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Akustika

» Akustika je veda, zaoberajuca vznikom, Sirenim, prijmom a
pOsobenim zvuku.

* Jejnazov je odvodeny od gréckeho slova ,,akoustos®, ktorého
povodny vyznam je ,,pocuvanie® resp. ,,pocutie.

« Uz od svojich pociatkov aplikacie akustiky hraju dolezita rolu v
kazdodennom zivote l'udi:
— hudba
— architektura
— engineering
— armada

— medicina

— psychologia
— lingvistika
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Historia akustiky: Prveé experimenty

» Vznik akustiky je vSeobecne spajany s gréckym
filozofom Pythagorasom (6. stor. BC), ktory
experimentalne skimal vzt'ah medzi vyskou
ténu a dizkou strin hudobnych nastrojov —
definoval prva hudobnu stupnicu (Pythagorova
tonova stupnica).

» Aristoteles (4. stor. BC) formuloval hypotézu,
ze zvuk sa §ir1 vo vzduchu prostrednictvom
pohybu malych, nevidite'nych Castic. Mylne sa
napriklad domnieval, Ze vysoké tony sa Siria
rychlejsie nez nizke.

* Rimsky architekt Vitrivius (1.stor, BC) skumal
mechanizmus §irenia zvukovych vin a prispel
podstatnou mierou k metodike akustického
navrhu vtedajSich divadiel.

« Rimsky filozof Boethius (6. stor. AD) —
zaoberal sa akustiky hudby — prvykrat
sformuloval predpoklad, ze percepcia vysky
tonu (subjektivny vnem) suvisi s frekvenciou
(fyzikdlna vlastnost)
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Historia akustiky: Prve experimenty

» Galileo Galilei (1564—-1642) — aplikoval vedecke »
metddy pri §tidiu vibrécii telies a vztahu medzi viiskou
tonu a frekvenciou

* Francuzsky matematik Marin Mersenne (1588-1648)
Studoval vibracie strun — jeho publikacia Harmonicorum
Libri (1636) je zdkladom modernej hudobnej akustiky

» Anglicky fyzik Robert Hooke (1635-1703) zostrojil
mechanicky pristroj, pomocou ktorého dokazal
generovat zvuk znamej frekvencie — dokazal tak priradit’
frekvencnu stupnicu k hudobnej stupnici

* Na pracu Roberta Hooka nadviazal francuzsky fyzik
Félix Savart (1791-1841) zostrojenim dokonalejSieho
,»Savartovho kolesa*

* Joseph Sauveur (1653-1716) detailne Studoval vztah
medzi vyskou tonu a frekvenciou zvukovych vin,
generovanych strunami, navrhol zaklad akustickej
terminologie a ako prvy navrhol nadzov akustika pre
vedny odbor
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“Bell-in-vacuum” experiment

* Jeden z najzaujimavejSich a najkontroverznejSich
historickych experimentov, ktorym sa doposial’ demonStruje
prenos zvuku vzduchom

 Jeho podstata spociva v pozorovani, Ze od¢erpavanim
vzduchu sa postupne znizuje hlasitost’ zvonceka,
umiestnen¢ho v sklenenej banke

 ,bell-in-vacuum experiment* bol prvykrat uskuto¢neny
Athanasiom Kircherom, nemeckym ucitel'om, ktory ho opisal
v knihe Musurgia Universalis (1650)

 Kircher zistil, Ze aj po od€erpani vzduchu z banky bol zvuk
zvonceka pocutel'ny, na zadklade ¢oho skonStatoval, ze
vzduch na prenos zvuku nie je potrebny

« Potvrdil tym dovtedy platnt filozofické a vedecke tvrdenie,
ze nositeI'mi zvuku su neviditel'né Castice, ktoré sa Siria od
zdroja zvuku do priestoru

v skutocnosti bol zvuk pocutelny preto, Ze vzduch bol
odcerpany nedostatocne — v banke nebolo absolutne vakuum

» koncepcia zvuku ako vlnenia nebola dokazana
experimentalne a mala mnohych odporcov
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“Bell-in-vacuum™ experiment

» vroku 1660 anglo-irsky vedec Robert Boyle
zlepsil technolégiu vakuovej pumpy,
pomocou ktorej dosiahol zniZenie
pocutelnosti zvuku pod prah pocutia

 na zaklade toho spravne skonstatoval, Ze na
prenos zvuku je potrebné nejaké médium —
vzduch

 hoci tento zaver bol korektny, jeho
zdovodnenie bolo zavadzajice

» dokonca aj so suiCasnymi pumpami sa neda
dosiahnut’ absolutne vakuum a stiCasné
experimenty potvrdzujl, Ze mnozZstvo
vzduchu, ktory zostane vo vakuovej banke je
na prenos zvuku postacujuce

» skutoénym dovodom zniZenia hladiny zvuku bolo (a je) impedancné neprisposobenie
medzi zvoncekom a vzduchom na jednej strane a vzduchom a stenou banky na druhe;j
strane, sposobené vel’kym rozdielom v hustotach prostredi (zvoncek, vzduch, stena banky,
vzduch), vd’aka ¢omu bol prenos zvuku medzi tymito prostrediami vel'mi neefektivny

» nehl’adiac na to, tento experlment prlspel rozhodujicou mierou k tomu, Ze zvuk sa zacal
povazovat’ za vinenie a nie ,,Zlarenie*
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Meranie rychlosti zvuku

Akonahle sa dokazalo, Ze zvuk je vinenie a prenaSa sa hmotnymi ¢iastoCkami prostredia, d’alSim
vaznym vedeckym cielom sa stalo meranie rychlosti zvuku (speed of sound).

V 17. storo€i francuzsky filozof a vedec Pierre Gassendi ako prvy zdokumentoval (a publikoval)
svoje pokusy s meranim rychlosti zvuku vo vzduchu. Gassendi zmeral rychlost zvuku ako
rozdiel medzi okamihom svetelnného a zvukoveho vnemu vystrelu z pistole vo velkej

vzdialenosti. Hoci hodnota, ktoru ziskal, bola v porovnani s dneSnymi poznatkami prlvysoka (asi
478.4 m/s), dospel aj ke ] ednému korektnému zaveru — rychlost’ zvuku nezavisi od jeho
frekvencie.

V roku 1650 taliansky fyzik Giovanni Alfonso Borelli a Vincenzo Viviani rovnakym sposobom
dospel k presnejSej hodnote 350 m/s.

