
1 

*wCi b 
f la~Vlfl lZfd (Acoustic Phonetics) 

- 

I d r l  
odi ~n 'unAiu~~urrvd~n ' l~w^f lna~~nn~3~ I r ~ ~ r n i n  ~n r : r i i ~~ i i n~ i i u t~u ' i ~u "u  

A J . r r . r  
rrn I ruonuciiu11n~onra'i~~o~1nu cinnnonnurainda~rlin~ a~urnanut 



A 4 
n i d  de t ~ u n j i f i m ~ ?  JIOJWW (amplitude) I I O J ~ ~ Y  RUR:~&IU MU t Ltnu 

b rl d Y ~ I  A 
Lml (~:~Unl1tnn0~~l~~~~~7ur1i7n7~~n~1oun'1~~d 9 i i d l  r e  

d 
rdn m 
% 



K rl 4 l r~ 
a?mnnnonnuunaiun Q (frequency) no~ni1(iWn:~~ou~7:qim L U U ~ U ~ I  

d  .rd t; * *  d. w d d  

io t i i t lnniur  o ~ ~ u n r n n n u n a i u ~ ~ o ~ ~  aruunino tn i r l  ii;nalunn 9 tauniun 

M d A 
? I U D ~ ~ ~ ~ ~ ? ~ U L ~ ~ D D J L ~ O J  (intensity) Lm:fl?13Jl? (sensitivity) YQJLfllDJ 

.I rr I W W  w .  u r l e  r r &## A 
nc:~a nain tuae na~in41nnilH'naiura'uu~na~o~ouunrlorla~~~~no~nnu 

A Ir d  Y 
(amplitude) 6 f l ? l u ~ t D ~  t n n ~ l f l l ~  fi7lULnUnUlnVU ( ~ ~ u L ~ u o D J L & ~  J 
M w *d 4 M rl 
uanlntuuvlnj ~ i u ~ i u ~ ; I C ; ~ u o o n u i f ~ t : t l : ~ ~ n i ~ ~ ~ a t l u t  i ~ u r u o n  c nxau. 
A t  rl rl 
nnta1nrii~ni7 innounao t n q ~  n'unniio ~dau6;inna1ur~u~a~Liu~u" tdu 
u # I  

amnno fl7.7lu. (watt per cm' 

& *  d J d  
M ~ U I ~ ~ U ~ ~ I I J ~ ~ ~ L ~ O U ~ ~ U  9 loprithmir scale UUnO Lflu~tlR~flai tO~L!~ 

Y A d  d 

no~~d i~7 iq :~~~utdw~atn '~~ in 'u  ntnnnnii  octave h i n n i m u n ~  naiu 
rl d d  r h  w d  I -  d '  .I d 

O ~ ~ J L R U J V ~ L Y ~ ~ ~ ~ ? O J U L ~ ~ ~ ~ L Y U Y Q Y I I ~ ~ U ~ ~  (cyeles per second) 1170L7IUU 

v t w  A .I I 

cpe nu boo cps LnlftUHUJ octave VI38 e semitones Lin:ytVI?'Id 
1 

- 
l r l d  A ~ t ;  A r 

3 : ~ j i ~  a d o  o cps nt c d o  0 cp, luurwudwut semitone Lniuu LWDIV 
A ' 1  d LGI;LYOJ octave ii;~ ~oenn io i i t  key L $ U U I U ~ ~ U ~ ? ~ U ~ L ~ U D ~ ; ~ J I Y  



~&LIY ~ U U  Keyboard bd.b cps  

bb cPr 

8 8 0  cps 

bbo cPs 

d d o  cPs 

Y i r l .  
nu b octaves ~ ~ i o ~ c ~ : n ~ ~ ; a ~ ~ ~ n i u n a ~ u ~ ~ n n ~ ~ u n I ~ ~ ~ t l  hb v ia  ,g 

rlrl r 1 v  u r l  

i ;cr l laiunnnocni~ rrroni7:nu~n~~ci1en'u m octaves ~.ri~cirq:t!luv;o 

ucz I rl 
n u ~ 3 i j Y l n n j ~ ~ n  9 cps   cub^ e b.00 0 cps finln d 

(I. 

