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1. To nynTikd KOpoTo

Ta mymrikd kopoto sivar Stopnkn KOUATO (TUKVOUOTO - OPUIDUNTO, TNG TUKVOTNTAG Kol
NG TEONC TOV aéPa) Kol OVAAOYO UE TN GLYVOTNTA TOLG OlOKPIvVOVTOL GE 1XOVG,
VITEPNYOVE KOl LTTOTYOVG.

® 01 nyor eivor mmrikd kopato cvoyvottoag f peta&d 20 kar 20 000 Hz. O Mot
yivovTal ovTIANTTTol oo T0 oGO TPLo 0KONC TOL AVOPMOTOV, APOV YIVEL 1] KATAAANAN
Blo@uoikn HETATPOTY) TOV UNYOVIKOV TOANVTIOCE®Y GE NAEKTPIKE GNUOTA, TO OTOi0,
enelepydleton Emetto 0 avOPOTIVOC EYKEPALOC. ‘Hyou: 20 Hz < f <20 000 Hz

® 01 vrépyyor givar mmTika kopota cvyvotntag f ueyaivtepne tov 20 000 Hz, n
omola. €lval T0 Ave OPlO TOV OKOVGTIKOV GLYVOTNTMOV. XVYVOTNTES TNG TEPLOYNG
GUYVOTNTOV TOV VITEPNYMV YIVOVTOL AVTIANTTES OO AALOVS (®VTOVODS 0OPYOVIGLOVG,
T.Y. TOVG OKOAOLG. Ot vmépmyotr &yovv  UHeYEAN  kotevBuvTIKOTNTO KOl
YPNOLLUOTOOVVTOL GE UL GEPA SLYVOOTIKOV KOl AAAOV TEXVOLOYIKOV EQPAPLOYDV,
Onw¢ m.y ot PuOoUETPNCELS, O NYOEVTOMICUOG, N WTPIKN Odyvmwon kot Oepameia, M
OKOVOTIKT] Olyvoon poyu®v 1 eovouéveov omnioioong o€ u€talio, o
KOTOKEPUATIGUOC aVETIOOUNT®V EMIKOAOYE®MY GE OPLKTA (PUOIKA 1 KOAMTEYVIK
onuovpynuorta) kot o koapiopdc epyareinv (vrepnmtikd “TAvvimpia’).

Yrépnyor: f>20 000 Hz



€ O1 vonyor givan mmrika kKopato cvyvotrog f uikpodtepng twv 20 Hz, n omoia
glvol 10 KAt Oplo TOV OKOVGTIKOV GLYVOTHTOV. O1 LTON YOl TPOKAAOVVTAL ATt
CEWGHOVG, mNoeoaiotewn, Ppoviég, oavépovg Kol Papléc U yavVOAOYIKEG
EYKOTOOTAGELC. XVYVOTNTEC TNG TEPLOYNG GLYVOTNTOV TOV VITONY®V Yivovial
AVTIANTTEC 0O AALOVG LoVTavohg OpYOVIGUOVG, TT.Y. TIC Kotoapides (PloAoyikn
uébodog aviyvevonc ceiocumv!). Yaonyow: f<20 Hz
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Hopayoyq yov ané To avlpomTivo coua,

9 Awyvootikéc spapnoyéc: Enikpovon kot Eupeon akpooon 1 akpdoot.

Me KatGIAANAO KTOTNUO TOV OOKTOA®V 6TO Bpoaka, 0 YoTpOS OKOVEL TOLG 1YOVS TOV
TOPAYOVTAL GE QUOIOAOYIKEG Kot TOHOAOYIKEG KOTAGTAGELS (KOPKIVOG, GLAAOYN VYPOV
oto Odpoka K.4.) Yoo va kdvel Odyvoon upéocw emikpovens. Me  Pondeia
otfockomiov, 10 omoio €ival Eva amd To TAAAIOTEPO KOl WTAOVGTEPO LOTPIKA EPYAAELD,
Odyvmonc, 0 YrtpOg aKOVEL MY0VE oL Topdyovtol 6To Bmpako amd ™ Asttovpyio —
QLGIOAOYIKT 1 TAOOAOYIKT — (OTIKOV OpYAV®V, UE EULECT AKPOATT].

o e :
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* Immediate or direct
auscultation

* Problematic in obese and
female patients

£ |/

Mediate or indirec?