Their compatriot G.L. Bianconi demonstrated in 1740 that the speed of sound in air increases
with temperature. The earliest precise experimental value for the speed of sound, obtained at

the Academy of Sciences in Paris in 1738, was 332 metres per second—incredibly close to the
presently accepted value, considering the rudimentary nature of the measuring tools of the day.
A more recent value for the speed of sound, 331.45 metres per second, was obtained in 1942; it
was amended in 1986 to 331.29 metres per second at 0° C.

The speed of sound in water was first measured by Daniel Colladon, a Swiss physicist, in 1826.
Colladon came up with a speed of 1,435 metres per second at 8° C; the presently accepted value
interpolated at that temperature is about 1,439 metres per second.

Two approaches were employed to determine the velocity of sound in solids. In 1808 Jean-
Baptiste Biot, a French physicist, conducted direct measurements of the speed of sound in 1,000
metres of iron pipe by comparing it with the speed of sound in air. A better measurement had
earlier been carried out by a German, Ernst Florenz Friedrich Chladni, using analysis of the
nodal pattern in standing-wave vibrations in long rods.
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Rychlost’ zvuku

« Je to rychlost’, ktorou sa Sir1 zvukové vinenie v pruznom prostredi

« Zavisi od teploty, hustoty latky, ....
* Pre plyny (teda aj vzduch) plati:

¢, = |22 _\/”00 (1+7T) 331,840,617 [ms™]
p Py

y - Poissonova konStanta

Do - staticky tlak vzduchu pri 0°C
P, - hustota vzduchu pri 0°C

y - koeficient objemovej rozt'aznosti plynov

T - teplotav0°C
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Matematickeé metody — zaklady modernej akustiky I

« Simultaneous with these early studies in acoustics, theoreticians were developing the mathematical
theory of waves required for the development of modern physics, including acoustics.

* Inthe early 18th century, the English mathematician Brook Taylor developed a mathematical
theory of vibrating strings that agreed with previous experimental observations, but he was not able
to deal with vibrating systems in general without the proper mathematical base. This was provided
by Isaac Newton of England and Gottfried Wilhelm Leibniz of Germany, who, in pursuing other
interests, independently developed the theory of calculus, which in turn allowed the derivation of

the general wave equation by the French mathematician and scientist Jean Le Rond d'Alembert in
the 1740s.

* The Swiss mathematicians Daniel Bernoulli and Leonhard Euler, as well as the Italian-French
mathematician Joseph-Louis Lagrange, further applied the new equations of calculus to waves in
strings and in the air.

* In the 19th century, Siméon-Denis Poisson of France extended these developments to stretched
membranes, and the German mathematician Rudolf Friedrich Alfred Clebsch completed Poisson's
earlier studies.

* A German experimental physicist, August Kundt, developed a number of important techniques for
investigating properties of sound waves. These included the Kundt's tube, discussed below.

* One of the most important developments in the 19th century involved the theory of vibrating plates.
In addition to his work on the speed of sound in metals, Chladni had earlier introduced a technique
of observing standing-wave patterns on vibrating plates by sprinkling sand onto the plates—a
demonstration commonly used today. Perhaps the most significant step in the theoretical
explanation of these vibrations was provided in 1816 by the French mathematician Sophie
Germain, whose explanation was of such elegance and sophistication that errors in her treatment of

the problem were not recognized until some 35 years later, by the German physicist Gustav Robert
Kirchhoff.
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Kundtova trubica

Styrofoam chips levitating
in a vertical Kundt's tube

Velocity
Node
Pressure
antinode

Velocity
antinode
pressure
node
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na jednom konci zatvorena a na druhy
koniec sa privadza zvukovy signal

v trubici dochadza k superpozicii priame;j
a odrazenej viny

vhodnou vol'bou vinovej dizky

(frekvencie) a dizky trubice vznika tzv.
stojata vina

vznik stojatej viny je pozorovatelny
pomocou vznasajucich sa kuskov vel'mi
I'ahkej hmoty, koncentrovanych na
miestach, kde sa nachadzaja uzly
akustickeho tlaku
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Matematickeé metody — zaklady modernej akustiky 11

» The analysis of a complex periodic wave into its spectral components was theoretically established early in the
19th century by Jean-Baptiste-Joseph Fourier of France and is now commonly referred to as the Fourier
theorem.

«  The German physicist Georg Simon Ohm first suggested that the ear is sensitive to these spectral components;
his idea that the ear is sensitive to the amplitudes but not the phases of the harmonics of a complex tone is known
as Ohm's law of hearing (distinguishing it from the more famous Ohm's law of electrical resistance).

*  Hermann von Helmholtz made substantial contributions to understanding the mechanisms of hearing and to the
psychophysics of sound and music. His book On the Sensations of Tone As a Physiological Basis for the Theory
of Music (1863) is one of the classics of acoustics. In addition, he constructed a set of resonators, covering much
of the audio spectrum, which were used in the spectral analysis of musical tones.

*  The Prussian physicist Karl Rudolph Koenig designed many of the instruments used for research in hearing and
music, 1nclud1ng a frequency standard and the manometric flame. The flame-tube device, used to render standing
sound waves “visible,” is still one of the most fascinating of physics classroom demonstrations.

* The English physical scientist John William Strutt, 3rd Baron Rayleigh, carried out an enormous variety of
acoustic research; much of it was included in his two-volume treatise, The Theory of Sound, publication of
which in 1877-78 is now thought to mark the beginning of modern acoustics. Much of Rayleigh's work 1is still
directly quoted in contemporary physics textbooks.

*  The study of ultrasonics was initiated by the American scientist John LeConte, who in the 1850s developed a
technique for observing the existence of ultrasonic waves with a gas flame. This technique was later used by the
British physicist John Tyndall for the detailed study of the properties of sound waves.

» The piezoelectric effect, a primary means of producing and sensing ultrasonic waves, was discovered by the
French physical chemist Pierre Curie and his brother Jacques in 1880. Applications of ultrasonics, however,
were not possible until the development in the early 20th century of the electronic oscillator and amplifier, which
were used to drive the piezoelectric element.

*  Among 20th-century innovators were the American physicist Wallace Sabine, considered to be the originator of
modern architectural acoustics, and the Hungarian-born American physicist Georg von Békésy, who carried out
experimentation on the ear and hearing and validated the commonly accepted place theory of hearing first
suggested by Helmholtz. Békésy's book Experiments in Hearing, published in 1960, is the magnum opus of the
modern theory of the ear.
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Manometric flame apparatus
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F16. 653.—Manometric flame seen in
revolving mirror.

F1a, 652,—Revolving mirror for viewing
manometric flame.

