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A. Summary

2§ dza S yshhllahpl® georhefioptics to demonstrate a ray optics
cloak, after defining invisibility cloaking quantitativély To our knowledge,

our 4lensdesign was the first 3D, transmitting cloak that worked for a-con
tinuous range of viewing angles, while being broadband for the visible spe
trum. We follow with broadband, fufield (phase + amplitude) matchir

B. Background
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Some challenges
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Tachi Lab (Japan, 2003), Broadbandtheory)
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E.Initial Ray Optics Cloaki r{@ﬂ ﬁ

ADrop phasematching of light fields to build [6]
macroscopic cloaks for visible light.

ALimited to1l direction, or discrete directions

Alssues For change in viewing angles, backgro f‘l
shifts, or cloaking region revealed. Also, some "
not match magnification with object. :

C.Transformation Opticgs]

Use coordinate transformations to map a virtual space where no light entels
iInto physical space where light bends around a real space.
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(L = Length of the cloaking system,
n = Refractive index of the ambient medium)

G.Solve Cloaking® ;
ABCD Matrix

(a) FindsimplestABCD solution: Use(d) 1
rotationally symmetric thin lenses.

(b) 1 or 2 lens(esf,=,=tk O Yy 2
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patterns and electromagnetic properties, &) dictated by the transform.
AFirst demonstration (2006¥: Used spIHrlngs for 2D microwave cloaklng
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f&z S dzaS (KSo hf?’é‘i“ yAUAZY a andhave nonzero cloaking volume. A 4P qllfz
iInstead of a wearable clothing. . . 3 | SN e
(e) Figure(e) shows all leftright m==-
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1) Cloak a norzero volume,

2) Make Itself and the hidden
object appear transparent.

symmetric (f=f,, f,=1f;, t;=t,)
4 lens cloaking solutions *.

* (Need to check noaero cloak volume separately.)
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AAdvantagesBroadband for entire visible spectrum, 3D, isotropic,
macroscopically scalable, and usesth#-shelf optics.

ALimitations. Centemot cloaked, ~3field-of-view, edge effects, not fufield.
AAlignment Sensitive. ~1%,tt,, t3 change causes magnlflcatlon 1 to ~50%
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= Wavelength, wave vecto2 (/&) In vacuum,
A Complex fleld amplitudeA(B,C,D) = Matrix coefficients)

é)§ull—field phasematching
d a thin, flat plate with inder, and lengthL..

Ne(Ao)

(m - Integer mUItlple fol" phasematching, 4 (Mm=112, L, =10 mm)

n;, L; = Indexon-axis length obriginalelements} e ————
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* Paraxial fulffield cloaking = Isotropic. -2 (m=0, L.=10 mm)

* Broadband vs. Omnidirectionality -
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