(left-handed)
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(dipole) (left-handed)
(transverse wave)
(a) (left-handed)
(monochromatic) (linear-polarized)
180
(right-handed)
(cross, ExH)
(b)
(permittivity, €) (permeability, )
@ T
Propagation direction (monochromatic) (wave vector) k
o ( , dispersion relation)
k=2 (1)
C
2
N’ =gu )
(loss)
n e pu
(@ T (simultaneous)
(right-handed) X ) 1968 V.G
y z
() Veselaga ]
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€ U
€ U
e<0 p<0
€
€ H
e u
g u ¢ (D@
VxE=_L1B , vxH =1PD (3)
c ot c ot
B=uH , D=¢E (3"
ei(kZ—Wt) (3)
(€))
[kxE]:—,uH [kXH]z——gE 4
C Cc
e0 p>0 E H k
(right-handed)
e<0 p<0 E H k
(left-handed)
p (rightness) E H
k (right-handed) p=+1
(left-handed)
p=-1
(Poynting) S
— C — —
S=—I|ExH 5
47r( ) ) )
3 @
S E H
(right-handed) S

(left-handed)
(phase velocity) (left-handed)
(negative group velocity)
(anisotropic)
(spatial dispersion)
? (left-handed) ”?
— (Doppler effect)
(left-handed)

®o

(rightness)p

o=0,1-p-) (6)

(a) s
&—> Energy flux

k
e
(Doppler) @ ®
A B
S k v
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(left-handed)

€ U ?
(dielectrics) € U e<0 p>0
(plasma)
(left-handed)
€
a)Z
e=1- - 7
algr:ier a)l ( )
oy’=4nNe’/m N (carrier) e
(charge) m (mass)
(gyrotropic)
p<o0
. (a)
<
& (copper)
V. G. Veselaga [23:4]
(left-handed) . (microwave)
e<0 p<0
(gyrotropic)
(tensor) g, Mik -1
g g, 0
& =|—le, & 0 ®
0 0e¢
Mo, 0
o =| =gty 0 ©)
0 0 g (
i
1
Z (index L || il s [
. ] --:"\-."ﬂ"T"M"ﬁ-""d'"--'
of refraction) e S L i
L e |
n* = (e £6,)( £ 41,) (10) @
(b)
effective
2
0 n 0 (Teflon)
[ R. A. Shelby, D. R. Smith, and S.
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Schultz, Science 292, 77(2001)] T. Sato, and S. Kawakami, Phys. Rev. B 58,

(G ))
(c)
( n=-2.7)
[5]
(dispersion)
(band-gap)

(left-handed)

@ (D)
(b)
-70°

[

10096(1998)]
180 (superprism)
(beam steerer)
(modulation) (band-pass filter)
(boundary conditions)
E,=E,,H,=H, 11
(13) eE, =¢E, ,uH, =uwH, (12)
(GHz ) . i .
(transverse) n
(normal)
(rightness)
(12)
(refraction)

(b)

(5i0)
” 1 2

(normal) E» (transverse) E.
H. Kosaka, T.

Kawashima, A. Tomita, M. Notomi, T. Tamamura,
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13
(rightness) 7 (13)
(rightness) (rightness)
rightness
(12) (rightness) (rig )
z
(rightness)
G
(converging)
€ u
K (diverging)
(point source)
Snell’s law
( . ) @
e P R (13)
Slnl// pl 81/’1] >
p1 p2 o [ O
(rightness) (left-handed)
Fresnel (b)
(rightness)
(rightness)
@
(b)
( ( ) (right-handed)
(left-handed)
(Ray optics) (slab) (left-handed)
1 2
3 (perfect lens)!®
3
562 m
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NON
7 |\
4 ’ \\
s s
Sﬁr S y; \
_( VAN /‘
\ / \\ // B
.\ V.
\ /(
N\ /
N |7
N7
L d ! d-L. |
A d
B
(perfect lens)
(dielectrics) ?
(infinitesimal)
(dipole)
(Fourier)

E(r,ty= Y E, (K,.K,)xexp(ik,z+ik x+ik y—ict)

oK, K,

2.2 2 2 22 2 2
k, =+o’c” —k; —k; ,0’c” > k{ +k;

(14)
(Mexwell)

s)

(image)

( )

(focus)

(wave vector)

k, =+ Kk +k; —0’c? ,0’c” <k; +k; (16)

decay)

(exponential decay)

(phase)

(aberration)

(left-handed)

(left-handed)

(exponential

(propagating wave)

a7

(18)

(evanescent field)

(13)

Fresnel

(left-handed)
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Fresnel

(left-handed)

2 2

(evanescent)

( Drude

(electrostatic)

e=-1

(7

40nm (silver)

(dispersion) (loss)

[8]

dependent)

] (lithography)

(propagating)

(surface plasmon)

(feature-size

m564m

40nm

a
( ) 80nm
object plane image plane
silver slab
(b) object intensity — [V]2
| ] ] |
-100 ) +100
(C) x-axis (nanometer)
image intensity — |V |?
image with
+~ silver dab
image without
+ silver dab
-100 0 +100
x-axis (nanometer)
40nm
€)) 20nm
A (b) &
) (intensity) (©)
X
[ J. B.
Pendry, Phys. Rev. Lett. 85,
3966(2000)]
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