 7 6  5 2 7  4 9 1  3 9 5  3 4 9  

F 2  1 1 7 1  1 1 0 7  1 0 2 2  9 6 2  1 0 3 8  

F 3  2 5 7 7  2 6 0 1  2 6 1 1  2 5 5 8  2 5 3 1  
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TA B L E  1 1  

SSI TRANSITION SS2 

Point 1 Point 2 Point 3 Point 4 Point 5 

[ l'i J  F1 5 4 2  4 7 3  397  365  349  

F2 2 0 4 3  2 1 3 0  2 2 2 4  2 3 1 5  2 3 9 6  

F3  2 7 1 5  2 7 9 8  2800  2913  2 89 7  

[ li J  F1 516  4 80 4 5 4  3 9 5  3 4 5  

F2 1961  2 0 5 6  2 1 6 8  2 267  2 36 0  

F 3  2 7 1 2  2 7 5 8  2 7 9 8  2 8 5 1  2 9 3 0  

[ l'i J  F1 6 5 2  5 8 3  524  4 6 1  3 39 

F2 1904  2 0 36 2 1 5 1  2 2 6 4  2 3 8 3  

F 3  2 4 4 2  2 7 5 8  2898  2 8 4 1  2 8 9 3  

TA B L E  1 2  
TABLE OF DEVIAT I ON FROM TONE I 

SSI TRANSITION SS2 

Point 1 Point 2 Point 3 Point 4 Point 5 

[ li J  F1 - 2 6  + 7  +57  + 3 0  - 4 

F2 - 8 2  -7 4  -56 - 4 8  - 3 6  

F 3  - 3 - 4 0  -2 - 6 2  + 3 3  

[ el.i J F1 +110 +110  +127  +96  -10 

F2 - 1 3 9  - 94  -7 3  -5 1  - 1 3  

F 3  - 2 7 3  -4 0  + 9 8  -7 2  - 4  
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TA B L E  1 3  

SSl TRANSITION SS2 

Point 1 Point 2 Point 3 Point 4 Point 5 

[ a� ] F1 876 7 5 4  692  567  4 0 8  

F2 1 4 2 7  1 6 1 8  1 8 3 2  2 0 3 3  2 2 6 0  

F 3  2 4 1 9  2 5 1 8  2 6 0 0  2 7 1 2  2 8 2 9  

[ a"j ] F1 9 1 9  7 9 7  6 2 9  5 6 3  4 0 2  

F 2  1 39 3  1 6 0 5  1 8 8 1  2 0 89 2 2 6 2  

F 3  2 4 5 5  2 5 0 8  2 5 7 4  2 6 7 0  2 8 1 8  

[ atj ]  F 1  899  7 9 0  7 1 1  6 0 2  3 9 5  

F 2  1 4 4 0  1 6 2 5  1 7 3 8  2 0 5 0  2 2 3 7  

F 3  2 3 6 6  2 5 0 7  2 5 7 0  2 6 4 9  2 7 8 7  

TA B L E  1 4  

TABLE OF DEV IAT ION FROM TONE I 

SSl TRANSITION SS2 

Point 1 Point 2 Point 3 Point 4 Point 5 

[a"i ] F 1  + 4 3  + 4 3  -6 3 -4 -6 

F2  - 3 4  - 1 3  + 4 9  + 5 6  +2  

F 3  + 3 6  - 1 0  - 2 6  - 4 2  - 1 1  

Un F1 +2 3 + 3 6  +19  +35  -13  

F2  + 1 3  +7 -94 + 1 7  -2 3 

F 3  - 5 3  - 1 1  -30  - 6 3  - 4 2  
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TA B L E  1 5  

SSl TRANSITION SS2 

Point 1 Point 2 Point 3 Point 4 Point 5 

[ lOu ] Fl 8 3 3  7 1 4  6 7 5  5 7 6  4 2 8  
1<'2 1 2 6 8  1 1 9 7  1 1 1 0  1 0 3 7  9 8 1  
F 3  2 5 0 8  2 5 1 4  2 5 4 0  2 5 3 4  2 5 9 3  

