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Phones and phonemes, and phonology

� Phonolo gy studies the distribution of sp eec h sounds, and ho w they

are used in language

Phone: A sp eec h segmen t

Phoneme: A c ontr astive sp eec h segmen t

� h uman languages are �primarily� digital, i.e., consist of

sequences of a �nite n um b er of categories

� the categories themselv es are unimp ortan t, what matters is the

con trast or opp osition b et w een categories

� Phones and phonemes v ary from language to language

� W e'll study the relationship b et w een phones and phonemes in

v arious languages, and disco v er it can b e quite complicated!
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Phonological pro cesses

Assimilation: A segmen t b ecomes mor e like one near it

regressiv e or an ticipatory assimilation b ecomes more lik e

fol lowing se gment , e.g., i m p ossible vs. i n tolerable

progressiv e assimilation b ecomes more lik e pr e c e e ding se gment ,

e.g., [k æt s ] vs [d A g z ]

Dissimilation: A segmen t b ecomes less like one near it,

e.g., � fth [f T ] vs. � fths [fts]

Reduction: A segmen t loses some of its distinctiv e features,

e.g., [fæmili] b ecomes [fæm @ li]
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F renc h `r'

F renc h has three di�eren t `r' phones:

� A v oiced uvular fricativ e [ K ], e.g., rien

� A v oiceless uvular fricativ e [ K

�

], e.g., tr ain

� A v oiced uvular appro ximan t [ K � ], e.g., fair e
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Phonetic form F renc h orthograph y English gloss

1 [ K i � E ] rien `nothing'

2 [ K at � O ] raton `rat'

3 [m u K i K � ] mourir `to die'

4 [ma K i] mari `h usband'

5 [p K

�

� E s] prince `prince'

6 [t K

�

� E ] train `train'

7 [k K

�

ie] crier `to shout'

8 [f K

�

E ne] freiner `to brak e'

9 [b K i] brie `brie'

10 [d K ol] drôle `funn y'

11 [g K �A ] grand `large'

12 [y K � le] h urler `to shout'

13 [bu K � s] b ourse `purse'

14 [f EK � ] faire `to do'

15 [m EK � ] mère `mother'
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The distribution of F renc h `r'

The v arious F renc h `r' only app ear in sp eci�c envir onments :

� [ K

�

] only app ears after v oiceless consonan ts

� [ K � ] only app ears b efore consonan ts and the ends of w ords

� [ K ] app ears elsewhere, e.g., at the b eginnings of w ords, b et w een

v o w els, and after v oiced consonan ts.

So it seems that

� whic h `r' will app ear in a giv en w ord is pr e dictable

� the di�erence b et w een the v arious F renc h `r' is non-c ontr astive

� the v arious F renc h `r' app ear in c omplementary distribution

� the three phones are manifestations of the same phoneme
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Describing the distribution of F renc h `r'

with rules

The rules map the phonemic level to the phonetic level .

� A t the phonemic lev el, all three kinds of F renc h `r' are / K / .

� K ! K

�

when preceded b y a v oiceless consonan t, or in phonological

rule notation

K ! [ � v oiced] = C

[ � v oiced]

� K ! K � when follo w ed b y a consonan t or end of w ord, or in

phonological rule notation

K ! K � =

(
C
#

)
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The mapping from phonemic to phonetic

lev el in F renc h

`nothing' `to shout' `purse' Gloss

K i � E k K ie bu K s �Phonemic form�

� k K

�

ie �

K ! [ � v oiced] = C

[ � v oiced ]

� � bu K � s

K ! K � =
(

C
#

)

K i � E k K

�

ie bu K � s Phonetic form

These rules are unor der e d , i.e., exactly the same phonetic forms w ould

b e generated if the rules w ere applied in opp osite order.
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Spanish `r'

Spanish has t w o di�eren t `r' phones:

� A v oiced alv eolar trill [r], e.g., p err o

� A v oiced alv eolar �ap [ R ], e.g., br avo
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Phonetic transcription Spanish orthograph y English gloss

1 [ro xo] ro jo `red'

2 [real] real `ro y al'

3 [foro] forro `lining'

4 [fo R o] foro `forum'

5 [p R að � o] prado `meado w'

6 [t � R at � a R ] tratar `to treat'

7 [k R e TER ] crecer `to gro w'

8 [f R ut � as] frutas `fruits'

9 [b R a B � o] bra v o `bra v e'

10 [d � R o 7 � a] droga `drug'

11 [g R it � as] gritas `cries'

12 [p ER la] p erla `p erl'

13 [m w ER t� o] m uerto `dead'

14 [d � a R ] dar `to giv e'

15 [a TER ] hacer `to mak e'
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Comparison of F renc h and Spanish `r'

� In F renc h, there are three al lophones or al lophonic variants of a

single phoneme.

