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KpuTu4yecku paccmoTpeHa KoHUenuus cospgaHuns
B ONTMYECKOM 061acTU cnekTpa MaTepuasnos

c o6paTHbIM Noka3saTesieM NpejaomMaeHns -
MeTaMaTepuasnoB, BO3MOXHOCTb peannsaumm
Ha X OCHOBe "cynepanH3bl", "lWanKu-HeBNANMKIN"

M T.4. MpeanoxeHa naesa cos3faHns NAoCKom
JINH3bI, X0O4, ly4en B KOTOPOM COOTBETCTBYeT
MOJAEe/IM pacnpocTpaHeHUs cBeTa Npu o6paTHOM
pedpakumnn. CoenaHa nonbiTka apryMeHTUPOBAHHO
[0Ka3aTb, YTO YaCTb Y4YE€HbIX, 3aHUMAIOLWUNXCSA STOMN
TeMaTUKOWN, BbIAAIOT XKesaeMoe 3a feACTBUTe/IbHOe,
3/10ynoTpe6asoT TeopeTUYeCKMMM pacyeTaMmu.

1. METAMATEPUA/DbI

1.1. NcTopusa pasBnTUsa KOHUENLuun
mMeTamaTtepuanos

TeopeTH4YeCKH BO3MOKHOCTD CyIIeCTBOBAHHS Cpef,
C OTPHUIIATEJIBHBIM IIOKa3aTeleM IIPelOMJIeHHUS
6bl1a mpeAIoKeHa elle COBeTCKUM QU3HUKOM BHK-
TopoM Becenaro B 1967 roay [1].

Becenaro - oAMH U3 IepBbHIX aBTOPOB, HA4aB-
IIMX pa3sBUBATh UMEI0 O MaTepHalax C AaHOMAaJb-
HBIMHM CBOHMCTBAMHM, II03[Hee IMOJYYHUBIIUMU
Ha3BaHHeE "MeTaMaTepHUasbl'".

CrnenyeT OTMeTHUTD, YTO Becesnaro JUIIb BBIIBU-
HYJ TUIIOTe3y O TOM, YTO MaTepHa/bl C AaHOMAJb-
HBIMU CBOMCTBAMHM, TAaKHMH KaK OTPHUIATENb-
HBIH IIOKa3aTenb mpenomneHus (Negative Index
Materials, NIMs') u [Ap., MOLYT CYIIeCTBOBATb.

TepMUH "MeTaMaTepHas' MOKHO IPUMEeHSTh KO MHOTHM COBpe-
MeHHBIM KOMIIO3UTHBIM MaTepHajaM, [I03TOMY B Aa/IbHeHIIeM
6yzmeM Hcronp3oBaTh abbpeBrarypy NIM - MaTepHas C OTPHLA-
Te/IbHBIM II0Ka3aTe/leM IIpejloMIeH s TepMUHBI "TIeBOCTOPOH-
Hup matepuan” (left-handed material, LHM) unu "neBas cpena”
SIBJISIIOTCS CHHOHMMaMu NIM. TepMuUH "mipaBast cpefia’ 03Ha4a-

eT MaTepual, rae ZLEI;ICTBYIOT KJIaCCH4YeCKHe 3aKOHBI OIITHUKH.
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The concept of the materials with reverse refractive
index, i.e. metamaterials, in optical spectral region,
the possibility of implementation of "superlens"”,

"cloak of invisibility" etc. on the basis of these
metamaterials are critically considered. The idea

of two-dimensional lens design which beam path
corresponds to lighting model in case of reverse
refraction is offered. The attempt to prove reasonably
that a part of the scientists who are engaged in this
subject mistake the wish for the reality and take
advantage of theoretical calculations.

1. METAMATERIALS

1.1. History of metamaterials concept
development

Theoretically the opportunity of negative refractive
index mediums existence was offered by the Soviet
physicist Victor Veselago as far back as in 1967 [1].

Veselago is one of the first authors who began
to develop the idea concerning materials with
anomalous properties which were later named as

"metamaterials”.

It is necessary to mark that Veselago only made a
hypothesis that materials with anomalous properties,
such as the negative refractive index (Negative Index
Materials, NIMs") and others can exist. There were no
facts confirming this hypothesis.

In view of materials absence with the anomalous
properties the hypothesis was forgotten up to the 215t
century.

"Metamaterial” can be applied to many modern composite
materials, therefore NIM which means material with the
negative refractive index will be used further. The terms "left-
handed material" (LHM) or "the left media" are synonymous to
NIM. "Right media" means material working under classic laws

of optics.
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Hukakux ¢paxrTos,
TUII0Te3y, He 6bLII0.

BBUAY OTCYTCTBHUS CaMHX MaTepHaIOB C aHO-
MaJIbHBIMM CBOMCTBAMH THIIOTe3a Oblyia 3abbITa
BIIJZIOTH g0 XXI Beka.

Bcreck HMHTepeca K OTpULlAaTeNbHON ped-
PaKIIMM 3JeKTPOMAarHUTHBIX BOJIH, B TOM 4HCIe
CBeTa, KOT[a IpeJIoOMJIeHHBIH Jy4 OTKJIOHSETCS
[0 APYIylo0 CTOPOHY OT HOPMaJH K IpaHHIe pas-
lena cpen, BO3HHUK B Haydaje XXI Beka Iocie
ny6IMKAUK TPYIIBl yYeHBIX M3 YHHUBEPCHUTETA
CaH-Tluero (CIIA), coOOBIIMBIIMX O CO3MAHHUK KOM-
II03UTHBIX MaTepHaoB, 06IafaoIUX OTPHUIA-
TeJbHBIM IIOKa3aTeneM IIpeloMIeHUs [2-4].

TaksKe caefyeT OTMETUTDb CTaTbl0 aHITIMHCKOTO
éusuka [k.I[leHnpu [5], KOTOpPHIM chenan cie-
Aylollee MpefcKasaHHe: B IIJIOCKOIApalaelbHOHN
NIM-ni1acTUHKe 6y,£[€T OTCYTCTBOBaTh JUPPaAKIIU-
OHHBIM IIpefen Ha pa3Mep GoKalIbHOIO IISITHA,
IPUCYIUH OOBIYHBIM JAHH3aM. I[logobHoe ¢oky-
CHpYyIolllee YCTPOHCTBO [IeHAPHU Ha3Ba/l COBepIIeH-
Hou nuH30i (perfect lens). OcobeHHOCTH TaKOH
perfect lens - paccrosHue Mmexxay NIM-1uH30M
U 06beKTOM MCC/IeLOBaHUS OOJIKHO OBITh MEHbIIIe
IJUHBI BOJHBL CBEeTA B BUAMMOM JHala3oHe, T.e.
~50-200 uM. Ilo MHeHHUIO [leHApH, 3TO O3HAYaeT,
YTO MOKHO CO3/aBaTh ONTHYEeCKHE MHKPOCKOIIBI
C HeIOCTYIIHBIM paHee pa3pellleHHeM (C IIOMOIIBIO
OIITUYECKOM CHUCTeMBbl HEeBO3MOXHO pPa3MUYHUTh
MeXXAay coboll [Ba mpeAMeTa, €C/IM OHU HaXOASTCS
OPYyT OT Apyra Ha PacCTOSIHUM, MeHbIIeM JJIHHBI
BOJIHBL HabniomeHUs ).

YHCI0 KUCCAeNOBAHUM M NYO6IMKALUM, IOCBS-
meHHbIXx NIM, pacTteT B CBSI3M C Ipejnliojarae-
MBIMU IIePCIIeKTUBAMU UX HCIIOTIb30BAHUS.

[IOATBEPKAAIOMUX OAHHYIO

1.2. HblHewHee cocTOSIHUE
OpHako o cux mop nybnukauuu mo NIMs BBI3bI-
BaIOT CIIOPHI Ha CéMHHApax U Ha CTpaHUILAX Hay4-
HBIX XYPHAJIOB, I'Ze OOCYKAAIOTCS KaK HCTOpHS
BO3HHMKHOBEHHUS 3TOr0 HAallpaBJIeHU S, TaK U IIPHUH-
LMIHaJbHbIe U/IeH, 3a/I0’KeHHBIE B €TI0 OCHOBY.
CIiopel BO3HHUKAIOT IIOTOMY, UYTO HUKOMY He y[Ia-
JI0Ch co31aTh NIM, pa60Tafomm71 B BUJAHUMOH 00i1a-
CTH cIeKTpa. Tak>ke HHUKTO He CMOT OOBSICHHUTH

Hk

CieflyeT OTMeTUTb, UTO GIMKHEIONbHBIE MUKPOCKOIBl MO-
I'yT IIpeomoseTh AUPPAKIIUOHHBIN Ipefen. [ 3Toro o6beKkT
HCCIeJOBAHUS U CKAaHUPYIOIIHN 30H[, AO/KHBI HAXOAHTBCS
Ha PAaCCTOSIHUM, MeHbILIeM \ H3/Ty4alolero jasepa. [IpHHIIHIT
paboTsl 6/1HKHEII0NBHOI0O MUKPOCKOIIA He CBSI3aH C KOHIIeMIU-
el MeTaMaTepHUaJIOB M OTPULIATeIBHOM pedpakiiuert (rmogpob-

Hee CM. B pa3fenax 2.5 1 2.6 4acTu 2).

i g

Surge of interest in the negative refraction of
electromagnetic waves including light, when the
refracted beam deviates on other side of a normal
to media border, arose at the beginning of the 21st
century after publications of San Diego University
(USA) scientists group which reported about creation
of the composite materials having the negative index
of refraction [2-4].

