ZVUK a Jeho vlastnosti




Zvuk stivisi s nasim zmyslom pocutia. Suvisi s fyziologiou nasich
usi a s tym, ako ndS mozog interpretuje vzruch prichadzajuci k nasm
usSiam — teda s neurol 6giou. Pojem zvuk tiez vyjadruje fyzikany
vzruch, ktory vyvolavav nasich usiach pocutie. Tymto vzruchom je
pozdiZzne mechanické vinenie prostredia.

Ked’ rozpravame o zvuku, musime mat’ namysli zdroj zvuku,
prostredie, v ktorom sa zvuk Siri a detektor zvuku. Zdrojom zvuku je
kmitajUce teleso. Prostredim je zvyc¢ane vzduch, ale samozregme
zvuk sasiri g v inych prostrediach. Zvuk na svoje Sirenie potrebuje
prostredie a napriklad rinciaci zvoncek umiestneny v naédobe, z ktorej
sme vycerpali vzduch, nepocut’. Detektorom je zvycéa ne nase ucho,
alebo mikrofon.




Hlasitost’ a vySka zvuku

Posluchac si uvedomuje najméa dva aspekty zvuku, a to
hlasitost’ a vysku.

Oba tieto aspekty odpovedaju pocitom vo vedomi posluchaca a
zaroven odpovedaju meratelnym fyzikalnym veli¢Cinam.

Hlasitost’ odpoveda energii prenasanej zvukom. Na tomto
mieste sa je] nebudeme venovat.

VySka zvuku nam urcuje, Ci je zvuk vysoky, ako napriklad zvuk
violy, alebo nizky, ako napriklad zvuk basy. Fyzikalnou
veli¢inou odpovedajucou vyske zvuku je frekvencia zvuku.
Niz3ej frekvencii odpoveda nizsia vyska zvuku. Clovek poduje
pozdizne mechanické vinenie, ak méa dostatoént amplitidu a
ak ma frekvenciu z intervalu od 20 Hz do 20 kHz. U starSich
fudi klesa horna hranica frekvencie az kul0 kHz.




Zvuk jeibavel'mi zriedkavo ¢istym harmonickym vinenim. Zvyc¢ane
je zvuk vel'mi komplikovanym vinenim. Podobne, ako sme skladali
dve vinenia, mozno kazde periodicke vinenie rozlozit’ na harmonickeé
vinenia. Pri rozkladani dostaneme viac harmonickych vineni s
roznymi frekvenciami.

Vysku tonu uréuje v tomto pripade najnizSa frekvencia, ktor
nazyvame g zakladna frekvencia.

PozdiZne mechanické vinenia s frekvenciami nad 20 kHz nazyvame
ultrazvuk. Niektoré zvierata ultrazvuk pocuju, napriklad psy pocuju
az do 50 kHz, netopiere az do 100 kHz. Ultrazvuk ma Siroke vyuzitie.
Mdbzeme sa s nim stretntt’ v medicine, napriklad pri pozorovani este
nenarodenych deti, v klenotnictve, kde ho pouzivaju na cistenie
Sperkov. Pouziva sa aj v niektorych fotoaparatoch na
automatické zaostrovanie.
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Thetransducer emitsinaudible sound waves, which fan
out asthey travel through your abdomen. When they hit
dense structureslikethe fetus and the wall of your

uter us, the sound waves bounce back to the transducer
and aretrandated into a visual image by the computer.




What is Ultrasound?

Ultrasound image of a growing fetus (approximately 12 weeks old) inside a
mother'suterus. Thisisa side view of the baby, showing (right to left) the
head, neck, torso and legs.

In ultrasound, the following events happen:

The ultrasound machine transmits high-frequency (1 to 5 megahertz) sound
pulsesinto your body using a probe.

The sound waves travel into your body and hit a boundary between tissues
(e.g. between fluid and soft tissue, soft tissue and bone).

Some of the sound waves get reflected back to the probe, while some travel
on further until they reach another boundary and get reflected.

Thereflected waves are picked up by the probe and relayed to the machine.

