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Refradive Index in Dispersive Media
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Refradive Index in Dispersive Media
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Building Blocks for Negative Index
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Charaderizaion by S-parameter Analysis
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Difficulty: S-parameters for metamaterials more complex!
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Transmission Measurements
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Transmission M easurements
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Depiction of the UCSD Experimental Apparatus

Side Cross—sectional View
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Top Cross—sectional View
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Transrmsson Measurements
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Transmisson Measurements
AN

a !

g

2 H=0|¢

E <0 R & :

: |

& ]

= aa_...M..

| Frequency (GHz)

http://physics.ucsd.edu/~drs July 9, 2002

Snell’ s Law with Negative Index

Right Handed Media Left Handed Media
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A 2-D Isotropic Structure
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M easurement of Refractive Index

Microwave absorber
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M easurement of Refractive Index
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M easurement of Refractive Index
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Conclusion

» All datais consistent with negative index.

» For metamaterials, n<0 is physicdly
meaningful

* How can negative index materials be
useful ?
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How does the “Perfed Lens’ Work?

Evanescent decay
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Resolution studies
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The Down Side...
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Thinner lenses give better resolution
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Resolution Limits on the Perfed Lens

Resolution is limited
by losses, deviations
from (-1,-1), and
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Numerical Simulations

Source objed used in the parametric study...
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Parametric Studies of Imaging
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Conclusion: Symmetric Perfect Lensis

Difficult to Achievel

* M/d~10is reasonable.
* For R~10, neal parameter deviations <1/100Q
* Probably best demonstrated in other configurations.
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Time Dependent Solution: Motivation

RH LHRH

¢ |Information bandwidth.
e Transient information.
e Singuarity paradox.

n=1 n=-1n=1

Nature of solution (i.e., exponential growth) suggests
analytical treament appropriate.

» Meshing issuesin FDTD can leal to incorred conclusions
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|mage Transfer Function
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Transfer function has branches, poles,
-a esential singularities>convergence
Hp issues!
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Inverse LaplaceTransform
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Refradion o Modulated Beansin LHM

E(r,t) — gPgiat oos(Aq 0 —Awt) n=1 n=n(o)
. 1 CAw
Aq =k X+ —(k’nn, =k?) 20— |
q % qz( ¢ ) DQ < >
n, Ec?(nco) o1
ow

http://physics.ucsd.edu/~drs July 9, 2002

Dr. David Smith, UCSD (KITP Quantum Optics 7/09/02)

25



Negative Refraction in Eledromagnetic Metamaterials

i—_ UCSD ITP UC Santa Barbara

Waves at an angle produceinterference
patterns

n=1 n = n(w)
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What is the Group Velocity?

The group velocity is an inherent property of the
material. For an isotropic medium, it is antiparallel to
the phase velocity.
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Refradion of a Gaussian beam into aNIM. The
angle of incidenceis 30 degrees.

n=1 n= n(w)

n(w.)=-1.66+0.008
n(w, ) =-1.00+ 0.002i

Aw/w=0.07
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