Fi1g. 651 —Manometric flame
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Zobrazenie vinoveého priebehu akustickeho
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Zobrazenie vinoveho priebehu reci - detail
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/Zvuk

« Zvuk je mechanicky rozruch, ktory
— vznika v pruznom prostredi vychylovanim Castic prostredia zo svoje;
rovnovaznej polohy
— §ir1 sa prostredim vo forme zvukovej viny (odovzddvanim energie
kmitania medzi susediacimi Casticiami)
— je vnimatel'ny sluchovymi organmi l'udi, zvierat a inych Zivych tvorov,
alebo detekovatel'ny Specialnymi pristrojmi (sonar)

B2002, Dan Bussell

e Nazyvame ho tiez zvukovym (akustickym) vinenim
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Zvukove vilnenie

* priecne (transverzalne)
e Castice sa vychyl'uja v smere kolmom na smer Sirenia rozruchu
 tangencialne sily

° r r - ;lr
pevné latky -.-s.,}_ Eitn o :f’; ;ﬁ : 5:?,%
e .r*n‘ :"' %Q l"M o ! '- ;
. . . , l_-.“lr. ..'Hp’f ‘l"" ‘ -‘,’:.-
* pozdlZzne (longitudinalne) e Sl Ve R
* Castice sa vychyl'uju v smere Sirenia rozruchu
e normaloveé sily
 kvapalné a plynne¢ latky
A G & 5“"'3.' El 33 ‘L
'-'“?;I. ".r':'.".' ,":l'.._'; \z "}‘ *
:"5.{’&*,35*‘}“-::}}‘%'-‘1 &'k, ¥
:.%'.‘::.‘P:i'... '?"':t:':'.!“ ’ q.::"- ’ ' ‘ ':." -'

28. februar 2008 16



Linearny oscilator — matematicky model pohybu hmotnej Castice,
prenasajucej zvukovua vinu

Pohyb hmotného bodu linearneho oscilétora je periodicky, prebiehajtci po priamke a jeho
casovy priebeh moZno ziskat’ rieSenim diferencialnej rovnice, ktora je vlastne pohybovou

rovnicou hmotného bodu oscilatora;

2
m% +sy=0 kde y m] vychylka
m [kg]  hmotnost kmitajuceho bodu (1)
t[s] das

s [N/m] tuhost’ pruziny

Riesenim tejto rovnice je vyraz pre tzv. vol'né kmity bez tlmenia:

y=y,sin(@f+@) kde «, [l/s] vlastng uhlovy kmitocet
¢ [-] fazovyuhol (2)
¥, |m] amplitada vychylky kmitania

Spétnym dosadenim rovnice (2) do (1) dostaneme informaciu o tzv. vlastnom uhlovom

kmitocte oscilatora:
s
@y =,|—
m
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Casovy priebeh harmonického kmitania

* Pohyb linearne kmitajuceho hmotného bodu si mézeme predstavit’ ako priemet
vektora (fazora), otacajuceho sa konstantnou uhlovou rychlost’'ou.

e Okamzita hodnotu vychylky m6zeme vyjadrit’ ako realnu alebo imaginarnu ¢ast’
vyrazu, popisujuceho vektor, rotujuci konsStantnou uhlovou rychlost'ou

(Eulerov vzorec)
y=Re{Y} =y, -cos(wt+¢,)

cos@+ jsing =e’’ -
= y=y,€ y=Im{Y} =y, sin(ot+g,)

p=wt + ®,

28. februar 2008
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Rychlost’ kmitania hmotného bodu

d y ej(wH%) . | ot + 0+Z | ot + 0+Z
V:CZ’: ( Odt ):yOe](wH%)'ja):wyoej( P 2j=voej( 2 2]
d ' t
V= Z?tl — (yo Slnagj) +¢O)) =y, COS(G)f+(00) =Y, cos(a)t+¢0)

Vv, =@y, [ms_l]

R ~
Vi
Yo
I S I
Vo ™.
Y
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Akusticka vychylka

» vychylka, o ktort sa pri Sireni zvukoveho vlnenia prostredim vychyl'uju
Castice prostredia zo svojej rovnovaznej polohy

 akusticka vychylka je striedavou skalarnou veli¢inou

je funkciou €asu a priestoru (pre zvukovu vinu Siriacu sa v priestore)

jej zakladnou jednotkou je [m]
e oznacovanie —y(X,t), y(r,t)

SEIr
displace =i

Alr pressuns

— warlsflens | - -
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Akusticka rychlost” a zrychlenie

* (mechanicka) rychlost’ (zrychlenie), ktorou Castice prostredia
kmitaji okolo svojej rovnovaznej polohy

* striedava veli¢ina — funkcia €asu a priestoru, ktora je urCena
nielen velkost’ou, ale 1 smerom — vektor

 zakladnou jednotkou je [ms™'] — v(x,t), v(1,t)

* resp [ms?] — a(x,t), a(r,t)
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Deseripgion of
die transverse
LR,
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VInoplocha, ¢elo viny, zvukovy luc

* Vinoplocha

— geometrické miesto bodov prostredia, v ktorych Castice
prostredia kmitaju s rovnakou fazou

e Celo viny

— geometrické miesta bodov, do ktorych zvukove vinenie dorazilo
v ur¢itom okamihu a v ktorych kmitaja Castice prostredia s
rovnakou fazou

« Zvukovy IG¢
— smer Sirenia zvukového vlnenia

— v 1zotropnom prostredi je kolmy na vinoplochu
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Rovinna a gul'ova zvukova vina

ey Y s e LT T PY L L LS T
S taaapde "trhamnenapmndntt

* Gulova zvukova vina
— vlnoplochy v tvare koncentrickych gal’

i

aET™

— zvukové luce v tvare sferickych radial

— kazdy zvukovy zdroj, ktorého rozmery su
ovel'a menSie, ako je vinova dlzka
vysielaného zvukoveého vinenia

LR

* Rovinna zvukova vilna
— vlnoplochy v tvare paralelnych rovin

[ i -
. LEXE LR o hT

iy

— zvukové luce v tvare sibeznych priamok
— teoretickym zdrojom je nekonecna rovina

— simuluyje sa v akustickych trubiciach,
ST R L gulova vlna vo velkej vzdialenosti od
zdroja

apnbTERR L,
PR LN ) -
------- i}?!+-n‘

T
- b

* Valcova (cylindrickd) vlna
— vlnoplochy v tvare sustrednych valcov
— zvukové luce v tvare paralelnych radial

— teoretickym zdrojom je ,,pulzujuca‘
priamka
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Frekvencia, perioda a vinova dlzka zvuku

g

(3880

S TAWANWNWANA
VIRVERVARVARN:
<>_§ pmeT=% [n]
<> a A[m] - vlnova dizka

T[s| - periéda kmitania
f[Hz| - frekvencia
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Zvuk, ultrazvuk a infrazvuk

Infrazvuk

— zemetrasenia, povodne, poZiare, vichrice,
automobilové a letecké motory

— zvierata (slony, tigre, Zraloky, ...)
(umoziuje komunikaciu na velke
vzdialenosti)

— The Sonic Weapon of Vladimir Gavreau
(infrazvukové piStaly — organ)

e Ultrazvuk

— zvierata (psy, mysi, delfiny, netopiere,
hmyz, ...)