Use of stethoscope to augment
sound

Stethoscope means “chest” and
“observe”

“A window in the breast through
which we can see the precise
state of things within.”



Hopaymyn e omhioc (poOvnon):

7

Ot @uowloyikoli 1Myot G  OUAlNG
TopAyovial Ue N puOuIe TS PorS Tov
gkmveopevov agpa. o v mopoyoyn
TOV TEPICGOTEPOV OMO TOVG NYOLS Ol
TVEDLOVEG TTAPEYOVV PEDUO OEPA, TO OTOL0
TEPVA  UEGH TAOV  QOVNTIKOV YOPODV
(TTUY®V), MOV  AVOQEEPOVIOL  KOL MG
YAOTTION, TPOKOAMVTOS TNV TOAAVTOON
TOVG, UE amoTédecua T puOULeT TS PONC
0V aépa. O aépag ot cuvEyeln dLEPYETUL
and KOWOTNTEG TOV QOVNTIKOV 0pYAvVOV,
npv Byel and 10 oo, and TO CTOUN Kol
oe wKkpo Padbud amd  potn. O yot mov
TOPAYOVTOL HE ALTOV TOV TPOTMO €ivon T
Q@VNEVTO. (POVNELC YOL), EVAD OL YOl TOV
TOPAYOVTIOL GTI OTOUOTIKY KOWAOTNTA,
YOPIG TN YPNON TOV QOVNTIKOV YOPODV,
ovoualovtotl Apmvol Mol Kol aVIIGTOLY 0DV
GTO GUUPOVA.

— %

Speech can only be produced while exhaling!

2ynuatikny mapacTacy Tov avipmmivov pmvyTiKov
HUNYOVIGUOD: HOVTELO TTHYNS — PIATPOD



MoaABaki) vrepmo.

Yo£10é¢ 06TOVOV
EmvyloTric
Kpikog1omg yovopoc

Owo@ayog

= Spesch can only be produeced while exhaling!

Pwwn koot TO

Yxinp vrepoa

I'oecoa

Oupeocrdng YOvopoc
DovNTIKEG YOPOES
Tpoysia
Ivevpov
2 TEPVO



O Aapvuyyog (otnv kaBapgvovea LapvyE, ayyikd larynx):

H meployn mapoayoyng e @ovnc kot ¢ ouwAiag mepthauPdver Tpelc kovpleg
VIOTEPLOYES - KOWMOTNTEG: TO QAPLYYW, TI| PIVIKI] KOLAOTNTO KOl T1] GTOUOTIKY)
KotAotNTo. TOo oYU TOV KOWOTNTOV owTt®dV £ival aitepo yio kdbe dvOpwmo ko
KaBopilel oe peydho Pabuod tov Nyo g eovns. O edpuyyas Ppioketal 6To Aopd Kot
amotelEiTonl amd TV mEPLOYN TAVE amd TO AdpLYYo Kol KAt omd T ota@uAn. H
GTOUOTIKT) KOWAOTNTA €lvol N TepLoyn atd Tiow amd to Adpuyya €0¢ 10 otopa. Ta Kupia
LEPN TNG OTOUOTIKNG KOWAOTNTOG TOL YPNOCULEDOVYV GTNV TAPAY®YN QOVNG Eival M
OTAQLAT, 1| LOAOKT VITEPMO, 1] YADCGO, | GKANPN VTEPDOA, 1 EMYAMTTION, TOL OOVTLL KOl
TOL YEIAT.

epiglottis

Aapoyyog
(Aapog)




Thyroid
cartilage

Arytenoid

Vocal folds produce
“voiced®
phonation

VVocal Folds
lengthen ar
puberty




Sound modulations are praduced by chanping volume of resonating
cavities.
= —
ee u a, B @ oy u, i voiced sounds
asin asin rely an changing resenator valume only!
“heat” “put”

After Denes & Pinson, The Speech Chain

-y —
e aw
asin asin B vrived] soupds requive supporting mavement of tongues aod for lips!
“head” “call®

g, I, th, <h, : frictive sounds
rely on increase of frictlon for exhaled air through tengue and/or Lps!

p, t, kg, @ explosive sounds
rely on bulld-up and sudden release of pressure in the oral cavitbes!



