
Wave PropagationWave Propagation



Experimental SetExperimental Set--UpUp



AtherosclerosisAtherosclerosis

! Build-up of plaque (fat 
and calcium deposits) 
on the interior walls of 
the arterial lumen

The most common The most common 
disease of arteriesdisease of arteries



Turbulence Induced Acoustic WavesTurbulence Induced Acoustic Waves

Significant deposits will Significant deposits will 
disrupt the blow flowdisrupt the blow flow

Large arteriesLarge arteries (carotid arteries)(carotid arteries)
– Detected by a stethoscope

Small arteriesSmall arteries deep inside the body, it is very difficult to deep inside the body, it is very difficult to 
detectdetect
– Attenuation of acoustic energy through the intervening tissues
– Other complex sounds with the body can overwhelm the 

acoustic detection systems

– Produce distinctive 
turbulence acoustic 
signatures



Opportunity for CAD DetectionOpportunity for CAD Detection

Unnecessary deathsUnnecessary deaths

–– 500,000 deaths each year (55% w/o warning)500,000 deaths each year (55% w/o warning)

Unnecessary diagnostic testsUnnecessary diagnostic tests

–– 2020--30% of angiogram patients  are normal30% of angiogram patients  are normal
–– Costing $2 billion each yearCosting $2 billion each year

Unnecessary hospital admissionsUnnecessary hospital admissions

–– 600,000 chest pain patients/year admitted=normal600,000 chest pain patients/year admitted=normal
–– Costing $2 billion at $4,000 avg. cost per dayCosting $2 billion at $4,000 avg. cost per day



MedAcoustics: Acoustic SensorsMedAcoustics: Acoustic Sensors

AccurateAccurate

InexpensiveInexpensive

NonNon--invasiveinvasive

Presents no risk Presents no risk 
to patientto patient

Easy to administerEasy to administer



Wave EquationWave Equation

11--D wave equation for the velocity potential:D wave equation for the velocity potential:

2 ,   0tt xxc x lφ φ= < <

Boundary conditions?Boundary conditions?

– Damped harmonic oscillator

( ,0)tt t tm d k tδ δ δ ρφ+ + = −

( ) ( ,0)t xt tδ φ=

HTB, GP, CW (1996)HTB, GP, CW (1996)

– Boundary surface is not penetrable by the fluid



SolutionSolution
( , ) ( / ) ( / )t x F t x c G t x cφ = − + +
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c

δ = − −

( ) ( )mG d c G kG mF d c F kFρ ρ′′ ′ ′′ ′+ + + = + − +

AssumeAssume incident incident 
wave is a simple wave is a simple 
harmonicharmonic
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An Inverse ProblemAn Inverse Problem

Problem:Problem:

( ) ( , , , )   iR m d kω ρGiven find the unknown parameters
in the damped harmonic oscillator boundary model

DetermineDetermine ( )?R ω
– The acoustic pressure for a planar wave propagation is given by

( / ) ( / )( , ) ( ) ( ) ( )i t x c i t x cp t x A e A R eω ωω ω ω− += +

– By knowing p(t,xj) at a number of location xj an inverse problem 
can be set-up to determine the complex functions, R(ω) and A(ω)


