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METAMATERIAL

XTI T7I
BRROVE [CEVVEE (BHS. FIO/MERE) ZHEATONE

Metamaterial:

Macroscopic composites having a manmade, three-dimensional, periodic
cellular architecture designed to produce an optimized combination, not
available in nature, of two or more responses to specific excitation.

[Rodger M. Walser , in: W.S. Weiglhofer and A. Lakhtakia (Eds.), “Introduction to
Complex Mediums for Electromagnetics and Optics”, SPIE Press, (2003)]
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EFRYE : Left Handed Material (LHM) 34
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NEGATIVE REFRACTIVE INDEX

K

Plasma and fine
wire structure

Air

€<0, p>0
No transmission

Air Left Handed
Metamaterials

£<0, p<0
n=-\ep

Left-Handed Materials

Air Conventional
Materials

Microstructured
magnets and
split rings

Air

>0, pu<0
No transmission
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WHAT IS A LEFT HANDED MATERIAL?

Right Handed System: Maxwell® E 1 512X 0 KETIR : >0, p>o
SHEFORAEFR)

Left Handed System: e<o, p<o&#i%Z & T, Rot(rotation)M & FA K I 1= %<% 5,
(EFRKKRE
e Simultaneous negative permittivity (e<o) and permeability
1<0).
* Reversal of Snell’s Law (negative index of refraction),
Doppler Effect, and Cerenkov Effect.

* Electric field, Magnetic field, and Wavevector of
electromagnetic wave in a LHM form a left-handed triad.

* LHMs support backward waves: anti-parallel group and
phase velocity.
» Artificial effectively homogenous structure: metamaterial

EFRUE
LEFT HANDED MATERIALS

Snell’s Law

Right Handed
Metamaterials

Left Handed
Metamaterials

€<0, u<0

Refraction index: n; 5

sing _ [y

n = = |—
12 o

sind &t

generalization @
f &M,
2 =
P\ &ty

P1> P> ‘Rightness of media

4

In the case of incidence from
vacuum to a medium

Ny, = 1, LA VEH,
EoHy 37




BENEL (dielectric dispersion)
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TBWKDIEHT : REFRACTION OF
ELECTROMAGNETIC WAVE IN RHM AND LHM

RHM LHM

38
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WAVE TRANSMISSION IN RHMS & LHMS -
||
Wave transmission in Wave transmission in ‘ ‘
Right Handed Material Left Handed Material
equivalent circuit of
Left Hand
OIS - OISR - Nature 446, (2007)364 - 365. G
. 2-dimension resonator
Transparent structure with 3mm-squared ¢ " A
s s . quivalent circuit
B - B _ resonator for 8.5GHz micro-wave of Left-Hand
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