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0 

UGHT COlLECTOR ANO I'HOTOEUCite CfUI 
' .. 

1\l~ • " • speech synthesizer 

... w '( )-' ,j ,j 
Ia' tJ ~~Him 1t t1 synthetic sounds LU\InilLUft~1n1nn1YI'nthln~ 

1 . 1 ".t .. t <111111 ..1 A ..1 t J. olll 
\1 sound spectrogram '11LU\ILI'IU~ fl~IJLfl1fhl1Jflfl:t:nnln11'1flflnlJ1 LU\111'1~~ 

.I • I;; 1111 I ... ., t 4 1" 
Lfl1!l~IJfl\I\ILl~n11 speech synthesizer fl1Ufl e ttl \lnl11!;1f111'1fllLL'n\l'lnl: f •• 
sound spectrogram ,;~ '1l~t'liihJ1u speech " synthesizer nftUI!l1n'l':fl11! 

eJ. ... ""'' 1 ""' I IJ11J1Vfl1~1'1fl1 '1 \ILlJ\I;tJ formants r11~ "J 
._,1,.,,4 I 

LLI!n 11'1 '11Lfl1fl~fl1Ufl!lniJ1 
~ ., I ~ 1111 ..1 

L Hlifl'~n1l!flV!llJllJ11LlJ ULftV~'n 
•I .., A "' ""' 1 ,.. """ &::: 

LlJUI ~~~ ~~ 'l'l!lL lJ\1 n 11ft nl:ll11LI'IV~'nfl!lniJ11.1 U 
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.. fl I ... ..,....... I .. ['"] 1 ' 
flfUn11~1flL1.f&n 'llllftlfl\JnTIHflft4\UiflL11TI111J'J1UI114 fl \&1111111 Till 

Fl • sao. n • 1110 ril11unum~fi.,unrhlutiu1Wi4mt3:'l ,i, 

Lti apeech aynthaiaer ua'lnUflDniJ1L~\ILiu fi\LlTIDJ1nad4~Uti~~fln 
.. W .. ( .. ] .I ' ' .. , I .. fl I I fl 

al1flftilln1JLI114 D l'lfl\i 'TIIIflDn '~&I a1 'alflft1Dnllfl&IUifl4'l'I\LI'Jrll'K\Lfl11n 
r . .. · ,. .. " .a ., • .. , • fill...__~ • 

for manU TI41!1ULI'lfl1n:&rnn~llL:fl\L?t1:ftfl4Lft&IL '11 ,\lfln t\Jlm\L '11 F8 
.. , .... 1 ............. , .. ., .. .. 

L 1'10 'KLI04 nnLflll4nlJLI114L11'10411UI10 4'1~ 'lfl ~Uinfl11tl'l'l Ill o LLL'Intm lu •• • .. • II.. IIIII .. I .. 1 
'I 14 ftH\LL IJ\LL1J Un11LtJliJ1J1n'I1H111Y1Tit111niJ \i aound apectroar•m LLL'I:mw .. .. . ... 
Til 4lfi1'1:\UI\L 

tn. D'l&u; 101. LLG\JtL1JJ&•!4 '"",;,mmi "'""~1'1\J;, crni.amnl:~ 
ft1~1~1JI11 ~1 \t~U ~ftu\•i4 Uft'l i nn11 ln&i'Lftu.J nu 111 lt'l\?tO~'tfl fl'l1 1:~ 

.. II 
f ormauta fl4\l 

[ i l m'oo,lueoo [f] •o.o, .• lflflc [ II) •'Do,dllllo 

[i il cno o.1DIDIDo [HJ Moo,e~na'o [uu] IIOO,'o'oo 

[e) ~co ,e •frl o· [~] Cc'o,elaoo [o] «G'o,tlro 

[eel ~lllo.e•flo r~al Cco.ela'Oo [ool ftfi o,lltll'o 

[Ill] tltto,e8oo [a] llflla-.l,l.lloo [a] 'o'lo.•'oo 

(•111] Dlll~.•-tto o [aal fla'o,e .. 'lo [aa] '1-.o,li'oo 

I ... 

i 
TIME u 
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' 
1J'flii ~ 

lfrJ~'ViiJ'qjtYt,tlrJ 

,.. ~ ... ,. ' ,~, . .,... .. -·- .. , .... 
\1.1'111l1~1tl111n1L 'l'1Un1t'Wfltl~ UUJ.I 1.1 ffi10n,;'l' fl~l.l\1..~0!11 f1L01fl1 • • 

YIV .. CU'I\1.: hl1i'u 11\1. rlU l ~ fJ 4YI!J iu '1\1.: ,"~~ L Yl1 1tft1YI!J"IU'I \1. :'A 1'1 1 uti'10 m:LL Yl\1. 
... ... ... ,.. t .. ... .. , .. 

