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Abstract The new electromagnetic properties of negative index material such as converse Cerenkov
radiation and converse Doppler effect, negative refraction index and perfect lens are analyzed and
explained by using basic electromagnetic theory. This work will help people understand the
electromagnetic properties of negative index material more clearly, it will also make the negative
index material to be used and developed more better.
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Fig- 4 The reflection and rrefraction of EM wave in the
interface of different matenals

() » (b)

(a) Ordinary materials with different index, ('b) Ordinary

material and negative index materal.

5
2
Pendry s
2 2
[4] [24]
. 2
(5 [25]
5 [25]
Fig- 5 Experiment result of the perfect lens™
[4]
2 2

Guangxi Sciences, Vol. 15 No. 2, May 2008



2 2 2 kzix
<B+ B, k=+j B+ - KX
TE s
2 ik 1k — kz
= k+ &7 ket Kk (34)
k =+ j k+ k- K oX e o=+ j

(35)

T= ttexp(jlked)+ ttriexp(3kd)+
- L B tt/exp(]'/(;d)
ttr exp(ykd)+ - = 1 rzexp( dkd)
(34) (35) ( 36)
= - o>- 1,X=- X> - 1

(36)

’ 1

(37)

(37) . k=t j K+ k- KX

T= exp(d K+ k- KX ,

, Maxwell , .

Cerenlov

? 2

A 20084F SH % 15E% 2

(1]

(2]

(31

(4]

(51

(6]

(7]

(8]

[10]

[11]

[12]

[13]

[14]

Veselago V G. The electrodynamics of substances with

simultaneously negative values of permittivity and

permeability [ J]. Sov Phys Usp, 1968, 10( 4): 509-514.
Smith D R, Padilla W ], Vier D C, et al. A composte
medium with simultaneously negative permeability and
permittivity [ J]. Phys Rev Lett, 2000, 84( 18): 4184-
4187.
Shelby R A, Smith D R, Schultz S. Experimental
verication of a negative index of refraction[ J]. Science,
2001, 292 77-79.
Pendry J B. Negative refraction makes a perfect lens|]].
Phys Rev Lett, 2000, 85 3966-3969.
Luo C,Ibanescu M, Johnson S G, et al. Cerenkov
radiation in photonic crystals[J]. Science, 2003, 299 368-
371.
Seddon N, Bearpark T. Obsewation of the inverse
Doppler effect[J]. Science, 2003, 302 1537-1540.
Eleftheriades GV, Lyer AK, Kremer P C. Planar
negative refractive index media using periodically L-C
loaded transmission lines [ J]. IEEE Trans Microwave
Theory Tech,2002, 50(12): 27022712.
Notomi M. Theory of light propagation in strongly
modulated photonic crystals Refraction behavior in the
vicinity of the photonic band gap[ J]. Phys Rev B, 2000,
62 10696.
Ramakrishna A, Pendry J B- Removal of absorption and
increase in resolution in a near-field lens via optical gain
[J]. Phys Rev B, 2003, 67 201101-1-4.
Fang N, Zhang X. Imaging properties of a metamaterial
superlens[J]. Appl Phys Lett, 2003, 82 161-163.
Cui T ], Hao Z C,Yin X, et al. Study of lossy effects on
th e propagation of propagating and evanescent waves in
left-handed materials[ JI- Phys Lett A, 2004, 323 4384-
494.
Schurig D, Smith D R. Spatial filtering using m edia with
indefinite permittivity and permeability tensors[J]- Appl
Phy Lett, 2003, 82 2215-2217.
Gerardin J, Lakhtakia A. Negative index of refraction
and distributed Bragg reflectors[J]- Microw ave and Opt
Techn Lett,2002, 34 409-411.
Engheta N. An idea for thin subwavelength cavity

resonators using metamaterals with negative permit—

(F#% 165M Continue on page 165)
155



Power Sources, 1994,52 269274 [8] Demas C, Braconnier J J, Borthomieu Y, et al. Structure
[5] Armstrong R D,Briggs G W D. Charles E A. Some and properties of precipitated nickel-ro hydroxide[]J].
aspects of the A C impedance behaviour of nickel Mat Res Bull, 1987, 22 74].
hydroxide and nickel/cobalt hydroxide electrodes in [9] , ) a—Ni(OH)2
alkaline sloutio [ J]. Appl Electrochem, 1988,18 215. [J] ,2005,35( 6): 455-456.
[6] Delmas C, Faure C, Borthomieu Y. The effect of cobalt on [10] s s R a-Ni(OH),
th e chemical and electrochemical behaviour of the nickel [JI. , 2002, 26(5): 348-350.
hydroxide electrode[J]. Mater Sci, 1992, 13( 2): 89. [11] [M ].
[7] Indira L, Mridula Dixit, Vishnu Kamath P. Electro— , 1983.
synthesis of layered double hydroxides of nickel with
trivalent cations[J]. Power Sources, 1994,52 93. ( )
(L% 155M Continue from page 155)
2003.
tivity and permeability [J]. IEEE Antennas and Wireless [22] Lu J. Grzegorczyk T, Zhang Y, et al- Cerenkov
Propagation Lett, 2002(1): 10-13. Radiation in Materials with negative permit—
[15] Shadrivov IV, Sukhorukov A A, Kivshar Y S. Guided tivity and permeability [J]. Optics Express, 2003( 11):
modes in negative-refractivedindex waveguides[J]. 723-734.
Phys Rev E, 2003,67(5): 057602. [23]  Houck A A,Brock JB, Chuang I L. Experimental
[16] Liu Liu, He Sailing. Near-field optical storage system observations of a left-handed material that obeys snell s
using a solid immersion lens with a left-handed material law [ J]. Phys Rev Lett, 2003, 90 ( 13): 1374011-
slab[ J]. Opt Express, 2004, 12 4835-4840. 1374014.
[17] ) > . [J]- [24]  Garcia N, Vesperinas M N. Left-handed materials do
, 2006, 29(3): 666-670. not make a perfect lens [ J]. Phys Rev Lett, 2002, 88
[ 18] ) . [J1 , (20): 207403,
2006, 20(2): 26-28. [25] Parimi PV,LuW T, Vodo P,et al. Imaging by flat lens
[19] > > s [J]- using negative refraction [ J]. N ATURE, 2003, 426
,2007, 19( 5): 813-819. 404.
[20] , . ..
[ ] ,2006,55( 12): 6441-6446. ( )
[21] Kong J A [M ] : ,
FEAE 2008F 5A # 15K% 2 165



