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Outline 
•  The Four Zero Conductivity uses less parameters 

than the traditional Cole-Cole expression 
•  Modeling can be applied to Medical Imaging System 

Design 
•  Model fits measured, published data 
• Forward and Reverse FDTD Simulations show proper 

behavior 
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Developing the Forward Model 
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Four Zeros Conductivity Model 

 Set Δt= 5ps 
 Solve for b0, b1, b2, and b3, in terms of a1 
 Chose a1 and Δz for stability 
 Calculate k from data & model 
 Compare α and β from model to data 
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Stability Analysis 
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Von Neumann Stability Analysis 

Estimate Δz: 

Courant’s Stability condition Maintain 10points/λ 



Forward Model Selecting a1 
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Δz min = 0.0012m  

 Δzmax = 0.005m,   

a1  = [-.6, -.8] 

  

Δz min = 0.0012m  

 Δzmax = 0.005m,   

a1  = -.7 
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Artificial Loss 

7 

Add Artificial Loss, σ0, for time reversal 

Revised Stability condition: 



Time Reversed Model: Selecting Artificial Loss 
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Δz min  =  0.0012m,  

Δzmax = 0.005m, 

a1  = .7, σ0 = 5 

Δz min = 0.0012m , Δzmax = 0.005m 

a1  = [-.6, -.8], σ0 = 5 
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Verify Model 
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1- D FDTD 
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Forward Simulation 
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Verification of Simulation 
 FFT Ex Field at air-tissue boundary 
 FFT Ex Field at 60cm into tissue, center of 

pulse at 9ns 
 Divide, take log, separate α and β 
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Verification of Forward Simulation 
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At air-tissue boundary
0.600 m into tissue



Simulation v. Data 
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From simulation
From literature
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Time Reversal 
 Excite with recording from  z = 2.4m 
 Apply artificial loss at each step 
 Remove artificial loss at air-tissue boundary 
 Compare with forward  
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Verification of Time Reversal 
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Conclusions 
 Four Zero model is stable for biological tissue 

 Forward FDTD agrees with frequency domain 
analysis of tissue properties 

 Time Reversed FDTD with artificial loss for gain 
removal is stable 
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