LII!J~'WDIU'IUtLII!I~LflD1 Lnl fl 111. II 'I LLYI\I.LI'III~ 1•1 LIIV~LflU-1 '110 'A 

II"~Lnf111mlt\n~O~'AII1V (nu \'11flll11111C~nq111L;'!In11 slant) Ltll\l.f1aflll 

1• .. t'-IV ,..,_,I IIIII 1llll A, 
\'11.11!111'1!1~ \'110UHf1H'Wii'll'll\l.l:f11Lfi!J1 1'1\1. 'YI UIIO~'A\1.11JLI'Itl~ flO ldl \1. 

fl111 Utii'Yitl I.LI'III lth/ lufi1i1 IIIII 1'1'1 I~'Rfi'U fl"~J'u L~OYifla,nJa~•~nlh 
' ,'- ' ' ' t .. . 

l ru fl1iUY111"111'1 \1. 11.111L fiu,"o ..1\YI'l' 1:: UY11 1~ l 1'1~111 
~ .. ..1~ .. , .. ol I 

011H1l1TUHIUQI'f1U: mHUI'I1 U31U:L.1'11!l~ll11;1 n1'l' Y1 •: U!ln 11 

"' ~ .. v ol ~ ill I , .. ' I . ~ ., .... ill J .. 
LIIIJ JlfiL \'111011 nULIIII~Ifl\1.\1. 11 1•:LU\I.n1'H 1U1J1n I Yl11: 1fl 'ILI'IIl ~\1. \1. '1 fl'l, L U\1. 

o I v ~ " v I "t" ol .. _.. · ill 
th:,11'111.1 u1nunuuon 1fl~ nflo" Ufla1 'Mnu "'l"ll11:11!l\I.UllNU1~ fiHU 

fio ~o wu111 hii ,,"" ~A1o M "'~unnin nhn1 lu L nl u31um"uo~111,;1; ~n" 

·h~uLftU~Lflo1nu ~~uriui1 f111,;,, 'I fi'R lmin•:onnLftu" , ,n,YiuHn• 

.t ,_. fl 111 1 tt ,.. .,_ • . I -' .• • ., "" 
. LL10LU\I. \'1 Lll0"lflL11 '1111'111 1liL\I.\I.LIIU'M1lntJU?III1 . ..!f1LL1n 'l"'ft3~nf11'11D '1 nu 

?lfli 1 .:~'li..! LlfimLG.UfiUlnuLnf-i 1'M1i'1fKJUtfl~:~lltl~YI!JH,j:LG'Il \'1\lJIJ • • 
"' IliA ., A . I "'-"" .1'1 1.. ,. ., I I .. .. .& 

· Ll'lti~Lf1!110\l.flfl lkhl llf'IN'I!..!YI 11111111111 fiiJU llf'l!lDDOIIL'IO LYI1111LI'I!I~YIL'II1 
. . ' ' 

~ o.• l I ill ' Ill I Jill oO .. o w ol .. 
Lfltl\1. \l.'l'l11Hf1LL1014\I. II 'I lkh/ LLflLlJ\1. /h/ UIUI4n11U1nii1\'11UL'II1Yi1:L'IO 

t .I. ~ 0. o I .. w 1 ' . • I .. " -~ ll I " 
\1.'1'114 1111:: l'lf1111LIIU"'I!IJIU'I14t 14f111JJ'MN1!11HU\I.LI'IO"YI 11.1 'III'I!I"I'IU 