Also it is necessary to note the article of English
physicist J.Pendry [5] who made the following
prediction: a diffraction limit at the size of a focal
spot peculiar to conventional lenses in parallel-
sided NIM plate won’t appear. The similar focusing
device was called a perfect lens by Pendry. The
peculiarity of such perfect lens is that the distance
between a NIM lens and research subject shall be
less than light wavelength in the visible range, i.e.
~50-200 nm. According to Pendry, it means that
it is possible to create optical microscopes with a
resolution never before available (it is impossible
to distinguish two subjects by means of an optical
system if they are at distance less than observation
wavelengths™).

A number of the researches and publications
devoted to NIMs grow relating to supposed
possibilities of their application.

1.2. Present situation

However publications on NIMs still cause disputes at
seminars and on pages of academic periodicals where
both history of origin of this trend, and the principal
ideas serving as its basis are discussed.

ok

It should be noted that near-field microscopes can overcome
the diffraction limit. For this purpose a research object and the
scanning probe should be separated by a distance less than A of
radiating laser. The near-field microscope operating principle
is not bound to the concept of metamaterials and the negative

refraction. See chapter 2.5 and 2.6 for more detail.
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bu3ndeckre MexXaHHU3MBI IIpefllonaraeMblX aHO-

MaJIbHBIX SBJI€HUH.

BO3HUK IIapaZioKC: TeopeTHUeCKHe IIpejcKa-
3aHUS eCcTh, NYOIUKALIMKU U HUCCIeJOBAHUS TOXe
eCTb, IpHUUYeM B OOJBIIOM KOJIMUYECTBe, a BOT
00BsICHeHUN (QH3MYeCKOr0 MexaHH3Ma IIpenIo-
JlaraeMblX yAHMBUTEJIbHBIX CBOMCTB, PaBHO Kak
U camux NIM, pa6OTaIOIJlI/IX B BUJMMOM JHalla-
30He, HeT.

PaccMoTpuM mofpobHee, KAKUMHU K€ UMEHHO
XapaKTePUCTUKAMHM [OJIKHBL 06/1afaTh TUIIOTETH-
yeckue NIM corinacHo Becemaro. A K 3TUM BOMUC-
THHY YyAHUBUTEAbHBIMHU CBOHCTBaM (3dpdexrTam)
NIM oTHOCATCA:

o oOpaTHBI (OTpHULATEIBHBIN) [IOKa3aTeab IIpe-
JIOMJIEHU S ;

» obpatHm 3bdeKT Jomnepa;

« obpaTHBI} 3QPeKT BaBuIOBa-UepeHKOBA;

* 3bderT "manku-HeBUAUMKH" [6, 7];

« sddexT "cynepnunss” (perfect lens) [5];

e oOTpULATeNbHAas MArHUTHAas W IHU3IeKTpHUYe-
CKasi IPOHHIIaeMOCTH (pa3zen 2.5, 4acTs 2);

* ¢asoBas U IPyIIOBasi CKOPOCTH 3JIeKTpoMar-
HUTHBIX BOJIH B NIM HMeIOT IIPOTHBOIIOIOXK-
HBle HaIlpaBieHUs (pa3zgen 2.9, 4acTh 2);

+ obparHbH caBUT ['yca-XeHXeH (pa3nen 2.12, 4acTh 2).
llaguMm obujee ompeneneHHe MeTaMaTepuasy

(NIM).

MeTamaTepuas - TaKOM KOMIIO3UTHBIM Mare-
pHaJI, CBOMCTBA KOTOPOro 06yCIOBIEHBI HE CTOJIBKO
HHAWBHUAYANBHBIMU QU3HUUYECKHUMH CBOHCTBAMH
ero KOMIIOHEHTOB, CKOJIBKO MUKPOCTPYKTYyPOH.

OCHOBHBIE CITocobsI H3TOTOBJIEHU I
MeTaMaTepHaaa:

* BHeJpeHHe B IIPO3PauHYIO IIOJIUMEPHYIO Cpeny
HAaHO-, CYOMUKPOHHBIX HUJIH MHUKPOHHBIX 06B-
eKTOB;

e IIOCTPOEeHHEe MACCHBAa, COCTOSIIEro M3 IIACTH-
HOK. Ha IJacTHHKKU HaHeCeHHBI KOJIblleobpas-
Hble (3AMKHYTBle M He3aMKHYTbIe) 3JIeMeHTHI,
BBIIIOJIHEHHBIEe K3 MeTaja. [loBepx KoOJIblie-
06pasHBEIX 3JIeMEHTOB MOTYT OBITh HaHECEHBI
U Ipyrue COCTaBHBIE 3IeMeHTHI;

* M3rOTOBJIEHHe MeTaMaTepHala METOLOM 3JeK-
TpoHHO-Ny4YeBoH nutorpaduu (electron beam
lithography, EBL);

*  M3roTOBJIeHHe GOTOHHBIX KPHUCTAJIOB (pasmen
2.10, yacTs 2).

DOTOHHBIM KPUCTAJLJL - MaTepHaJs, CTPyKTypa KOTOPOIro Xapak-
TepU3yeTCsl MepUOJMYeCKUMM H3MeHeHHeM IIoKa3aTess IIpe-

JIOMJIEHU S (noupoGHee CM. B pasgere 2.10, yacTh 2).

1Mo ®OTOHUKA N21/61/2017

a) b)

Puc.1. MpoxoxdeHue cagema: a) yepe3 NAGCMUHY U3 Ae8020
seuiecmsa moauyuHol d, A = UCMOYHUK u3Ay4eHus, B - npu-
eMHUK U3Ay4eHus; 6) npoxoxdeHue Ay4a Yepe3 2paHuLly deyx
cped [1]: 1- nadarowull Ay4, 2 — 0mpaxkeHHbIl Ay, 3 — npenom-
AEHHbIU AyY, ecAu 8mopasi cpeda Aesasi, 4 — NpenoMAeHHbIl Ay,
ecau amopas cpeda npasas

Fig. 1. Light passing: a) through a plate from the left substance
with d thickness, A is a source of radiation, B is a radiation
receiver; b) through border of two media [1]: 1~ incident beam,
2 - reflected beam, 3 - refracted beam, if the second medium is
left, 4 - refracted beam, if the second medium is right.

Disputes arise because nobody managed to create
NIM working in visible spectrum. Also nobody could
explain physical mechanisms of supposed abnormal
phenomena.

A paradox has arisen: there are theoretical
predictions, at that publications and researches
exist on a large scale, but there are no explanations
of the physical mechanism of supposed surprising
properties, as well as NIMs working in the visible
range.

Let us see in more detail, what characteristics
hypothetical NIMs should have according to Veselago.
And NIMs truly have the following surprising
properties (effects):
 reverse (negative) refractive index;

« Doppler’s reverse effect;

« Vavilov-Cherenkov reverse effect;

« effect of the "cap of darkness’ [6, 7];

« effect of "superlens’ (perfect lens) [5];

« the negative magnetic and dielectric inductive

capacity (chapter 2.5);

+ phase and group rates of electromagnetic waves

have opposite directions in NIMs (chapter 2.9);

« Goos-Hanchen effect (chapter 2.12).

Let us give the general definition of metamaterial
(NIM).

Metamaterial is such a composite material the
features of which are less likely caused by individual
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Takoll KOMIIO3UTHBIM MaTepHal [JeMOHCTpPH-
pyeT CBOICTBA, He XapaKkTepHble 51 00BEKTOB,
BCTpevalmuxcsi B mpupofe. Ilompobyem paso-
6paThcsl, KakK TaKoe BO3MOSKHO.

1.3. OTpuuaTenbHbIN NOKa3aTesb
npeaomMmiaeHunsd

OpHuM wu3 Hawubosee ropsuo o0b6CyRHaeMBIX
B mocjaegHee BpeMs 3pdeKTOB ABIAETCS OTPHULIA-
TeJIbHBIH [T0Ka3aTeslb IpeIoM/IeHU .

OcTaHOBUMCS Ha 3ToM 3bdekTe moxpobHee,
TaK KaK M3 OTPHULIATE/JIbHOIO IIOKa3aTejsl IIpeoM-
JIeHHS BBIT@KAIOT U OCTaJIbHBIe XapaKTepPHUCTHUKU
NIM.

PaccMoTpuM BHHUMAaTeJIbHee, UYTO >Ke Ipen-
oyiokua1 BukTop Becenmaro B 1967 roay [1]. Cra-
Tbsg Becemaro mMmeeT ocoboe 3HaueHHe, TaK KakK
BCe IIOCJIeAYIOIIKe aBTOPBl OA3UPYIOTCS HMeEHHO
Ha ero paboTe, MOJB3YyIOTCS ero PUCYHKaMHU
U YMO3aKJ/JIIOUeHHSIMHU.

AHanu3 PUCYHKOB, IpenjoKeHHBIX Becemaro
(puc.la,b), Ha KoTOphIe CCBHIIAIOTCS BCe IOC/IeAYIOo-
IIKe aBTOPHI, BBI3bIBAeT PSJ COMHEHHH.

« Tlouemy jyd4 CBeTa OTKJIOHSETCS TOJAbKO Ha rpa-

HHIle pasfena ¢a3, a He OTKJIOHAETCA IpHU

€>0 | | €<0
u>0

a)

Puc.2. Pegppakuus nyuka ceema npu npoxoxkoeHuu u3 8030yxa
8 60/ee NNOMHYHK cpedy: a) Kaaccudeckas peppakyus (3aKoH
CHenAuyca); b) aHomanbHas pedpakuus npu UcnoAb308aHuUL

8 kauecmee 6onee nnomuou cpedbl NIM

Fig. 2. Light beam refraction when passing to denser medium
from air: a) classical refraction (Snell's law); b) the abnormal
refraction when using NIM it as denser medium

physical properties of its components, than by its
microstructure.

