
Discrete Huygens Representations Using 
Electric and Magnetic Dipoles with 
Application to 2D Grating Problems 

1

Thorkild B. Hansen
S4 Inc.

Thorkild.Hansen@att.net

January 2025



Discrete Huygens Source Solution
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Spacing is ∆

Electric volume current



Electric 
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Plane-Wave Expansion in Terms of x-y Components (up)

𝑧ଵ ൏ 𝑧 ൏ 𝑧ଶ

[Weyl 1919, Kerns 1981, Hansen‐Yaghjian 1999]
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Electric 
current
source 
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Plane-Wave Expansion in Terms of x-y Components (down)

𝑧ଵ ൏ 𝑧 ൏ 𝑧ଶ

[Weyl 1919, Kerns 1981, Hansen‐Yaghjian 1999]
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Huygens Solution from Plane-Wave Expansion
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Huygens Solution from Plane-Wave Expansion

Desired 6“Higher-order” modes
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Discrete Huygens Source Problem
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Discrete Huygens Source Solution

Primary source spectrum 

Desired  spectrum “Higher-order” modes
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Primary Dipole Source



Dipole Moments
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Field Calculation
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Metagratings in Near-Field Applications
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V. Popov, F. Boust, and S. N. Burokur, “Constructing the near field and far field with reactive 
metagratings: Study on the degrees of freedom,” Phys. Rev. Appl., vol. 11, no. 2, 2019, Art. no. 
024074, 

Planar grating

Source                        Obs. region

Metagratings, with their ability to manipulate both propagating and evanescent waves,
offer unique opportunities for near-field applications: Sensing, Optical Trapping,
Subwavelength Imaging, Spectroscopy, Guided Optics and Super-resolution Microscopy,
Near-field Focusing, Nonradiative Field Patterns,



2D Grating with Bianisotropic Particles 
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Determining the Polarizability Dyadics

17



Conclusions

• Derived approximate discrete Huygens representations with electric dipole sources
determined by the plane-wave spectrum of the primary source for both free-space 
and dielectric-slab configurations. 

• Formulation employs x-y components of the plane-wave spectrum and holds for 
arbitrary sources without dividing fields into TE and TM modes.

• Gamma singularity occurring in these plane-wave expressions is explicit in 
expressions. Discrete and single plane-wave configurations are contained in the 
theory. Low frequency scenarios included.

• Similar representation can be obtained with magnetic dipoles and combinations of 
electric and magnetic dipoles.

• Error of the representation is expressed in terms of the spectrum of the primary 
source.

• Huygens representation determine the polarizability dyadics for grating consisting 
of bianisotropic particles above dielectric layer and PEC ground plane.
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