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Ultrasound Propagation thru Tissues
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The reflected wave (echo) carries information about

tissues where it originated.



Seven Acoustic Variables

describing sound waves

Pressure
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time
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Pressure Frequency
+

-

time

1 second   once a second = 1 Hz

thousand times a second = 1 kHz

million times a second = 1 MHz

Diagnostic Ultrasound

range 1 MHz – 12 MHz
(Intravascular ultrasound >20 MHz)
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Continuous Wave 

Pulsed Wave

Two transducers

emitting and receiving

One transducer

emits then receives

-No depth

information

-No imaging

possible

-Only flow

detection 

-Depth 

discrimination

-Imaging

(echo strength)

-Flow

detection 
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Time for a 

roundtrip

8.3 microsec

64 mm

1540 m/s
X 2

Depth from emitting surface 64 mm

Pulsed Wave Spectral Doppler

Depth is calculated from the

average speed of sound in 

soft tissues:

1540 m/s (a mile a second)

and time from firing a pulse

to registering returned echos

(i.e. round trip time).
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What is Doppler Shift?
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Depth 50 mm

Gate 10 mm

Transcranial Doppler
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Single Channel Multi-Depth Sampling
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Single gate TCD

Multi-gate Spectral Doppler

Power Motion 
Doppler
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Multi-Transducer Linear Array
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Conventional vs ZS Acquisition

Frame 

time

Frame

time

Time Available For

Advanced Modes

Conventional Zone Sonography™
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Depth
1 cm

Key Elements of Duplex Imaging

Gray image = B-mode

Color flow = Doppler

B-mode – brightness of returned echoes

Doppler – frequency shift from moving blood
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Weak reflectors 
Red blood cells 

Adventitia
Calcium

Bright reflectors

artifact

Brightness (B-mode) Ultrasound
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Time Gain Compensation
(TGC)

Key Elements of Duplex Imaging
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scanning
plane

object
above

object
below

plaque superimposed flow

Partial

volume

averaging
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Refraction
speed 1 = speed 2

speed 1 > speed 2

speed 1 < speed 2

medium 1 medium 2

Rayleigh Scattering

wavelength and
emitted pulse 

amplitude

reflected echo
amplitude and 

direction

red blood cell
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Shadowing Artifact
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artifact
vessel

real
vessel

real
vessel

artifact
vessel

mirror

Refraction artifact Mirror artifact
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Depth
1 cm

Which Artifact Does this Image Show?
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Flow Velocity Increase 

single most valuable predictor of stenosis severity
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Imaging done by Eva Bartels, MD.
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Spectral Broadening vs Narrowing
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The Spencer’s Curve

Spencer&Reid.

Stroke 1978.


