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…and methods for their solution
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Pocklington equation (1897.)
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Hallen equation (1938.)
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Methods of solving integral 
equations

� Numerical solutions
� Complex geometries
� Wide range of parameters

� Analytical solutions
� Canonical geometries
� Limited parameters
� Use of approximations
� Procedure control
� Simple solutions
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Frequency domain approximations and procedure
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Frequency domain approximations –
thin-wire approximation
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Frequency domain approximations –
reflection coefficient
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Frequency domain approximations –
integral function
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Green’s function
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Induced current
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Examples
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Wire above ground
(power cable…)
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f=50 MHz
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f=50 MHz
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Wire below ground (grounding 
electrode…)
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f=10 MHz
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Vertical wire above ground 
(receiving antenna…)
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Transmitting GPR dipole antenna
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Pocklington integral equation
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Transmitted field in the lower 
medium
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Transmitted field in the lower 
medium
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Boundary element formalism
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Boundary element formalism
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Parameters of the calculation
� Properties of the antenna
� Length L=1 m
� Radius a=2 mm
� Height h=0.25 m

� Properties of the lower medium
� Relative permittivity εr=10
� Conductivity σ=10 mS/m

� Properties of the excitation
� V0=1 V, f=1, 10, 100, 300 MHz
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Numerical results, f=1 MHz
Ex Ez
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Numerical results, f=10 MHz
Ex Ez
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Numerical results, f=100 MHz
Ex Ez
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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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