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netopyru mechanickym vinénim

0 vyssi nez slysitelné frekvenci Vzduch 330
Mechanické vinéni, f >20kHz Destilovana voda 1480
(v praxi k diagnostice 2-18MHz) Sklivec 1532
Y 4 V 4 v 7’ 7 \"4 I V4 V4 J,t 1550
Podélné (zahustovani a zredovani) atre
Pricné (pruzné pevné latky, povrchy Meékké tkané 1550
kapalin
P ) Ledviny 1560
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Piezoelektricky jev
SAMOQSIUDIM. 2020 SAMOSTUDIU

- schopnost krystalu generovat elektrické napéti pri jeho
deformovani (pouze krystaly, které nemaji stred symetri

neprimy piezoelektricky jev
. deformace krystalu ve vnéjsim elektrickem poli
. (Elektrostrikce...)

Deformaci se ionty opacnych naboju posunou

v krystalové mrizce tak, ze elektricka tézisté zapornych
a kladnych iontu, ktera se v nezdeformovaném krystalu
nachazeji ve stejném bode, se od sebe vzdali. Na urcitych plochach
Krystalu se obUM elektrlcky nabo

SAMOSTUDIUM 2020 SAMOSTUDIU




Sonar
SAMOSTIUDIUM.: 2020 SAMOSTUDIU

1914

Aktivni sonar odraZen4 vina
: r; N \x \f/ \ )
Pulse-echo princip t ANANANAAAA A
I\
rrrrr RIRE o
||||| . 1!
vystag N/ S e . Ly Jonkek
”hydrophoneu PFij 1‘ ) I A '.‘L \y ‘1/ ‘} J o
S/ N
piivo

SAMOSTUDIUM 2020 SAMOSTUDIU




Ultrazvuk v praxi
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detekce vad kovovych materialu
,supersonic reflectoscope”

F. A. FIRESTONE 2,458,771

SUPERSONIC REFLECTOSCOFE

-

Jan. 11, 1949.

Filed March 15, 1943 2 Sheets-Sheet 1

THE JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA

VOLUME 17, NUMBER 3 JANUARY, 1946

The Supersonic Reflectoscope, an Instrument for Inspecting the Interior of Solid
Parts by Means of Sound Waves

Froyp A. FIRESTONE®
Departments of Physics and Engineering Research, Universily of Michigan, Ann Arbor, Michigan
(Received August 6, 1945)

HE supersonic reflectoscope is an instru-

ment for the measurement or non-destruc-
tive testing of solid parts for flaws, by sending
supersonic sound waves into the part and ob-
serving reflections from the boundaries of the
part or from flaws within it. The reflectoscope
has been developed at the University of Michigan
in a research program which has continued for
several years.

Figure 1 illustrates the principle of the reflecto-
scope as applied to the inspection of a block of
metal. A quartz crystal makes effective contact
with the work through a thin film of oil which is
squirted onto the surface of the work. The upper
and lower faces of the crystal are provided with

|-,.,-.-—Il'il U‘l?l'”

FiG. 1. Principle of the su reflec - A
c'g.l_a.ru crystal making contact with the work through a
in film of oil sends into the work a wave group consisting
of just a few sound wawves of short wave-length. This wave
roup is from the side of the work most distant
rom the crystal, and upon striking the crystal generatesin it
avolt&get time of arrival is indi on a cathode-
:&- oscilloscope. The flaw is detected by the fact that it
ects a part of the wave group back to the erystal and
this reflection arrives at the Tul before the reflection
from the distant side of the wor

* Consultant to Sperry Products, Inc., Hoboken, New
Jersey.

conductive coatings and the crystal has the
property that when an oscillatory wvoltage is
applied between these coatings the crystal grows
thicker and thinner in synchronism with the
electrical oscillations. This causes the lower face
of the crystal to vibrate and thereby radiate
sound waves through the oil film into the work.
By proper choice of the thickness of the crystal,
it will give a thickness resonance and corre-
spondingly increase the strength of the sound
waves radiated. The sound waves are not radi-
ated continuously but only for a short time
interval; typical operation would consist in
applying 500 volts to the crystal at a frequency
of 5 me (5 million cycles per second) for 1
microsecond (1 millionth of a second). Thus a
group of only 5 waves is radiated, the wave-

Fi16. 2a. Type A supersonic reflectoscope.
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Prukopnici v mediciné
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George Ludwig — 1949 (lokalizace zlucovych kamenu, rychlost sSifeni UZ)
John Julian Wild - 1950 (ileus) A-mdd

Douglas Howry - 1949 B-madd skener (somaskop)

lan Donald - 1958 (gynekologie) A-mdod, B-maod

Inge Edler a Carl Hellmuth Hertz 1954 -M- mod echokardiografie
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Karl Theodore Dussik

Weitere Ergebnisse der Ultraschalluntersuchung
bei Gehirnerkrankungen.