The Singing Voice

The Mechanics of the Vocal Folds

The properties of the vocal folds determine their
vibration frequency.

Vocal Folas ey

frope) = 17210 vK/ M

vocal =

k = fold stiffness
m = effective mass
For a cord:

f=12LVT/u

| } =0 (td)
Length L M =p(tad)
f=12Lvo/p




Simple made] of speech produoction.

O 1§y0¢ mapayeTal amo TS POVHTIKES YOPOES
KAl TPOTIOTOIEITOL EMAEKTIKG 1] QIATPAPETAL
ATTO TPELS KOLAOTNTES (HOVTELO TG —
PiATpOov).

by by
Forem

. Glottis closed by mamscle force
trachea, Figcga =H00 - 2000 [Fa)

1 pressure opens glolts: — décresss af air présgure inside trachen

1. Ov govnTiKéG Yopoéc minordlovy pneTay TOVG
pe ™ Pondero povav, aépog ekmvéeTor 0o
TOVG TVEVUOVES, 1 TiEoN KATO om0 TIg
POVITIKES YOPOES VEAVETUL KOl 01 KAELOTEG

YOPOES avolyouv.

—+  ipcreass of air pressure mside

3. H it®on ¢ mieons, 6€ GuvOLAGUO UE TG
EMIOTIKEG OVUVAUELS TOV LOTOV, OVOYKALEL TIg
YOPOES VO TANGLAGOVY, MIKPUIVEL 1] TOYOTNTO
TOV 0épa, avéavel £Tol 1| TiEGN KATO 00 TIg
YOPOES K.0. K. D YAOTTIOKO MY1TIKO KON

3. ariginates airflow through cpening according to Hernoulli's law

3 r 5
|I::'I-Fr""l + 172, B Uyrnebes J";:ll.'ltll - I-.:'IE P Woipie = congstant

Trud s byid
)

T
-I‘_—:—Flbrml tad |l

i. amsociabed decrease of pressure causes closure of glottis

5. presswre modulation in exhaled air, fine modulation by vibrations in

2. H ypiiyopn pon} aépa mPog Ta TAV® TPOKOAEL vocal chords Vacal waan

TOGC) TNS T7igons perad TOV  YoPOAV

(parvopevo Bernoulli).

madilialian

T {Helta| wave

w Fngimad Wi

Timeg —t-
% T —=

Al velocity




+Movtéio Tov avOpamivov pwvyTIKOD
unyovicuov (1)

O punyoviepog g mopaymyns e avlpamvig
oovic elvar eCapeTikd mepimiokoc. o v
KOTOVONON TOV YP1GLUOTOOVUE TO HOVTEAOD
nyns — eiltpou:

H Ogpehimong ovyvotnte 100 Yi0TTIONKOD
nynTiKov Kvpatos gaptdtor amd ™ palo Kot
TNV TAo) TOV QOVITIKOV Xopddv. I'a Tovg
avopeg N Tvmik) OgpeM@ong cuyvoTnTa Eivan
125 Hz ko yw TS YUVOIKES TEPITOL L0,
oktapa vynrotepn, ton pe 250 Hz.

C C C

1 octave higher
523.2 Hz

1 octave lower "middla C*
130.8 Hz 261.6 Hz

men = 110Hz women = 180-220 Hz children = 300 Hz
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+Movtéio Tov avOpamivov pwvyTIKOD

unyovicuov (2)

H toldvioon tov @ovnTikov Yopomv
(mtTuy V) mapdyel Eva petafalopevo peduol
aépa mwov Oo mpémer vo Oewpnbel ¢
neplodikn myn (A). To onuo g myng
glvor 1 €l6000G GTN EOVNTIKY] KOWOTNTA, T
OTOil0 GCLUTEPLPEPETAL WG HETOPANTO PiIATPO
(B) mov m amdxpion toL Sopépel o€
olapopeTikeg ovyvotntes. Eivor petafinto
o0t aildlovtac 1 0éom g YA®GoOG
Hoc, NG owyovog K.AT. UTOPOVUE VO,
aAldCooue TNV ovtioToyn  oLYVOTNTO,
anokpions. To onua  €6o6d0v  Kor 1
QOVNTIKN KoOotnta, polli pe Tig 1010TNnTeg
EKTIOUTNC TOL CTOUATOC KOl TOV £EMTEPTIKOV
nediov, mapdyovv pio nyntikt €€ooo (C).
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+Movtéio Tov avOpamivov pwvyTIKOD

unyovicuov (3)

