ISSN 1991-346X Cepusa gusuxo-mamemamuyecxkas. Ne 3. 2015

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

PHYSICO-MATHEMATICAL SERIES
ISSN 1991-346X
Volume 3, Number 301 (2015), 15 — 20

ABOUT AN ANALYTIC SOLUTION
TO THE EQUATION DESCRIBING
THE PROCESS OF SECOND HARMONIC GENERATION
IN TRANSITION METAMATERIALS

Zh. A. Kudyshev', A. E. Davletov', I. R. Gabitov’, A. Kisan', Ye. S. Mukhametkarimov'

! Al-Farabi Kazakh National University, Almaty, Kazakhstan,
?Arizona University, Tucson, USA.
E-mail: askar@physics kz, ildar.gabitovi@gmail.com, zkudyshevi@gmail.com

Key words: metamaterial with zero refractive index, second harmonic generation, FDTD method.

Abstract. On the basis of the classical Maxwell's equations the corresponding wave equations are derived for
description of multiwave interactions in transition metamaterials whose refractive index varies along the sample
from positive to negative values. The phenomenon of second harmonic generation is predicted in the transition layer
near the point at which the refractive index turns zero, even at low intensities of the fundamental pumping wave. An
analytical solution of the corresponding equations are found and specific recommendations are developed for the
construction of a compact second harmonic generator based on transition metamaterials. Second harmonic gene-
ration process was investigated in metamaterials, refractive index, which varies from negative to positive values.
Shows that zero-point refractive index increases dramatically the amount field of the fundamental wave pumping,
resulting in non-linear effects even for the weak intensity falling on the pattern of the waves.

When the wavelength of characteristic size of structures in the metamaterials a record of non-local effects. In
this regard, it should be noted that there is some optimal thickness of transition layer in which the efficient
conversion of energy into a second harmonics will construct an efficient generator.
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Ob AHAJIMTUYECKOM PEHHIEHUU YPABHEHNA,
_ OIUCBIBAIOMEI'O NPOUHECC 'EHEPAIININ
BTOPOU I'APMOHUKN B IIEPEXOJHBIX METAMATEPHUAJIAX

K. A. Kyasies', A. E. Jlasaeros’, . P. Ta6uros’, A. Kucan', E. C. Myxamerkapumos'

"Kasaxckuit HAIMOHATLHBIH YHUBEPCHTET HM. amb-Dapadu, Amvater, Kasaxcran,
*Yampepcuter Apmsonsr, . Tycon, mrar Apmsona, CITIA

KinoueBbie €JI0BA; MCTAMATCPHAN C HYJCBBIM MOKA3aTCIICM MPCIOMIICHHS, TCHEPAIMsI BTOPOH TApMOHHKH,
meroa FDTD.

AHHOTaHI/Iﬂ. Ha ocHOBe K1acCHYCCKHX ypaBHeHI/II\/’I Maxcsenma BBIBCACHBI YPABHCHWSA, ONTUCHIBAKOIIIUC MHOTO-
BOJTHOBOC B3AaUMOJICHCTBUE B MEPEXOTHBIX METAMATEPHANAX, MOKA3ATEIb MPEIOMIICHHST KOTOPBIX MCHICTCS B/IOJIb
00pasua OT MOJOKUTCIBHBIX 10 OTPHIATEILHBIX 3HAUCHUU. [TPeACKA3aHO ABJICHIE TCHEPALIMH BTOPOH TAPMOHHUKH B
MCPEXOTHOM CIIO¢, BOM3H KOTOPOTO KOD(DHIMCHT MPCIOMICHHS 00pAImacTCa B HYJIb, JAKE NMPH CIA0BIX HHTCH-
CHUBHOCTSIX (DYHIAMCHTAILHOHM BOIHBI HAKAYKH. [10JIyYCHBI aHATHTHICCKAC PEIICHUS COOTBETCTBYFOIMX YPABHCHUH
H p33p360TaHI>I KOHKPCTHBIC PCKOMCHOAIMHA A4 CO3JAHHA KOMIIAKTHOIO TCHEpATOpa BTOpOfI TAPMOHHKH HA
MEPEX0THOM MeTaMaTepHale.