,; uririu flnumuut~~(ehuo,.m.;, l ,;i;"';,,ia•Yiilll•u:in"nvm:oa,'., 

' " I .... ' ., .. ' ' "'1 .. ., ' .. II 
lllt:IUOfl1\I.UflnlnD1nULftDOIIU1tJft~fhiUit1 'LI'III"'MIIli'I\1.:11111U1 ~'11'14 
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-., . .,., .............. . 
n11'1'11LftQ~1'1DIIIf'll:'ll 'll LnnUfi!I~L01ft 1fU 11,fi&I1LthrJln YIDUn'll11 fl1'1l1& 

1 wfs 41t A I 1111 II" w • • 
fll..Jn'll fi"'I'IHUtiJ..!LLII:fi112J\'ItJ11J\'11!1L tJci1 L 1!1"\l Ufl!l..!1:1..!&11fiL l'l1l:mU Hfl1 
.,,. • ., 1 lw t., .,~v-tw~..-~ 

I.!Lftu.n\'IJJD'Iln'llLLflfi11U'I'IJJ1ufiHn1& .Lf'll n'll n'llo. nnu nm" nm'l'l ,a, 
L~'llftU ai\'11nntfn1ltfi~~ti~W~IfJ(J ") LLft1 . u\ui11MIJ111fl11&111 

' "l""' 1 ..... , .... 1 ........ 
DIJH h L&l() 1Lf1th: UfiYIU tft11&1flDnt:U&nfi111JMli1D lflrl'llYI Lf'll1U 11 
fiA I • , I If .., .. v • IIIII .. ... w I • 1 1 I .. 
nn011fi1L Mll1'1l1'1D.,LftUnU \'1101JLftD "Lfi!J1n'll UH't'11'1lD1n:'lln 1& t11LL&Ifl'll 

.. • .. "·.. • • ., f • • ., .. 

ft!l.,fl'll!IDrlfttl.,fl1, LfiD1n\Uftll.,nfl1.tn\Uf'll f\111 01.1 ft!l4ft'll!I11UDDrnlll.l 
• ., ... .. .. ., & ... .. .. • .. 
NfiO'Il Lftll nO.,fl'll '1'114 .,!I,Ullfi111JQf11 LLfiOntt'llD11Ullft11&1Q • .I \'11fll 1Bn 
I t .I _. .. 1111 .. "' I" fl 'f"l .. 

..!10, 11 fl'll 'I'IU.,LftU.,\'111 &nfiU M IHLftD "LL\'1112J LLfiLt11!U01!111n U!ln lfl'l"llU'Il ... ., ... ,. ... , ......... ., ... .,. fl1, LfiD10\L L1'171:1l:'ll'llt:LM'Illfl11 'lln111111'1fl 111'1..1YILUUI1,D"nnl11flttfl • • 
"' .. , t • .., 'f .. ., ~ II ..... , 't I II , 111 ... I 

Mlilm:n lii'IHIQI!I!In 1l1LftDIJln fi"\LUQ1~1'1.1'1'1 II fLt1t!l41111i11!11tt: 1lll'f1 
.. ..~ I 0 .. .. .. ~ I ... t I, ... II .. 1 .. 

llnvm:fi1VII1flllll"fi1JtUlLLII: lllfiO" ft 1'1UU'Illl!l: 11UH 
aolll ,I "' t.t .. .., -~~ e .... 1111 I w .. ... 
11n 1 J't'll&n1111:f lrllllfiJUfiL U'll Mftnnfl!l 01 J\'11fi1YIIILII nfiHO'IlL 1'1ULIU 

1111 ... .. "' I W ., W tl " I I W • 1111 

LfiDliJlLliJIJUL?lltJnl& Ltl& OU ntJ IJI.I LU\lfl'll U1'1U11fi140U'I'I~LftULLft: 

I .. , ., t '1 I ., W .. f ., 1111 .. I .. 

