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Phonetics: Introduction

Phonology:
A description of the systems and patterns of sounds
that occur in a language (abstract), often involving
comparisons between languages and/or evolution of
a language over time.

Phonetics:

A branch of phonology that deals with individual speech
sounds, their production, and their written representation.

Phoneme:

A unit of speech that can be used to differentiate words
(e.g. “cat” /k ae t/ vs. "bat” /b ae t/).

e Phonemes identify minimal pairs in a language.

« The set of phonemes in a language subject to interpretation;
most languages have 20 to 40 phonemes.



Phonetics: Introduction

Allophone.
A speech sound constituting one of the systematic phonetic
variants of a given phoneme. Different allophones are

n n

predictable from environment (e.g. “toe”, “caught”,

n n n n

“fitness”, “writer”; “sill”, "still”, “spill")

Phone:
An acoustic realization of a phoneme. (Many different
phones may represent the same phoneme.)

"The phoneme /s/ consists of more than 100 allophones”
— Pickett, The Acoustics of Speech Communication, p. 7.

Phonemes indicated by / /; phones (allophones) indicated by [ ].



Phonetics: Introduction

Svllable:

 Unit of speech containing one or more phonemes.

« A vowel in a syllable is called the sy/lable nucleus.

« Most syllables contain one vowel (or diphthong);
some contain only a lateral ("bott/le”) or nasal
(“butt/on”) as the most intense sound.

« Syllable boundaries sometimes ambiguous
("tas/ty” vs. "tast/y" vs. "ta/sty”)

Coarticulation.

The "blending” of two or more adjacent phones, causing
a non-distinct boundary between them. Coarticulation

Is caused by smooth changes in the articulators (lips,
tongue, jaw) over time.
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ALl (vocal cords)
—Z(oral cavity), H|Z(nasal cavity)
z 20f

7|

)
oHofl A=

=
=

(pharyngeal cavity
ni gy

=
o

Z & 7|2Horgans of articulation) :
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FoloA R, RAo| PHo| F2X

-> big/pig, vine/fine, din/tin, zeal /seal 1}
wo| §240 SHREUR olef THE

R4S 2480 EI|WH

-> 7 S[+Voiced], £ -Z[-Voiced]



1.2 H|Z2 vs. 4

Vocal tract

A
o

=]
=

U M E (palate)2 Z7l(hard
palate) 2} H17l(soft palate) =
Lt
H| Z2 (nasal sounds)
AT70E S0 LH2[ D el O ElTt
= H2fA|A HZS S5 S717t
HHF MLIZFEM 2l e = 2
[+Nasal]|£2 ®7|g

/m/./n/./n/S0| H|ZZ
T Zt2 (oral sounds)
ATIHE S50{=21 H|Z 0| H|2f £
O —T%*QEE S717F A LA
M EHYEE &
[-Nasal] 2 77|

H =22 Melst LHHX| R&=7F &

d

0



1.3 X[ vs. B3

XIS (consonants)
- S S45teE S717F 2=0|L 5o XYL = OHEO|L BEl 5
9_| |:|I--5H =] OD:| AHA—IE|'— AE_l

=
olllEa =
[+

- AI22 [+Consonantal]0|, 2Z2 [-Consonantal]| A& 0| £0{E.

2 S(vowels)

- At 0| 7|71 Yol S
HA = -’tE|O|D1 =

- E22 [+Syllabic]0|, X2 & |- Sy labic]e| Xt& 0| £ =

X o0 RREA TLE WA L7}



HE @ 2 (semivowels) EE= 22 (glides)-> /w/./y/
S717F 74 LWO[A H{E A FOTHAM Eot 22| i O|FX|
[=Ro
% O |

- [-Consonantal]1f [- Syllabic]e| Xt& &
|.

o2 FFEXT B7I7t 7L oI HohE won XS EXE @D
w SHO| ME 02X R



(5) 01()-|O| xl. EIE

-dOojo| EE B S [Consonantal]"f [Syllabic]e| & A}Z&
20l 2|5ty Ch=1f 40| 27=

]
T g MRS 2 8 2 = e/t
|
Consonantal } e

Syllabic — + - +/- ‘

12
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(bilabial)
(labiodental)
(interdental)
(alveolar)

= (palatal)
=(velar)

e oy > > [y 09
1 0 oY TN > HY
~ X oo ojo ojo Ojo

Cf /t/ F4&, 7|4 S (aspirated)