Main methods of metamaterial preparation are
the following:

PHoOTONICS N21/61/2017 1M
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i1

IPOXOXKAEHHUU CKBO3b KOMIIO3HUT, HacCBhIIleH-
HBIM KaKMMH-IHO0 00BbeKTaMH, 31eMeHTaMH
(puc.la)?

+ IloueMy Ha puc.la HeT IIpe/lOMJIEHHS 33 CUeT
M3MeHEeHHUs IUIOTHOCTH Cpenabl, a Ha PpHC.16
yroJ BXOZa U BBIXOZA Pasau4HEL (¢ U |)?

e Ilouemy B "neBou cpepne" (puc.lb) nyu umper
MIMEeHHO I10 TPaeKTOpHH 37

* OTpa’keHHBIH OT JI€BOrO BellecTBa Jyd OTCYT-
cTByeT. [Touemy? HeT HU 06BSICHEHU I, HU JI0Ka-
3aTebCTB.

Ha puc.2 [8] moka3aHa pedpaKLusl CBeTa IpHU
IIPOXOKJEeHUH U3 Bo3[yxa B 6ojlee IJIOTHYIO Cpeny
corjiacHo 3akoHy CHennuyca (puc.2a) U pedpak-
LU IPU IPOXOKAeHUHU udepe3 NIM (puc.2b). Kax
BUJHO, 32 40 /leT HHYero HOBOIO IIPUBHECEHO
He OBIJIO, 3a HCK/IIOYEHHeM OTPa’keHHOro jyda
U IIOSIBJIEHHS HaIlpaBJeHHS BOJIHOBOIO BeKTOpa

k=2m/A.

1.4. O6cyxaeHue npegnosaraemMoro
3dpdekTa o6paTHOM pedpakuumn

Ctpykrypa NIMS M 3KCIIEpHMEHTHI, OIIMCAaHHEIE
B CTaThsIX [2-4, 7, 8], CBUAETENBCTBYIOT O TOM, UTO
3JIeKTPOMAarHUTHOe u3iy4YeHHe (IMHU) MOXeT
IOMTH II0 HeTHIIMYHON TpaeKTopuu (puc.2b),
HampuMep, II0CJe [ABYKPATHOrO OTpa>keHHsd.
[IToMHMO OTpakeHHUS HeOoOXOLMMO YYHTHIBATH
nudpakuuio, 1uddysuio, peppakLUO CKBO3b 065-
eKT, pa3Mep obbekTa (Teopus Payesi, Teopus Mu,
Teopust PpayHrodepa), mokasaresb IIpeIOMIeHHUS,
reoMeTpHIO, IIePOXOBATOCTh, AH3IEKTPHUUYECKYIO
IIPOHMIIaeMOCTh 00BeKTa, MJIa3MOHHOe yCHUIeHHe,
obpa3oBaHHe IJIa3MOH-TIOJSIPUTOHOB, obpa3oBa-
HUe 3BaHEeCLeHTHOTo Monsg, 3ddPekT 6pIrroBckom
AUbpakL MU, AUCIEPCHI0O W IOIJIOIeHHe CBeTa
(moppobHee cM. B I1aBe 2, 4acTh 2). Ha JaHHOM
3Tare Mbl 6ylleM pacCMaTpUBaTh B3aKMMO/eHCTBHe
OSMHU c 06BeKTOM B YIPOLeHHOM BHJe, PYyKO-
BOLCTBYSICh TOJIBKO OTpa’keHHeM, pedpaKIiheHn
U UHTepdepeHIHel.

BMmecTo BBeJeHHsS B IIPO3pPaYHYI0 Cpeny
HaHO-, CyOMHUKPOHHBIX HJIHM MUKPOHHBIX 00B-
ekToB NIM MoskeT OBITH H3rOTOBJIEH, HAIlpU-
Mep, U3 MeTalandeckux (Me) 06eKTOB ¢ pa3me-
pamu 5-15 MM, B pacdeTe Ha CBY-usnyuenue [4].
CBY-u3nydeHue 6ymeT oTpaxkaTbCsi oT Me 06®-
ekTOoB. OOImMN NPUHIHUI IOCTPOEHHUS CTPYK-
Typel NIM ocTaeTcsd HeM3MEHHBIM — OTPaskKeHHe
9MMU oT HpemsITCTBUS C IOCIeAyIOIEN HHTep-
depeHnueri. bosee moaApo6HEIK aHAMN3 CTAaThU
P.Ilenbu c coaBTOpaMu [4] mpencTaBleH HHXe
II0 TEKCTY.

112 DOTOHUKA N21/61/2017

+ embedding of nano-, submicron or micron objects
in the transparent polymeric medium.

« creation of the array consisting of plates. The ring-
shaped elements (closed and nonclosed) executed
from metal are applied on the plates. Other
components can be applied above ring-shaped
elements.

« metamaterial creation by the method of electron
beam lithography (EBL).

+ photonic crystal creation” (chapter 2.10).

Such composite material shows features that are
not typical for objects occurring in nature. Let us try
to find out how it can be possible.

1.3. Negative refractive index

One of most discussed effects in recent times is the

negative refractive index.

Let us dwell upon this effect as other
characteristics of NIMs are also caused by negative
refractive index.

Let us consider more attentively what Victor
Veselago has assumed in 1967 [1]. Veselago’s article
has special significance as all subsequent authors’
works are based on his work and use his drawings and
conclusions.

The analysis of drawings offered by Veselago (fig.
1a, b) to which all further authors refer, raises some
doubts.

+ Why did the light beam deviate only on the
phase border, and does not deviate when passing
through the composite saturated with any objects,
elements (fig. 1a)?

« Why is there no refraction because of changing
medium density in fig.la, and why inlet and
outlet angle are different (¢ u ¢) in fig.1b?

« Why did the beam just follow the trajectory 3 in
"the left medium" (fig. 1b)?

« Why is the beam reflected from the left substance
absent? There is neither explanation, nor proofs for
this fact.

Light refraction is shown in fig. 2 [8] at passing
from air to denser medium according to a Snell’s law
(fig. 2a) and the refraction at passing through NIM
is shown in fig. 2b. Apparently, no updates had yet
been introduced over a period of 40 years, except for
a reflected beam and wave vector direction of k=2m/A
occurrence.

*  Photonic crystal is a material the arrangement of which is

characterised by periodical change of refraction index. For
details, see chapter 2.10.
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M306paxeHune
Image

MonMMepHbIv \

NpO3payHbIN OTpaxatouyme
MaTepuan 3/1IEMEHTDI
Polymeric The reflecting
transparent elements

material /

.
O61beKT nccneaoBaHns
Research object

CpasHeHus)

Puc.3. MpoxoxdeHue caema cke8o3b AUH3bI: a) Modenb x0da Ayyell 8 NA0CKOU AUH3e ¢ 3ppekmont 06pamHoli pedpakyuu: MOHO-
Xpomamuueckuli Ay4 ceema om 06vexma uccredosaHus 08axdbl 0Mpaxxaemcsi om céemoompaxarouseli AeHMbl, NPoX00s CK803b
KOMNO3ULUOHHBIL Mamepuan. Boicoma ompaxkatouiezo 3nemedma 5-10 mkm; b) xod ayueli 8 cobupatouieli AuHse (npusedeH 0As

Fig. 3. Light passing through lenses: a) model of beams path in a plain lens with effect of the reverse refraction: the
monochromatic light beam from research object is reflected from a reflecting ribbon twice, passing through composite material.
The height of reflecting element is 5-10 um; b) A beam path in the collecting lens (it is given for comparison)

ITygok MM TaKKe MOKHO pa3JBOUTH, UCIIO/Ib-
3yst 30 $eKT JBOMHOIO JIydelpeoM/IeHH s, HAIIpH-
Mep, BO3[eMCTBYS Ha MaTepHal 31eKTPUYeCKUM
noneMm (3bdexrT Keppa, monpobHee B pasnerne 2.11,
4acTb 2). Ho 3¢dexT Keppa He BAHSIET Ha CaMo
OMH, a u3MeHseT CTPYKTYpy MaTepHasa, OpHeH-
THPYs. MOJIEKY/IBl IIOJ BO3J4eHCTBHEM D3JeKTpHde-
CKOTO II0/I4.

TakuM obpa3zoM, MeXxaHH3M B3aHMOJEHCTBHUS
OMU c ob6bekToM (06BEKTaAaMHU), COIPOBOXKIAIO-
murcs 3¢PpekToM obpaTHOM pedpaKLKU, MOKHO
peann30BaTh, UCIOIb3Ysl HECKOJIBKO CIIOCOOOB:

e oTpaxeHHe (c mocienywolen HHTepdepeH-
I[Mel) BUAUMOTO CBeTa OT 06beKTOB HaHO-, Cy6-
MHUKPOHHOIO M MUKPOHHOI'O pasMepa;

e orpaxeHue CBY-msnydeHHs 0T Me-06beKTOB
pasmepaMmu 5-15 MM;

* [BOMHOe Jy4ellpe/oMJ/eHHe [10f BO3AeHCTBHUEM
3seKTpHuUeckoro mnons (3dpdext Keppa).
[Tonpobyem pa3obpaThCsi, 0 UeM ke HJeT peub

Y HACKOJIBKO peajibHO IIOJYYHUTH M HCIIONB30BATh

NIM. Hnu 3TO o4YepeJHOM MBIIBHBIM IYy3BIPb,

Hanomobue IepcrekKTUB BOLOPOAHOM SHEPreTHUKHU

HJIH OIIACHOCTH HUCTOIIEHHUSI 030HOBOIO C/1057
Ha puc.3a mpeacTtaBieHa MoJeslb, IIOKa3bIBal0-

masg, Kak DYMHU crocobHO oTpasuThca B NIM mof

06paTHBIM yIJIOM cornacHo puc.lb (Tpaexkropus 3),

IpeaokKeHHOMY Becenaro, u puc.2b.

