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Homogeneous Spheres: Mie Theory
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Nanodevices
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Choice of basis functions and

the convergence rate

Definition of the convergence rate based on asymptotic behavior
of the series expansions for large number N of unknowns may be
highly misleading if applied for small or moderate N.

[J. P. Boyd, 2001].

The choice of basis functions is responsible for the superior
approximation of spectral methods when compared with FD, FEM
and BEM.

[E.H. Doha & A.H. Bhrawy, Appl. Num. Math. 58, 2008].
Fourier polynomials  — for periodic problems;
Legendre polynomials and Chebyshev polynomials

— for non-periodic problems
on finite intervals;
Laguerre polynomials — for problems on the half line;
Hermite polynomials — for problems on whole line
[G. Ben-Yu, 1998].

Nanoparticles have smooth regular shape, approximation of their
boundaries by non-smooth curves leads to dramatic error in
numerical solution because the energy of plasmon modes is
concentrated in thing region surrounding the realistic boundary of
smooth nanoparticle.




Nanostars




Electromagnetic Transmission Problem

z-direction. Harmonic time dependence is assumed.

o The total field in presence of plasmonic nanoparticle is presented as follows:

Hl.(;@) = Hf"(g) + H™(r), Feq

o The function H represents the z-component of magnetic field
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Electromagnetic Transmission Problem

0 Helmholtz (wave) equations AU~ (g) + (k‘)ZU - (El) =0, ;@ ceQ,

AU+ kU =0, Feqr.

o The boundary conditions on the (Uinc 4 U+) —U" 1 a(Umc ﬂ U+) — L %:
contour of plasmonic particle are: I¥ ropt on ‘r p On r’

where for TM-polarization p =u pr=u

for TE-polarization p =g i

o Outgoing wave condition: oH * c X




Layer-Potential Technique

infinite dielectric medium: 4

X
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Analytical Regularization

for Spectral Fourier BIE method

S =Syp +(S—S))p = Sy + S
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NURE, Ukraine

New fast and efficient numerical simulation algorithms at nanoscale are required to capture
essential physics of new EM effects at nanoscale!

Advanced numerical simulation algorithms are tailored to application !

The energy of plasmon modes is strongly localized having extremely high near-field
amplitude enhancements and fast decay inside and outside of nanoparticle.

Due to nature of plasmonic effects BIE based numerical algorithms appear more promising
than those on Finite Difference (FD) and Finite Element Methods (FEM).

For smooth boundaries the solution provided by spectral BIE method converges much faster
than those of Boundary Element Method (BEM)! [K.E. Atkinson].

The choice of basis functions is responsible for the superior approximation of spectral
methods when compared with classical FD, FEM and BEM schemes.

The selection of the basis functions must be guided by geometry of the problem.

Spectral Fourier discretization merged with Singularity Subtraction lead to system of
Fredholm equations of the second kind.
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