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Geometry observed – scattering on a thin wire above lossy ground:
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- The space-time reflection coefficient can be written, as follows:
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- Inclusion of r’’(� ,t) into the model leads to the following matrix equation:
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- Additional vectors are expressed as follows:
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- Assembly into global matrix system yields:

where:
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- After time sampling, recurrent formula for the unknown current:
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I - current for the j-th space node and k-th time node

aji   - member of matrix [A] for i-th source space node and j-th 
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Transient current at the center of the line above dielectric half-space (L=20m,h=1m, � r=10)
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Transient current induced at the center of the wire above a lossy ground
(L=1m, � r=10, � =10mS/m)
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- L=1 m

- a=2 mm

- � r=10

- Incident electric field:

Configuration:

0( ) ( )inc at bt
xE t E e e- -= -

E0=1 V/m
a=4*107 s-1

b=6*108 s-1
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Transient current at the wire centerfor various conductivities
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� GB-IBEM expanded to numerically model ground 
conductivity

� Time dependent part of the reflection coefficient is 
modeled via additional vectors

� Convolutions integrals highly computationally inefficient

� Further modifications regarding computational efficiency 

necessary
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Current at the centre of the wire A (active wire) versus time with 
height h over interface as parameter (L=1m, a=2mm, � r=9, h=0.25m)

Current at the centre of wired B (passive wire) versus time with height 
h over interface as parameter (L=1m, a=2mm, � r=9, h=0.25m).

Current at the centre of wire A (active wire) versus time with 
distance d between the wires as a parameter 

(L=1m, a=2mm, � r=9, d=0.5m)

Current at the centre of wireB (passive wire) versus time with distance d
between the wires as a parameter (L=1m, a=2mm, � r=9, d=0.5m)
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Transient current induced at the center of the active wire 
Transient current induced at the center of the passive wires

The H-field (WI ) E-field (Wq) and total energy (Wtot) 
energy measures  as afunction of time for the active wire

The H-field (WI ) E-field (Wq) and total energy (Wtot) 
energy measures as a function of time for the passive wire
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Computational example: Transient response of a two -wire array above a PEC ground -
comparison between IFFT-NEC2, GB-IBEM and TL

Transient current induced at the center of wire 1

Transient current induced at the center of wire 2

���

L=10m, a=2cm 
h1=1m, h2=2m
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Excitation: EMP
E0=1V/m, a=4*107s-1 , b=6*108s-1
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Transient current induced at the center of wire 1

Transient current induced at the center of wire 2

L=10m, a=2cm, 
h1=1m, h2=2m, d=1m

Excitation: EMP
E0=1V/m, a=4*107s-1 , b=6*108s-1
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Computational example: Transient response of a two -wire array above a PEC ground -
comparison between IFFT-NEC2, GB-IBEM and TL
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Transient current induced at the center of wires 1 and 3

Transient current induced at the center of wire 2

Computational example: Transient response of a three -wire array above a PEC ground -
comparison between IFFT-NEC2, GB-IBEM and TL
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L=10m, a=2cm, 
h1=h3=1m, h2=2m, d=1m

Excitation: EMP
E0=1V/m, a=4*107s-1 , b=6*108s-1
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Transient current induced at the center of wires 1 and 3

Transient current induced at the center of wire 2

Excitation: EMP
E0=1V/m, a=4*107s-1 , b=6*108s-1

L=10m, a=2cm, 
h1=1m, h2=2m, d=1m
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Computational example: Transient response of a two-wire array above a PEC ground -
comparison between IFFT-NEC2, GB-IBEM and TL
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Transient current induced at the center of wires 1 and 3

Transient current induced at the center of wire 2

Computational example: Transient response of a three -wire array above a PEC ground -
comparison between IFFT-NEC2, GB-IBEM and TL

Excitation: EMP
E0=1V/m, a=4*107s-1 , b=6*108s-1

L=10m, a=2cm, 
h1=h3=1m, h2=2m, d=1m
� r=10
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The results obtained via 
different approaches agree for 
early time instants in both 
cases. 

At later times TL fails to 
ensure valid results due to 
limitations of the model itself 
(radiation effects).

Transient current induced at the center 
of wire 2 – PEC ground

Transient current induced at the center 
of wire 2 – dielectric half-space
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Computational example: Two wire array: PEC and dielectric half space comparisons
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The behaviour of 3-wires 
above PEC ground is 
similar to a two-wire 
array. 

For dielectric half-space
NEC 2 produces non-
physical solution 
(magnitude increase) at 
later times.

Transient current induced at the center 
of wire 2 – PEC ground

Transient current induced at the center 
of wire 2 – dielectric half-space
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Computational example: Two wire array: PEC and dielectric half space comparisons
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Deterministic thin wires above lossy ground �

Stochastic case #2: wire height uniformly distribut ed 
between 0.275 and 0.725 m
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GPR dipole antenna above a lossy half-space
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Transmitted electric field in the dielectric half-s pace ( � r=10)
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Thank you for your 
attention
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