LLfiL 11Ui fi!IDH 1111 01.1 nu UU fiHnUL1'1a.IMU.,\'IU1DLIUD11U 
,., ......................... t .. 

fl1.,nUU1fln11'1'1U "MU111LftUn 1fl 111'1'1f1Yiftfl0fl!l n11 'l'lflft!IU fiD011rl1fiD • 
1 .. .. .JA I W A ., W ' ., I .. ., 

flLYIDULia.l ~!I'll ''" n1a nu IJ1t: '1'11!1 en nu &1 ttn nu ttu 1uurtu 
, "'" I " If .. .. 'I ,.. ~ ,.. .. .. / t 

t!l \'IULnfl 11 Dn UU LLIIULtDU llllll'UmDtlfl ILfiUlftUIU'Il177mbnfl Uln • • .. .. .. ,., ,., t , 
f "L 11!111t:I'IIIUfi1U ftQ1qjftntm'I'IHI7rllftfl1 (phonemie trueeriptionl) 
...... I 6 ,., 
lfiLUU 1~4'*,/ ft114 !11 muu /?Am/ 
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• f1 HI '1'11 'II fl1 ft n1'11" f11'14 

ft1'11 11'11 fJ 1'14 

• t• _. " ., r II 
f11?1U1~fl\fi!11YII'll.'l !),11!1 ~ l'l'IIL Y\1'14 'IIlli ~ 

L 11!111't:~,,;,~nn~u~~trn~uun"un~1J~L 11~11.11lmLtt1 1 ;o,: ,.;.;'11',,1 • • 
.. ... 'l " ... ' Ul!hlfl'111flfl!l ~fl1UCI1'14 L 'I'll • 

'1'11'11 

U1'11 

f111.'1 

f\1'14 

fl11.'1 

fl1'11 

• U'll 

II. 
U'll 

' . 
f\1\.1 ., 
fl\.1. 

II 
0'11 

• fl'll 

11'14 

'1'1'11 

IJ1ll 

.. 
I'll 

.. 
U'll 

11'11 

.. a 1'14 a 'II 

.. 
!J 1'14 ll 'II 

11'11 

• ., ,.. ....... ,t:s: •· , .. 1 ........ ., 

1'11\111JLI'I!I ~'\'iUQI'I''II:"II-31Htlfl'll 'II L11!1111:~1fll 'I'IIJ'LJLI.'Ifi~1J 11 flUUI flU~ n'll • • 
lflnn 1'!iu Lto : 1•"a ~ !~ 111 :11 ,fl : lll .,a, talw"n~~~nfli,;lnl'l,,~.~, 
it· . It fill • W " "" .. olll If I M .. "" "'II n ,~IJfi'IIL U \.IL I.'IUTIIQI!'II:fl'll fl-31'1'14 'HUYH'IIIIfi!ID 1D e \1'111fiUIU -3fl'lUO'IIfl, 'II . . . 

• . .. .. , ,. • .. , .... I 
l:llftll'11111111ffi111111UIII 111'11 •• 1l 
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.. .. I .... I .. - ., "12t .... 1 «rvflllnta&tl'l11LL1.1\JI1nn mtt"HHII,., ltJq,anta&'n tenwt 'nil 

/p/ tml '" 1111 

/ph/ """ '"' • !'IJI /b/ 'IJ11& 1N 

It/ tl11 '"' /th/ 
I 

''"' 7111& Yl11& 

/d/ ,. II 

'"' "" • • /k/ n11&fl "" '"' • /til /kh/ tl11& "" 
I' I • 1DI~ D11& !11& 

/a/ 111& ,,, 
/chi f11& ,,, 
,,, th1& • '"' ?11& 

1•1 • ,,, '111& "" • ,,, /hi '" • IJJl /m/ JJ11& JJ1& 

• 
'"' /n/ 1&11& . "" 

/o/ <111& ,.,, 
/r/ 111& ,, 

• 
'"' /1/ 111& "" 

/w/ '1111 hi 

111· 811& ,., 
11 11 /a/ ~'nui••wi,nr~imti /e/ . . ,.,. .,.,. 

~111111111111n U 111Wf11111UWin " t • ., ~w.. , ...... 1 • 

llllll/lntall11'!11 ·~ ftll Ill Jill"" '"ll'lllllll 

• • • ,, "' UHft1~ ltll Mary lloao 
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"'''1 ...... " I olt "1"'-' " .... "' • 
LLIJ11 1 Vl!J,tiJ~tHI~W!Jil,l'l'\1: k!J e 'r'I\11DL l'ltl ~LIJ!l 'lrllJ\1 W!Jil/,-\l:fl\1 n•'S.~LLfl 