Eme1on n myn elvon apuoviky, Umwopovue va
movue OTL 1 amoAaPr) g kowdtrog (B)
OELYULATOANTTEITOL GE  TOAAATANGLO,  LLOG
Baotknc vrodaipeong cvyvotntag FO. v
aploTEP TAELPA  TOL  GYNUOTOS, Ol
ocuvtovicpuot R1  xor R2  pupmopelt  va
TPocdloptohodv  TPOCEYYIOTIKA amd  TIC
KOPLPEG otV TEPIPAALOVGO TOV MYMNTIKOD
QAouaToc. AVTEC 01 KOPLEEC ovopdlovTal
the formants (F1 ko F2).

A&ilel va onuemdet Ot ival o 0KoAo va
O€L KAVEIG TN AETTOUEPELD GTO QPAGUA OTAV
etva yoaunin n FO, oniaon, yio mapdostypo
OTNV OVOPIKI] QMVY], UE TIC YOUNAES
VITOOLAPEGELS cLYVOTNTOS (OdypOLLO. OTO,
aPIGTEPA TOL GYNUOTOC), TOPE GTN POV
evOC modlov M og yovoikoag (otdypoppo
oTa OEELA TOV GYNUOTOC).

Magnitude

Gain

Magnitude

output
sound

Al

2

S —

I —

7
A

periodic

signal filter

A2

Magnitude

B
variable

c
outpuf]
sound

0

R1

Frequency 1 kHz

B
R2

0 Frequency

R1
B

Gain

T
1 kHz

R2

Frequency 1 kHz

1

0 Frequency

c2

Magnitude

1kHz

— +—
Frequency  1kHz

0 Frequency

1 kHz




Vocal Formants

The term formant refers to peaks in the harmonic spectrum of a complex sound which
arise from some sort of resonance of the source. Because of their resonant origin, they
tend to stay essentially the same when the frequency of the fundamental 1s changed.
Formants in the sound of the human voice are particularly important because they are
essential components in the intelligibility of speech. For example, the distinguishability of
the vowel sounds can be attributed to the differences in their first three formant
frequencies. Producing different vowel sounds amounts to retuning these formants within
a general range of frequencies. Benade suggests the following ranges of frequencies for
the formants of a male voice:

e .- ' f [00] as in "POOL"
1st formant 150-850 Hz {| Al -
2nd formant 500-2500 Hz [ 4[p J. “AH"as in "father” 1000 "2000 3000 Hz
3rd formant 1500-3500 Hz | Tk . L
4th formant 2500-4800 Hz L g o , L
1000 2000 3000 Hz -ﬁ | " . .T [AH] as In "FATHER
I]]] ” hlhlrrfl’l"]‘ [rinse.
. 1000 F'ruzqn‘l_:]mnrk_'? J000 Hz
| “ EE] as in "HEED"
Fi rrrl‘ e .' | .“
1000 2000 3000 Hz

attar Banada


http://hyperphysics.phy-astr.gsu.edu/hbase/music/orchins.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/music/singfor.html#c4

What helium does to speech?

/ T

e f - {

The first diagram shows a schematic picture of the spectrum for a
particular configuration of the vocal tract filled with air. The solid line is
the spectral envelope; the vertical lines are the harmonics of the vibration
of the vocal folds. The second diagram shows the effect of replacing air
with helium, but keeping the tract configuration the same (i.e. trying to
pronounce the same vowel as before, but with a throat full of helium). The
speed of sound is greater, so the resonances occur at higher frequencies:
the second resonance has been shifted right off scale in this diagram. The
flesh in your vocal folds still vibrates at the same* frequency, so the
harmonics occur at the same frequency.



