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Introduction
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Implicit Wendroff formula

 Voltage and current vectors and their derivatives are replaced by

 Equations expressed for (k+1)-th section and j-th time instance

with

where R0k = R0(ξk), L0k = L0(ξk), G0k = G0(ξk), C0k = C0(ξk), with ξk  (xk, xk+1)
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Simply terminated MTL

 Matrix recursive formulation
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 Equation internal structure (MTL divided on K = 3 sections)

Boundary conditions via generalized Thévenin equivalents
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 Modified nodal analysis description

MTL

SECTION WITH LUMPED-

PARAMETER ELEMENTS
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 Equation internal structure (MTL divided on K = 3 sections)
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 Sensitivity with respect to a parameter γ (j = 1,2,…)

 

1
1 1

1 1with

j j j
j j

j j j

    


 

 

     
    

     

 

x x A B D
A B x x

x A Bx D

v v

i i

N2 c

r

, ,





   
   

             
   

  

I A 0 I B 0

0A I 0 B I 0
A B D

iI 0 S 0 0 0

0 S H 0 0 F

Sensitivity determination



28-Jul-11 brancik@feec.vutbr.cz page 9

 MNA description

 MTL boundary conditions
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 Matrix recursive formulation 1 j j j
Ax Bx D

General MTL systems (2)
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 Thomson transmission line (uniform)

Experimental error analysis

   

 

( ) ( ) 2 ( , )

iL

iL

0 0 iL 0 0

( , ) 1( ) erfc ( ) ( , )

( , ) 1( ) erfc ( , ) ( , ) , where

( ) , ( , ) 2

a t a t b t x
i t x t R e a t b t x

v t x t b t x R i t x

a t R t C R b t x x R C t


   

  

  

Known analytical solutions

Relative errors for

implicit Wendroff vs.

state-variable methods



28-Jul-11 brancik@feec.vutbr.cz page 12

 Uniform/Nonuniform MTLs: responses to external driving

Examples: Thévenin equivalents
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 Uniform/Nonuniform MTLs: 
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 Nonuniform MTL, reactive terminations

Example: MNA + Euler method (1)
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 Voltage and current distributions

Example: MNA + Euler method (2)

 Nodal voltage waveforms 
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 Voltage distributions sensitivities

Example: MNA + Euler method (3)

 Nodal voltage sensitivities 
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Example: General MTL system
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 CPU times for PC 2GHz/2GB, sparse matrix notations

CPU times evaluation
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Conclusion

 In case of linear MTLs, the method is stable and accurate enough,

 In case of nonlinear MTLs, further studies will be performed,

 Higher-order techniques will be investigated in future as well
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