Von
Karl Theo Dussik, Bad Ischl
Mit 13 Textabbildungen.

Eetal o bd
<=

|

K.arl Theo (Theadore) Dussik
1908 - 1968

The hyperphonogram was thought
to depict the ventricles

T1 -- ultrasonic generator, Q1-- transmitter, Q2 -- receiver, T2 -- converter
amplifier, W -- waterbath,
L -- light, P -- photographic/ heat-sensitive paper *
*from "Ultraschall" by Lieselott Herforth and Herbert Winter. B.G. Teubner

Verlagsgesellschaft, Leipzig, 1958. ) I U
N - - o W F W - .



George Doring Ludwig

THE JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA VOLUME 22, NUMBER 6 NOVEMBER, 1950

The Velocity of Sound through Tissues and the Acoustic Impedance of Tissues

GeorGge D. Luvpwic*
Nawval Medical Research Institute, Bethesda, Maryland

(Received August 11, 1950)

The velocity of sound through various animal organ tissues and through living human tissues is measured.
using an ultrasonic pulse method, at 1.25 and 2.5 Mec. The effect of anisotropy (fiber direction) an velocity
determined with beef muscle. Values obtained with the heam traversing the tissue perpendicularly to the lon @pﬂj Uktrasonie Locator
axis of the muscle bundles do not differ significantly from those found with the energy directed parallel wit i
the muscle fibers. :

Velocity through living human tissues, consisting mostly of muscle, is measured by transmitting th
ultrasound through various thicknesses of the arm, leg, and thigh. . TALT

Specific gravities of the tissues are measured. The characteristic acoustic impedances (pc values), calet i morisarer ot e o
lated from the density and velocity data, vary between 1.5X10% and 1.7X10% g/cm?/sec. The imaginar =~ =¥ :
component of tissue impedance is calculated and found to be negligible at the frequencies at which thes i fegnoy st tos svemt ntceting
measurements are made. e 2 BT s s

research as a diagnostic tool to supploment the
Xeray. A sound beam of high frequency is quite
directional, traveling through tissue in a narrow
beam. Every time this beam encounters an
object of different acoustic properties, a portion
of the energy will be reflected, the amount of

MIODEL P/W-250

reflection being a function of the difference in
. 1o T T T T the density of and velocity of sound in the two
“ media. By detecting and measuring the reflected
2 LeLEG 1R energy, or echo, informatian on the position and,
S sof- a1 ARM (RU) ta some extent, the nature of inhomogenieties in
w ¢ THIGH [RUY the path of the beam can be obtained. This bodies in which the sound velocity differs as well.
@ . LEG (a8 principle is widsly used for the dotoction of flaws  In certain wses, e.g. ghss in tissue, the Xay
S sl : : ?::; . : .‘"'2: in metals, welds and machined products, will show nothing, whereas a measurable reflec-
o 2. LEG (Gl % Ry tion of ultrasonic energy can be detected from
3 o LEC lr. - . -rays =I" sensitive to density changes ouly, such objects. Furthermore, by measuring the
2 .l urgrm lou) whereas ultrasomics ean distinguish  between time delay of the echo signal quantitative data
z 7L THGH o are obtained on the depths of the reflecting
") &« ARM (T.CH objects.
= » £ THIGH (TG}
= ok o u ARM (ML) Figure 1 shows one method of operation. It
c has been found that a pulsc system is best
z . adapted for work of this sort, that is, short bursts
S ok % N of acoustic encrgy, only a few milliouths of a
@ second in duration, are sent out by the probe at
] rapid intervals, and the “echaes” are reccived by
g ol MEAN VELOCITY » 1540 MsSEC. (379G} ] the same probe in the intervals between ﬂ\:;
e RANGE * 1490 70 1610 M/SEC. transmitted pulses. This is similar in aperation to
a the sadio frequency analogy, radar. The transe
& L . . . . . ) ) mitted and received pulses show up on the
: i .
o oscilloscape screen as vertical “pips” above a
a 1 2 3 4 5 & 7 ] 4 [ [ horizontal Lase line, the distance, d, from the
transmitted pulse to the return echoes being pro-
THIGKNESS OF TISSUE IN GENTIMETERS portional to'the depth under the surface of the
reflecting body, is shown in Figure 2. A rough