/ K /

[ K ] [ K

�

] [ K � ]

Phonemic level

Phonetic level

� In Spanish, there are t w o indep enden t phonemes

[r]

/r/

[ R ]

Phonemic level

Phonetic level

/ R /

11



Phones and phonemes

� Phones are phonetic segmen ts

� phonetic represen tations are written in square brac k ets, e.g., [r]

� Phonemes are c ontr astive phones

� phonemic represen tations are written in slashes, e.g., /r/

� iden tify phonemes b y �nding minimal p airs

� phonemes are pyscholo gic al ly r e al

� A l lophones are phones that realize the same phoneme

� The distribution of allophones is pr e dictable (go v erned b y

language-sp eci�c rules)
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F arsi

F arsi is the principal language sp ok en in Iran.

1 [rah] `road'

2 [bazgi : r

�

] `to w el'

3 [zi R a] `b ecause'

4 [ran] `pain t'

5 [farsi] `P ersian'

6 [ruz] `da y'

7 [omr

�

] `life'

8 [si R ini] `pastry'

9 [barg ] `leaf '

10 [bi R an] `pale'
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The distribution of `r' in RP

RP Gloss

ô o U d `road'

ô æm `ram'

h 2ô i `h urry'

mæ ô i `marry'

p ô

�

u:f `pro of '

t ô

�

I k `tric k'

k ô

�

i:p `creep'

f ô

�

i: `free'

b ôI ­ `bring'

d ôI p `drip'

g ôI p `drip'

sn A :l `snarl'

RP Gloss

h A :t `heart'

� @ `fear'

h E@ `hair'

b A : `bar'

b A : ôI ­ `barring'

p

h

U@ `p o or'

p

h

U@ô@ `p o orer'

p

h

O :d `p oured'

f 3 :t I v `furtiv e'

b 3 :g @ `burger'

b 3 :g @ô i: @ `burgeria'

p

h

A :z I ­ `parsing'
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The distribution of `r' in RP

� There is a single phoneme / ô / in RP

� It is realized as an allophone [ ô

�

] when preceded b y a v oiceless

consonan t, i.e.,

ô ! [ � v oiced] = C

[ � v oiced]

� It is delete d , or realized as [ ; ] , when follo w ed b y a consonan t or an

end of w ord, i.e.,

ô ! ; =
(

C

#

)

� The rules are not ordered.
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`pro of ' `p o or' `p o orer' Gloss

p ô u:f p

h

U@ô p

h

U@ô + @ô �Phonemic form�

p ô

�

u:f � �

ô ! [ � v oiced] = C

[ � v oiced]

� p

h

U@ p

h

U@ô + @

ô ! ; =
(

C

#

)

p ô

�

u:f p

h

U@ p

h

U@ô@ Phonetic form
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The English Plural Rule

The plural morpheme in English app ears regularly as

� [s], as in [k æt s ] `cats'

� [z], as in [d A g z ] `dogs'

� [ @ z], as in [b ÚS @ z ] `bushes'

These di�eren t forms are called the al lomorphs of the plural morpheme.
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Hyp othesis 1: Exhaustiv e listing

Singular Plural Category Seman tics

[k æt] [k æts] Noun `cat'

[mæp] [mæps] Noun `map'

[bæk] [bæks] Noun `bac k'

[d A g ] [d A gz] Noun `dog'

[k æn] [k ænz] Noun `can'

[tæb] [tæbz] Noun `tab'

[b ÚS ] [b ÚS@ z] Noun `bush'

[d IS ] [d IS@ z] Noun `dish'

[r I d Z ] [r I d Z@ z] Noun `ridge'
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Hyp othesis 2: Conditioning b y �nal phones

� The plural morpheme tak es the form [s] if the stem ends in [p], [t],

[k], [f ] or [ T ].

� The plural morpheme tak es the form [z] if the stem ends in [b],

[m], [d], [n], [g ], [­], [v ], [ð], [l], [r], [w ], [y ] or an y v o w el

� The plural morpheme tak es the form [ @ z] if the stem ends in [s], [z],

[ S ], [ Z ], [t S ] or [d Z ]
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Hyp othesis 3: Conditioning b y phonetic

features

� The plural morpheme is [ @ z] if the stem ends in an alve olar

fric ative , an alve op alatal fric ative or an alve op alatal a�ric ate ,

otherwise

� The plural morpheme is [z] if the stem ends in a voic e d phone,

� The plural morpheme is [s] if the stem ends in a voic eless phone.
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Hyp othesis 4: Phonological rules

� The plural morpheme is phonemic al ly /z/.