— diagnostickd sonografia v medicine

— nedestruktivna priemyselna diagnostika

— lokalizacia objektov (sonar)

— ultrazvukové Cistenie

— komunikécia (modulovany ultrazvuk)
medzi ponorkami

Medical ard Destmctre
Lowhassnotes  Animals and Chernisty | Diagnostic and NDE

20H=z 2EHz AvHz 200H=
L & &

Infrasound Acoustic
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zvuk:

ultrazvuk:

infrazvuk:

f€(16,22000) Hz
Ae <21.5m,1.50m>

f >22000Hz; A <1.5cm
f<l6Hz; A >21.5m
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VlInov¢ dlzky zvukového vinenia roznych frekvencii v prostredi s
rovnakou rychlost'ou Sirenia zvuku

Wave Veloctty v Same Wave Velocity v

Same
Wawve
Velocity

Long | |

Wavelength | ....._J
I I

Plan M

flin Min

Sound Fressure
Sound Pressure

isvr
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Vinové dlzky zvukového vinenia rovnakych frekvencii v
prostrediach s roznou rychlost’ou Sirenia zvuku

Same
Frequency

Drifferent
Velocities

i
sl
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I

le—

Long |
Wavelength |_..... Wavelen

I

I

I
i
E Max g M
i i
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b= =
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=) rin o Min
2 2
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Linearna a nelinearne frekvencn¢ stupnice

zobrazenie akustickych signalov (amplitidové/fazoveé
frekv. charakteristiky, smerové charakteristiky,
spektrogramy, ....), navrh a konstrukcia elektroakustickych
zariadeni (banky filtrov), konStrukcia a ladenie hudobnych
nastrojov

hudobné stupnice — empiricky uréené frekvenéné intervaly
(frekvencia versus vyska tonu) — tonove stustavy
,,matematicke* stupnice

— logaritmicka stupnica

— oktavova, pol-oktavova a tretino-oktavova stupnica

stupnice odvodene od vlastnosti I'udskeho sluchu

— melova stupnica

— barkova stupnica
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Linearna frekvencna stupnica

4, Sound Pressure of L12, Amplitude [Phasze]

Uin=2.83 s, Diztance=Tm

Fa - -
 H=0®, W=l Set=l
1.2 i

0.96 I\

N
|
i
LA

10 k. ak. 12k 16k 20k,
Frequency Hz

AkAbak [R]
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Logaritmicka frekvenCna stupnica

3. Sound Preszure of L12, Amplitude [Phase)

Lin=2.83mms, Distance=Tm
f; — H=lP,W=0°, Sat=L akthak [R)

/\
ya

0.45

0.24

10 il 100 AO0 1k Ak, 10k, 20k,
Frequency Hz
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Oktavove frekvencne pasma

» v profesionalnej zvukovej technike sa na analyzu a ipravu zvukovych signdlov ¢asto pouzivaji

frekvencné analyzatory, ktoré su zaloZené na tzv. oktavovych (tretinooktavovych) frekvenénych
filtroch

» stredné a hrani¢né frekvencie tychto filtrov upravuje norma ISO:

n

£ =1000x2¢ n=0,+1,+2,43,...

9

1
fn,h _ 25
o

fn,c = \/fnh 'fn,d

1 - oktavova Skala

J/\

g =<2 -pol-oktavova skala

3 - tretino-oktavova Skala

\
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q=1

Priklad: FrekvencCne pasma oktavovej skaly

Centralne frekvencie:

f,. =1000x2"

n=0,x1,£2,£3,...

Ju. =125, 250,500,1000,2000,4000,3000,16000 [Hz]

Jon

Joa

f;1,c -

1. Valtage of OKTAWY, Amplitude [Phase]

1

0.s

0e

0.4

0.z

]

=2

fn,h 'fn,d )

Uin=0. 707z

N

S

fn,d =
fon=Fre N2

— 51280, N=1=0.11

Joe

2

s

\ Soa =88.5,177,353.5,707,1414,2828.5,5657,11314 Hz

Son =177,353.5,707,1414,2828.5,5657,11314,22628 Hz

? Yoltage of OK.T&WY, Amplitude [Phase)

Uin=0. 707 ms —— 512000, N=1=0, U1
— 51425 N=1=0 U1 — 51500 N=1=0, L1 Akabak [7) — 514000 N=1=0U1  —— S1-4000, N=1=0, L1 Akhbak [R)
\ 02 \
@ 50 100 500 Tk Bk 10k 2k 20 50 100 500 1k Bk 10K 20k
Frequency Hz Frequency
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Atmosfericky (staticky) tlak

A device for measuring
atmospheric pressure Yacuum
vacuum ‘-____-_'_-_-'
h = 760 mm
= 20.92 inchas  The Hauid rises
ot stonderdsen 1o WOOL
1ev8]l pressure.  pajances the
atmoapheric
pressure.
Atmospheric
Pragsura Atmospheric
””u Frl:mlril

28. februar 2008

No presaura {3 exerted
on the top of the Tquid
{n the column bacause
of the wacuum, a0 the
pressure in the column
is just the fluid
pressare, vhich

{5 proportional to depth.