1.4. Discussion of supposed effect of
reverse refraction

The structure of NIMs and experiments described
in articles [2-4, 7, 8] demonstrate that the
electromagnetic radiation can follow nontypical
trajectory, after double reflection (fig. 2b), for
example. Apart from reflection it is necessary to
consider diffraction, diffusion, refraction through
an object and the object size (Rayleigh’s theory, Mie’s
theory, and the theory of Fraunhofer), refractive
index, geometry, roughness, object’s dielectric
capacity, plasmon enhancement, creation of plasmon
polaritons, creation of evanescent field, effect of
Bragg diffraction, dispersion and light absorption
(see chapter 2 in more detail). At this stage we will
consider an interaction of electromagnetic radiation
with an object in simplified form, being guided only
by reflection, refraction and interference.

Instead of introduction of nano-, submicron or
micron objects in the transparent medium NIM can
be made, for example, of metal (Me) objects of 5-15
mm, counting on microwave radiation (super-high-
frequency radiation) [4]. The microwave radiation will
be reflected from metal objects. The common principle
of NIM structure creation remains changeless, i.e.
reflection of electromagnetic radiation from an
obstacle with the subsequent interference takes place.
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Ob6parHas pedpakuus B NIM mpexacTaBiasieT
coboil He aHOMAJBHYIO pedpakuuio, a 3dpdexrt
oTpaskeHHsT OMH oT 06BeKTOB, HAXOASIIUXCS
B IIPO3pavyHOM cpefe. Hampumep, 3T0 MOXKeT OBITH
CBEpPXTOHKas aJIOMHHMEBAs OTpaskalllas JeHTa,

HaXOASIAsICS B KOMIIO3ULIUK HAa OCHOBe ITOJHBH-
HUJIOBOTO CIIUPTA (OCHOBA /ISl U3rOTOBJIEHUS IlJle-
HOYHBIX II0ISIPU3aTOPOB).

SMU nOpoHHKAeT BHYTPb IIPO3PAYHOM Cpelsl,
ImpeTepmeBas  K/IACCHUYECKYH  "MOJOXHTENb-
Hyo" pedpakKLHI0 Ha TpPaHHUILe pasfena Cpef,
cornacHo 3akKoHy CHennuyca (pHc.2a), oTpaska-
eTCSl OT IIOBEPXHOCTH JIeHTHI, OeCIpensiTCTBEHHO
IIPOXOLUT CKBO3b MAacCHUB MonuMepa (puc.3a),
IIOBTOPHO OTpa’kaeTcsl Ha BBIXOe (B COOTBETCTBHH
c puc.la u 26) u monagaeT K HabaomaTenio.

YTo6Bl CO3mATh K3 Takoro oO6BeKTa JHH3Y,
HeOoOXOmMBI:

e OIpeleleHHBIN pa3Mep U reoMeTPHs PaCIIOIO-
SKEHHU S JIEHTHL B KOMIIO3UTE;

* OITHMAaJbHOE paccTossHHe Mexay NIM-
IIJIeHKOH U 06beKTOM HCCIefoBaHU S (PUKCUPO-
BaHHBIe yIJIBl BXOK/eHUS CBeTa);

* MOHOXPOMAaTHYeCKHH CBeT;

* HHTepdepeHIIMOHHOE YyCUIeHHe CUTHAA;

* TOYHOCTH U3IOTOBJIEHUS.

FeoMeTpHs OTPasKAIUX 0OBEKTOB, MHKOPIIO-
PHPOBAaHHBIX B IIPUIIOBEPXHOCTHBIE CJIOM IIPO3pad-
HOTO II0JTUMePa, MOKeT 6bITh pa3uuHa (He TOIbKO
neHTa). Hampumep, B KadeCTBe OTpa’kalollero
3JIeMeHTa MOTYT OBITh MCII0JIB30BAHBI KPHUCTAJI/IBL
HaHOLIe/III0JIO3b, HKMeomue ¢opMy BBITSHY-
TOro IlapajjesielluIlefa, HIN CchepHUUeCcKUe
Me-4acTUIbl, HMJK KPHUCTAJJIBl B BHJEe IIPaBHUIb-
HBIX IBeHAALATUTPAaHHUKOB (A0eKa3APOB).

Kakoro ske pasmepa IOJIKHBL OBITH OTpaskaro-
mrye 06’beKThl, HaXO4 A KeCs B KOMII03UuTe? MOKHO
paccMoTpeTh 3 THUIA O0OBEKTOB: 1 - Ha HOPSALOK
1 bosee IpeBBIIIAIIME [JIKWHY BOJAHBL IIafalo-
Iero cBeTa A; 2 - II0 pa3MepaM COIIOCTaBHMBIe
c A; 3 - mHoro MeHspme A. OueHky 6yzem mpoBo-
OUTh UCXOAS W3 JJIHMHBI BOJTHBI [1aJaONIEro CBEeTa
450 uM (BUAUMMBIN OUAIIA30H).

Tun 1. Yto6el paboTanu 3aKOHBl reoMeTpHUe-
CKOM ONITHKH, OIKCbIBaeMble dopmyramu Odpe-
HeJsl, pa3Mep BBeJeHHBIX B IIPO3PAYHYI0O CpPexay
00BbeKTOB [OJIKeH COCTaBIATh bonee 4,5 MKM
(d>>MA). O6BexkTH HOMKHB 061amaTh XOpoIlel
oTpaskaromen crnocobHocThio. TaK KaK IIpe-
obnazats OyAyT 3aKOHB OTPa’keHHUS, a He IIpe-
JIOMJIEHHSI, TO Lienecoobpa3HoO BMeCTO BBeJeHUS
MHUKPOHHBIX 00BeKTOB HM3roToBUTH NIM B BuIe
pednexkTopa ¢ HAa6OPOM KOHILIEHTPHUUYECKHUX OKPYK-
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Puc.4. HaHonuH3a (6uHapHas KoAbliesas cmpykmypd, Cocmo-
AWas u3 ouINeKmpuKa u Memannd 6 00HOM CA0e, HaXo0umcsl
Ha nogepxHocmu Keapuesol nodnoxku) [9]. Koabua cepozo
usema — ousnekmpu4eckue 3AemeHmol HAHOAUH3bI, U320M08-
/eHHble U3 MemMbpaHbl HUMpUOA KpemHus. [1ea pe3ucmugHbix
/08 (Komopble MpaHcGopmMupyomcs Nod nNy4KoM 3AeKmpo-
HO8) pa3zdeneHbl NAOMHOL AAMUHUEBOU NAEHKOL MoALLU-
Hol 20 Hm. ®omozpadus cO0enaHa c NOMOLWbI0 pacmposo2o
3NeKmpoHHO20 Mukpockona (POM). J1uH3a uszomoeneHa
memodom EB

Fig. 4. Nanolens (the binary ring structure consisting of
dielectric and metal in one layer is on a surface of a quartz
substrate) [9]. Gray rings are the dielectric elements of a
nanolens made of a silicon nitride membrane. Two resistive
layers (which are transformed under beam of electrons) are
divided by dense aluminium film 20 nm thick. The pictureis
taken by means of the scanning electronic microscope. The
lens is made by the EB method

More detailed analysis of R.Shelby’s article with
co-authors [4] is given below in the text.

It is also possible to bisect electromagnetic
radiation beam, using the effect of double refraction,
for example, affecting material with electric field (the
Kerr effect, see chapter 2.11 for more detail). But Kerr
effect does not influence electromagnetic radiation,
but changes the structure of material, orienting
molecules under the influence of electric field.

Thus, the mechanism of electromagnetic radiation
interaction with an object (objects) followed by the
effect of the reverse refraction can be realized in
several ways:
 reflection (with the subsequent interference) of

visible light from objects nano-, submicron and

micron size;
« reflection of the microwave radiation from metal

objects the sizes of which are 5-15 mm;
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HOCTeH K3 OTPa’kalolllel CBepXTOHKOL HaHOJIEHTHI.
Ha puc.4 npuBesneHa ¢oTorpadpus momob6HOM KOIb-
LleBOM CTPYKTYPHI [9].

Tun 2. B cydae, ecsiu pa3mepsl 06beKTa 611U3KH
K A magarpomero cBeta (d~A), guarpaMmMa HaIpas-
JIeHHOCTH pacCcessHUSI CTAaHOBHUTCS C/IOXHOM (Iof-
pobHee cMm. pasgmensl 2.1 "Teopust paccessHuUs Mu"
u 2.2 "Teopus pudpakuuu dpayHrodepa"). Ilpo-
SABISIeTCS HHTeppepeHLHS BOAH, OTPa’XeHHBIX
OT Pa3/JIMYHBIX YYaCTKOB IIOBEPXHOCTH OOBeKTa.
VIHTeHCHBHOCTb pacCesHHOIrO IIOf, OIpeneseH-
HBIM YIJIOM CBeTa 3aBHCHT OT TOrO, CKOJIBKO pa3
BOJIHA yKJIaJblBaeTCsl Ha AUaMeTpe o6beKkTa, I103-
TOMY MHTEHCHBHOCTb PacCesiHUS CHJIPHO 3aBHCHUT
0T pasMmepoB obwekTa. I[IpesAmosaraeMbll pa3mep
06BbeKTOB, HaXOAAIIMXCSI B KOMIIO3UTe, HOJKEH
cocTtaBUTh 100-1000 HM.

Konu4yecTBO OTpa’kaloMUX CyOMHUKPOHHBIX
06BeKTOB, HAXOSLIUXCSI Ha ITIOBEPXHOCTSIX KOMIIO-
3UTa, JOJ/I’KHO OBITh TAKKUM, YTOOBI 1yd CBETA OTpa-
>kascs He 6ormee AByx pa3 (Ha BXoZe W Ha BhIXOJe).
B mpoTtuBHOM ciay4dae BMecTo NIM 6ymeT o6BIK-
HOBeHHas IMOJyNpo3padHas, pacCerBarollas CBeT
IIeHKa (Mpou30HJeT MHOIOKpPAaTHOe paccesiHHUe
U IIOTJIONIeHHUe).

 double refraction under the influence of an electric
field (electrooptical Kerr effect).