WAVE PROPAGATION

For frequencies that are long compared to the dimensions of the vocal tract (less
than about 4000 Hz, which implies a wavelength of 8.5 cm), sound waves satisfy

the following pair of equations:

dusA)
di

IEH;J+HA

be dr i

where

+grad p =1

+divu =10

E}_p_ du/A4)
x P

o 1 a(pd}+5};1

dx pfl ot ot

p = p(x,r) isthe variation of the sound pressure in the tube
u = w(x.t) Isthe variation in the volume velocity

p is the density of air in the tube (1.2 mg/cc)

¢ is the velocity of sound (35000 cm/s)

A = A(x,r) isthe area function (about 17.5 cm long)



HELIUM SPEECH:
RELATIONSHIP BETWEEN FREQUENCY AND DENSITY

Deep-sea diving to depths exceeding about 140 feet of sea water requires the use of heliox (a mixture of helm
and oxvgen) as a breathing gas. rather than compressed air.

Heliox eliminates the danger of nitrogen narcosis and reduces the risk of decompression sickness which would
otherwise be present.

Heliox presents another risk. The diver's speech 1s rendered umintelligible because the higher velocity of sound 1n

the diver's vocal tract shifts the frequency components of the diver's speech to much higher frequencies - an effect
that has been likened to the "Donald Duck” voice.

Heliox 15 less dense than air or pure oxyvgen. Hence. the speed of sound 1s greater. so the resonances occur at
higher frequencies.

The excitation remains largelv unchanged since flesh in your vocal folds still vibrates at the same frequency. so
the harmonics occur at the same frequency. (There could be a small change because the less dense Helium loads
the vocal folds a bit less than the air, but this effect 1s slight )



Mmopodue va koatatalovue ta ovupwve tys Elinvikns yioooos cdupwva ue

Tpia (3) emuépovg kpitypia:

(1) Kot TN O®WVN TOL £YOLV, GE NYNPA Kol ANy,

nmea: /y/, 1B/, 10/, /1¢/, KL/, fund, v, Iyl IM, T/, VI Tpl (awoBavopacte Tov xo tov nynpov,
AKOVUTOVTOG TO S(XX‘CD)LO EUTPOS GTO AOLLLO.)

e /x/, I, 1, Iy, lol, 101, o), o,

(11) katd TN OLAPKELN TOVC, GE GTLYULOLO Kol £EaK0oAoVONTIKA,

OTUYULOLO: TTPOPEPOVTAL HOVO pia oTryut), TV MOPO. TOV GVOIYOVUE TO GTOUO:
/x/, Inl, It/, Iyk/, lun/, vt/, Itad, /T

eEaxorovOnTiKG: 6’ avtd Pactovue T @OV 060 OEhovue:

M/, 1B/, 181, Iv/, 19/, 10/, 1o/, I/, IM, T/, IV, 1pl.

(111) xatd TO LEPOC TOL APHPOVOVIOL 6TO GTOUN

yevaka: /n/, 1/, /o/, /um/

000VTIKA: /T/, /0/, 10/, /vt/

ovprweTika: /o/, /C/, /tal, It/
hoapoyywa: /x/, v/, I/, v/
YA®GGWKA: /A/, /p/(AEyovTal Kot vYpa.)
pwika: /u/, /v/



OUTOBER,

1335 |

YOLIME |

On the Physics of Speech Sounds

F. THEADELERBURG, Sfnftn- Sienan ot
i Faperineents in Collabmalis with Fo Frauz)®
(Reveive] Wy 101, 1933)

[t s difaeyll ra eletermine the eamposition of aperisdic
sond pheoomend, pactcularly (hege ohich vary rapnlly
with tiroe, as, for ecarnple, spreech suunds, T et focds of
aploratic #lecheie analysie manot be applied direcllyr
hewaose of Lhe Lime requicsd, The graphic o worchanical
Fanrier analvses sacnol De recoowended Decinme o gresad
oumbnr uf smgle analyeea orust be carried out for apperiolic
provosss, A very bedr idea of the spund compasition as a

function of tiwe 3 ohtained when the separale actave
ranes of Lhe sound processes are recorded astillograndi-
vally by ricans of flters, The result of such wscillogra diw
investigitvns nf specch saands is describuad. The oscillo-
arass very Clealy ahow rhe different harmionie and inhae-
momin comporeenl s of speech sonncls, Canclosions i regigrd
14 the voice thoorr are drawn from 1he cscilloocomws.