.................... ,~;.,. ..... , 
LIJ!lLU\ILI'Itl~W!Jil,l'l'\l:l'l:nfliJLW!J~ <i 'r'i\11!JLI'I!J~LVI1\I\I 'HLfi!JUfllJLLIJ nu n.fl nn 

nll n\1 n~ Ln!l!l Ln!l1 fl11J!l~n·niiL~IJ'II!l~Lr1V LL~Z!lWIZ'r'11fhYiowftv~1~ • 
~ II 
fl~\1 

• '• • uu Ufl un 

' • • ti1 U\1 u~ 

j 

'~ LU 1 

· I . I ... · V ,.. · .~ ·"-

~~ fl'll!lU!ln11 • 1nn11 n \lf111'11!l~\lnrm; 1f11~fl1 lt1'111ne~~f!1flm CAcousttc 

I I I a! ..1 ' 1 ~~ 
Phonetics) L'lr\1 Arthur S •. Abr&~mson"' flCI1111LU\.In17!J1nYJUnn Vl'l'fl 

~~L tJ·h Lfttl~fl~1Lm1111 \.llmi1LY1!JJ'u~rt~Lftti~l tJ'I!I: .,;' !l ol 'IJ'I!IZ LLfl'l1nn11 
t I .., • I , ... I .-1 ... 

Ylfl~!l ~'r'l~1tl'r'l Cl1tlfl1 ~l.h 1nij11 fl1, LL!ll.JLL 'Sl,ll'l\.1~~ 1Jfl11 ma:tl !l11L lJ\.IL I'I!J ~ 

l 
, 11 .. 1 , r-. ~· ~ ~~ 

!l '7JI:l:IJ1nni1 L'r'l71t\I:\.I\.IH fla!lU111 LLIJ11111ilt11Yitl1t 1'1! fl LL~: U 

~~L~\.1 Wtl~tjJ'I'\.I:ILYl\ILfttl~ 1 'IJI:J h ~\.lfi'11'1Z nflnf111J LLflL~!lL;tl\IL ~\.ll'l~lll'lJAfl'llar fl11J 

'r'I~1VLftV~1 ~i,.''l'l~lll'lJCI"n'llar;L~\.I!lltJWt n!l {p ,t ,k/ 'r'l;!l fU, fl. fl/ tll~mt\11 
n"ul ~nn;~LtlLLft"lfl1ll1 f1HI'IlH'r1HI'I1il'ltJ1 <phonology) 11111'1!11 L YJtlL~~LftD~l tJbl: . 

..J I ..,. I I I ., I " ... tt· ._.. 
Ylfl1UfJfl1l /k/ !l!JNL'I'\1 /b/ ~nl.J {p/. LUI: /d/ fJOU /t/ LLCI:LlJ!ll'l' 

.. . .. ... 1 Ill ... .. " .,· • -· ... l ~ • 
/nt 'll.nl.J\.ILI'IU~!l 'IJl!IZLU\III'I!J~W!Jqj'll\.l:l'l:nfllfl fl1!l\IILIJ'l: f fl lJ l'l:nfln 

I lllt11 -'•t ...... ,...... '"' ~ ... 
\.11,:1U\.ILI'I_o~ 1 t, p/ 'I~~ l.l\l!l tJbl:fi1DL W!l1 'Mfll'l!lU.fl1ll /k/ Llfltl1Ull!l~!ln 

IL~'r'l~~'llLfttiJYltl .. CII'I'\.I:I'I:nfl\11,:L ~\ILfttl~ hn;:IWm l'l'~ fl 11~: lJ ; ~~~\I 
""'t . ..,t; ••• fl ....... t 

WIJQif\ltLI'ItiJ 'IJbl:ft:nfl fl~\.1\1 flWIIJ n l'l:nflnf111UI'Itnflfi11JLft!J~ 'llblt 

til ... ' ..... , ... ' " - ' ., ... "' ' .... 1111 ... ,. 
LU\1 /g/ fi11J Llfl'll!ll'r'l'1 11111J!liU\IWDIII'I'\I:fl\111'ltl IJIJII'III.~ /g/ Cln:-1 

t .. • ..t ,. .. " .. ' t ., 1 oil ' 1 • " . 
'r'lfl1Yl n l'l:nflliii'IU4 /g/ "L1,:fl!l~IWIJl'WltiLI'IV~ Vlll'll\l 001~ 1nfl1l1Un 

t a.., I 1111 IIIII , , ... Ill · .... I 

111bl1rl1ftfl1!11!llll1nl4n1\l'r'l\.l~flfl Mary R. Haae • · 'II~UJ'14'irlnW1 ua:ufl~ 
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~ Arthur s. Abram•••· Tile Yollleh ar~cl. r,,. •• o/Siolld~rtl Thai: At:ou&ticol 
Meo1uremer~ti Gild EJ&perimerJU (BIOO!Ifliotlon. ·iodtana. lt62) p.4. 