Let us try to find out what is meant here and
whether it is practical to obtain and use NIM. Or
is it only the next "soap bubble", like prospects of
hydrogen power engineering or danger of ozone layer
exhaustion?

The model showing how electromagnetic radiation
is capable to be reflected in NIM at the reverse angle
according to fig. 1b and fig. 2b (trajectory 3) offered by
Veselago is presented in fig. 3.

The reverse refraction in NIM represents not the
abnormal refraction, but the effect of electromagnetic
radiation reflection of the objects which are in
the transparent medium. For example, it can be
the superfine aluminum reflecting film being in
composition on the basis of polyvinyl alcohol (the
basis for manufacture of film polarizer).

Electromagnetic radiation gets inside the
transparent medium, undergoing a classical "positive'
refraction on media border, according to a Snells law
(fig. 2a), then it is reflected from a film surface, and
easily passes through the polymer mass (fig. 3a), and
is reflected again at the output (according to fig. la
and 2b) and gets to the observer.
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Tun 3. B caydae ecnu A MHoro 6onblie pa3mepa
06BbeKTOB, cofepkamuxcs B MaTepuane (d<<A),
IIPOMCXOAUT PpajeeBCKoe paccesiHHe (0HO e MoJe-
Ky/IsIpHOe). B TakOoM cily4ae peub y>Ke UET O HAHO-
obperTax ¢ pasmepaMu MeHbme 45 HM. CTOIb
Manbsle 06BEKTBl He IPeACTABISIOT HHTepeca
C TOYKH 3peHHUs co3gaHHUs NIMs, paboTarommux
B BUAMMOM [Hala3oHe (JIyd cBeTa He HM3MeHSeT
TPaeKTOPHI0, a YaCTHYHO PacCeruBaeTCsd, TepseT
SHEPTHUI0 U COOTBETCTBEHHO YBeIHYKBAET MJIHHY
BOJIHBL).

Takum obpa3om, IpensoskeHHAass HAMHU CcxeMa
IIPOXOXAEeHUs cBeTa ckBo3b NIM (puc.3a) MoxeT
SIBASITBCSL IIPOTOTUIIOM IIIOCKOM CYyIepIHH3BI
B BUAHMMOM AHalla30He,

1.5. Kputuka

o IloHATHe OTPHLATENBHOM pedpakLUU U PAL
bopMyJI cO 3HAKOM MHUHYC TOJIBKO 3aIIyTHIBAIOT
M yBOAST OT IIOHHUMAaHHUS CYyTH Ipoiecca [10].
JlornyHee HCIIONB30BaTh TEePMHUH "obpaTHas
pedbpakuus”.

* Co3pmaHue Ha ocHoBe NIM MHKPOCKOIIA, IIpeBOC-
xXopsmiero NUGPAKIMOHHBIN IIpeles OITHYe-
CKOTO0 MHKPOCKOIIa (~300 HM) B HECKOJIBKO pas,
HeaKTyaJIbHO, TaK KaK CYIeCTBYIOT K aKTUBHO
HCII0JIB3YIOTCS C/IeAYIOII e YCTPOMCTBA:

» OIMKHeIOJbHBIe MHKPOCKOIIB (pa3penalo-
ras CIrocobHoOCTh 40 ~25 HM),

* ATOMHO-CHJIOBBle MUKPOCKONBI (pa3pelialo-
masi CriocobHOCTh 10 ~2 HM),

* 3JIeKTPOHHBIe MHUKPOCKOIIBl (pa3pelraromas

CIIOCOOHOCTH 40 ~1 HM).

e IIpUHIMIIHAIbHOE OTPAaHUYEHHUe, 06513aTeIbHO
npucymee NIM (gucneprupymoueMy KOMIIO-
3UTYy), - IIOTepPH, BBI3BaHHBIE paccessHHeM MU
Ha MHKOPIIOPHPOBAHHBIX 00beKTaX.

Knaccuueckoe paccesiHHe COIIPOBOKAAETCS
OOIIOJIHUTEeNBHBIMH 3QdeKTaMu, TaKUMH KakK
pe3oHaHCHas QuyopecHeHIHs, KOMOMHAIMOH-
Hoe (paMaHOBCKOe) paccesiHHe U IIapaMeTpuye-
CKoe paccesHHe cBeTa [11].

KayecTBeHHOe ITPOJBHKeHHUe OyLeT LOCTUT-
HYTO, eC/lIH ymacTcs co3maTh NIM ¢ MaJibIMHU
[IOTePsIMH B BUAMMOM JHalla3oHe. Bo3HuKaer
OUIeMMa: C OLHOM CTOPOHBI, HeobXomHMO,
4YTOOBI CBET OTPa3mJ/CA OT 06BEeKTOB, a C APy-
rou - HeobxoguMo obecredyruTh Majble IIOTEPH
(M UCKa>keHHU 1) IPU NPOXOKAeHUHU NIM,

*+ M.CrokMaH B cBoer pabore [12] yTBepxkmaer,
YTO IIOJIy4eHHe CBepxXpa3pellleHHUS B OITHUe-
CKOM [HaIa3oHe HeBO3MOXHo. "Eciau peso-
HaHCHBle BKJIIOUEHHS BBOJSITCS B IIACCHBHYIO
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To create a lens from such object, the following
aspects are necessary:

« the particular size and geometry of film
arrangement in a composite;

« optimum distance between a NIM film and an
object of a research (fixed angles of light exit);

« monochromatic light;

« interference signal amplification;

« manufacture accuracy.

The geometry of reflecting objects incorporated in
surface layers of transparent polymer can be different
(not only a tape). For example, as the reflecting
element nanocellulose crystals, having the shape
of the extended parallelepiped, either spherical
metal particle, or crystals in the form of pentagon
dodecahedrons (dodecahedrons) can be used.

What should be the size of reflecting objects
containing in a composite? It is possible to consider
3 types of objects: 1 are objects the size of which
exceeds the incident light wavelength A by over ten
times, 2 are objects comparable with A sizes, 3 are
objects which is much less than A. We will carry out
the assessment proceeding from impinging light
wavelength of 450 nm (visible range).

1. The size of objects, entered into the
transparent medium, should be more than 4.5 pm
(d >> A) to make geometrical optics laws described
by Fresnel formulas work. These objects should
have a good reflectivity. Since reflection laws shall
prevail over refraction laws, it is expedient to make
instead of micron objects introduction the NIM in
the form of a reflector with a set of concentric
circles of the reflecting superfine nanoribbon. The
photo of similar ring structure is provided on fig.
4 [9].

2.1In case of object sizes closeness to A of impinging
light (d~)) the scattering direction diagram becomes
the composite (see chapters 2.1 Mie’s theory of
scattering and 2.2 Fraunhofer’s theory of diffraction
for more detail). The wave interference reflected from
various sites of object surface is shown. The intensity
of light scattering at particular angle depends on
that how many times does the wave settle on object
diameter and therefore scattering intensity depends
heavily on the object sizes. The supposed size of
objects which are placed in a composite should be of
100-1000 nm.

The number of reflecting submicron objects on
composite surfaces should be such that the light beam
will be reflected no more than two times (at input and
at output). Otherwise instead of NIM there should be
an ordinary semitransparent dissipate light ribbon
(there will be a multiple scaterring and absorption).
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OU3JIeKTPHUYECKYI0 Cpeay, TO aHalu3 COOTHO-
IIeHHI, OCHOBAHHBIX Ha MNPHUHLHIIe IPUYHH-
HocTu (cooTHomeHHe Kpamepca-KpoHmura),
[I0OKa3blBaeT, YTO OTPHIATEe/IbHOE IIpejomie-
HHe BCerja COIPOBOXXIAETCS CYIeCTBEHHBIMU
oTepsiMu".

[IpUHL U ODPUYUHHOCTH (B QH3HKe) - yCTa-
HaB/IKMBaeT [OONYCTHMBbIe IIpeJesbl BIHAHUS
Pu3MUeCcKUX COOBITHUH APYT Ha APYTa.

CooTHomeHue Kpamepca-KpoHHra - BhIpa-
SKeHHe [UCIIePCUOHHBIX COOTHOLIEHUH B KJIac-
CHYeCKOH 3JIeKTpoJHHAMHUKe. B 3ToM ciydae

e(w)=¢'(w) +1e" (w),

rae €(w) - OU3IeKTpUYecKasi IPOHUIAeMOCTH,
® - vacTtoTa DMH.

JleiCTBUTeNbHASS U MHHMAs YacCTH U3~
JTeKTPUYECKON IIPOHUIIAeMOCTH (COOTBeT-
CTBeHHO 1-M U 2-11 4JIeHBl ypaBHEHHSI) OIpeje-
JAIOT MOKa3aTesb IIPeJIoOM/IeHHUs U IoKa3aTeslb
morjoleHus: (ONTHYeCKHe IIOCTOSHHBIE) JaH-
HOHU cpexbl. Takum ob6pa3om, 3TH IOKasa-
TeJIn He [ABJISITCA He€3aBHCHMBIMH OJHH
OT IPYyroro, u, CjlaefoBaTelbHO, IOSBISETCS
OPUHIUIIKAJbHAS BO3MOXHOCTb IO CIEKTPY
OOHOM H3 ONTHUYECKUX IOCTOSHHBIX BBIYMC-
JATh CIIeKTp APYroH, He npuberas K Hemmocpen-
CTBeHHBIM H3MepeHMSIM IlocnenHero [13]. 3To
[I03BOJISIeT B Psfie CJly4aeB YMeHBIIUTb 06BEM
3KCIIepPUMEHTA/IPHO II0JydaeMol HHpopma-
LuHU, Heob6XoOMMOM /sl OIpefe/leHUs OINTH-
YeCKMX IOCTOSIHHBIX, HalpHMep, B ob1acTu
HHTEeHCHUBHBIX IIOJIOC IIOTJIOINEeHHSA KOHOEeHCH-
POBAaHHBIX CpeJi. BEIIIOTHUMOCTb COOTHOIIEeHU I
KpaMepca-KpoHHra HEOJHOKPATHO IIpOBeps-
7ach 9KCIIePUMeHTA/IbHO [IJISl Pa3/IMYHBIX Cpe[
B Pa3/JIMYHBIX arperaTHbIX COCTOSIHUSIX U IPHU
PasIMYHOM TeMIlepaType (KPUCTAJIJIBI, SKHUAKO-
CTH, pacTBOPHI) [14].

