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 Problem and Motivation 

Understanding the scattering 
by canonical objects including 
structures with geometrical 
singularities (tips, edges, …) is 
important for several 
applications, e.g, improving 
asymptotic methods 
(GTD, UTD). 
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 Problem and Motivation 

• Multipole analysis of full plane-wave scattering by 
semi-infinite structures shows convergence problems. 

 
• Solution: 

Use a localized plane wave as the incident field! 
 

 
 

 
 

 
• Realization by a (uniform) complex-source beam (CSB). 
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 Problem and Motivation 

• Complex-source beams can be applied to enhance the 
analysis in the context of small-particles measurement 
using microwaves. 
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 Spherical-Multipole Analysis 

r 

1rγ

E. Heine “Handbuch der Kugelfunktionen”  
Verlag von Georg Reimer: Berlin 1861 
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 Spherical-Multipole Analysis 
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 Spherical-Multipole Analysis 
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 Spherical-Multipole Analysis 
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 Spherical-Multipole Analysis 

Eigenvalue curves (Dirichlet eigenvalues) 
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 Uniform Complex-Source Beam (Uniform CSB) 

3D free-space scalar Green’s function 
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Outwardly travelling spherical waves 
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 Uniform Complex-Source Beam (Uniform CSB) 

3D free-space Green’s function 
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 Uniform Complex-Source Beam (Uniform CSB) 

3D free-space Green’s function 
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 Uniform Complex-Source Beam (CSB) 
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 Uniform Complex-Source Beam (CSB) 
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Complex-Source Beam (CSB) 
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Uniform CSB Diffraction by a Cone 
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 Uniform CSB Diffraction by a Cone 
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 Uniform CSB Diffraction by a Cone 

( ) ( )σ
σ ϑ ϑ

ϑ ϑ

ϑ
ϑ ϑ=

=

∂
= =∂(acoustically soft); (acoustically hard)

coscos 0 0 h
s B

B

m
m PP

( ) ( )σ σπ += 1/22j x x J x

( ) ( )
τ τ τ

ϕ
σ σ σϑ ϕ ϑ= j

, ,, cosm m
m mY I P e

( )τ τ τσ σ σ+= ± ± ∈ < +

20, 1, 2,...; ; 1m m

Spherical Bessel functions of the 1st kind:  

Normalized surface spherical harmonics (circular cone):  

Eigenvalues from conditions:  

( )
τ τ τ τ τ

τ

τ σ σ σ σ σ
σ

λ λ λ λ ϑ ϕ ϑ ϕ λ
π

∞

= ∑∫ 2 *
, , ,

,0

2( , ') ( ) ( ') ( , ) ( ', ')m m m
m

G a j r j r Y Y dr r

        Riunione Nazionale di Elettromagnetismo - Cagliari Sept 3-7, 2018 (C) 2018 Kiel University 

Vorführender
Präsentationsnotizen
N,



21 

 Uniform CSB Diffraction by a Cone 
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 Uniform CSB Diffraction by a Cone 
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 Uniform CSB Diffraction by a Cone 
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 Numerical Results 

Validation:  
Comparison of “Diverging” and “Converging” Incident CSB  
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 Numerical Results 

Validation:  Comparison of the Scattered Fields for a 
“Diverging” and a “Converging” Incident CSB  
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 Numerical Results 

Validation:  Comparison of the Scattered Fields for a 
“Diverging” and a “Converging” Incident CSB  

Diverging CSB Converging CSB 
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 Numerical Results 

Electromagnetic Uniform CSB Scattering by a PEC Cone: 

PEC Cone 

• Use dyadic Green’s function of the PEC cone 
• Complex Source:  

Hertzian Dipole at   
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 Numerical Results 

Electromagnetic Uniform CSB Scattering of a by a PEC Cone:  
Total Near Fields 

E E
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 Numerical Results 

Electromagnetic Uniform CSB Scattering of a by a PEC Cone:  
Scattered Far Fields 

E E
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 Numerical Results 

Electromagnetic Uniform CSB Scattering by a PEC Sector: 

PEC Sector 

• Use dyadic Green’s function of the PEC elliptic  
cone for               as a function of  
 

• Complex Source: Hertzian Dipole at   
 
 
 
 
 
 

• Electric field polarized in y-direction. 
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 Numerical Results 
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Conclusions 

32 

• Scattering of Uniform CSB by canonical objects (cone, 
wedge, etc.) can be described by a modified Green’s 
function not satisfying the radiation condition, 
 

• Uniform multipole representation (no case 
distinction) allows to probe an object at the beam’s 
waist, 
 

• Method allows to probe details (tip, edges, curved 
surfaces) by a localized plane wave, 
 

• Extraction corresponding diffraction coefficients 
possible (e.g., comparison to results obtained by 
incident inhomogeneous plane waves).  
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Thank you 

 

 Part of this work was contributed by  
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G.Manara (U Pisa), S. Terranova (U Pisa)  
M. Katsav (Tel-Aviv U), and E. Heyman (Tel Aviv U) 
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