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1. Introduction 

W e have received a pair of new problems involving 
plasmonic spheres and their reference solutions 

in the time domain. The main focus of SOLBOX-04, 
which was submitted by Ismail E. Uysal, H. Arda Olku, 
and Hakan BagcI, is computing scattered fields from gold 
spheres. The challenge is incorporating plasmonic effects 
that dominate at optical frequencies. In addition to negative 
permittivity values to be used in the implementations, the 
submitters had to deal with the highly dispersive properties 
of the structures in the time domain. Reference solutions 
were also provided along with the descriptions of the 
problems. Mie-series solutions were also available for one 
of them, demonstrating the accuracy of their approach. 
We are looking forward to receiving alternative solutions 
for these new, challenging problems, as well as for the 
previous submissions in the earlier issues (SOLBOX-Ol, 
SOLBOX-02, and SOLBOX-03). 
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2. Problem 

2.1 Problem SOLBOX-04 
(by I. E. Uysal, H. Arda Olkii, and 

H. Bagcl) 

This problem involves the computation of fields 
scattered from metallic (plasmonic) nanostructures at 
optical frequencies. For this task, time-domain solvers are 
preferred, since they (i) provide broadband data with a single 
code execution, and (ii) permit accurate modeling of strong 
material nonlinearities. However, the direct computation 
ofthe fields in the time domain is a challenging task, since 
the permittivity of metals at optical frequencies is highly 
dispersive. Two separate examples were considered: A 
gold sphere of radius 50 nm (inset of Figure 1), and a 
dirner (inset of Figure 2) consisting of two gold spheres 
separated by 5 nm. It was assumed that both structures 
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Figure 1. The x compo
nent of the range-corrected 
scattered electric far field, 
IrlioEsca (r,t), for the gold 
sphere in SOLBOX-04 . 
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were centered at the origin and residing in free space. The 
frequency samples ofthe gold's permittivity were obtained 
from the experimental data ofJohnson and Christy [1]. The 
structures were excited by a plane wave with electric field 

EOnc (r,t) = iG(t - zor / co), 

where Co is the speed of light in free space, and 

is a Gaussian pulse with modulation frequency fo, 
duration (J', and delay to. In both examples, fo = 900 
THz, to = 8(J', (J' = 3/(27rfbw) ,andtheeffectivebandwidth 
was fbw = 600 THz. It was desired to compute the scattered 
electric field in the time domain. 

3. Solution to Problem 
SOLBOX-04 

3.1 Solution Summary 

Solver type (e.g., noncommercial, commercial): 
N oncommercialresearch-based code developed atKA UST, 
Thuwal, Saudi Arabia. 
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Solution core algorithm or method: 
Time-domain surface integral equation (TDSIE) [2, 3] and 
marching-on-in-time (MOT). 

Programming language or environment (if applicable): 
F ortran90177 + MP 1. 

Computer properties and resources used: 
Four cores, 2.67 GHz, Intel Xeon®, X5650, 48 GB ECC 
RAM, Ubuntu 

Total time required to produce the results shown 
(categories: < 1 sec, < 10 sec, < 1 min, < 10 min, < 1 hour, 
< 10 hours, < 1 day, < 10 days, > 10 days): 
< 10 min (gold sphere) and < 30 min (gold dimer) 

3.2 Short Description of the 
Numerical Solution 

To avoid the volumetric discretization and 
approximate absorbing conditions required by differential
equation-based approaches, a time-domain surface integral 
equation solver was used to compute the transient fields 
scattered from plasmonic structures. This time-domain 
surface integral equation solver made use of the Poggio
Miller-Chang-Harrington-Wu-Tsai (PMCHWT) SIE 
fonnulation [4] toconstructthe scattered fields in the fonn of 
a spatio-temporal convolution of equivalent surface electric 
and magnetic current densities, which were introduced on 
the surface of the plasmonic structure, with the Green's 

- TDSIE 
Figure 2. The x compo
nent of the range-corrected 
scattered electric far field, 
Irl x 0 Esca (r, t), for the gold 
dimer in SOLBOX-04 . 
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function ofthe unbounded dispersive medium. Equivalent 
currents were expanded using Rao-Wilton-Glisson (RWG) 
functions [5] in space and polynomial interpolants [6] in 
time. Inserting these expansions into the time-domain 
surface integral equation and Galerkin testing, the resulting 
equation at discrete time steps yielded a matrix system of 
equations. The samples ofthe time-domain Green's function 
and the time-domain permittivity required to compute the 
matrix entries were obtained from their frequency-domain 
samples using a fast relaxed vector-fitting algorithm [7]. This 
matrix system of equations was then solved for the unknown 
expansion coefficients using an MOT scheme. It should be 
noted here that the version of the MOT scheme used here 
was not accelerated. Its memory and CPU requirements 
could be reduced using blocked FFT-based algorithms 
[6], or the plane-wave time-domain (PWTD) method [9]. 

3.3 Results 

Figure 1 plots the x component ofthe (range-corrected) 
electric far fields [8], scattered from the gold sphere along 
the z axis, which are obtained from the (inverse Fourier 
transformed) Mie series solution and the time-domain 
surface integral equation solution. The results agreed well, 
verifying the accuracy ofthe time-domain surface integral 
equation solver. Similarly, Figure 2 plots the x component 
of the (range-corrected) electric far field [8] scattered 
from the gold dimer along the z axis, which is obtained 
from the time-domain surface integral equation solution. 
It should be noted here that there is no analytical solution 
for this problem. 
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