C Mary t.,Hoot. Tfle flloj Syiiiiii·Of ,.rll-iltl CWoohlngton. D,C, IU6), pp. '""· 
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e t .. ., , I .. fill ., .. 

fi111'Mft1DLftlJLOO'ln1JIIUil mJ Oft1'l'l1' Llf0"'1'1Uijjf'lml:nflfl'l11:UJ'U /b, d~ g/ 

t .. I.. ., I ... ,.. .. ... .. I 

fllllWIJ\'I'II'liiLftO" /g/ f'll \UIUfliYIII LLatiJYI fLQfi1tUolfiLUULIU"If:nfiL'I'l1 

II It" I \"' ., • .. ~ ... ., .. ,, 
1&'11 Yl11l \'IL\'IflNL'I'l1 011 f /b1 d1 g/· ttL11'11LL'IIJ!l'llLfl1fl"\'ll.l1bU!InlfiYI'Uft'l1 

dl .. , I •' ----ftWiillf H .,,. .. _, ... ; 

NHfiL'I'IlL'IfiYI fl Lf'll fl1'l1 /nagrlaa/ 'llnL 111'11 UL\'I'UifiYI'II'n'l1ft!IHflll'7n • .. _., .... ~ ,if, .... t ....... 
1Uft"YI /g/ Ua:'I'IIIHfi'Mft"L11Jfi'UYI /r/ Cll"10. fLifD"fl "III:LU'IILftD"Ti!Jijjf'U: 

.. ol ~~~ .. , .J .. I oO 
L'l:nfi1:WUU1jj\'l~ L1fi,WDWlL'I'IlL'Ifl Ill Yl fl L'l'll /dkrlan/ Nfl1'1lfi111:Lt1 • • 
1 1111 " .,.. II 

1'llLU'Il /nik + rian/ \'11fl /rt6 + krian/ n fl L'l'l11: /kr-/ 'll'll 
.. , 1''4 .. t I .I Ill 1111 t .. , " • ., 

L U'llLL'ItJ"fl'lUflft1 Lfl Yl1'1l'l1'1'1'lfi'11LftflnUI!h1fl "lii:L U'ULL'ID"TiiiiiJf'll:L'Itnfl Oflfl" 
.. w w It t t 111 

L'IUIL'IIjjljjftOfDIU" 'fiLL1J"'fi"'I'IIJ1-.1fl ' (juncture \'11fl ayllable boundary) 
• II .. ' , ... If ~ I .... ... ... f: 1 I. ' .... 

flfl /+/ f'll!IO\'I'Il'lDLL'I!I"'M'Il" YI"L'Ifi~N1tJfiHniJL \'lfiNftfl'lDfl'll Yl~fl LlfiL'11M'7U • • 
......... 1111' ..... t .. , ....... 

\'l'll"L'I!ILftiJ'Il 1:QtJ'l1LL'ID"1'1111jjf'll:L'I:OfiLUlUL'ID"fl "": L 'l'lfl M~ U'll Lt1fi11AL'ID" 
.. ,..... , .. , I ., .. II .. t .. .. 

f1 fiD'Il LLft:U fl 1Jflfi"L1'f1J /g/ f'llflfl\'l'll'liiLL'III"\'I'Il" 

p 

T 

K 

c 

LL'111l 

LIYI'Il 

"""' 
UYI'Il 

ph 

th 

kh 

ch 

T .. I 41 ., I .. fll fl t .,., v I.. • , ... l" 
fiiiiJL Mf!Nft'l1LIJ!ILU'I& \'l'll'l11LL'III"Lflll'l0fl'l1 fL'IIjjljjftfi,DI Lfl!l'l '" fiLft!IO f 