frequency in cycler 



rl w* dl A d 1  I w t rl 
r1~31c:!nuuni:~uu logarithm ~ P J  b gdunlLnlnu O.UI o 0 II:UULL~UY~L~~ 



?¶In' d 
. I  .I 

n. UW overtone n b ~ionq:~:~f i tunJ  a 74 nlu,Jn d 
s 

?¶It d 
u l r  @ 

n ~ u u c r a m : ~ i ~ u u  fundamental - h ~ l u u i a i n ~ u u u u  o n r  
.I u A .r d .I d .I- 

tone ri14 7 ha L ~ ~ n u r u r m 7 f l n i l  harmonics q ~ ~ u ~ ~ ( I o J n n ( l i l n  
4 C u 

LOXIDJ fundamental ?PL(I?P b. m. d. ( I ~ Y A ~ I I V  (iJ(iid14~iu~ bass 
r .I 

7 a ~ n  A (11- GPS) 

110 cps f undamental 

A ~ M I ~  s 1 o o t a r e ~  190' cps 4nd harmonic 

E $80 cps 8rd harmonic 
Y 1 4 1 ~ 1  d 4 octaves A W cps 4th harmunio 

4 

C sharp 660 ops 6th harmonic 

E 660 ops 6th harmonio 

773 7 C 770 cps 7th harmonio 
Y 

aMIU\d 8 octave s A 
s 880 c p  8th harmonic 

990- 1660 cps 9th. loth, l l t l q  

14th. 18th. 14th. 

16th. harmonic. 



