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Á Ultrasound
ÁMechanical energy 

propagated through a 
medium by vibration of 
molecules

Á Longitudinal waves
Á Sound waves are 

propagated
ÁȰÐÕÓÈÉÎÇȱ ÍÏÌÅÃÕÌÅÓ ÃÌÏÓÅÒ ÔÏ 

one another
ǐCompression

ÁElastic properties mean that 
when molecules move back in 
the opposite direction they 
move away from one another
ǐrarefraction



Á Amplitude (A)
Á Maximum variation in particle 

displacement, density or acoustic 
pressure of a sound wave

Á Wavelength (ʇ)
Á Distance of one complete cycle

Á Period (ʐ)
Á Time taken for one complete wave 

cycle
Á Frequency (f)
Á Number of cycles per second
Á 1Hz = 1 cycle per second
Á Inversely related to period f=1/ʐ

and obviously ʐ=1/f
Á Human hearing 40Hz-15kHz
Á Echoardiography1MHz-10MHz



Á Rate at which waves 
propagate through a 
medium
ÁDetermined by density and 

compressibility of medium

Á#ЂΧȾЏ+ʍ
ǐK=compressibility of medium

ǐɪ=density of medium

Á Generally as density 
increases speed increases
ÁDue to the fact that 

compressibility  decreases 
significantly

Material Propogation
Speedm/s

Air 330

Water ΧΫέΦ ɉÁÔ Ωέώ#Ɋ

Soft tissue
Liver
Muscle
Fat

1540
1550
1580
1459

Blood 1575

Bone 4080



c=fʇ
ɆSpeed of sound in 

medium is independent 
of frequency

ɆThe shorter the 
wavelength the higher 
the frequency



ɆI=intensity (mW/cm2)

ɆW=power (mW)

ɆArea=cross sectional area of beam
I=W/area

I ɻA²

Intensity of ultrasound beam refers to the amount 
of power that passes through a specified area



Reduction in strength 
of signal as it goes 
through a medium

ɆMeasured in dB

Ä"ЂΧΦ,ÏÇϟϞ ɉ)Ⱦ)Ϟ Ɋ



Determine 
attenuation when 
there is a reduction in 
ultrasound signal by ½

Ä"ЂΧΦ,ÏÇϟϞ ɉ)Ⱦ)Ϟ Ɋ

Ä"ЂΧΦ,ÏÇϟϞ  ɉΦȢΫȾΧɊ

Ä"ЂΧΦ,ÏÇϟϞ ɉΦȢΫɊ

dB=10(-0.301)

Attenuation =-3dB

30dB equates to nearly total loss of 
original signal



ÁAttenuation is directly 
related to
ÁFreq

ÁDistance travelled

ÁProperties of medium
ÁAttenuation coefficient
ÁDescribes the 

attenuation properties 
of a medium

ÁSoft tissue

dB=aD

Ɇa=attenuation coeff

ɆD= distance travelled into the 
medium

Attenuation coeff=1/2f 

ÁAttenuation increases at 
increasing depth

ÁAttenuation increases 
with increasing 
frequency



Calculate the max imaging depth 
of a 5MHz transducer assuming 
30dB represents total loss of 
intensity

dB=aD

D=dB/a

a=1/2f

Ɇa=1/2(5)=2.5

D=30/2.5=12



Á Echo images are created by 
reflections

Á Created at interface between 
two tissue boundaries

Á Dependent on relative changes 
in acoustic impedance

Á % which is not reflected is 
transmitted

Á Small changes in impedance

Á Produce small reflections but 
allow transmission

Á Large changes in impedance

Á Produce large reflections but 
negate transmission



SPECULAR

Large, smooth surfaces

Large wrt wavelength

Act as mirror, highly angle 
dependent

Angle of incidence should be 
perpendicular

ɆIf parallel, echo drop-out can occur

SCATTERERS

Rough, irregular surfaces

Small wrt wavelength

ɆLess than one wavelength in size

Reflect beam in multiple directions

Reflections are freq dependent

ɆHigher freq, more backscatter from these 
reflectors



ÁPiezoelectric crystal
ÁAlternating current applied
ÁCrystal expands and contracts

ÁWhen pressure is applied
ÁCrystal generates an electrical current

ÁTransducer freq depends on
ÁSpeed of sound within the crystal
ÁThickness of the crystal