" t W W tj I IIIII A I • v w Ill I • l IIV w #.A 
fln1111 11J'Ilfl'l '"IIJLLYI'IlLL'IIIU''Ilfl LLfiL'I1\'11UM'Il"ftfiLftiJ'Il 1: fL'I1jlqjftflfQ& ft Ll11niJ 

t .. ... ~ 

'1&\'l'll1 'oof LU'IlLOQ&" .. .. .. .. . -• .. .. .. ~ .... 
LL'ID" /'/ LU'I&Lft!I"YifiULU'IlU ljjW1YIL'Ifl L W11:1J'Il01111!11fl1"fi1Yift01!1 1 • • , I lloltll, ol *""'I ,1,11 

1111!11 ?lb\'lft1D'I11'1& ""?ILU'Ilfl'll '111JLfi"Ua:L1J'IIN1"11nUflfl'l1 1'1 II f\'l'll'l!l 

ll UdQ Worolollllolllhodlt, T laoi S711IOJI; All Oulli11e Ph.b. D111or1o11on, (Tho Uol•onlty 
of Toxoo, IP63)1 !dword M. Allthony, Doboroh P. frooch ood Udo• Woroto•aollthodlf, 

Foulllloliolu of Tluli, Bool; I (Aoo Arbor, "68). 
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lfRfiiiii14L.'11Lflft\:"1f1: mtm1aiM4111Lfttl4t" Cl1'1\m.1Mftti4¥111'Uf"C . 

h..111 (cnL4D\'1&wtlnfi4ni1'1nt1ai11Cift,.'l&,ft-i1LftU~'I& . Lf" /pl n\v\t. 
• ,. , • \ ,.,. .. r ... .. • .. -a \ .. .. • \ , .. 

'l\'1&'11ltD4L,.111LIItl 1"11111LIIti'I&\UILID4 /p/ '1&1'1\'1&1 Ultl 1111ULIUI'Il 1111 

' 
.. . .. ., ., .. ... . . .... ) . .. 

til 1fl111 .llltl'l&'llll /p/ fl111\'114 ti\UIJ'Iltti"~·'I&TINfl 'lltlll.11l'llLLI'1L'1111 
.. •- I 4 "' ,... - " • \ e 1 · I' w 

metnLtUfl1'11D'U tnu. fiii"LID4 I' 1 ""''" "'D 'l&fl1'11 1: ttl.t~t1untJ 
e t - .. A .. ' "" I .. .. I "' a ' I.. 1111, t 

fl1'11 1: tti4~'1\1114UL'I\'Il fltfl'11 1: ttl~t1Dal /?/ LLflttl4~'1\1114 1111 Ull'11 

J'llaiLm .. ·~Lilfi'JnmN. laft. /-amo-/ Lt1ntwhmh.t\"ti1·h lk~t/ L~'ll · 
/kamo~t/ u_n: /kbuuaf L41'1&./,ilaa•a!lull/ LLII111oW,1111l1 J?u•r 1 L~'ll 
1 '••n,uay I LLII I' Aat I \ii" .. f~tmlllat/ un1 •:~11 m 
m\va11i1 1'1 L~t4'fl1i')ULJU..Ui'1 ·~\&ifta~LiJ\tJ•:\~\t infix LLm~". 

t.. • I .. I IIIII 
tl\lft11fl (prefix) LLfiCI1'1\1nL11CI&'11 J? I L\J'Il'l\'ll'111Lftll4 
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. nm\J'Il iofix t4LLl'!fl4 'I\L0'1~flflll•fi1111C\J\JTn tl'11fHnnt1 

1-•mil-/ 

~J'"t"u 
!11ftiJMCifl31"YIHLtD4~\fti" maLUU~1:111ftiiLfl~!l4»am~ nd'nfl1•ttf 
"am\J\Jn'1 \1lte4nun' tlaft4ni -n"i1t'18 . L11 1;,a!li 1 /9 I ftti~L ~" ... ~ 11JL ftll~ 
1 "'.. t .. \ • .• ., '"I flDL""1:1Lft'1LU'Il'l\'ll111LftU ll\tlLflll (UIIderlyiDI form) 'll!l~fl1fi~U flllft11 .. \ .. 
a~ "u," • fl 
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