Presaures ia tranamitted
in all directionzina
fluid according to
Paseal’s Principla.
S0 the pressure upward
{n the mercury tube

at the opan surfaca
Tewe] 13 aqual o
atmaspherie
pressure.

zvukova vlna sa Sir1 v
prostredi, v ktorom posobi
staly ,,barometricky* tlak

tlak, ktory v danom mieste
existuje aj bez pritomnosti
zvukovej viny

barometricky tlak

zavisi od nadmorske;j
vysky a teploty vzduchu

* jednotkou je Pascal

(1Pa=INm2=1kgm-ls!)

oznacovanie p, [Nm;
Pa]|

* priemernd hodnota pri

bezZnej teplote (20°C) je
priblizne p,=10° Pa
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Akusticky tlak

* rozdiel medzi okamzitou a referencnou (strednou) hodnotou
atmosferického tlaku v danom mieste prostredia

 striedava veliCina, t.J. nadobuda kladne 1 zaporné hodnoty a je
skalarom (matematicko-fyzikalne hl'adisko)

* bezné hodnoty akustického tlaku pokryvaja rozsah hodnot radovo
od 10~ Pa az po 10? Pa

 oznacovanie p, [Nm?;Pa]

Increased Atmospheric
Prassure Decreased Pressura

by S T Lt NARAALLLY L L N
LT v ! * m ® ..,:':-i“ “'::-l S a ‘.:':." “”;\::J ..
!;':I'. .:"‘;- o ..-l.l."':'..,;‘.\:'. ':.;."....'l". ...: ;;l:._',.:ri-' '-" iy
r"-'l'r?'or. . "u -‘-I-..'I‘QII' tq.‘r‘-..i‘ . . L ,"..“-{'..:"“ ..
[P A -‘:"‘.1' - - f.t-t_.*-‘ _\_.1.-...‘ . . ‘."‘.*“.‘.'... A

Liesny , B L A e L A P L) S
m":: l-}"q:ll-.: ."..:.".h e ::.:: ::':: .:‘ ..:'::.:- et taa ::1::::'}- :‘ t ':":... “ar,
. - & . - . X A .

el B N P e
£ :':‘;":i E‘ ; " l'l-:?:;ﬁ':;'ﬂ?l‘:l.i * " .: - " i.i'.‘?: ;:.":":I:.I-i - *

—
Maotion of air molecules Fropagation of
sound

associated with sound.
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Hladina akustického tlaku

« Rozsah akustickych tlakov, vyskytujucich sa v prirode, od Sepotu az po
hluk turbin velkych lietadiel je veI'mi velky a 'udské ucho vnima
akusticke tlaky v rozpiti od 0,00002 Pa az po 200 Pa.

* Pretoze zapis ich hodnot na Imearnej stupnici je malo prehl'adny,
pouziva sa v akustike CastejSie logaritmicka stupnica.

« Pri vyjadrovani hodnot akustického tlaku na logaritmickej stupnici sa
vychadza z logaritmu podielu akustickeho tlaku a jeho medzinarodne
normovanej referencnej hodnoty.

« Takto ziskana veli€ina sa nazyva hladina akustického tlaku. Vyjadruje sa
v decibeloch.

L,=20-log Pi_ —90.10g L4 — =20-logp, +94 [Pa;dB]
P 4ref 2-10
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1. Sound Pressure of L12, Lp [Phaze]
Uin=2. 83 mnz, Distance=Tm

i)

a0

24

-20

— H=0",%=07, Set=L Akdbak [R]
LT ﬁ-\
//'
Fa
,r\ﬂ N
V V
10 50 100 500 1k Bk 10k 20k
Frequency Hz
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2. Sound Preszure of L12, Lp [Phaze]

in=2. 83z, Diztance=1m
— H=0r,w=0", Set=L Akdbak [R]

JA

a0

25 _//—\\

-25

10 4k ak 12k 16k 20k
Frequency Hz
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VInova (merna akusticka) impedancia

« komplexny pomer akustickeho tlaku a akustickej rychlosti
zvukoveho vinenia v danom prostredi

* komplexna veli€ina, ktora vyjadruje reakciu prostredia na
cinnost’ akustického zdroja

* jej realna Cast’ je vinovy odpor prostredia ktoré¢ho hodnota
zavisi 1ba od vlastnosti prostredia (ry=c.p,)

z, =% [Nsm_3;rayl]
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Akusticky vykon

* pri Sireni zvukoveho vinenia
dochadza k posobeniu akustického - Ak akusticky tlak pdsobi na plochu

tlaku na plochu silou, ktora je dana Lustick
velkost'ou akustického tlaku a {,%,Y(%%n;)el;%%: bude pre akusticky
velkost’ou a tvarom uvazovane;j
plochy

» definicia akustického vykonu P =P S-v- COS(l// )

vychadza zo vSeobecnej definicie
vykonu v tvare skalarneho sucinu
vektorov sily a akustickej rychlosti,
t.].:

e v je uhol medzi normalou k ploche
S a vektorom akustickej rychlosti

» Ak akusticky tlak posobiaci na
plochu S sa spojito meni:

[W] PA:@dPAzﬁpA-v-cos(w)-dS

<!

P, =F-
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Akusticka intenzita

* mnozstvo energie, prechadzajuce za jednotku Casu cez

jednotku plochy, kolmej na smer Sirenia zvukove;
viny

* akusticku mtenzitu definuje akusticky vykon

prechadzajuci plochou S, orientovanou kolmo na smer
Sirenia akustickej energie:

dP, p,-v-dS
dS dS

I, =p,-V [Wm'z]
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Hladina akustického vykonu a intenzity

P
L, =10-log—2—=10-log(P,)+120  [W;dB]

A,ref

P, =10"W

[A

L, =10-log =10-log(/,)+120

A,ref

I,,,=10"" Wm”

28. februar 2008

If sound is increased
in intensity by a factor
of 10,000, what is the
change in decibels?

V

Decibels are
hased on the
power of 10

[, = 10,0001, 10/

Why the
factor of 107

[Wm'2 ;dB}

—

40dB

That makes it decibels.The change
would be 4 Bels {named after
Alexander Graham Bell).But 40 to 41
decibels is about the just noticeable
difference in sound intensity, This
makes the decibel a conveniently
sized unit.
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Akusticke tlaky a
hladiny
akustickych tlakov

28. februar 2008

Table 2-5. Some common sound-pressure levels and sound pressures.