B paborax [15, 16] Takke yTBepKAaeTcs,
4YTO OTpHILAaTeJIbHOe IIpe/IOMJ/IeHHe IIPOTHBO-
pPeYUT MNPUHLHUIY MNPUYUHHOCTH H IIOTOMY
He CyILIecTBYeT.

C KpPUTHYECKHMMH 3aMe4YaHUSIMH OTHOCH-
Te/bHO NpefcKa3aHUs [IeHAPHU O CyleplHH3e

JYCcIepCHOHHbBIe COOTHOLIEHUSI — HHTerpaJIbHbIe IIPefCTaBye-
HHUS QYHKIUH OTKJIMKA, ONKCHIBAIOIINX PeaKIMI0 PaBHOBEC-
HOM CTallMOHAPHOM QHU3UYeCKON CUCTEMBI Ha BHELIIHIe BO3eki-
cTBUS. B 6oslee y3KOM CMBIC/IE THUCIIEPCHOHHBIE COOTHOLIEHH S
CBSI3BIBAIOT pedpaKIIHIO PACTIPOCTPAHSIOUIUXCSI B CHCTEMe BOTH

C UX IIOTJIOLIeHHeM.

i g
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3. In case if A is much more than the size of
objects contained in material (d<<A), a Rayleigh
scattering (as well as molecular) take place. In that
case the question concerns already nanoobjects with
sizes less than 45 nm. So small objects are not of
interest from the point of view of NIMs creation
working in a visible range (the light beam does
not change a trajectory, and partially scatter, loses
energy and respectively increases a wavelength).

Thus, our proposed scheme of light passing
through NIM (fig. 3a) can be a prototype of a plain
superlens in a visible range.

1.5. Criticism

e The concept of the negative refraction and a
number of formulas with negative value only
confuses and diverts from comprehension of
process content [10]. It is more logical to use the
term "reverse refraction".

e Creation of the microscope several times
exceeding the optical microscope diffraction
limit (~-300 nm) on the basis of NIM is irrelevant
as the following devices exist and are regularly
used:

« near-field microscope (resolution is up to

~25 nm),

« atomic-force microscope (resolution is up to
~2 nm),

+ electronic microscope (resolution is up to
~1nm).

+ The fundamental restriction, certainly particular
to NIM (dispersing composite) is the losses caused
by electromagnetic radiation scattering on the
incorporated objects.

Typical scattering is followed by additional
effects, such as resonance fluorescence, Raman
(combinational) scattering and parametrical
light scattering [11].

Qualitative advance will be reached when it is
succeeded in creating NIM with small losses in a
visible range. There is a dilemma which means
that on the one hand it is necessary for the light
to be reflected from objects, and on the other
hand it is necessary to provide small losses (and
distortions) when NIM passing.

« In his work M.Stockmann claims that
superresolution obtaining in optical range is
impossible [12]. "If resonance inclusions are
entered into the passive dielectric medium,
the analysis of the ratios based on causality
principle (Kramers-Kronig relation) shows that
the negative refraction is always followed by
essential losses".
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BBICTYIAIOT aBTOPBl cTaTel [17, 18]. Crenyet
OTMETHUTH, YTO 3Ta KPUTHKA 0CTaaCh HPAKTH~
YeCKH He3aMedyeHHOM HM3-3a 00JIBIIOrO KoJHuye-
CTBa TeOpeTHYeCKHUX PaboT B monb3y [leHApH.
PaccMOTPHUM BOIIPOC, KaCAIOMMUCS [TOKa3aTess
npenomaeHuss ns<1. KakoBa OymeT cKOpPOCTb
SOMHMU B cpene ¢ TAKKM I[IO0Ka3aTe/ieM IIpejIoMie-
HUS!

H3BecTHO, YTO IIOKa3aTe/ib IIPeJIOMJIEHUS
HaIpsAMyK COOTHOCHUTCSL CO CKOpOCThI0 DMHU
B cpege. Tak, Aansg Bakyyma n=1,0, 115 Bo3gyxa
n=1,000292, gns Boael n=1,334, nas aiamasa
n=2,42, Hampumep, B BOoJe CKOpPocTh DMH
cocTtaBut 0,74-c, T.e. 2,24-108 m/c.

B pabore B.IllamaeBa ¢ coaBTOpaMu [19]
IoJlydeH OTPHULATeNbHBIM II0Ka3aTelb IIpe-
aomaeHus n=-0,3. AHajJoru4Hasg CHUTyaLusd
Uy Becenaro [1], n=-1.

Kak ke HHTepnpeTHpoBaTh n=-0,37 Ilony-
yaercsi, YTo cKkopocTb SMH B NIM 6yznet 6osee
yeM BTPOe IPeBbIIIaTh CKOPOCTh CBeTa’?

OkaselBaeTCs, HCCIefoBaTenud u3 obma-

CTH MPaKTHYECKOHM OQHU3MKH He3aMeTHO [/
OONBPIIMHCTBA YHUTATeNel Iepelnlyid B 06s1acTh
abcTpaKTHOM MaTeMaTHKH. [loKasaTesnb Ipe-
JIOMJIEHUS N<]1 omMchiBaeT $a30ByK CKOPOCTh
O9MH (abcTpakTHYyIO - CBSI3b MeXAy daszaMu
KomebaHUN B PAa3IHYHBIX TOYKAX IPOCTPaH-
CTBa), a He IPYIIIOBYIO (peanbHyIo, CM. pasfei
2.9, 4acTh 2). A pa3oBasi CKOPOCTb MOXKET IIPU-
HUMaTh 1106ble 3HAaUeHHU I, B TOM YHCJIe OoJblle
CKOPOCTH CBeTa.
OIHMM K3 OCHOBHBIX IOKA3aTeIbCTB CyIeCTBO-
BaHUS NIM cunTtaercs pabota Illenbu c coaBTO-
paMu "DKCIHEepUMEHTANIbHOE MOLTBEPXKIEHUE
OTPHILIATE]IPHOTO IIOKa3aTesasl IpeIoMJIeHHUs"
2001 roma [4], Ha KOTOPYIO M CCBIJIAIOTCS KakK
Ha HeOCIIOPHMMOe [0Ka3aTe/JbCTBO, IIOATBEPK-
Jarpoliee rumnoresy Becenaro.

PaccMmoTpuM 3Ty paboty moppobHee.

HccnemoBaTensaM yaasoch MOAy4YuTh NIM
npu obnydeHum obpasua CBYUY-usnydeHHeM
C IJIMHOM BOJHBE 3 cM (puC.5) (MHKPOBOIHO-
Bas obnacTe cmekTpa, 0,3-30 cm). Ilpu 3TOM
KCII0/JIb30Ba/IMCh KOJIbLIEBBIE PE30HATOPHL [/
MOoJy4eHHUs OTPHUIATe/NbHOM MAarHMTHOM IIPO-
HUIAeMOCTH H IIPOBOJIOYHBIE 3JIEMEHTHI I
MoNy4eHHs OTPUILATeIbHON AU3JIeKTPHUUeCKOM
IIPOHUIIAEMOCTH.

PaKTHYeCKH 3TO O3HayaeT, YTO 3SKCIepHU-
MEHTATOPHI IIOJIYYHM/IK Pe3yNbTaT IIyTeM BBeje-
HHUS B MaTepuas 6OIBIIOr0 KOJTHYeCTBa CJIOXK-
HBIX 10 GopMe 06BEKTOB U CO3aHUS B 06pasiie
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a)

Puc.5. Obpaseu, c 3¢pdexmon obpamHol pedppakuuu:

a) o6pazel, (u3zomoeneH LLleabu c coaemopamu) cocmoum

U3 MAccuea nAacmuHoK, CObpaHHbIX 8 e0UHYH KOHCMPYKUUO.
CK803b 06paseu, nponycKarm MUKpos8onHosoe usnydeHue. Kax-
0as nAacmuHKa cocmoum U3 Habopa KoAbUEesblx pe3oHamopos

U NpoBOAOK, U320MOBAEHHbIX U3 Medu. Pe30Hamopbl U Nnposonoku
HAX00smCcsl Ha 06eux CMOPOHAX NAACMUHKU. Pazmepbl 00HoOU
NAGCMUHKU 512 MM. MedHble nposoAoKU u320mosneHbl nymem
HaHeceHUs! Medu Ha 80A0KHA cmeKAd (0AUHA NPOB0AOKU 12 MM,
duamemp 0,25 mm). [N0AspU308aHHOE MUKPOBOAHOBOE L3Ny eHLe
nodasanocb Ha 0bpaseu, c6OKy ¢ Makum pac4emom, Ymobbl Inex-
mpuyeckoe nose 6biA0 NApanenbHo npoeoaokam (HanpaeneHue
U3AYYeHUSsI NOKA3AHO Ha pUCyHKe CuHell cmpeAkoll). [IAUHA 80NHbi
NnaoarLezo uzAydeHuUs 3 cm; b) npoxoxxdeHue MUKPO8oAH0B020
uzny4eHus yepe3 NIM (8ud caepxy). Ha sbixode CBY-u3AyueHus
u3 NIM maccus naacmuHok 06pasyem “AeceHky”. Y2on mexxdy 8xo-
ASUUM U 8bIXOOSL4UM AyHOM cocmasuA 61° (CuHUe cmpenku)

