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Pocklington equation (1897.)
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equations

Numerical solutions
e Complex geometries

e Wide range of parameters

Analytical solutions
e Canonical geometries
e Limited parameters
e Use of approximations
e Procedure control

e Simple solutions
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thin-wire approximation
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reflection coefficient

K cos & — —sin” 4
U, =2| Jy(Ap) AdA .0 -
0 ILl1+ILl2 ]a)g x ]a)g
r
ref
© W 244 (z+h) | 0+ 1 i P
W, =zj(“1 t)e T, (Ap) Ad A & o
- I +kl : &t & +

0 204 107 ) ja)g() ja)g()

Fresnel reflection
coefficientapproach

Sommerfeld integrals

Sesni¢: Frequency domain analysis (of the GPR transmitted field)



Training Scho lnEMMdllngT hnqu for GPR, November 11, Split, Croatia

—
——

‘h__‘q_-_—__‘—_ﬂ-

"‘""’F/quency domain apprOX|mat|ons —
integral function

:[I(x')g(x,x )dx'zZ[I(x)g(x,x')dx'+:[[](x')_](x)]g(x,xv)dx.
I(x")=1(x)=0

Sesni¢: Frequency domain analysis (of the GPR transmitted field)



Training School on EM Modelling Techniques for GPR, November 11, Split, Croatia

B ———

Green’s function

L

2In— Free space
a
L L L
_fg (x,x)dx'=42| n=-T7 In— Above lossy ground
. a 2h
L
2l In—-T"7 In— Below lossy ground
a
0°I(x,w 4717
# —y°I (X, 0)) =J e E (a)) Differential equation
Ox oy (o)

Sesni¢: Frequency domain analysis (of the GPR transmitted field)



Sesni¢: Frequency domain analysis (of the GPR transmitted field)



Training School on EM Modelling Techniques for GPR, November 11, Split, Croatia




Training School on EM Modelling Techniques for GPR, November 11, Split, Croatia

——
—_—— e

power cable...

Loy Ho

_

[

e

O
| &

Sesni¢: Frequency domain analysis (of the GPR transmitted field)

&, [, 0

cos| k

Abs(l) [mA]

——BEM

---- Analytical

S 2N AN ®
©O ©oooooooo
L

x [m]

COS

Abs(l) [mA]

9,0

8,0 4
7,0 1
6,0
5,0 |
4,0
3,0 4
2,0 |
1,0

0,0

——BEM

- - -~ Analytical




Training School on EM Modelling Techniques for GPR, November 11, Split, Croatia

(telecommunlcatlon cable...)

E

o

ZoN y H &,
e

Sesni¢: Frequency domain analysis (of the GPR transmitted field)

——BEM ---- Analytical
08
0,7 4
06 4
<05 |
=047 [ 7T ;
g 0,3 i .r'l ""\ g B A
< 0,2 I ’, - w o wT \‘
0,14/ N
0,0 r -
0 1 2 3 4 5
x [m]
—— BEM - - -~ Analytical

x [m]




Training School on EM Modelhng Techmques for GPR, November 11, Split, Croatia

electrode...) e

--- BEM —Analyh’cal‘

/'y La, Mo E 0:6 : A

10

sinh [7(L —x)]
sinh (L)

Impedance [£2]

Analytlcal 1

GB IBEM

I, (o) L -
Jarwe,, sinh(;/L) .([COSh [V(L_x)]g(x,x )dx

i (x, a)) =

Sesni¢: Frequency domain analysis (of the GPR transmitted field)




Training School on EM Modelhng Techmques for GPR, November 11, Split, Croatia

(recelvmg antenna...)

&

el

f=168.2 MHz

Sesni¢: Frequency domain analysis (of the GPR transmitted field)

Re() (Al




Training School on EM Modelling Techniques for GPR, November 11, Split, Croatia

" Transmitted field -

formulation




Training School on EM Modelling Techniques for GPR, November 11, Split, Croatia

e — e

VS

7z 4, | reflected wave

[
= incident wave
&y Lo
¥
»
&, o, 0

transmitted wave

Sesni¢: Frequency domain analysis (of the GPR transmitted field)



Training School on EM Modelling Techniques for GPR, November 11, Split, Croatia

Pocklington integral equation
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Parameters of the calculation

Properties of the antenna
e Length L=1 m
e Radius a=2 mm
e Height h=0.25 m
Properties of the lower medium
e Relative permittivity € =10
e Conductivity o=10 mS/m
Properties of the excitation
e V. =1V, f=1, 10, 100, 300 MHz
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Numerical results, broadside field
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Concluding remarks

Software SuzanaFD, freely available
Analytical solutions for the wire antenna in the FD

Future work - solution for the transmitting antenna
Transmitted electrical filed in the FD
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