Sound
Sound level*
pressure (decibels,
Sound Source (Pa) A-weighted)
Saturn rocket 100,000. 194
(one atmosphere)
Ram jet 2,000. 160
Propeller aircraft 200. 140
Threshold of pain 135
Riveter 20. 120
Heavy truck 2. 100
Noisy office, } 0.2 30
Heavy traffic
Conversational speech 0.02 60
Private office 50
Quiet residence 0.0002 40
Recording studio 30
Leaves rustling 0.0002 20
Hearing threshold, good ears at
frequency of maximum sensitivity 10
Hearing threshold, excellent
ears at frequency maximum
response 0.00002 0

* Reference pressure (take your pick, these are identical):
20 micropascal (nPa)
0.00002 pascal
2x107° newton/meter®
0.0002 dyne/cm?® or microbar
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Inverse square law

Assume that the close listenar Although the dB levels of the
hears both the low bass at 30 Hz two sounds will drop by the
and the midrange frequency 2000 Hz same amount, the loudness

at the same loudness of 80 phons. of the low fraquency drops
Because of the difference in hearing | By the inverse more than than of the high
sansitivity, the dB levels required square law, each | o0 1eney bacause of the ear's

are 30 Hz, 103 dB, 80 phons | Of theselevels | o imination against bass.

will drop by
ED'DG' H.ﬁ. ?E dB. 8':] p‘h':llﬂlﬁ ED dE at Eﬂa ﬂ 30 H?n a3 dH. 50 phons

- — 2000 Hz, 56 dB, 60 phons

20 oo — ~
4 d

Bass and treble perceived Bass perceived to be only half as
as equally loud. loud as the treble by the rule of thumb.

sphere area intensity at
4mre surface of sphere
source power
FI

The enargy twice as far from the
source is spread over four times
the area, hence one-fourth the intensity.
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Inverse square law

o
L
2
L 4
1 dE
1.0
0.9
08 4
0.7 4
= Front row At 10 times the
% 0.6 < intensity | distance, the same
E 05 4 Back row_1__ sound energy will
; - be spread over
intensit
% 0.4 + v 100 100 times the area,
Z 534 90-20=70dB adrop to 1/100
’ the intensity!
0.2 4
01 4
r
60m

Distance from point source
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Odbory akustiky

Fyzikalna akustika

— Nauka o vzniku a Sireni zvuku.

Fyziologicka akustika a psychoakustika

— Zaobera sa mechanizmom spracovania zvukového rozruchu sluchovym orgdnom, nervovym
systémom a interpretaciou zvukového obrazu mozgom ¢loveka (psychoakustika) a akustikou
hlasu a reci.

Priestorova akustika

— Riesnie akustickej kvality uzavretych priestorov s dorazom na optimalny tvar a vel'’kost’
priestoru (geometricka akustika) a pouzité materialy na jeho vystavbu a vybavenie (stavebna
akustika - nduka o pohlcovani zvuku a zvukovej izol4cii).

Vibroakustika
— Stadium hluku a vibrécii strojov a zariadeni.
Hydroakustika
— Studium $irenia zvuku v tekutinch a jeho praktické aplikacie (detekcia plavajucich objektov)

Elektroakustika

— Premena akustickych signédlov na elektricke, ich spracovanim a opdtovnou premenou na
signaly akustické - zvukovy (elektroakusticky) systém.
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Elektroakusticky systém

p(t.A)
w(t,\)

Akustické
pole

Z - Zdroj zvuku
P - Prijimatel’ zvuku

28. februar 2008

Akustické
pole

p(t,A)
w(t,\)

EMM

. (t,m)
Vi, (1,0)

AV

u.(t,m)
1.(t,0)

EMM

AP’- Akusticky prijimacd

AV - Akusticky vysielac

Prenosova cesta

EMM - Elektromechanicky menic




Typicke Casti elektroakustickeho
systému

e zdroj zvuku / prijimatel’ zvuku

« akustické pole (akusticky priestor)

« akusticky prijimac / akusticky vysielac
* elektromechanicky menic

* (elektrickd) prenosova cesta
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[ ]
/.dro1 zvuku 2 = e [ = e[ = et [ =] 2
pole 7
S
P(t) S B (2 uto) S
w(t,A) w(t,A) Vi (L) i,(t®) 2
=
Akustické 2
P =" |<=|AV|<=| EMM |=| &
Z - Zdroj zvuku AP’- Akusticky prijima¢
P - Prijimatel zvuku AV - Akusticky vysielad EMM - Elektromechanicky menié

* prirodzeny
» Clovek —rec, spev, neartikulované zvuky
* ostatné€ Zivé tvory (zvierata, ...)
 prirodn¢ javy (Sum listia, ider hromu, ...)
* umely (vyrobeny ¢lovekom)
* hudobné¢ nastroje

 stroje
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® r -
Akusticke pole z = || = |ap|= B =] 2
pole »
S
p(tA) p(tA) fin(t,0) u(to)
w(t) Wth)  vp(to) itw) | 2
=
Akustické o
P | <= pole <= |AVI|<=| EMM | <= o
| 4
e otvorene
Z - Zdroj zvuku AP’- Akusticky prijima¢
P - Prijimatel zvuku AV - Akusticky vysielad EMM - Elektromechanicky meni¢

— ulica, Stadion, ...

e zatvorene . s
e priestor, v ktorom sa Sir1

zvukove (akusticke)
vinenie

— malé (obyvacka,
nahravacie Studio, mensia

poslucharen, ...) _ o
— akusticke pole jediného

— velké (Sportova hala, zvukového zdroja

kostol, kongresova sala,

stani¢na budova, ...) — akusticke pole viacerych

zvukovych zdrojov —
princip superpozicie
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® /4 e oy \¥4
AKustické
Akusticky prijimac | z[= ||~ |ae[=|omm [=] ¢
)
p(th) p(tA) f,(t,w) U, (t,0) *g
w(t,A) w(t,A) Vi (t®) 1.(t,m) %
=
I cu
P ="k |<=AV|=|EMM |=| =&
4
([ J
realny Z - Zdroj zvuku AP’- Akusticky prijima¢
P - Prijimatel’ zvuku AV - Akusticky vysielaé EMM - Elektromechanicky meni¢
— membrana
— paska

* teoreticky
— nultého radu (bodovy prijimac)
— prvého radu
— druhého a vysSich radov
— rady a polia bodovych akustickych prijimacov
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Akusticke vysielaCe | z[=]su|=|sw]=]emm[=] ¢
p(t.A) p(tA) fn(to) u(t,m) ‘s

w(t,\) w(t,\) Vv (£,0) io(t,w) %

=

o reélne P|l<= Akustické = [AV]|<=| EMM | = E

pole

— mechanicke
. ., , . Z;Zdr.oj zvuk’.u . AP’- Akust?ck}:l priiimaé . ek -
» kmitajace telesa — ich povrchom sa prends&'kvitdnie dgokotitého prostregig s m«
— membrany, struny, ...