[ lOu ] Fl 8 30 7 3 4  6 4 8  5 3 6  4 4 4  

F2  1 2 8 5  1 2 1 5  1 1 2 3  1 0 0 8  9 6 8  

F3  2 5 5 7  2606  2649  2 6 7 9  2 6 9 2  

[ a'-u ]  Fl 8 2 6  7 1 4  6 1 9  5 5 0  4 2 1  

F2  1288  1 2 32 1 1 4 3  1059  9 7 8  

F 3  2 4 9 1  2 5 3 4 2580  2 6 0 3  2 4 7 1  

TA B L E  1 6  

TABLE OF DEVIAT I ON FROM TONE I 

SSl TRANSITION SS2 

Point 1 Point 2 Point 3 Point 4 Point 5 

[ a"u ] Fl - 3 +20  -27 -40 +16 

F2 + 1 7  + 1 8  + 1 3  -29 - 1 3  

F 3  + 4 9  +92  +109 + 1 4 5  +99 

[ l'u ]  Fl -7 nil -56  -26  -7 

F2 + 2 0  +3 5  + 3 3  +22  - 3 

F 3  -1 7 +20  + 4 0  + 6 9  -1 2 2  
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TA B L E  1 7  

SSl TRANSITION SS2 

Point 1 Point 2 Point 3 Point 4 Point 5 

[ l'u J F1 5 56 5 2 3  4 7 1  4 1 4  3 4 8  

F 2  1 0 34 9 7 8  9 2 9  8 6 6  8 2 3  

F3  2626  2610  2 6 1 1  2629  2656  

[ lu J F1 569  507  484  421  3 5 5  

F 2  106 4 lOll  9 4 2  8 8 9  8 5 6  

F 3  2 6 2 3  2671  2698  2698  2 6 86 

[ o!.u J F1 6 4 2  569 517 4 38 3 6 5  

F 2  1 0 9 0  1 0 5 0  9 8 4  9 1 2  8 6 9  

F3  2 560  2 5 9 6  2 6 1 3  2 6 5 6  2 6 0 9  

TA B L E  1 8  

TABLE OF DEVIAT ION FROM TONE I 

SSI TRANSITION SS2 

Point 1 Point 2 Point 3 Point 4 Point 5 

[OAu J F1 +13  - 1 6  +1 3 +7  +7  

F2 + 3 0  + 3 3  + 1 3  + 2 3  + 3 3  

F 3  - 3  + 3 6  + 6 0  + 6 9  + 3 0  

[ o\ J  F1 +86 + 4 6  + 4 6  + 2 4  + 1 7  

F 2  +56  + 7 2  + 5 5  + 4 6  + 4 6  

F 3  - 6 6  - 1 4  + 2  + 2 7  - 4 7  
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9 .  G E N E RA L  C O N C L U S I ON F ROM T H E  T H R E E  E X P E R I M E NT S  

Experiments 1 and 2 reveal t hat fundamental frequenc y and total 

length of the tones can be regarded as remarkab ly consi stent features .  

Experiment 3 shows that all monophthongal nuc lei ( nasali sed and non

nasal i sed ) show a st rong tendency to have lower and more fronted allo

phone s from Tones I t o  II and II to I I I , that i s , Fl  and F2 value s 

increase . The diphthongal nuc le i ,  however ,  do not show this general 

tendency , at least not as significantly as the monophthongal nuc lei do . 

In other words , of the fourteen vocalic nuclei  ( seven basic vowe l s , 

three nasalised vowe l s  and four dipht hongs ) ,  ten ( al l  monophthongal 

nuc lei , that i s , seven basic vowe l s  and three nasalised vowels ) show 

the tendency and four ( all diphthongs ) ,  do not . As ten out of fourt een 

vocalic nuclei  ( 7 1 . 4 % )  show the tendency , it is j ust ified to regard 

this tendency of spectral quality as another cons ist ent parameter of 

the tone s . 

Two other feature s of the tone s ,  that i s , fundamental frequency and 

total lengt h ,  seem more consist ent than the feat ure of spectral quality . 

Within the I h V d � 1  test frame , the durat ion pattern of the tones seems 

to be more consi stent than the fundamental frequency . There fore it can 

be conc luded that the durat ion patt ern i s  the most consistent feat ure 

and the fundamental frequency is the second most consist ent feature of 

the Burme se tone s . 
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