Place of articulation

velic port (hard) palate

alveolar ridge

velum (soft palate) lips
tongue
teeth
pharynx
glottis tongue tip

(vocal folds and
space between vocal cords)

vocal folds (larynx)
= vocal cords

16



2.1 258

U= (bilabials) : /p/, /b/, /m/, /w/
¢ otefe| == A8 k= Ak
=X|=2 (labiodentals) : /f/, /v/
L Z OIS == dHA| & SEfOA EZSE|= 22
® X|7ZFZ(interdentals) : /6/, /&/
F{OtSiL| ALO|Of| S{E= &% 7|2 SJEHoAM HE2E[=
A2
@ X|4dZ(alveolars) : /t/, /d/, /s/, /z/, In/, I\, v/

olg= A8 ol L= 22



® A7l X|4dS(alveopalatal) : /. 3. 1. &/
AH= Xgel S2E20| L1 SA|0| MES F7H0j
O D L= a2

® d17ll=(palatal) : /y/
MAEAS B0 Tt L= 22

@ A7lMS(velars) : /k/, /g9/, /n/
= AH7H0 ChaAM L& 22

‘dE=(glottal) : /h/

F A2 t=0| LOojLX| iZ B2 70| L
U= 22|



FI'QQI HEO
A2 HFH (manner of articulation) ~© £

I3 2 (stops): 2712 T2 XICHA|ZACHIF BFE A H L5t Hi Y

O g-

/1/ /d/

OF =2 (fricatives): vocal fractx XLt 5718 T E0| FOFX| =
S2Z oS0l ZIste W,/

o} £k 2 (affricates): TtP 2 1f Ot&F 20| B E A AZE O X ESH=
B8 /d/>/z/ BI2 A ALSHMAE /j/(fump)XE a2Li= A

Hl 2 (nasals): AFIH7F Lot B S wh F717H B2 SASHHAM L
22| thing

&2 (liquids): /17, /r/ MY HI£5F &£ &80 37| S59| oF7ZH2l

X ol o5 YrAiGt= 7

HolS (glides): B2 Z /y/, /w/ 712 T E0| Hfaff BFX| ¢f 41
L2 = A2



x O
22. 5L E
221 HEXQ ESuH

2= /p t k/
o= /b, d, g/
)

CEAIZACHZE L4 AHZ] O
| I{| X| S (stops)0| 2t 0 &= SHCF.

@ Ot& S(fricatives) -> 24 OIS /f,8,s, [, b/
F

oM OrEte Av, 8, z, 37
S X3JI22 & (constriction)AlAM 1 &S & AOl2 &0t
ol 2JIE XN=&EOoZ HWEUWH €= Al A2l0|C



® e (affricates) -> A otete At
SN ot /a3
 QACH 1Z LHOA 37|12 KFEHA|ZICHZF atsl 27|12 MA S| Of

£HA[7|0] 2= 22(0[Ch
O, /d/>/z/ W2H HAEZSHH /j/ump)ME AE|L= A.

@ H|Z(&%: nasals) -> /m, n, n/

78 U 0= X|[FOM 715 AHEAIZ] SEOAM S0 S L
2N 277} H|Z2S S '—fﬂEE o &= 220l 2F &

= (sonorants)O| Ef.



® 53 (EME: lateral) -> /I/

® ™22 (ETF: approximants) -> /y, w, r/
: T KHH| Q™S 272 2= Z40| ot gt /L U e/ o] (X
oM Ct2 222 &l OHAH20| LIX| %S HEZ2 X8 7|20
0|8l 7tH DHSO{X|= A2|O|Ct



. /|/ /r/

-> =(liquids): =S A[0]| 57|71 ++& LHOA <Zto| Hol &
= IE OtL} &= OI'—f O =2 2o d M7t ot
« /r/

-> HAMZ2(retroflex sounds): 3} X=0| X|d=7| HELZ
Se= 2ot =20 /2 E2
HEFS (rill): A0 AL ANOM HE=ZS F7H0 CHAD
HNSAIZ|H /r/E 23
AEtZ(flap): GO /r/0| X|Z=7|0f o H EX5|H

« /y/. /w/
-> ZtZ(glides) S 2 "t@ 2: &7} O|Lt FHo| BFo HeZ
HHOF 0| X[ =0 S&0|H HZE.



2.2.2. X|=£S1 HIX|=xS

2228 0|20 XZ2 H|X[ZFZ(noncontinuants)if X|&Z

(+ continuants)@ & L& 7| & StC}.