RJFECTIVE specch souwd analyses herero-

fore hive heen carmed oul principally with
speech sounds which can be prodoced regularTy
for a consideralle Groe, particularly sung vowed
soucils; compraratively {ow data are available on
Lhe corcsosiion of spoken saunds. Ttz diffeoell L
delcrmine the exact compostion of aperiodi:
sound processes and  particwlary those wldach

The lilter has elght Lransmission ranpeses (37,3
to 75,73 o 130, 130 Lo 3UHE, 30 Lo OO0, O
1200, 1200 1 24K, 2000 1o 48000, 500 1.0 GOlH)
1_'.:;1_']1_‘;5}. The atiengatwm o L Tilter W YRy
LT ER TAT I ﬁl]]l.r_"'_l..’ ]_H"'}'l.'.llllf'] [he ci-all fre-
quencivzs. With 1lae acd of o specal swieeh the
cull-nlT Trequencies can b dsplaced by half an



) y, = a sin(2n)

an e k]
= S ozt _
3 = ¥, = a,sin (21*201) Yo = ag sin (2n*5fY)
g 5 / = a,. sin (2n*6f
pi STXNS LN LXK /._
I f 3f df 51’ B Stz SO 4 6 8 i . T
frequency | /
¥, = a, sin (20°3ft) ¥4 = Ay sin(2nt4it)
-0.2
¥ o= @y fin (2n*ft) + a sin (2nYEf) +oa sin (2nt3Eft)
© + 3,80 (Zn*4ft) + agsin (Zn*5ft) + a, sin (Zn*6ft)
E

It f 3f 4f 5f &f
frequency

The first six harmonics of a sawtooth wave, sounded one at a time

ATTO; http://www.phys.unsw.edu.au/jw/sound.spectrum.html



http://www.phys.unsw.edu.au/jw/sound.spectrum.html

€ ATTO000N UEPIKWY OPWV:

Formant: H trepioxr) Tou @ACHATOC TOU NXNTIKOU ONPATOC EVOC pWVNAPATOC OTNV
OTTOIa TTAPATNPEITAI N HEYAAUTEPN CUYKEVTPWOTN EVEPYEIQG.

lMpoowdia (prosody): To oUVOAO TwV IDIAITEPWY XAPOAKTNPIOTIKWY TNG OMIAIOC
(xpold, ToviKOTNTA, £VTaor, TTaUOEIC) TTou TTPoodlopilouv OToIXEia OTTWS N
d1a6gon Tou OMIANTA, N €KONAWON Bauuacuou, n UTTORBOAR YIaG EpWTNONG KTA.
Tovikornra (pitch): H ouxvotnta Tou BepeAiludOUC APUOVIKOU €VOC NXNTIKOU
ONMATOG. 2TNV avOpwWTTIVN OMIAia, OXETICETal JE TN OUXVOTNTA TOAAVTWONG TWV
PWVNTIKWYV XOPOWV £VOG OMIANTA.

Pwvnua: ‘Evag nxog mmou Bewpeital adiaipeTog KAl AtTOTEAE TO EAAXIOTO DOMIKO
oToIxeio KABe yAwooac. Ta wvruaTta kabopiouv Tov TPOTTO EKPWVNONG MIOC
AEENC OTO TTIO a@nPEnMévo €TTITTEDD, AYVOWVTAG IDIAITEPA OTOIXEIA TOU OMIANTA
OTTWG €ival N €Jeacn, N XPOoIA Kal N ToVIKOTNTA.

Xpoia: O1 TTapAuETPOI EVOS NXNTIKOU CAUATOC TTOU OUVIOTOUV OTN MovadikoTNTA
TOU OTaV TO AKOUEI £vaC AvOpWTTOC. ZXETICETAl ME TOV TPOTTIO TTOU Ol OUXVOTNTEC
TOU QACPATOC OXETICOVTAl METAEU TOUG.
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