F1e. 4. Transmission time 5. thickness for living human tissue
consisting principally of muscle. The line is the best straight-line fit

SAVIUI1UVIUM 20zu SAMOSTUDIU



John Julian Wild

Application of Echo-Ranging Techniques to
the Determination of Structure of Biological

Tissues'

John J. Wild and John M. Reid®®
Department of Electrical Engineering, University of Minnesota, Minneapolis

IHE RESULTE OF PRELIMINARY

BTUDIES on the use of a narrow beam of

15 megaeyele pulsed ultrasonie energy for

the examination of the histologieal strueture
of tisanes have heen sufficiently eneouraging to war-
rant the development of the apparatus that is the
subject of this report,

Wherens the initin]l method of examination of fis-
sues gave records of histologies] strueture in one
dimension analogous to a needle hiopsy, the methed
to be degoribed was designed to give a two-dimensional
picture such s would be obtained by adding up the

1Thiz imvestigntion wns sapported by & resenrch grang
from the Matonnl Capoer Inatitute of the Notlonal Institutes
of Health, UBFHE,

2%We wish to thook Mauriee B, Visscher, head of the De-
partment of Phy=lology, and HMeney . Hartlg, head of the
Department of Electrlenl Engineering, University of Minne-
aota, for thelr help and suggestions In the preparation of this
communication, partienlarly In regard to the section on ter-
Elnlogy.

3 Formerly of the Department- of Burgery, Unlveralty of
Minnesotn Medbeal Behool, Minneapolls.
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information from a series of needle biopsies taken in
one plane across a given piece of tissue, Buch differ-
entiation of soft tissue structure is withoul precedent
in the biological fleld, Theoretically it was thought
pogsible to record soft tissue strueture by tracing
the information obtained from a sound beam sweep-
ing through the tizsuez onto a flnorescent television
sereen. Thus, a tumor eould be detected in aoft tisanes,
provided the echoes returning from the tumeor differed
from the echoes returning from the tissne of origin
of the tumor. Differences of suofflcient magmitude ob-
tained from the needle biopsy methed of examination
have already been demonstrated in the pilot stodies
reported elsewhere (1—4). The initial studics eovered
a variety of ecommon tnmors arising in the homan
stomach, brain, and breast. Work aubsequent to these
studies has econfirmed the findings on & larger and

wider seale,

Definition of terma. [t 18 necessary to introduee some
new words in order to malke it possible to deeeribe the

Boremce, Vol 115

F1G. 3. The complete echographic apparatus as used In hos-
pital. The unidimensional echoscope can be seen clamped to
a stand on the right, connected to the transmitter-recelver
unit. The eathode-ray screen with the camera in the record-
ing position is to the left on the table,

John J Wild ¢ 1953

Tissue

Water

stal
%T\ynmher

Crystal

Fic., 2. Crosg section of cryetal chamber and tissue under
examination (top) and a typleal unidimensional echogram
obtained from the arrangement (bottom).
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Douglass Howry

THE ULTRASONIC VISUALIZATION OF CARCINOMA
OF THE BREAST AND OTHERSOFT-TISSUE STRUCTURES

L DoucrLass H. Howry, M.D., DorOTHY A. STOTT, M.D., AND W. RODERIC BLISS, B.S.

E HAVE PREVIOUSLY REPORTED!® 11 on the of sound is transferred into an electrical sig-

development of an original ultrasonic in- nal that is amplified and bresented as a single
strument that makes possible th L 3
of numerous soft-tissue structur
bodies that cannot be demonst
roentgenographic methods. Ow
is to report on the in vitro app
instrument for the visualization
malignant tumors, the determ
extent of tumor involvement
other structures, and the localiz

.......