- HX|&&: 25 FE0M S717F LEF BFEJACHE HA[HAM L= A2
[-Continuant] 2 H#7|
og 2, oS Ha

- X&S BT AAHOR LIQUA Lis A
[+ Continuant]2 & 7|

o o O o
Ij|-§-I:|l T =y Q'EFIZI

9) A

H]

& &([+Continuant]): /£, v, s, 2, [, 3, 0, 1, v, w, 1/
A ([-Continuant]): /p, b, m, &, d, n, k g n , &



T8 ot AtF2e| EFef 2HHSIY XZF2 X X|Z(obstruents)dt
S HEZ(sonorants) @ 2 L 25ILC}
XS 37171 +E0A 2t85| S5 AHLE Al 2 22|

[-Sonorant] 2 & 7|
T4 Og S, ohES, Df’é%

- 888 707 dE0|M XAAFHA =FEl= g

[+Sonorant]2 H7|

HS, M2 MxEo E

O Ao 210 O

(10 AAZ(-Sonorant]): /p, b, t, d kg fv.s 2 [ 3 01, &
9 & ([+Sonorant]): /m, n, 0, L 1, w, v/



224. A5

X| & Z(sibilants): Aot OAHS Ao 7= A
2SS (stridents): X|& St OH&Z9| /f/, /v/= /8/, /8/ELCtE K| 8
F2(0|A G A|DEHD '

"'HJ

[+Sibilant]-> {=. 2z, [, 3. 1. d&f

[+Strident] -> z, [, 5. 4. dg. .
. LI X] xrgzs D& [-Strident] Z0f =gt

|:|O
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aedi=)

S

XS
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=
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s

P 3=]
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Spectral properties of incoming

signal
« Klatt 1989
« 5 types of different critical band-spectra

601
. ke

40t = 40

5 g |

20 Silence 20} Vowel midpoint
‘\/_\_N\/-/\—\ e—— -_ B
.l? 1.6 2.‘0 3f0 4.10 5.4 2 1.0 2.0 3.0 40 54
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222 78 WA ofifet Foje X RO L= A2

Bgo| P 1ol SHet BN ol ZHE.

xSt 22| BEHoR $Eo| 7t

SHo| #g 0|2

A 2le] XX (pitch), L A|(stress), S L (intonation) &= LtEfH.
o =

1. 2 39| &2F

5o 20 1B F, FSEF NES

205t= 52| B2 HERE SEES 2EES

gl 2 el g, Bl s

22713 2 E: 7122052236t §%) O[22



4

U

Az E

=]
=

(11) o2 &2

30



- {punoy 4]

31



Ty <
198
105
low-high
22
low-mid
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S0 GO AR E = 2 71

rill

dill

nil

kill

&ill
sing
Al

vat
sip

zip

I

tagh

siallow
measure
chip

£&¥p

rip
yet
wet
wiet

hat

b1t B&W

bait ay
bet

bat

boot

put-

but

boat

bought
pot
sofa

ATy

e o i RO R s N AR el

§

W
OV
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Phonology(& & £)

system of speech sounds

Phoneme(S &) - o™ Ao MZE CHE A2 ES
T2 = Al == 7t &2 eI 2] (sit, sat,
fat, fit - /s/, /1/, /i/, /ae/)

Allophone(®| &) - &2 &40 &5t A2|9 Y
(peel, spark, cup)

Phonemics (& &) - E°|3t &
Phonetics (&/dat)- &2 & A
BlAgot=Al £= 1 &elE A MAZ VG A EAS
=Xl°|l tist o1+t






=

=22 O

0jo

2 (phoneme): o 2100 A LHE =
OIS FEAIZ|E Z29 53

o)) tio/ dip, chin/ gin, sin/ seen

XA B o (minimal pair): &= £
SA% fEIZ LIEH)s o 2
CHEO S OI—?—71I ote =

=
=

LtOf

F

o
o
—




O| 3 (allophone): ot SA7t 2t A0 2t 4420 CHEA

—_
A g

Ph: park /P=:spark/P™:topmost/P ' :apt/P": chipboard

2S5l

B Jh] L H (pm) 7| & (aspiration)
/P/ N 3: .S (S]_’)m) H| 7 &2 (unreleased)
o Pj : # (S[Op) H|C 7| 2 (unaspiration)




MEX i(complementary distribution): St
LIEfLE= 2HE0| M2 &

2o|X| &1 11X
dfo | 7S oist

S 29| 0f
= 2| X[0f
A= =20

==l
A

o) ofZOILt 7+Z At= KHOIA beelt bead?| /i/E&2 T

ZEZ
. XS HOM bean, beam, beingl| /i/ 2&2 O] 2| H|
=0 S=2t2|0f 1] HES2E E5E.
— [1] : #t (bee)
/1) —— [ —Nasal] (bead)
— [1] :