* ndrazy a trenie telies

— aerodynamické
* turbulentné pridenie vzduchu (vol'né resp. v trubici/Strbine)
 obtekanie telies pruidom vzduchu

* teoreticke (matematické modely)
— pulzujaca gula (bodovy vysielac, vysiela¢ nultého radu)
— akusticky dipdl (vysielac prveho radu)
— sférické vysielaCe druhého a vyssich radov
— rady a polia bodovych zdrojov

— priamkove, valcové a piestové vysielace
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Elektromechanicky menic

* podl'a fyzikalneho principu

¢1nnost1
— elektromagneticky
— elektrodynamicky Z |= | ikt | — |AP| = | EMM |=| =
pole »
— elektrostaticky . ) wto)| o
— piezoelektricky w(th) W) m(te) W) 2
=
— .. P | = Ak;f)ﬂfké = |AV|<=| EMM |<=| &
9
° pOdl a Smeru premeny Z - Zdroj zvuku AP’- Akusticky prijima¢

P - Prijimatel zvaku AV - Akusticky vysielaé EMM - Elektromechanicky menié&

energie
— jednosmerné (nereciprocne)

— obojsmern¢ (reciprocné)

28. februar 2008



Prenosova cesta

* obvody elektronickeho
spracovania

— zosilnovace
— efektove procesory
— AD/DA prevodniky

e Zaznamove systemy

e drotove a bezdrotove prenosove
cesty

* meracie pristroje

 riadiace a kontrolné obvody

28. februar 2008

7 | = Akustickeé | AP|= | EMM |= s

pole @

>

p(th) p(tA) fn(to) u(to) S

w(t,\) w(t\) Vo (L) i.(to) §

S

Akustické -

P|=|"e |<|AV|<=|EMM |<=| =
Z - Zdroj zvuku AP’- Akusticky prijima¢

P - Prijimatel zvuku AV - Akusticky vysiela¢

EMM - Elektromechanicky meni¢
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Prijimatel’ zvuku: Clovek

* sluchov¢ ustrojenstvo Cloveka — premena zvukového
vlnenia na nervove vzruchy (elektrické signaly) auditornych
nervov — fyziologicka akustika

* mozog — tvorba zvukoveého obrazu - psychoakustika

Akustické
P |l<= pole <= |AV|<=| EMM | <=

7 | = Akustické | AP|= | EMM |= =
pole @

1>}

p(tA) p(tA) fin(t0) u(to) S
w(t)) w(t,A) Vi () i.(to) §
=

)

=

=N

Z - Zdroj zvuku AP’- Akusticky prijima¢
P - Prijimatel zvuku AV - Akusticky vysielaé EMM - Elektromechanicky meni¢
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Subsystémy zvukoveho systému

Ozvucovaci/prizvu€ovaci systém
— sluazi na zédsobovanie ohrani¢eného priestoru zvukovym signalom v redlnom case
— ak je v ozvuCovanom priestore aj samotny zdroj zvuku, hovorime o prizvuc¢ovacom systéme.

Systém na reprodukciu zvuku
— zosiliuju zvukovy signdl zo zdznamového zariadenia alebo zo vzdialeného zdroja (bezdrétovy alebo
drétovy rozhlas);
Syntetizatoroveé systemy
— systémy s umelymi zdrojmi zvuku (hudobné a hlasové sysntetizatory)
— "speech privacy systems", ktoré slizia na maskovanie 'udskej re¢i Sumom
Pamaitové systémy
— zaznamove zvukove systémy vsetkych druhov
Meracie systémy

— elektroakustické meracie pristroje (ale aj metody merania), ktore sa pouzivajii na meranie parametrov
zvukového systému tak v jeho elektronickej ako aj akustickej casti

— moz1)1 byt prenosné alebo mézu byt stdlou sucastou zvukového systému (v jeho kontrolnej a riadiace]
Casti);
Riadiace a kontrolné subsystémy
— pouzivaju sa na kontrolu a riadenie inych Casti zvukového systému (napr. automatickd regulécia hlasitosti
ovladana hladinou Sumu v miestnosti, systémy na zamedzenie akustickej spitnej vizby apod.)
Komunikaéné subsystémy
— zabezpecuju prepojenie dvoch alebo viacerych lokalnych alebo vzdialenych (remote) zvukovych systémov

— (prepojenie dvoch konferenénych miestnosti, audio-konferencné systémy, prepojenie zvukovych stadii v
ramci lokalnej alebo rozl'ahlej pocitacovej siete a pod.).
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28.

Charakteristiky elektroakustického systému

« zvukové vilnenie ako signal a jeho charakteristiky
— Casovy priebeh signalu
— frekvenéné spektrum signalu
— nelinearne skreslenie
— dynamicky rozsah
— Statisticke charakteristiky (...)
» charakteristiky Ciastkovych komponentov (podsystémov) a celkova charakteristika systému
— 1mpedanc¢né charakteristiky (na vstupe a vystupe)

— prenosové charakteristiky
« amplitudové (magnitudova) frekvencna charakteristika
» fazova frekvencna charakteristika
» skupinové oneskorenie

— prechodova a charakteristika
— 1mpulzova odpoved
* 1né dolezité charakteristiky
— vlastnosti materialov (zvukova pohltivost’, vzduchova nepriezvucnost, ...)
— smerove charakteristiky ak. vysielaCov a prijimacov
— doba dozvuku a dozvukova vzdialenost’

februar 2008
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Amplitudova frekvencna charakteristika nizkotonoveho
reproduktora v zatvorenej ozvucnici

1. Sound Pressure of DERMOT, Lp [Phaze]

100

a4

63

52

36

20
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Hin=0.70"rmz, Distance=1m — H=307, =0
— H=0.%=0 —— H=R0", =0 akabak R
| ] .
L~ E_“‘—‘——H
20 50 100 200 A00 1k 2k Bk 10k 20k
Frequency Hz
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Amplitudova frekvencna charakteristika nizkotonoveho
reproduktora v zatvorenej ozvucnici

2. Sound Pressure of DEMOT, Amplitude [Phasze)
in=0.70" s, Distance=1m

Pa
nz2

016

01z

B0m

40m

28. februar 2008

— H=0.v=0 Alkdbalk [R]
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"\-\.‘\H

H‘m /_/'f_
'+E":I+ ot "N"{(" """"""""""" i """""""""""""""""
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Smerova charakteristika nizkotonového
reproduktora

4. Palar of DEMOT, Lp

Hin=0.70"rmz, Distance=1m — Hariz. f=AkHz
—— Hariz. f=1kHz Hariz. f=10kHz

AlAh

T qpr
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Casovy priebeh zvukového signalu pri merani doby

dozvuku
V=176 mV
a0 1/ Hand clap data
I V =S54mVy
—. 40 ; (
e .
E 0~ i
q | Ly T"
E - ‘h'l‘
S -40 ¢
T =75 msec
-&0 L ¢

E;t* 25 50 100 125 150
Time (milliseconcds)
TEI:SIT‘IE-E'C

Estimate of Reverberation Time = 0.4 sec
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Krivky rovnakej hlasitosti

120 | |

| Equal loudness in phons | J
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/ /
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. ukazuja rozdiel medzi hladinou akustického tlaku (intenzity) a spésobom jeho vnimania (percepcie) sluchovym ustrojenstvom ¢loveka

. uplatiluju sa aj pri technickom navrhu elektroakustickych zariadeni (fyziologické regulatory hlasitosti, moderné telefonne kodeky, kompresia
audiosignalov, ... )
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Test

» Ako sa nazyva kniha, ktoru napisal John William
Strutt, baron Rayleigh eSte v 19. storoci a je
povazovana za jedno zo zakladnych diel akustiky?