MEDICINE

Douglass Howry, late 1960s

tases in distant sites. Puafse
|Eeneryfor]
Fic. 3. Somagram of kidney specimen. A, Wall of o ] poplifn J)
cyst: B, homogeneous fluid; C, sonic reflector behind

cyst; D, attached perirenal fat; E, kidney surface; F,
calyxes and blood vessels; G, deep surface of kidney and
perirenal fat.

Ultrasouna
arr: Ganerator

SOUND-WAVE PORTRAIT IN THE FLESH

A M Z Z ‘ Fic. 1. Diagram of somascope scanning tissue specimen.
W sonarlike device produces pictores of the human body's solt tissees which are invisible to X-rays I ' l v U l v



SURGEON-PERFORMED ULTRASOUND 0039-6109/98 $8.00 + .00

THE HISTORY OF ULTRASOUND

! Paul G. Newman, MD, and Grace S. Rozycki, MD, FACS D I U
[

Blow, bugie, blow! Set the wild echoes flying!
Blow, bugle, blow! Answer echoes! dying, dying, dying.

ALFRED LORD TENNYSON

http://www.ob-ultrasound.net/historyl.html

A short History of the development of
Ultrasound in Obstetrics and
Gynecology

Dr. Joseph Woo

Vidoson 635, Siemens [Part 1176 [Part2][Part3] [Site Index]
’

Prvni B-mod v redlném case komercné

d 5 The story of the development of ultrasound applications in medicine should probably start with the
history of measuring distance under water using sound waves. The term SONAR refers to Sound
Navigation and Ranging. Ultrasound scanners can be regarded as a form of 'medical’ Sonar.
-_— mE W §F W W e -
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Sifeni ultrazvuku prostfednim
SAMOSTUDIUM 2020 SAMOSTUDIU

* narozhrani dvou prostredi s vyrazné rozdilnou impedanci

* rozptyl

* na mikroskopickych rozhranich, jejichz velikost je mensi nez vinova délka vysilaného
ultrazvuku

e ohyb, lom
* na rozhrani dvou prostredi, kdyz vinéni
nedopada kolmo (vznik UZ artefakt)

* absorpce
e postupna ztrata energie pfri prichodu
prostfednim (formou tepelné energie) | ) prostfedi
s vysokd impedance
 roste s frekvenci a hustotou

SAMOSTUDIUM 2020 R




Principy ultrazvukoveho zobrazovani

SA MQSTlitBI U\Mna rzoa@rostfedm'SAMDSTU DI U

akustickou impedanci
e Cas a intenzita

e Akusticka impedance - odpor, ktery klade prostredi ultrazvuku
* Rozhodujici veliCina pri odrazu a lomu UZ vin na akustickych rozhranich

SAMOSTUDIUM 2020 SAMOSTUDIU



Moznosti rekonstrukce obrazu

SAMOSGIIIUM 2020

* jednorozmerny UZ paprsek
* B mad (Brightness)
e 2D zobrazeni v realném case
* Horizontalni poloha — smeér odrazu
* VVertikalni poloha — ¢as resp. hloubka
* Jas — intenzita odrazu Fie. 30)—Two_picl uitrasonagrams of norml human brs.

case |. The saturated pe ktothel ftis en by the rubber membrane
° o n the Itra son ograph The peak to th ghti an a rtefact nherent
(3D, 4D)

n the machine and is considered to be due to ** ringing ** of the pulses

{9)

®) §

within the apparatus. MNote that almost no echoas are re!:urned:fram

Y M m 6 d (M Oti On) the base-line between the two * landmarks.”

Fig. S(b)—‘l'wn epresentative ultrasonograms of carcinoma of breast
As in Fig. 5(a) the two ** landmarks ’’ can be seen. The tong return

v 7 7 v signa l iigfornth base-line indicate echoe ing from the
* Jednorozmerny B-maod + cas cumour

SAMOSTUDIUM 2020 SNVIUS‘TUDIU
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Doppleruv

jev

SAMOSLUJDILME:s 2020

Priblizuje-li se zdroj zvuku o konstantni vysce (frekvenci) tonu smérem
k pozorovateli, vnima pozorovatel vysku tonu vyssi, rozdil mezi
frekvencemi zalezi na rychlosti pohybu.