[ +Nasal] (bean)
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X xP"(dlstlnctlve feature)

pinit bing THA|H Z

— O
— TT
be’lt meE FHAF FT£ A- 424t
bidR} bads FHA|7A FT= Z4- 1

| =
22t 545 TEAA F= A2

[} 2} A], [=Voiced], [=Nasal], [*High]= H

O| gt & (binary opposition)
O 0] o Ar&0f Ot 1
7

dZX HeH "2 77| ot A



mlo
o
0f0

ot /p/, /b/, /m/ Y /i/, Ju/, [& /2] HEH X}

= =

[Voiced]
[Anterior]
[Coronal]
[Nasal]

+ ot

b+ E

+

T

Xl
=
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X 5 X

=% T T T
= M T (acoustic signal) : & 2| XF= 2
AlZt Zaotof| 2 Fob4ot A2 ZHE
% Hf
— 2] AHE = 1 (spectrogram)
—formant: EF Fox=2 7HEl A 2|7 217t

ol M (vocal tract)ell 25l 5 8ol of|F
XN FL, 3HES ZO0tE (formant) 2+ BHCt.

kLA (acoustic cue) : EF o S A2
HE| 23FA T Ol EX

= 0OJo

o4l
g
1T
Elin




Frequency (Hz)

Formants
KRR TR W Vowel formant centers

Vowel IPA Furm‘antf,| Formant fz

[u] [a] u u 320 Hz 800 Hz
] ] 500 Hz 1000 Hz

”"‘ f‘ﬂ:“rm o |al| 700Hz | 1150Hz

a a 1000 Hz 1400 Hz
& & 500 Hz 1300 Hz
Vi i 320 Hz 1650 Hz
* n| 700 Hz 1800 Hz

| |
0 o e
i 'n ’7 T

|
“ , 1 b Ll | | B & | 500Hz | 2300 Hz

[ [ 320 Hz 3200 Hz

YVowel formants

’l.’; Wi "”“LW n, o ':"“ Vowel Main formant region
‘ u 200 to 400 Hz
o 400 to 600 Hz
a 800 to 1200 Hz
e 400 to BOO and 2200 to 2600 Hz
i 200 to 400 and 3000 to 3500 Hz
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http://upload.wikimedia.org/wikipedia/commons/7/77/Spectrogram_-iua-.png

Acoustic Signal

« Speech Spectogram: F=Iot2 & 2| ZHE 9|
% Ei
O

JOE B A THERSSHOE BEN CH O uU T

FIGURE 10.9 Spectrogram of the sentence Joe took father’s shoe bench out (Tartter, 1986).
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Acoustic landmarks
[plixIt] [ihIsh][axInlp] [ael[tIs]liyIn][s] [ae] [Ifiy]

-
-
—

-

"Patricia and Patsy and Sally”

2 3FCt A (acoustic cue) : EHTF 2 A&
Ol HAHE SYATO EXT BY
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A7 Y e S M A ZE o

.
S SYCME BEE oy

— formant transitions (formant & ©[)
o formantE M3liot= FIOf+o Ao WE H
 Flt2E= 220 W2t 2F &0 27| CHE
Met AAE S QUL
— XS] H A

— coarticulation

=
o
9O
=)

SE C}

O



formant transitions

3000~
2400 1
1800 <A q
1200 \
600 ; ;

AHS /d/oll S ste EHE Mol At2o SUH EA4L
LIEfW S T O{E Xo|o| Dofo| S ™MofCt Atcts| Ch2Ct,
=, /d/9 SYH S0l R gof uat WD g B
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Spectrograms of speech
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Professo "Sclmnn %
' o

c"ﬂ

Woman

Spectrograms of speech
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Coarticulation

> o
N o
NH K __.A._
L -
4dr  olo m_n.v
ol
B W m_lﬂ
r <
E 10
a1 M4
oK
TN
SInl
n - 9 =T K
4T T
=-n NM ﬁ._ﬂ ~O
all - of W
<+ Ple R
J| - <K o, ™

— One explanation — coarticulation(s Al = &)

ol —=or
r oJ > Klo
o|J E oJ _._.___m._
T_ 0 wl
I
iy DY
Kiofull.
M '
0o m& uJ
MH KM AM
N o=
J< U=
W Sy
< . 05
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A T <k & «roe
o057 = D48
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Coarticulation (5 A= &)

-
E
I Sound lee2 e
File Edit

Query Yie v Select Help

O.S70032
O .o0a33c7F

-0 0003I=S7T 7

O.S366325
O . 000000

Windouws 1. 7O566567 seconds
Total duration 1.7OS65F seconds
all | in | out | sel | <«

o uteo| SAlof B2 A O|RO{X|0{, WatA LEtol 5 AlFof
el wAa HEIL FEE0f 9Lt
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Speech Is temporal: changes over time.