� The follo wing rules apply in the or der given

� Ep en thetic [ @ ] insertion : If a [z] is preceded b y an alve olar

fric ative , an alve op alatal fric ative or an alve op alatal a�ric ate

insert an [ @ ] b efore the [z].

; ! @ =

C

[+ striden t]

[+coronal]

z

� V oicing assimilation: If a [z] is preceded b y a v oiceless

phone, dev oice the z

z ! [ � v oiced] = C

[ � v oiced]
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Sample deriv ations

`cats' `dogs' `bushes' Gloss

k æt+z d A g + z b ÚS +z �Phonemic form�

� � b ÚS + @ z [ @ ] insertion

k æt+s � b ÚS + @ z Dev oicing

[k æt+s] [d A g + z] [b ÚS + @ z] Phonetic form
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Allomorph y in English plurals

/z/

[z] [s] [ @ z]

Phonemic level

Phonetic level

� [s], [z] and [ez] are al lomorphs of the plural morpheme /z/

� but [s] and [z] are con trastiv e in English; e.g., the minimal pairs

[sip] and [zip].

� An accoun t using or der e d rules describ es the distribution of the

plural morpheme.
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Xhosa nouns

Xhosa is a Ban tu language sp ok en in Southern Africa.

Nominativ e P artitiv e Gloss

udak a kudak a `m ud'

ubuso kubuso `face'

ukutja kukutja `fo o d'

ihashe kwihashe `horse'

i­k osi kwi­k osi `c hief '

izitja kwizitja `bask et'

aban tu kuban tu `p eople'

amado da kumado da `men'
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Phonological analysis

� The phonemic forms of the stems are their nominative forms .

� note: in general the phonemic form of a morpheme do es not ha v e to

b e one of its allomorphs

� The phonemic form of the nominativ e pre�x is / ; /.

� The phonemic form of the partativ e pre�x is /ku/.

� There are t w o rules:

u ! w = i

V ! ; =V

� The rules m ust b e or der e d as giv en in order to generate the correct

phonetic forms.
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Sample analyses

`m ud' (partativ e) `horse' (partativ e) `p eople' (partativ e) Gloss

ku+udak a ku+ihashe ku+aban tu Phonemic form

� kw+ihashe � u ! w = i

ku+dak a � ku+ban tu V ! ; =V

kudak a kwihashe kuban tu Phonetic form
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Phonotactic constrain ts

� Not all p ossible sequences of phone are p ossible w ords or p ossible

morphemes

� English p ermits syl lable c o das to con tain t w o stop consonan ts

but the second stop m ust alw a ys b e alv eolar

e.g., /k ans E pt /, /m I l kt /, but not

?

/k ans E pk /,

?

/m I l kp /

� and if a co da ends in t w o obstruen ts, they m ust agree in v oicing

/æ kt /, /klæ sp /, but not

?
/æ kd /,

?

/klæ sb /

� Xhosa seems not to p ermit VV sequences

� Phonotactic c onstr aints describ e the allo w able phone sequences

� Phonotactic constrain ts v ary from language to language
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Neutralization in P olish

Singular Plural Gloss

trup trupi `corpse'

dom domi `house'

S um S umi `noise'

dzv on dzv oni `b ell'

snop snopi `sheaf '

wuk wuki `b o w'

Singular Plural Gloss

nos nosi `nose'

klup klubi `club'

trut trudi `lab or'

grus gruzi `rubble'

wuk wugi `ly e'

Z ur Z uri `soup'
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Hyp otheses ab out the �nal consonan t

alternation

1. Final obstruen t dev oicing:

C

[ � nasal]

! [ � v oiced] = #

2. In terv o calic obstruen t v oicing:

C

[ � nasal]

! [ + v oiced] = V V
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Reasons to prefer rule (1) o v er (2)

� There are forms [snopi] where the in terv o calic obstruen t do es not v oice,

con trary to the in terv o calic v oicing rule

� All w ord �nal consonan ts are in fact dev oiced: this is predicted b y the

�nal obstruen t dev oicing rule but not b y the in terv o calic v oicing rule

� The �nal dev oicing rule

C

[ � nasal]

! [ � v oiced] = #

is called a neutr alization rule b ecause it neutralizes the di�erence

b et w een v oiced and v oiceless obstruen ts in �nal p ositions.
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More P olish data

Singular Plural Gloss

Z wup Z w obi `crib'

vus v ozi `cart'

lut lo di `ice'

vu w v o wi `o x'

ruk rogi `horn'

bur b ori `forest�
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The v o w el alternation

� /o/ raises to [u] when follo w ed b y a w ord �nal v oiced consonan t

V

[ + bac k]

[ � lo w]

! [ + high] =

C

[ + v oiced]

[ � nasal]

#

� The v o w el raising rule m ust b e or der e d b efor e the dev oicing rule.
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