Higher freq transducers=thinner crystals

Lower freq transducers=thicker crystals



Á Backing (damping) layer
ÁPZT high acoustic impedance

Á 80% reflection at interface

Á%ØÃÅÓÓÉÖÅ ÉÎÔÅÒÎÁÌ ȰÒÉÎÇÉÎÇȱ

ÁBacking layer reduces this

ÁMatching layer
Á Improves transmission of  US 

pulse by up to 100%

ÁThickness=1/4 of wavelength

ÁModern transducers use 
multiple matching layers to 
increase bandwidth



ÁEcho uses pulsed 
ultrasound

ÁTransducer emits a pulse

ÁThen waits for returning 
signals

ÁOther terms related to 
US

ÁPulse duration

ÁPulse repetition period

ÁPulse repetition freq



ÁPulse duration

ÁTime from the 
beginning of a pulse to 
the end of a pulse

ÁPulse repetition period

ÁTime from the 
beginning of one pulse 
to the beginning of next
ǐ)ÎÃÌÕÄÅÓ ȰÌÉÓÔÅÎÉÎÇȱ ÔÉÍÅ

Shorter pulse duration
(higher freq)

improves image quality 



ÁPulse repetition freq
ÁNumber of pulses 

emitted per second

ÁPRF=                 1

pulse rep period
ÁDuty factor
ÁFraction of time that the 

US pulse is being 
emitted

ÁDF=    pulse duration

pulse rep period
Typical duty factor 0.001-0.01

(or 0.1 to 1%)



ÁResolution

ÁAbility to detect 
structures that are 
anatomically separate

ÁDisplay them separately



ÁAxial resolution

ÁDetect two closely 
spaced echoes at 
different depths

ÁDependent on 
wavelength

ÁShorter wavelength, 
better resolution

ÁʇЂÃȾÆ

Higher freq gives better axial 
resolution



ÁLateral resolution

ÁAbility to detect two 
closely spaced echoes 
side by side

ÁLateral 
resolution=beamwidth

ÁBeamwidthincreased 
with lower freq

ÁFocal zone will display 
improved lateral 
resolution



ÁFresnel zone
ÁNear field

ÁDue to interaction of 
multiple wavefronts

ÁSlightly narrowing beam
ÁFraunhofferzone
ÁPoint past focal zone

ÁBeam diverges

ÁLoss of resolution
ÁPoint between zones
ÁArea of greatest intensity

ÁArea of greatest resolution



ÁContrast resolution

ÁDifferentiate subtle 
differences in 
echogenicity

ÁImproved by optimising 
machine settings
ǐGain

ǐDynamic range

ǐATO

ÁHarmonic Imaging

ÁUtilizes harmonic 
frequencies of the 
emitted freq

ÁCaused by non-linear 
propagation of the wave
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ÁContrast resolution

ÁDifferentiate subtle 
differences in 
echogenicity

ÁImproved by optimising 
machine settings
ǐGain

ǐDynamic range

ǐATO

ÁHarmonic Imaging

ÁUtilizes harmonic 
frequencies of the 
emitted freq

ÁCaused by non-linear 
propagation of the wave

Harmonic 
imaging is not 
useful for 
assessing 
superficial and 
deep structures



ÁTemporal Resolution

ÁAbility to show moving 
structures at a particular 
instance in time

ÁAll dependent on frame 
rate

ÁEach image is 
constructed of scan lines

ÁRegularity at which the 
frames are refreshed is 
the frame rate 

ÅHigher frame rate ɀbetter 
resolution

ÅDecrease depth (increases PRF)
ÅReducing sector width 

(decreases number of scan lines)
ÅUsing one focal zone



ÁSingle scan line
ÁHigher temporal 

resolution

Á1000-2000 pulses per 
sec

ÁBetter information re 
fast moving structures

ÁProvides excellent 
interface definition



ÁDoppler principle
ÁAssumed change in 

frequency that occurs  due 
to motion of source

ÁPolice siren
ÁUsed during echo to 

measure blood velocity
Á2"#ȭÓ ÁÃÔ ÁÓ ÒÅÆÌÅÃÔÏÒÓ

ÁHigher the velocity of RBC, 
greater  the dopplershift
ǐMoving away negative shift

ǐMoving towards positive 
shift


