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Physics Major Reed Hodges: Blue Waters Student Internship

Update

October 27, 2016

Last spring, Physics Major Reed Hodges received a prestigious NSF-
funded Blue Waters Student Internship, which included spending two-
weeks at the Petascale Institute, at the National Center for
Supercomputing Applications at the University of lllinois in Urbana-
Champaign in May 2016.

This year-long internship is hosted by Dr. Durach’s group at Georgia
Southern University. The work on the project involves two stages: (a)
development of Mie theory codes, which will allow calculation of
electromagnetic fields and scattering properties of spherical particles. (b)
consideration of spherical particles coupled to planar interfaces and
calculation of electromagnetic fields in such structures.

The first part of the project is complete. Mie theory codes were developed
in Mathematica and Fortran and tested on metamaterial metal-dielectric
spheres, for which fields and cross-sections can be calculated for arbitrary
metal fractions from pure dielectric to pure metal reproducing results from
the literature.

As an extremely pleasant and important by-product of this part of the

Reed Hodges coding t the National ~ Project it was established that wavelength-scale metamaterial spheres
Center for Supercomputing with metal fractions ~5% exhibit invisibility. Previous work on invisibility

Applications in lllinois

invariably separated invisible objects into hidden and cloaking sections. In
the invisibility scheme which we propose it is not possible to determine

what is cloak, since the object is a homogeneous sphere. Therefore our work opens up an important research
direction in optics — invisibility without cloaking and demonstrates that this approach is possible in principle. The
corresponding manuscript is written and is currently in the editing phase and soon will be submitted to a high-
impact peer-refereed journal and to arxiv.

This work was
submitted to Georgia
Undergraduate
Research Conference
in Milledgeville, GA in
the form of two posters
(posters 1 and 2), in
which the invisibility
mechanism was
described and the work
in Mathematica and
Fortran programming
environments was
compared. Both
posters were accepted
and one received an
outstanding review,
suggesting that the
work should be
presented as a talk.
Reed Hodges and his
collaborator Kelvin
Rosado will travel to
Milledgeville to present
this work.

Invisible mrtamaTFrlaF I'I'II{‘lﬂ‘ir.lhE"l'FE

Schematic Mathamatical framework Flots
Tow rrwety wild s o iyt e o g i ==
~erEEE 1 te EEwe TTm MG 173 Pa o T

i vacic Ty sy S aacins 0 e o o ek e

|
binn s it o el e s e P T | — |== |
|
|

MTIEA R I LT S0 I BSITE Ty F Tem
Nu.umw:vmnnw:\ﬂua fEe L] | 0 3% D
Pyt vR0m: s Tk BS0E O N ARt W Cha 0g I P by
e e s ]
B e
-'-'-'---=T1| fLTT FERT )
Dialac i M IEPATE MEIC IGTArEGTE K e Al R 20D o i i e W
RS i e p——— et MIFEECE 1 A TR
L e = PR —— -
o P it 1 e ke
2 pulie ) iR -.—|——|—I s Sacoen e achaw
= SRR &GS T

0. e i
Bypea= T T+, -u--;r.-,——_ i el e B
13 T"" e 1 L reniciy,  Ta ruger it
e i (e B PR
10 !W-Nulﬂmm" follomrg v e § g !'IM'P!
LSSy N 0 peopany of GECH NPEETE I RO GEMCEE T E R LT T O OO e ) e dercmeen of ApEE =
MUY R S LN A S P B sptiro B (et o B '\-rn! e L —
Bl o R R A CLIE A Tak M R 1] ekl de ey e 1 Pl PRI
e . g of OReTg Chec Tl brrpiegne o wh s e w I am
s [14] e cam u chosk = gt (G A and paaans

Introductan

iy |9, whoh s b SEAL s ) H F b H'-*"ﬁ‘.“*"--’-" e WI‘H
zetwe o pdminn Them em mareach S5 £ 0 0 B ERaeN = L o mmwe B ohcemm § ypow peomer -d T Pl
gy i barmiurmion e in i sircies g ¥ = achwrn S ok orwwd wnd Sacieerd scabiery dum b & sy e
A D :uurw W PIRIONE R G § T ™ P EEtt WEFE The THITENE IETHE B TEE RS T LG no
S I R - N . B g - e

e e - | Reerence
PR S & TR O LTS (L I Sl IE t =) =l
Bl 8 3 CAA BACE DA S BTG T ST R Dall E g I P, o . [ e

] 2 ! = A BTG R

A By SO 1 ST PO e O T b

A O RPN B TERSER S B G |
RIS BT meESHy sm e ean PR EEET 1
atluave v sy wara ora o i done 3w L
R W SRR PR E R s " i o ma E BE &
SR S G R N R T e ——
F an miwmgi cios. Tha hoe o reEws om obrero
Tk ST A5 TR PSS T R B EF OGRS TR
e S S ——
mmﬂhm'\l!'m imadgy (132 T depacts
4 | e e v A e cal
i a.-,.n. s e W T P
em b mame wrem [CF i 4agtl- 1 eed
Lo f+egi—f) e asd Tha a W e Fader
RIS K U AR T ST T By W
[rifyreraes S e ]

Poster 1. R. Hodges, M. Durach, Invisible Metamaterial Spheres



After the presentation,
Dr. Durach and Reed
we will turn to the
second phase of the
project.
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Poster 2. K. Rosado, R. Hodges, M. Durach, Developing Fortram Codes for Photonics

Research
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