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What is Sound ?

@chanical and Longitudinal waves wave T
@an fransfer a distance using a media.
Cannot travel through Vacuum.




What is Ultrasound?

ifrasound is a mechanical, longitug

Wave with a frequency exceeding the
upper limit of human hearing, which is
20,000 Hz or 20 kHz.

Typically at 2 - 20 Mhz.

yerage speed of ultrasound in bog



asic Ultrasound Physics
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How

Ultrasound
Works
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Piezoelectric Effect of

JiTrasound
1. Electrical Energy
B-8@ converted to Sound waves

Sound waves are

2d by tissues _@ B
=

flected Sound waves are conve
| signals and later to Im
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Pulse-Echo Method Zﬁ e

jound transducer produces  _ vcv
5" of ultrasound waves =

se waves travel within the body and int

i various fissues
‘reflected waves return fo the transdu
ire processed by the ultrasound machi
iage which represents these reflect
i on the monitor |




Interactions of Ultrasound with




Reflection

Sat a boundary between 2 «
jes or media

e amount of reflection depends on

hoes

Z=Density x Va’_‘_

Transducer |

-







Transmission

...

fintes deeper into the body

lese waves will reflect from deeper fiss

ructures
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Transducer



Attenuation
per the wave travels in the bo

er it becomes

b amplitude of the wave decreases wit

easing depth



less Rosolution

The Longer it trave ls the more

. Attenuation ,
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bFluid - Low AC - allow Wave to pass
‘* AC - will block



Echogenicity (caused by
Reflection)

Hypeo- Echoic




Ultrasound Transducers

Can be used both to transmit & receive ultrasound

Transducer housing

Acoustic absorber
acking block

1ezoelectric crystal

Matching layer




Probes_] ‘

_Eisldealtomvitchbetween(}eneml, High and low ,‘..’r |
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Imaging Planes







A-mode: A-mode is the simplest type of ultrasound. A single
transducer scans a line through the body with the echoes plotted
on screen as a function of depth. Therapeutic ultrasound aimed

at a specific tumor or calculus is also A-mode, to allow for
dinpoint accurate focus of the destructive wave energy.




B-mode: In B-mode ultrasound, a linear array of transducers
simultaneously scans a plane through the body that can be
viewed as a two-dimensional image on screen.

M-mode: M stands for moftion. In m-mode a rapid sequence of B-
mode scans whose images follow each other in sequence on

screen enables doctors to see and measure range of motion, as
ooundaries that produce reflections move relative to




Doppler mode: This mode makes use of the Doppler effect in
measuring and visualizing blood flow. Sonography can be
enhanced with Doppler measurements, which employ the
Doppler effect to assess whether structures (usually blood) are
moving towards or away from the probe, and its relative
velocity.

By calculating the frequency shift of a particular sample
volume, for example a jet of blood flow over a heart valve, its
J and direction can be determined and visualized. This is

ar studies (sonogrophy of the

mnany areas
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The Doppler Effect

ent change in received frequency ¢
ive motion between a sound source afi
: .'er'
Sound TOWARD receiver = frequency

Sound AWAY from receiver = frequency™
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* Ultrasound, like normal sound, is a wave.

* |f a source of sound moves towards the listener, the
waves begin to catch up with each other. The wavelength
gets shorter and so the frequency gets higher - the sound
has a higher pitch.

* We use this principle to work out how fast blood cells
move. Ultrasound reflects off the blood cells and causes a
Doppler shift




* The ultrasound probe
Uttrasound probe U emits an ultrasound wave

* A stationary blood cell
reflects the incoming wave
with the same wavelength:
there is no Doppler shift

Blood cell .




* The ultrasound probe
emits an ultrasound wave

* A blood cell moving away
‘ T from the probe reflects the
incoming wave with a
longer wavelength

* In reality, there is actually
two Doppler shifts. The
first one occurs between
the probe and the moving

o - blood cell (not shown
here) and the second one
occurs as the red blood
cell reflects the
ultrasound.




* Now, the blood cell moves

towards the probe. It UMragound probe
reflects the incoming wave .
with a shorter wavelength




The Direction of Flow

260 degrees '




The Dr'ec'riono Flow

Cos 90.= o9
no Doppler shi
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The Direction of Flow
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Doppler Ultrasound

¢ Used to monitor heartbeats, blood flow, etc.
¢ Can produce images showing motion
—1.e. Imaging beating heart




