NUMERICAL SIMULATION AND EXPERIMENTAL RESULTS OF
A GRADED NEGATIVE INDEX OF REFRACTION LENS WITH A
GENERAL ANISOTROPIC MATERIAL

Parazzoli, G. G.Koltenbah, B. E., Greegor, R. B.
, Lam, T. A., Tanielian, H. M.
Boeing Phantom Works

Numerical Simulation and Experimental Results of a Gradeddtive Index
of Refraction Lens with a General Anisotropic Material

Claudio G. Parazzoli, Benjamin E.C. Koltenbah, Robert Bedgor, Tai A.
Lam, Minas H. Tanielian

Boeing Phantom Works, Seattle Washington 98124
Abstract

In this paper we discuss the numerical simulation of a Gr&ifdactive Index
(GRIN) lens with a general anisotropic medium and compavéth an equivalent
non-graded Positive Index of refraction Material (PIM) omih isotropic medium.
The lens performance is first evaluated with the help of aigdired eikonal equation
for an arbitrary anisotropic medium. The methodology fa@ tlyorous solution of
the eikonal equation in a general medium will be fully dised We start with
the general form of Maxwell Equations, apply the eikonalragjmation and derive
the corresponding dispersion relation for a general mediline dispersion relation
is the eikonal equation. This equation is a first order, rio@ar partial differential
equation. Itis solved with the standard method of the charigtics and thus reduced
to a set of seven ordinary differential equations. The saféndeveloped for the
numerical integration of the ordinary differential eqoat in a Matlab environment
will be described in detail. Subsequently, a full Finite fBience Time Dependent
(FDTD) simulation was performed to verify the validity ofeteikonal calculations.
The performance of the GRIN lens improved significantly aber equivalent PIM
one. The GRIN lens is also five to ten times lighter than thévadgnt PIM. A GRIN
lens operating at 15 [GHz] was fabricated at Boeing. The @rimpn between the
simulation, by the eikonal equation and the FDTD, and theeerpental results of
this lens will be reported. The agreement between the expeeatiand the simulation
is excellent. We will discuss several applications of Negalndex Material lenses
and present experimental and simulation results for thpgkcations.

Abstract Submission Form

2006 National Radio Science Meeting

Abstract: parazzolil887

Date Received: September 17, 2005

1.

a A W N

(a)
claudio parazzoli
Boeing Phantom Works
P.O. Box 3999
MS 2T-50
Seattle, wa
98124-2499 USA
cl audi 0. g. parazzol i @:¢

(b) 206 544-5409
(©)

D - Electronics and Photonics

- (@)
. C - Contributed Paper

. No special instructions