The machine calculates the distance from the probe to the tissue or organ
(boundaries) using the speed of sound in tissue (5,005 ft/s or1,540 m/s)
and the time of the each echo'sreturn (usually on the order of millionths
of a second).

The machine displays the distances and intensities of the echoes on the
screen, forming a two dimensional image like the one shown below.

In atypical ultrasound, millions of pulses and echoes are sent and received each
second. The probe can be moved along the surface of the body and angled to
obtain various views.




NICE NANCY 1832905 gE/ER/AQ 15 32 58
REX OB/ GYM GA(LAPI=12820 MTZ6. 5§
Mapd r

-EE

CRUE. 56cm 12RED+4D g2/14/01
CRL &6 '56cw 1ZREDL4D B2/14/81
xCRL 6. B5cm 13W10+4D p2r127581




Different Types of Ultrasound
Photo courtesy Philips Research
3-D ultrasound images -T he ultrasound that we ha-ve described
so far presents a two-dimensional image, or " dice," of athree-
dimensional object (fetus, organ). Two other types of ultras-ound
arecurrently in use, 3-D ultrasound imaging and Doppler
ultrasound.
In the past several years, ultrasound machines capable of three-
dimensional imaging have been developed. | n these machines,
several two-dimensional images are acquired by moving the
probes across the body surface or rotating inserted probes. The
two-dimensional scans arethen combined by specialized
computer softwareto form 3-D images. £
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3-D imaging allows you to get a better look at the organ being examined
and is best used for:
Early detection of cancerous and benign tumors

examining the prostate gland for early detection of tumors

looking for massesin the colon and rectum

detecting breast lesionsfor possible biopsies
Visualizing a fetus to assess its development, especially for observing
abnormal development of the face and limbs
Visualizing blood flow in wvarious organs or a fetus
-Doppler ultrasound is based upon the Doppler Effect. When the object
reflecting the ultrasound waves is moving, it changes the frequency of
the echoes, creating a higher frequency if it is moving toward the probe
and a lower frequency if it is moving away from the probe. How much
the frequency is changed depends upon how fast the object is moving.
Doppler ultrasound measures the change in frequency of the echoes to
calculate how fast an object is moving. Doppler ultrasound has been
used mostly to measure the rate of blood flow through the heart and
major arteries.




PozdiZne mechanické vinenia s frekvenciami niz$imi ako 20Hz
sa nazyvaju infrazvuk. Zdrojmi su napriklad kmitajuce casti

niektorych strojov. Napriek tomu, ze ich nepoCujeme, mozu byt
nebezpecne, najma ak rezonuju s niektorou ¢astou nasho tela.




Rychlost’ zvuku

Vo vSeobecnosti mozno povedat, ze rychlost zvuku zavisi od
pruznosti a hustoty prostredia.

Rychlost’ zvuku vo vzduchu pri normalnom tlaku a pri teplote
0°C je 331 m - s—1. So stupajucou teplotou rychlost” zvuku vo
vzduchu stupa, priblizne podla rovnice v = 331 + 0,61t, kde t je

teplota v °C.




Priklad

Trubica organu vydava zvuk s frekvenciou 224 Hz pri teplote 22 °C.
Aka bude frekvencia zvuku tgto trubice pri teplote 15°C ak
predpokladame, Ze diZka trubice sa nezmenila?

Riesenie

VInova dizka vinenia zavisi iba od dizky trubice, a teda sa nezmeni.
Ak pouzijeme vzt'ah

A =V/f , dostanemev,/f; = v,/ T,

az toho f,= 224 (331+0.61 x 15) / (331+0.61 x 22) = 221 Hz

V kvapalnych a pevnych latkach st vazby medzi atomami siingjSie,
apreto jerychlost’ zvuku v tychto latkach ovel'avacsia. Napriklad
rychlost’

zvuku vo vode je priblizne 1 500 ms-1 a

v oceli priblizne 5000 ms—1.




Témy nareferat:

1. Princip fungovania ultrazvuku.

2. Cojeto farby zvuku?

3. Vysvetlite pojem polyfonia.

4. Vysvetlite princip fungovania sonaru.



