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Echo-Doppler Basic Principles

Ultrasound physics

resolution - axial and lateral

attenuation

Doppler ultrasound

Aliasing

Bernoulli principle

laminar and turbulent flow

continuity equation



Ultrasound 

physics

Sound - waves of compression and 
rarefaction propagated through a medium

Ultrasound - sound frequency above 
20kHz

Cardiac ultrasound - 1 - 20 mHz

Intensity - watts/cm2 (joule/sec/cm2)



Sound 

Wave 

Diagram

Otto CM. Textbook of Clinical Echocardiography. 2000.

Wavelength times frequency equals propagation velocity

c=̦*f, and c=1540 m/s, so ̦ (mm)= 1.54/f (MHz)

̦ for 2 MHz is 0.75mm

̦ for 4 MHz is 0.38mm

c=̦*f



Piezoelectricity

Mechanical stress applied to a crystal causes 
electrical charges bound in the crystal to shift to 
the surface where they can be measured as a 
voltage

Electric current applied to a crystal changes the 
crystal shape, alternating current can cause 
vibration of crystal, producing sound wave



Transducer Structure

Otto CM. Textbook of Clinical Echocardiography. 2000.



Wavelength versus Penetration

Otto CM. Textbook of Clinical Echocardiography. 2000.

Coronary IVUS

Retinal 



Echo Transducer

Definitions of fields of transducer 

performance



Echo 

Transducer
Single crystal

Effect of crystal 
diameter and 
frequency on 
near field and far 
field

Larger diameter 
and higher 
frequency give 
longer near field 
and less 
divergent far field



Transducer Beam Zones

Otto CM. Textbook of Clinical Echocardiography. 2000.



Echo Transducer

Effect of 

focal length 

and focusing 

on near field 

and far field



Graph: Transducer Beam Zones

Otto CM. Textbook of Clinical Echocardiography. 2000.

Solid line: length of near zone

Dashed line: divergence angle



Side Lobe Artifacts



Side Lobe Artifacts



Echo Transducer Lateral Variation



Side Lobe 

Artifact in Single 

Crystal 

Transducer

Otto CM. Textbook of Clinical Echocardiography. 2000.

Position of side lobes at 

locations where the distances 

from each edge of the crystal 

face differ by one wavelength



Grating Lobe 

Artifact in 

Phased-

Array 

Transducer

Otto CM. Textbook of Clinical Echocardiography. 2000.

Position of grating lobes is 

determined by spacing 

between centers of 

independent crystal elements 

in the transducer.

S=spacing between elements

F=focal length

̦=wavelength



Echo Transducer Axial 

Variation



Phased Array Echo 

Transducer



Phased Array Echo 

Transducer

Effect of electronic focus



Destiny of Sound Wave

Otto CM. Textbook of Clinical Echocardiography. 2000.



Velocity of Sound in Air and 

Various Tissues

Air 330 m/s

Fat 1450 m/s

Water 1480 m/s

Soft tissue 1540 m/s

Kidney 1560 m/s

Blood 1570 m/s

Muscle 1580 m/s

Bone 4080 m/s

Feigenbaum, 6th ed, 2005, p. 13.

Clinically, use 

1500 m/s



Velocity and Time 

Relation in 

Echocardiography

Distance = rate * time

Time = distance/rate

Distance/rate (for 15 cm)= 
0.15m/1500m/sec = 

.0001 sec, or 1/10,000 sec 
for one way trip

.0002 sec or 2/10,000 sec 
for 2 way trip

.0003 or 3/10,000 sec for 2 
way trip of 20 cm



Display of Echo Signal

A = amplitude B = brightness M = motion



Echo Interfaces

Velocity of sound in a 
medium depends on density 
(denser is faster) and 
elasticity of the medium

Human tissue - 1540 m/sec, 
faster in bone

Acoustic mismatch or 
change in acoustic 
impedance of an interface 
causes a reflection

Interface perpendicular to 
beam is strongest



Echo Reflection

Specular reflection - reflector is large

and smooth relative to ultrasound 

wavelength - responsible for the echo 

images, angle of incidence is important

Scattered reflection - reflector is small

and rough relative to ultrasound 

wavelength - responsible for some 

images and critical for Doppler



Echo Resolution and Attenuation

Axial resolution - better with higher 
frequency and fewer cycles/pulse (packet 
size) 3.5MHz=0.43mm wavelength

Lateral resolution - varies with transducer 
size, shape, frequency, and focusing

Attenuation - worse with high frequency

Attenuation - half-value layer (35cm in 
blood, 3.6 cm in muscle)



Echo Attenuation Half-power 

Distance

Water 380 cm

Blood 15 cm

Soft tissue (except muscle)    1-5 cm

Muscle 0.6-1 cm

Bone 0.2-0.7 cm

Air 0.08 cm

Lung 0.05 cm

Feigenbaum, 6th ed, 2005, p. 14.



Axial 

Resolution

Better with:

high 

frequency

short packet 

length



Time Constraint in Echo-Doppler

1540 m/sec in tissue

20 cm depth is 40 cm 
round trip

3850 round trips/sec 
(M-mode)

150 round trips for one 
image

25 images/sec

Trade-off: temporal 
resolution, spatial 
resolution (line 
density) and depth



Time 

Constraint 

in Echo-

Doppler

1540 m/sec in tissue, 20 cm depth is 40 cm round 
trip, 3850 round trips/sec (M-mode), 150 round 
trips for one image, 25 images/sec

Trade-off: temporal resolution, spatial resolution 
(line density) and depth

In the Res  mode, there is improved temporal 
resolution



Time Constraint in Echo-Doppler



Constraints in Echo-Doppler

The larger packet size, the better Doppler 

discrimination, the worse the echo discrimination



Time Constraint in Echo-Doppler



Decibel Graph

Otto CM. Textbook of Clinical Echocardiography. 2000.



Artifact From Scatter

Otto CM. Textbook of Clinical Echocardiography. 2000.