STUDIU

* velikost frekvenéniho posuvu je pfimo umeérna frekvenci, rychlosti krevniho toku a kosinu uhlu,

ktery svira smér UZ vin a tok krve
* kriticka mez nad 60°

Qf_Z]O\/COSI
SAM__._.C_..

1
0.5
0
-0.5

-1
o

yik

2m -3n/2

T

¥

-27 - -t -n/2 0 7w/2 mw 3n/2 2n
-360° -270° -180° -90° 90° 180° 270° 360° rU DI U
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Dopplerovske

techniky
SAMOQSILDRIUM 2020

e kontinudlni nosnou vinou (CW)
* nelze urcit hloubka, ze které signal prichazi

Pulzni doppler
- jeden elektroakusticky meénic, ktery stridave
ultrazvukové vinéni vysila a prijima
- doba mezi vyslanim a prijmem ultrazvukového impulzu je umérna
vzdalenosti cévy od ultrazvukové sondy
- umoznuje zaznam rychlostniho spektra toku krve v céve

SAMOSTUDIUM 2020 SAMOSTUDIU



Barevny doppler

* v B-obrazu je definovana vysec, ze které je dopplerovska informaceo
rychlosti a sméru toku analyzovana a zobrazena v podobé barevnych pixelu

SAMIOSTUDIUM 2020 SAMOSTUDIU

e Graf zavislosti rychlosti na Case
Duplexni

* kombinace dvojrozmérného dynamického zobrazeni (B-mode) a pulsniho
dopplerovského méreni

Triplexni
* kombinace B zobrazeni se spektralni krivkou a barevnym dopplerem

SAMOSTUDIUM 2020 SAMOSTUDIU
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 zobrazuje celou energii dopplerovského signalu
* Umeérna plose vymezené spektralni krivkou

o
N
&
= | _
| el AHEme
|
T
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Spektralni zaznam z o
Barevny mod

SAMOSTUDItIVI  2@26 ElaV]

FN Brno L9-3/Vasc Ven

FR 18Hz
R1

cny/s || -2-5%%
, M A r1 C 50
| ' ‘ | ow
| | | | , | G Right
20__,11 I | | | | |. en g
| ‘ | | 57%
| | | 1500Hz
| 1 ‘ 1 WF 52Hz
I '_ ‘ | 1 i Med
10— | ' I | | ||

8M |

Spolecné

SAMOSTUDIUM 2




Triplexni zobrazeni Power doppler

Vasc Carotid TJSO.Z MI 0.5 PHILIPS TIS0.1 MI 0.5

IE;Ei-zs 60° 4 - : _— FN Brno L12-5/MSK Gen

2 - +57.¢ FR 10Hz

=" . RP
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73% B S EDV 238cmis| 2B —— -7 :

S R 0 MDV -163cmis|  oon T -
HGen = e RI 0.80 P Med - —
s AT 78 ms ey 3, e - St

5 CPA P s O " *‘*e'

l -;8 85% Al Y . .v . .
] 500Hz ,

3 /S \WF 47Hz
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Bezpecnost ultrazvukoveho vysetrovani
SA‘MIQ&TlUD(I\UM 2020 TIS0.3 MI 1.1

* s kavitaci spojene bioefekty L9-3/Vasc Ven
M2 M3
e Zavisi na akustickém tlaku a frekvenci .-'-14.4
p— 39 -
* MI<1,9 53
— 61
66

72

Tepelny index (TI)
e pomer aktualniho vykonu k hodnoté ktera by zvysila teplotu o 1°C
e TIS — , soft tissue® TIB — ,,bone”, TIC — , cranial bone”
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Doppleruv jev
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Zdroj dopplerovskeho posunu
SAMOQSTUDUNM 2020 SAMAOQSTUDIU

SAMOSTUDIUM 2020 SAMOSTUDIU



Matematicky zaklad
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Pulzni doppler
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Barevny doppler
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Energeticky doppler
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Prakticka nastaveni dopplerovského

ultrazvuku
SANMOSTLIDIU

SAMOSTUDIU
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"I love hearing that lonesome wail of

the train whistle as the magnitude of

the frequency of the wave changes J
due to the Doppler effect.”
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