Lnu P nurffu~~ e unpi uq IUILYLRUC ~.'*3uDws@al. nuolu . r P 
b 

~~~unur~trn~un~:ruubu~lc~u rr .l nnroa~u~~ir~urr~~ur(~~n~u~tut~~~~nrrr n r P - n lrr - RLLu nouiu icuorrnnsrriulo ror~nnnru:arnlccuuonLuuuplcnLQlrou . 1 CI' r p x .l 
ppqrnlcruu nu L uu\c~ricinrropoeiu (aau.uo6a11) no ULU pawn a .l 

tsi 
bl I SaN033SllN33 0 
I 

I 
I 

I 
I 

I 
I 

3=8+V 



rid u - ~ Y  - u d 
YIULLR?~~ JU JDU~Y tin* reeonator ~1f l37~11~f l~1  J ~ O J ~ ~ ? ~ U Q Q O J  reuona tor LlfIZ 

ad Y 
~ o J ~ ~ Y & ~ : L ~ o u ; u ~ ~  ctnn'7nou (resonance e f fect )  neuou 6n2iuann 

u d  & a4 I -  
ril~l~u;n{jnnanMu JI:I~;RRIA 7 MU ~~nnnn;l~l~:iinau~:Iu~nmnu 

rl d rl rl 
Flltars Inuoi&~nnru:tiinoun~~ UUU~LL& 1~ in~~- ,7n ln ;a~n~ i~n a J 

I  a -u n d 4 . 1  

harmonic n.1 l i f l  Jfl J~i~~:a'n19~7IU f i i l l l ~ Y ~ ~ t l f J J  fundamen t n l  MY nLfl(l J 
J - " I  ' 
nu harmonic m i  l & ~ ~ f l  ~(;ih:c'bt~ J j;ni~Ln;un~~udInun'*~~ C{nunaa: 
A 

9 rl 
oun'o~ac:~;oni~ f i l ter  ~ ~ i n i u i ~ n ~ d n a u s ~ a ~ : ~ ; u 1 n ~ ~ ~ ~ a ! o ~ d i n i o J  1  Y 

J 4 1 1  4 
n'q:vl'ilr;R'nnoc:riinouuldn~u~d i~ l no?no td i n  un:iodtun~uu filter 

J r rl A u d A rl 
Formants fl?luClMY f J f l ? l u ~ n ~ ~ M ~  JI J ~ L J ~ ~ A ~ I ) N : ~ ~ J ~ ~ U  J 7 MU J l  :Llnfl 

r A d  + !  u-m d  A r d  # A  d  

( i i ~ l d ~ ~ n ~ n u ~ o u ~ ~ u n ~ i  formants ~ q ? ~ u u ~ ~ ~ u ~ n ~ o ~ u o o ~ n n ~ n ~ u n n n ~ y a n h  
4  m ,  'u \ 

4 d 
sound spectrograph 1l~:lnY o JUDUP:IM soundirpect ;ogram Yl JLUUnlWnl7 

I  d r .  Jd d d 
sound spectrogram P:lMU?19:UUY L?NYIU harmonic O(I:RW~~L~U~:~II~IUU 



$4 0 .  

sound spmctrogroph 

d d  4 I Y rl I d L' 

ui~7antcru~uu6~ 7 vulauuuLLanlaun?1 formant uvnnLuuLwclr harmonic 

4 ~uunm~un'u~ns~?ld~i lumuiy rod nu ~;u~n.~:e C o i t ~ u ' o u d ~ 1 ~  
& Y . 4  u u 

1 

formants LLf i :  formants ~ J A O J I I L ~ U ? W U ~ U ~ D J ~ ' ~ ~ O U  (resunauee 
L' I 

chambers) t l f l ~ i ~ ~ ~ Q ~ O ~ f 7 : ~ Q n ~ t l l l ~  60 do~na ~~nrdO4Lhn Cl7U formant 
J A u d  te  d * V U  

A 

rlmu F8 LLA: formant ou q u ~ J D u ~ ~ u ~ I : u ~ ? ~ u ~ I ~ ~ u ~  LuoJPln 
i I v d  ~k td 

I ~ ~ : ~ ~ ~ ~ ~ L ~ ~ ~ ~ P ~ ~ ~ ~ L L I I J M U S ~ ~ D ~ R I ~ U ~ U U  sound spectrograph (I c c) 

1auan~n4ad~oa ils?~udani~"Ms)iw ~ a ~ n s ~ w i ~ n u i ~ ~ ~ a : : ~ i ~ n ~ n u i n i ~ n ~ ~  
B d 

dis?qUI+a~~dd~tw~~nsad Y~IU~RU~~~IQ~YLL~: : !~"UO%N sound spectrograph 16 
winYiiu6a~mq@dwma~~iu"uaIA+ broad-band &dn?iunii;laoa band Iqu moo 

cps nimadn1311:1i/~ formants B~I~%~IFIUI# narrow-band k i m i ~ n ~ 7 d " ~ m  band I&II 

~ d !  cps udbduuad broad-band ~ 6 a i l ~ u i n l l ~ n i 3 a " ~ 1 ~ i m ~ i 8 . 1 ~ " ~ ~ d ~ ~ ~ d  rdnadud 

uaIw"~&uu~iuudu~dI+ broad-band UR: narrow-band 8d2di ob 



n'n nin din 

\ ~ U S ~ P  1; b d .  h . d  U:#I rill. L.-l 