T
| 11

il 1

Wl 1 Formants
LLALITI )

Frequency

time

amplitude

Frequency S4



Formant ©l HtE A& 22| 3t

Formant fraquancy (Hz)

SLEUIL LN B




Formant ©l HtE A& 22| 3t

— | p— | p—

Ba Da Ga

Place of articulation: 2"@ Formant Transition



2to| /ga/2td
ct™, of2{ 29
= 2{ 20| Al

—

Efl Arolof M



The McGurk Effect - Horizon Is Seeing Believing.flv
The McGurk Effect - Horizon Is Seeing Believing.flv

Neural substrate of spoken word processing

* Heschl's gyrus and STG of both hemisphere
— Activated by speech and non-speech sounds
« Jeffrey Binder et al (2000)

— Non-speech sound

Not modulated noise (N) vs. 50-2,400Hz frequency modulated tone (T)

— Speech sounds

Reversed speech sounds, pseudoword, real word (W)

— Results

Tone > noise: post. Portion of the STG, bilaterally

Speech > tone: more ventrolaterally in or near the superior temporal sulcus
Equal activation for word, pseudoword, reversed word
Can’t differentiate phoneme specific areas

o P » Meaodi- Jicec
Lateral slices < » Medial slices
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Speech Perception

® Auditory processing

e Cochlea > medial
geniculate N. of the
thalamus -
supratemporal cortex
(Heschl’s gyrus, Al)

-} Auditory
= cortex

Inferior
* colliculus

e Primary auditory cortex Dorsal -
(Brodmann 41, 42) Vﬂfﬂ . A
e Brodmann 22 (Wernicke’s

area)

"~ Lateral lemniscus

d Spiral
cochlea ganglion
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Category specificity

Hannah Damasio et al (1996)

— 31 patients with impairment in this task
« Naming famous face
« Naming animals
* Naming tools

— Lt. temporal pole: name of person
— Ant. Part of Lt. inferior temporal lobe: animal

— Posterolateral part of the Lt. inf. Temporal lobe along with lateral T-P-O
junction: tools

— Proposed 3 levels of representation for word knowledge

Lesion data Lesion results summarized PET data
/ 3 ) ¥ ;
/ ] 5
( Lt 4 A
A >} o 5
- J ¢ RNab ® y
\‘ D __ P Y=45
b~ g ’ A i i )
Persons l ‘ ' {
Y e ‘ L
+5 -15 -35 55 A\ J45)
R Y=-15
2 > 7 ' i N
o J !
Animals b i q
e by IT Ny '
< i, o TP i ia PRI  Y=-35
A J . \ Persons x = 59.8 Persons x = 75.5 Persons x =91.7 ‘ '. ‘ .
0B Animals x = 93.3 Animals x = 80.1 Animals x = 88.3 { ‘ Lo { | \
L-\ Y Tools x = 96.0 Tools x=84.5 Tools x = 78.5 B > g . N¥
e Qo Y=-55

Tools S . . ' | 60



Left temporal pole (BA 38)

— Names of unique places
and person, but not
common things

Left mid-temporal sector
(BA 20, 21)

— Both unique and
common names

Posterior inferotemporal
sector

— Items (tools & utensils)-
but not words for
natural things or unique
entity

Damasio, 1996, Grabowski, 1998 /s



Main brain regions involved in semantic, syntactic, and
phonological aspects of language processing

B semantics

[ syntax
I phonology
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Areas: important for aphasia

Transcortical motor
aphasia

Broca's aphasia

Conduction

aphasia
05

Transcortical
sensory aphasia

Wernicke's
aphasia
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Networks: important for language

MOTOR CORTEX

ARCUATE FASCICULUS

Articulatory
speech
“memories”

@ Audltory speech
N\ “memories”

PRIMARY AUDITORY AREA WERNICKE'S AREA .
Heschl’s gyrus in Sylvian fissure Geschwind, 1979

Scientific American
64