» AkY je zékladny rozdiel medzi pozdlZznou a prieénou
vinou?

» Vlnova diZka zvuku sa s rastacou frekvenciou:
— a) zvacSuje
— b) zmenSuje

— C) nemeni
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Recording Technology History

Origins (1877 — 1889)

Cylinder vs. Disc (1890 - 1918)

New Popular Music (1917 — 1929)

Electric Era Replaces Acoustic Era (1925 — 1931)
Music for the Masses (1933 — 1942)

Magnetic Tape Recording Invented (1928 — 1944)
Tape Recording Comes to America (1944 — 1948)
War of the Speeds (1948 — 1951)

Rock and Roll (1947 — 1956)

From Stereo to Cassette (1945 — 1969)

Video Tape Recording (1950 — 1989)

Digital Revolution (1982 - ...)
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In 1827, Sir Charles Wheatstone (1802-
1875) was the first person to coin the
phrase "microphone."

The word "microphone" comes from the
Greek words "micro", meaning "small",
and "phone" meaning "voice". It first
appeared 1n a dictionary in 1683 as "an
instrument by which small sounds are
intensified". This was 1n reference to
acoustical hearing devices such as the ear
trumpets and megaphones of that era.

In 1876, Emile Berliner invented the first
microphone (/iguid transmitter) used as a
telephone voice transmitter in Bell
Company telephone.

Invented in 1878, David Hughes's (1831-
1900) carbon microphone was the early
model for the various carbon
microphones now in use.
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The first capacitor microphone (and
associated impedance
converter/amplifier set) was
developed by EC. Wente in 1917,
based on work at Bell Laboratories
in America.

The condenser microphone required
an amplifier enclosure, containing a
vacuum tube amplifier very close to
the microphone element in order to
amplifiy the faint signal to a more
distant phonograph pickup or radio
transmitter.
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Electromagnetic microphones (moving coil, moving iron and ribbons)
were relatively late on the scene because permanent magnets were very
weak and only electromagnets could create sufficient flux densities. As
a consequence, the first moving coil microphones were very large and
required power supplies! The Marconi-Sykes magnetophone
(developed from a patent by Sykes in 1920) was the first design to
become popular and was adopted by the BBC in 1923, where it was
known as the 'Meat Safe'.
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The moving-coil, or "dynamic" microphone was developed
by W. C. Wente and A. C. Thuras at Bell Labs in the late
1920's, and was patented in 1931. Unlike the earlier
condenser design with a fixed plate behind the vibrating
diaphragm, this microphone used a wire coil behind the
diaphragm that moved with a "velocity" independent of the
sound frequency. The sensitivity of the voltage output
depended on the resistance, or "impedance" of the moving
coil system. A low impedance of 30 ohms allowed
transmission over a long cables without loss of quality. The
model 618A was unidirectional and the later model 630A was
omnidirectional with a frequency response of 30-15,000 Hz.
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The ribbon, or "velocity" microphone was introduced by RCA in 1931 as the model
44A and became one of the most widely used microphones in vocal recording. It
used a small ribbon 2 inches (50 mm) long and 2.4 mm wide that moved inside a
magnetic field according to the difference in sound pressure on each side of the
ribbon. The velocity of the moving ribbon was independent of the sound frequency,
producing a high-impedance signal. The mic was bidirectional with a pickup pattern
like a figure-8, toward the front and back, eliminating unwanted noise from the sides.
The advantages of high sensitivity and dlrectlonahty made it ideal for "crooners" like
Bing Crosby. The disadvantage of large size with a weight of over 8 1bs made it
suitable only for fixed locations such as the recording studio or movie sound stage.
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Reproduktor

Baffle
mbram.
Voice Current [ - of 005"
Copper Spool Hea.d Coil Rubbes

///”7/7 T4

8

Ccnte.r'mg Emg
Guide

/////// K %Tm

Fncld Winding

Felt Buffer 1
Conical Paper Diaphragm ;!'

b

» The research paper in 1925 by Chester W. Rice and Edward W. Kellogg at General
Electric was important in establishing the basic principle of the direct-radiator
loudspeaker with a small coil-driven mass-controlled diaphragm in a baffle with a
broad midfrequency range of uniform response. Edward Wente at Bell Labs had
independently discovered this same principle, filed patent No. 1,812,389 Apr. 1,
1925, granted June 30, 1931. The Rice-Kellogg paper also published an amplifier
design that was important in boosting the power transmitted to loudspeakers. In 1926,
RCA used this design in the Radiola line of a.c. powered radios.
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July 26, 1932. A. L. THURAS 1,869,178

" SOUND TRANSLATING DEVICE
aS I e e :( Filed Aug. 15, 1930 3 Sheets-Sheet 1

* 1930 - Albert L. Thuras filed
patent No. 1,869,178 on Aug.
15, 1930, granted July 26, 1932,
for the bass-reflex principle
while working at Bell Labs.
Early cabinets used a passive
baffle to direct sound to the
front, allowing the back of the
cabinet to be open for the low
sounds. The bass-reflex
enclosure kept the low-
frequency sounds from being
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Kochlearny implantat

» Zvuky prostredia a zvuky reci st
zachytené mikrofonom, odkial’ sa
informacia po kabliku odosiela do
re¢ového procesora.

» RecCovy procesor vybera a koduje
zvuky tak, aby sa informacie o
charakterlstlkach prenaSan¢ho zvuku
¢o najvernejSie premenili na
elektrické stimuly.

» Z reCoveho procesora je kodovany
signal odoslany do vysielacej cievky a
odtial’ sa cez kozu pomocou
elektromagnetlckych vin vysiela do
prijimaca.

* Prijimac meni kddovane¢ signaly na
bifazické pradové elektricke impulzy.
Elektrickeé impulzy st vysielané k
elektrodam tak, aby stimulovali
sluchové nervove vlakna.

* Mozog rozoznava signaly ako
sluchové vnemy.
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