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A Black Hole
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Optical "Black Hole”

(b)
e broadband
omnidirectional light

absorber

e absorbs surrounding
light like a real black
hole

e already made
experimentally In
microwave region

E. E. Narimanov and A. V. Kildishev, Appl. Phys. Lett. 95, 041106 (2009)
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Modeling the Materials
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Modeling the Gaussian Beam

e the classical paraxial approximation

- _ g W —r? " ikr?
(r,z) = OW(Z)exp( z(z))exp —1 Z_ZR(Z)—I_L((Z)
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Inm(1)=800 Surface: Electric field (V/m)

However ...

Inm(1)=800 Surface: Relative electric field, z component (V/m)
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Inm(1)=800 Surface: Relative electric field, z component (V/m)
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Plane Wave Expansion

e Helmholtz wave equation
Vif+kif=0
F(0.y)=exp| ~(y/w) |

1

flxy)= jaq exp[zk (qy + \/l—qz_x):l dg + J a, exp[quy —kqlg” —1 |x|]dq

—1 lgl>1

a, =5 kwexp[—&(kwq)z]

A. V. Kildishev, L. J. Prokopeva, et al, Opt. Express 18, 16646-16662, (2010)
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Plane Wave Expansion

e Helmholtz wave equation
Vif+k*f =0
£(0.y)=exp| =(v/w)’]

R T - l
if(x ¥= ja exp[zk(qx +4J1—q° x):idqwrlj a, exp[qux —k+Jq” - | qu,
| =] 1 ligl>1

L e ———————— b L e ———— :

—4(kwg)
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Plane Wave Expansion

e Helmholtz wave equation
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£(0.y)=exp| =(v/w)’]

1 I

1
if(x \) ja exp[zk(qx +4J1—q° x):idqwrlj a, exp[zkcp—k\/q — | qu,
|
|

—1 1 lgl>1
P :

—4(kwg)

2
I

A. V. Kildishev, L. J. Prokopeva, et al, Opt. Express 18, 16646-16662, (2010)

October 8, 2010 http://web.ics.purdue.edu/~xni/home



PTITRD College
ofEngineerin

Birck Nanotechnology Center

Improved Modeling

a Inm(1)=800 Surface: Electric field (V/m) ) Inm(1)=800 Surface: Relative electric field, z component (V/m)
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Improved Modeling

a Inm(1)=800 Surface: Electric field (V/m) ) Inm(1)=800 Surface: Relative electric field, z component (V/m)
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Model the Optical "Black Hole” in COMSOL
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Optical "Black Hole” with Gaussian Beam

Simulation results of an ideal optical black hole with outer radius R = 20
MM, and inner radius R. = 8.367 pm. The Gaussian beam with free-space
wavelength A = 1.5 pm and minimum waist width w = 2A is focused at x,
=0, and (a) yp = 1.5R; (b) yo =R; (c) y, = 0.75R, and (d) y, = O.
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Optical "Black Hole” with Gaussian Beam

Simulation results of an ideal optical black hole with outer radius R = 20
MM, and inner radius R. = 8.367 pm. The Gaussian beam with free-space
wavelength A = 1.5 pm and minimum waist width w = 2A is focused at x,
=0, and (a) yp = 1.5R; (b) yo =R; (c) y, = 0.75R, and (d) y, = O.
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Another Application -

Negative Index Metamaterials
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Summary

e modeled an ideal optical “black hole” device

e used a new method to precisely model the Gaussian
beam illumination

e the simulation results of the optical “black hole”
device shows expected performance
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