Fig. 5. Sample with effect of the reverse refraction: a) sample
(made by Shelby and his co-authors) consists of the plates collected
in united structure. Microwave radiation is passed through the
sample. Each plate consists of a set of ring-shaped resonators

and wires manufactured of copper. Resonators and wires are on
both sides of a plate. Sizes of one plate are 5x12 mm. Copper wires
are made by putting copper on glass fibres (wire length is 12 mm,
diameter is 0.25 mm). Polarized microwave radiation was applied
to put on a sample sideways so that the electric field was parallel
to wires (the radiation direction is shown by a blue arrow). A
wavelength of incident radiation is 3 cm. b) Passing of microwave
radiation through NIM (top view). At the microwave radiation
output from NIM plates plate array forms "ladder”. The angle
between the input and output beam was 61° (blue arrows).
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371eKTPOMAarHUTHBIX mojen (OMII) (puc 5a).
B pesynpTaTe UM yIaJ0Ch MCKYCCTBEHHO HaIlpa-
BUTb (OTPa3UTh) 1y4 B HETUIIMYHOM HaIlpaBile-
HHUH. DTO JIMIIb IIONBITKA IIOJOrHATh 3KCIIePH-
MEHT II0J TUIIOTe3y.

B pabote [4] mpocMaTpuBaeTcs aHANIOTUS
¢ 3pdeKTOM [ABOHUHOIO JIydeIlpelOM/IeHHUS
B aHH3O0TPOIIHOM KpHCTaane. IIpy ABOHMHOM
nydemnpenomaeHuu (cMm. pasgen 2.11) HeoObIK-
HOBEHHBIMU /1y4 HUJEeT 10 aHOMAaJbHOHM TPaeKTo-
puu. B pabore Illenbu nyd Takske HAIPaBIS-
eTcsl 110 HeTUIIMYHOK TPaeKTOPUU BC/Ie[CTBHe
MHOTOKpPAaTHOro oTpaskeHus CBU-u3/IydeHHUS
0T Me-3/1eMeHTOB KOHCTPYKI KU NIM. B pe3yb-
TaTe OAHO M3 ImpeobnafalIUX HaIpaBie-
HHUU PacCesIHHOTO U OTPa>keHHOrO H3JY4YeHHU S
COBIIaZlaeT C IpeJIlojiaraeMblM HallpaBlIeHUeM
obpaTHO! pedpaKIUHU.

CnenyeT OTMETHUTb, YTO 3SKCIEPHMEHT,
npoBefeHHBbIN I[llenbu c coaBTOpaMH, COOT-
BEeTCTBYeT METOAY CTaTHYeCKOro pacces-
Hus (oHO ke paccessHue dpayHrodepa, pas-
men 2.2) 3a UCKIOUYEeHHEM TOro dakTa, 4YTO
aBTOPHl He IMPHUBOAAT HHTEHCHUBHOCTb YIJIO-

i

The causality principle (in physics) sets
tolerance limits of physical events influence
against each other.

Kramers-Kronig relation is the expression of
dispersion ratios” in a classical electrodynamics.
In this case

£(w)=¢" () +ie" (w),

where € (0) is a permittivity, wisan electromagnetic
frequency.

The real and imaginary parts of permittivity
(respectively they are the 1st and the 2nd members
of equation) define refractive index and absorption
index (optical constants) of this medium. Thus,
these indexes are not independent of each other,
and, therefore, the principal possibility occurs to
calculate on a range of one of optical constants

Dispersion relationships are integral representations of response
functions describing a response of balanced stationary physical
system to external effects. In the narrow sense dispersion
relationships connect the refraction of waves extended in the

system with their absorption.
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BOIO pacIpefie/leHHUs H3JIYy4YeHUS Ha BBIXOZe
u3 NIM.

ABTOpHl CTaTbU OMEPUPYIOT TAaKMMHU IIOHS-
THSAMH, KaK OTpHUIATe/]bHAs [THU3JIeKTpUye-
CKasi M OTpULlaTe/lbHAsi MAarHUTHAs IPOHHU-
[1aeMOCTH (TeopeTHuecKoe IIpefIlookKeHUe
Becenaro). OpmHako ¢HU3MYECKOT0 06BsACHe-
HHUS [JIs 3TUX OTPHLIATeIbHBIX 3HAUYeHHUM HeT.
ABTOPBHI HH CJIOBA He TOBOPST O TOM, KaK OHHU UX
H3MEpHIIH.

K TexHHYeCKHM HeOOCTaTKaM J3KCIIepH-
MEHTa MOXHO OTHeCTH TOT $aKT, UTO HCCIen0-
BaTe/Nu HanpapnsioT CBY-uU3nydeHHe C JJIIMHOU
BOJIHBI 3 CM B 3a30p MeXAay Al-nuckaMu mupu-
HoM 1,2 cM, YTO NPHUBOAUT K AedopMallUU BXO-
JOsIIero my4xa elje 10 BX04a B IUEHCTYIO CTPYK-
Typy NIM.

CremyeT OTMETHUTH TOT GpaKkT, UTO MaTepUas
c apdpexkToM obpaTHOI pedpakuuu 6ymer pabo-
TaTb TOJABKO Ha OIpeeNeHHON AJNHe BOJIHBI,
3aBUCSIIEN OT TeOMeTPHU SUEeHUCTOH CTPyK-
Typsl 06pa31a, YTo MOATBEPKAAETCS JAHHBIMH,
IIpUBeJeHHBIMU B cTaThe [4].

B »3KcImepuMeHTe MCIOJb3yeTCss MHMKPO-
BOJIHOBOe H3JydeHHe, a He BUAHMBIH CBeT.
3T0 MOXHO OOBICHUTH TeM, UYTO HHTEHCHB-
HOe MHKPOBOJHOBOE HM3JIyUYeHHe, B OTJIHYHUE
OT BUJHMMOTO CBeTa, JIeTKO IIPOXOOUT CKBO3b
HeIlpo3payHble [OH3JIeKTPHUYECKHe MaTepu-
aael. Kpome ToOro, HCIOJIb30BaHHE MHKPO-
BOJIH CHHXaeT TpeboBaHHUS K MHUHHATIOPU-
3allMU KOHCTPYKIIMHM, I103BOJIsAS H3COTOBUTH
IIJIACTUHKHU COOTBETCTBYIOIIero pasMepa
(InuHA BOJHBI U3JyUYeHUsS U AaHU30TPOIHBIX
06BbexTOoB NIM [O/JIKHBL UMETh COIIOCTaBUMBIE
pasmepsl).

B pesynrTaTe Bo3gencTBHA CBY-H3/1ydeHHS
B ucciaeagyemoMm NIM HaBogsarcsa SMII 3a cuet
MeIHBIX 3JeMeHTOB KOHCTPYKUHHU (aHaso-
TUYHO IIoMelleHHI0 B CBY-Tieus Me-ipeIMeTOB,
II0 KOTOPHIM TedeT TOK, HHAyuupysa SMII
M BbI3bIBasi MCKpeHHe). Bo3HHUKIIee MOIIHOe
OMII Ha "necerke" NIM (puc 5b) oTpaskaeT 4acTsb
CBY-u3n1y4yeHHsI B HallpaBIeHHH, COOTBETCTBY-
IOIIeM THIIOTeTUYeCKOM 0OpaTHON pedpaKLUU
(cornacHO TpaeKTOpPHH 1y4a 3 Ha puc.lb).

FeomeTpusi NIM B Bupe mpusmsl (puc.5b)
He ciy4dauHa. YacTp nyded, HUAYLUHUX B s4e-
HUCTOU CTPyKType NIM Io OuaroHalIH CjeBa
HampaBo (M3-3a OTpa’keHUS U paccesiHUS
Ha 3KPaHUPYIOIUX JUCKAX), OyLyT oTpaskaThcs
Ha "meceHKe", ¥ Ha BeIxoge 13 NIM CTaHYT ABU-
raTheCsl B HaIlpaBJIeHUU CIIpaBa HaJIeBo.
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occurs to calculate a range of another one, without
resorting to direct measurements of the last one
(13]. In some cases it allows it allows reducing the
volume of experimentally obtained information
in some cases which is necessary for defining
the optical constants, for example, in the region
of intensive absorption bands of the condensed
media. Feasibility of Kramers-Kronig relations
was repeatedly checked experimentally for various
media in various aggregative states and at different
temperatures (crystals, liquids, solutions) [14].

It is also claimed in works [15, 16] that the
negative refraction contradicts the causality
principle and therefore it does not exist.

The authors of articles [17, 18] make critical
observations with respect to Pendry’s prediction for
a superlens. It should be noted that this criticism
remained almost unnoticed because of a large
number of theoretical works in favor of Pendry.
Let us consider the question concerning refractive
index n < 1. What will be the electromagnetic
radiation speed in the medium with such
refractive index?

It is known that refractive index is directly
linked with electromagnetic radiation
velocity in the medium. So, for vacuum n =
1.0, for air n = 1.000292, for water n = 1.334, for
diamond n = 2.42. For example, the velocity of
electromagnetic radiation in water will be 0.74-c,
i.e.2.24-10% m/c.

In the work of V.Shalaev and his co-authors
(19] the negative refractive index of n = - 0.3 is
achieved. A similar situation is considered in
Veselago’s work 1], n =-1.