rl A 
formants L Y ~ L ; U ~ +  formant nvud (~1)' ka U;L~IY(~I 7 c'udii~lu 

1 '  - u urn i- 
sound spectrogram LLn: formant ~ A O J  (Fa) IIOU~L?P)~I 7 auonruld 

~ m m ]  b d o . e d # o  Caal b d o . r e o o  ~ 3 3 )  '-?do,. O ~ O  

r r  b 54 <?raa&vl&r$u F1 uar.n'in;~r!u Fa ;~~isuru*u!d~mnau LI 210 



FORMANT 2 



Cil m ( 1 0 . 8 e ~ o  [ 1 m o o . o d c o  CU] r c o . r o b o  

[el  6 m o . o e b o  [a]  ~ o o . e m o a  C 03 d d o . e o o  

[m'J b ~ 0 . 0 c l b 0  Cal d m o , e o g o  [33 dclo .c i 'a '0  

fllu m d o  Q m o  b b o  m o o  d o o  d m o  dcro  d d o  b a o  

H ~ J  r n o  b o o  d b o  m a 0  0 o  r a o  $ 9 0  a d o  

.I J 
fl7lN000J formant ntlQd 

9711 o d r o  o i r o  c d b o  0 6 0 0  o m d o  o o d o  e o b o  d o o  4.6 @ 

M Q J  bctcto b m m o  b a d e  e w b ~  e S i o  s b b o  o e ~ o  e o s : ,  e b o  
C I 

a o ~ i k m n n ~ i d n ~ t r n ~ l u ~ d ~  .a &nnJ ~1 unr FB  go^ 



ldd 9. 
4 LL u r  

1 1  V J  w ; q q ~ g  ~?Iu$:~~BJ(~B~~u:I I~uH<R ~RAA~I(I I  UL71fJ J! 
Y '  r.l LI Id 

. u o e u ~ n ~ ~ ~ n ~ ~ u ; ~ ~ n " t l ~ w I I " ~ ~ u : ~ ~ n  wcplru:inclnnluu formants ( ~ 1 ,  Fa, 
v r l  1 c)- 4 r . l  rl 

F*. 7 A 7 )  O ~ I J ~ T : ~ J ~ ~ ~ I ~ U I L L ~  ~ i i o ~ i a o n n u n ~ ~ u n n ~  L;U [ a ]  inmu 
4 4  A rr d A' 
0 0 J  d . o  o  o - & . o o o  Cps L U D L ~ O V ~ ~  Un?IUn717 b,o o  o - d . a o  o  



d .id 4 I5 a d  1 

r:fiLnn~iulh;i 1nu~nuj1un3rnn7uwdqnn~no~ ~ i u  [p I nn aro 



d 
{dn a e  

speech rynfhssizer 
4 4 A ' 

L I U J & L ~ ~ ~ ~ & H  ( synthetic sounds ) L $ W ~ ~ ¶ L ~ R U U P ~ ~ J I ~  ~ i d ' 1 1 n ~  

*d * * d  1 A  I ! * I u  sound speolrogrsm IVLUULO L J ~ ~ ~ U U L ~ ~ O J U ~ ~ O ~ O ~ U ~ ~ W O O ~ U ~  LUULO(I J 
d  d & d  I d 4 d 

LRIOJUOUWIIIInal speech synthesizer n7dn c d ~nn1ultTlOnlun~nc:li 
Y Y  

sound rpectrogrcirll 9 ? J  7 l i i d i h ~ ~ u  speech synthesizer ftn'b~O1nl:niki 



C: rl 4 d  * '  
formants n ~ ~ ~ ~ ~ < ~ o i ~ i : i ~ n ~ ~ ~ r o u n i : G ~ L i i u ~ a i ~ ~ i n  LUWIIU~~ F8 

C L )  Y L) d Y d 
~w'a~Hin 'u~~nn~nu~nu~nad~( i l~o~ninia   nu na~H'djbnn~~lm'b s 0 LLRLY s dn b c 

b d  d rl 
~ d ( i l d ~ L u ~ L u ~ n l l ~ d ~ ~ u 1 : ~ ~ 1 d n l y r ~ ~ ' ~ 1 n ~ ~ ~  sound spsctropam un:nlw 

rl a . C *  I 

i i ~ i i i n i n i  lnunnulnuI;~~~na~nnq~lnnii;ut ribnirrilnoffnnnqrq:; a 

u l  
formeuts PldU 

C i l  b n b o , b e o o  C il c n o o . e m c l o  C ul mb o ,Wbo 

Ci il r n o o , b b b o  ' [jj] mo o.ocnc'o CUUI r n o o . ~ b o  , 

[el & @ o , o # ~ o  Ca1 d b c , e b t ~ 0  CO] a d 0 . d f 0  

[eel b d o . e # d o  [aa] b b o . e b b o  COO] d d  o , d d o  
4 

Cml d d o . e d v o  Ca I c j b ~ . e b o  o Col b b o . d b o  

[ma] d b c . . c ' ~  o Coal c 9 e ' o , e b b o  C=l b t 0 o . e b o  