How to interpret n = - 0.37 It turns out that
electromagnetic radiation velocity in NIM will
exceed the light velocity more than three times.

It appears that researchers have passed from

practical physics into the field of the abstract
mathematics without being noticed by most
readers. The refractive index n < 1 describes the
phase velocity of electromagnetic radiation
(abstract velocity connection between oscillation
phases in various space points), but not a group
velocity (actual), see chapter 2.9. And a phase
velocity can be of any value, including the value
that is more than light velocity.
The work of Shelby and his co-authors "The
experimental verification of negative refractive
index", 2001 is regarded as one of the main proofs
of NIM existence [4] and accuracy of Veselago’s
hypothesis.

Let us consider this work in more detail.
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OkcrepuMeHT Illenbu 6B yCOBepILIEHCTBO-
BaH B pabore [20]. B kauecTBe NIM HCIONB-
30BaJIi MHOIOCJIOMHYIO SIYEHCTYI0 CTPYKTYPY
MeTasJI-AU3IeKTPUK (depelymouiuecss CJI0H
Ag tonmuHOM 30 HM U ciaou MEF, TONIUHOK
50 HM), KOTOpyi0 mojBepraau HK-obmydeHHI0
B guarma3oHe 1200-1700 am. NIM Tak>ke BBIIIOJI-
HeH B BUJe IPU3MBI, XO[ JIyuel COOTBETCTBYeT
puc.5b. ®aKTHUYeCKH MPOUCXOAUT OTPaskeHHe
HK-usnydyeHusa Ha BrIXoJe M3 NIM-IpHU3MBI
3a CYeT STYEHUCTOU CTPYKTYPHL.

CyMMHUpysT H3JI0XKeHHYIO B pabore [4]
HMHbopMalIMIO, MOXHO KOHCTAaTHPOBAaTb
Clefyrollee:

* aBTOPHI CTaThU JO6POCOBECTHO HCCIE0BATHU
npoxoxkgeHue CBY-u3nydeHU s CKBO3b siUel-
CTBIM MaTepHaJl CJIOKHOK GOpPMBL;

* uvacTb CBY-u3nydeHHS [eHCTBUTelIbHO
OTKJIOHMJIACh B HallpaBleHUU OOpaTHOH
pedpakuuuy;

* oTKJIOHeHHe CBY-U371ydeHHUS IPOU3OILIJIO
3a cyeT OTPaskeHHUS OT Me-371eMeHTOB, BHe-
IPpeHHBIX B MaTepHal. To He pebpaKkLius;

* CBY-m31y4yeHHEe II0 NPOHUKAKIHUM CBOM-
CTBaM CYLIeCTBEHHO OTAMYAETCS OT BHAU-
MOTO CBeTa, YTO [103BOJISIeT yTBEPKAATh, UTO
OAHHBIM 3KCIIePUMEHT HeNlb3sl OymeT MUHHU-
ATIOPU3HUPOBATh U IOBTOPUTH [Jis BUIHU-
MOT0 cBeTa. ABTOPBI CTaThH, KCTATH, YeCTHO
06 stom rosopst: "It is unlikely that the
inherent material properties of conductors
will scale much past the infrared, rendering
left-handed materials, such as those used
here, ineffective";

* paccessHHe U IIOT/IOIleHHe Ha BHeJAPEHHBIX
B NIM o6BeKkTax CBefieT Ha HeT BCe YCHUIMSI
IO CO3JaHUI0 JNHH3B W3 NIM B BHIHMOH
obnactu crektpa [21];

* mpepcKkasaHHe [leHAPHU O CyIeplHH3e 0CTa-
eTcs BCero JMIIb IpefcKka3saHueM. [lenaThb
IpeIoIoKeHUs 0 ToM, 4To 3pdeKT cymep-
nuH3bl 6ymeT paboTaTe B OGIMKHEM IIOJIe
(Ha pacCTOsSIHUSX, MeHee A BUAKMMOTO CBeTa,
T.e. ~50-200 HM) IpesKJeBpeMeHHO.

Bo3HHMKaeT BONPOC - MOXHO JH H3TOTOBHUTH

Researchers succeed in obtaining NIM at sample
treatment with microwave radiation with the
wavelength of 3 cm (fig. 5) (@ microwave spectral
range is 0.3-30 cm). At the that ring-shaped
resonators were used for obtaining the negative
magnetic conductivity and wire elements were
used for receiving the negative permittivity.

Actually it means that experimenters received
the result by introduction of a large number of
the multiplex objects into material and creation
of electromagnetic fields in the sample (fig. 5a).
As a result they managed to direct artificially
(to reflect) a beam in nontypical direction. It is
only the attempt to adjust an experiment to a
hypothesis.

The analogy with double refraction effect in
anizotropic crystal is considered in work [4]. At
double refraction (see chapter 2.11) an unusual
beam follows the abnormal trajectory. The beam
also follows an abnormal trajectory owing to a
multiple reflection of the microwave radiation
from metal elements of NIM structure in Shelby’s
work. As a result one of the prevailing directions
of scattered and reflected radiation coincides with
the supposed direction of the reverse refraction.

It should be noted that the experiment made
by Shelby and his co-authors corresponds to static
scattering method (scattering of Fraunhofer,
chapter 2.2) except for the fact that authors do
not adduce the intensity of angular radiation
distribution at output from NIM.

Authors of the article use such concepts as the
negative permittivity and the negative magnetic
permeability (theoretical assumption by Veselago).
However, there is no physical explanation for
these negative values. Authors do not say anything
how they have measured them.

The fact that researchers guide microwave
radiation with the wavelength of 3 cm to a gap
between Al disks of 1.2 cm wide that leads to
deformation of the entering beam before an
entrance to a cellular structure of NIM can be
represented as technical shortcomings of
experiment.

It should be noted the fact that material with

effect of the reverse refraction will work only at a
certain at the particular wavelength depending on
geometry of a cellular structure of a sample that is
confirmed by the data presented in article [4].
Microwave radiation instead of visible light
is used for the experiment. It can be explained
with the fact that strong microwave radiation,
unlike visible light, easily passes through

MeTaMaTepHasa UIH HeT? YTOOB OTBETUTH HA HErO,
Heo6X0AUMO Pa306paThCs C PALOM CIOKHBIX OMTH-
4yeCKUX 3¢PeKToB, OTAENIUTH CMeJible IIPOTHO3bI
psilia yYeHBIX OT peajbHO HabalofaeMBIX ONTHYeE-
cKUX 3¢dekToB. B mepBylo o4yepenb HeobXOmHMO
pasobparbcs ¢ GHU3UUYECKON CYThIO HabIIOmaeMbIX
3¢ pexkToB, a He C MX MaTeMaTU4YeCKHUM OIIMCa-
HUEM HJIH MATeMAaTHYECKHUM MOJeTHPOBAHUEM.
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Mzl HOHPO6Y€M OTBETHTh Ha IIOCTaBJIeHHBIH
BOIIpOC B paCCMOTPHM OIITHYeCKHEe 3(1)(1)EI(TBI BO
BTOpOI;I YaCTHU CTAaTbH.
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nontransparent dielectric materials. Besides,

the use of microwaves reduces the requirements

for miniaturization of a structure, enabling
to manufacture plates of corresponding size

(radiation wavelength and anisotropic objects

of NIM should have the comparable sizes).

As a result of microwave radiation influence
in the studied NIM electromagnetic fields are
induced by means of copper structural elements
(similar to energized metal objects subjects’
placement into microwave oven, current flows
through the object inducing electromagnetic
field and causing sparking). The high intensity
electromagnetic field in ladder-type of NIM (fig.
5b) reflects a part of microwave radiation in the
direction corresponding to a hypothetical reverse
refraction (according to a trajectory of a beam 3 in
fig.1b).

NIM geometry in the form of a prism (fig. 5b)
is not casual. A part of beams going through
cellular structure of NIM diagonally from left
to right (because of reflection and scattering on
shielding disks), will be reflected in "ladder" and
at output from NIM should move from right to
left.

Shelby’s experiment was improved in work [20].
A multilayer cellular dielectric-metal structure,
subjected to infrared radiation in the range of
1200-1700 nm was used as NIM (the alternating
layers of Ag 30 nm thick and layers of MgF,50 nm
thick). NIM is also executed in the form of a
prism, the path of beams corresponds to fig.
5b. Actually, there is a reflection of infrared
radiation at output from NIM prism because of a
cellular structure.

Summarizing information explained in
work [4], it is possible to state the following.

« Authors of the article have honestly
investigated microwave radiation passing
through cellular multiplex material.

« A part of the microwave radiation really
deviated in the direction of reverse refraction.

« A deviation of the microwave radiation
occurred due to reflection from metal elements
introduced in material. This fact does not
demonstrate refraction.

« The microwave radiation differs significantly
from visible light according to penetrating
properties that allows claiming that this
experiment cannot be miniaturized and
repeated for visible light. Besides the authors
of the article honestly notice: "It is unlikely
that the inherent material properties of
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conductors will scale much past the infrared,
rendering left-handed materials, such as
those used here, ineffective".

« Scattering and absorption on the objects
introduced in NIM should neutralize all efforts
on creation of a lens from NIM in the visible
range area [21].

« Pendry’s prediction for a superlens remains
only a prediction. It is premature to make
assumptions that the effect of a superlens
should work in a near field (at distances less
than A of visible light, i.e. ~50-200 nm).

The question arises concerning whether it is
possible to make metamaterial or not. To answer
this question, it is necessary to deal with a
number of the complicated optical effects, to
separate courageous forecasts of a number of
scientists from really observed optical effects.
First of all it is necessary to deal with a physical
essence of observed effects, but not with their
mathematical description or mathematical
modelling. We will try to answer the above
question and we will consider optical effects in
the following issue.
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