ISSN 22245227 Ne 3. 2015

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN
ISSN 2224-5227

Volume 3, Number 301 (2015), 131-134

UDC 621.396.674.1

The equation of the electromagnetic field of the antenna loop in

anisotropic metamaterial
Kudaibergenova B.K.

Eurasian national university named after L.N. Gumilyov, Astana, Kazakhstan
bakit91 91@mail.ru

Key words: loop antenna, anisotropic metamaterial, Maxwell's equations

Abstract. Using analytical Maxwell equations for the loop antenna in the anisotropic metamaterial to get the
value of the electromagnetic field and the solutions of Maxwell's equations for the uniaxial anisotropic environments
for arbitrary currents.

History of antenna technology, dipole antennas in particular, constitute one of the most interesting and
instructive parties the history of radio. The most common nym way to determine the efficiency of the antenna, as
well as the properties of the anisotropic medium is radiation pattern, which is a plot of antenna radiating properties
of the spatial coordinates. Although the theory of electrodynamic vibrator was built in papers-minute Gallen,
Leontovich and ML Levin and others, the theory of distribution of electro-magnetic waves in gyrotropic media
remains relevant today as in theoretical and applied aspects

Media with anisotropic properties are widely used in modern radio electronics, astrophysics, plasma physics.
Recently especially relevant artificial anisotropic materials with desired chiral properties, which are used in the
antenna feeder cable systems as well as in bulk technology integrated circuit fabrication. It should be noted that the
analytical results for anisotropic media, usually provided in tensor form, devoid of clear physical meaning. Since the
electromagnetic field strength is a vector quantity, to represent a clear physical picture is advisable to find its
expression vector.
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Anjarma. MakCBEIUTIiH AHANHTHKAIBIK TCHIACYJCPIH KOJJAHA OTBHIPHIN, TY3aK TOPI3Al AHTCHHA YIOiH
AHM30TPONTHI METAMATEPHAIIAFHI STCKTPOMATHUTTIK OPIC TEHACYICPIHIH NN MACPI AJIBIH/IBL.

AHM30TPONTHIK KypamIsl OpTamap Kasipri paguHO3ICKTPOHHMKA, acTpO(H3WKa, pamgHOTEXHHKAAa KEHIHCH
KOJIIAHBLIATBL.

OnTHKATBIK AHH30TPONTHIK OPTANAP TYCKCH COVIIC OPCKCTIHC OPTYpai OaFbpITTa ocep CTY KAOLICTIMCH
MiHe3Zeneni. Bym JKapbIK TOJKBIH OpICi OPEKeTIHEH JNEKTPIIK 3apsarapiblH  BIFBICYBIHAH TYBIHAAMIBL
AHmM30TpONTHI OpTaNapaa OCpiIreH KEPHEYIKTETI 6PICTE 3apsATapabIH bIFBICY MOHI OHBIH OAFbITHIHA OAHIAHBICTHI
6oxaxpl. Byn AereHiMi3, AMAACKTPIIK OTIMAIIK, IFHU OPTAHBIH CHIHY KOPCETKIII >KapbIK TOIKBIHBIHBIH 3JCKTPIIIK
BEKTOPBIHBIH SPTYPJIi OAFBITHIHAA SPTYPIIL OOJBIT Keneai AeTeH 1 OLTaipesn.

AHM3Z0TPONTHIK MaTepHamapra KpPUCTANAAP JKOHC MOHOKPHCTAINAP, TANMBIKTBL >KOHE TrpadurTep,
MBC30KBAPLTAP JKOHE T.0. skatamsl. [1]

Keitiari ke3¢, ocipece aHTCHHA-(UICPITBIK JKYHEACPAC, COHBIMCH KaTap, YAKCH KOJICM/Ii CXeMajap KaCauThIH
TEXHOJOTHSIAPAA KOJNJAHBUIATHIH >KACAHIBl AHWU3OTPONTHIK MATECPHANAAP, MBICATbl METAMATCPHANAAP ©3€KT1
TaKBIPBINKA AifHATFAH.
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TancbIpMaHBIH KOHBLIBIMbI

MaxkcBeuiaiH 3ACKTPOMArHUTTIK TCHACYICp Kywect [2]:
2
rotH =+

rotE = ——
2t (1)
divDd = p
divE =10

mynaarsl E, H — snekrpomarsutTik epic kepHeynikrepi, D — anekTpiaik HHAVKIUSA BEKTOPHL.
AHH30TPONTHl AWBNICKTPIIK OPTaga DSIACKTPIIK 6pIC KEPHEYIIrl MEH HWHAYKLHS apachlHIAFEI
CBI3BIKTHIK OaiIaHbIC MbIHA TYpAe Oepineai [30]:
D = 5,2, )
(31) epHeri wmzoTpomTHl OpTAa YUIIH A€ OpBIHAATAAR, OipaK W30TPONTHl OPTAAAFBIAAH
AlBIPMAIIBUIBIFBl AaHU30TPONTHL OpTANap VIUIH JUICKTPIIK OTIMALIIK CHII CKANAPIBIK IaMa GOIyAaH
kanmaapl. backama alTkaHAa, aHU30TPONTHI OpTAJapAa AUSICKTPIIK OTIMALTIK E 3JCKTP epici KaHIai

OareITTa 9CEP CTIN TYPFAHABIFBIMEH JKOHE D SMEKTPIIIK MHAYKLUUS BEKTOPBIHBIH KypayIubliapsl KaHAAN
GareITTa OAKBLIAHATBIHIBIFBIMCH AHBIKTAIATEL.
AJT MATHUTTIK HHIYKLHS BEKTOPHI:
B = u,iH (3)
AH30TPONTHI OPTA CKIHII PAHITI AUAICKTPIIK 6TIMAITIK TCH30PBIMCH CUITATTATIA/BL:

> >y >

xx 224 2z
= 4
Ei=|Ew €y 4)
Ex €z &z

byn D onextpiik HWHAYKOHS BEKTOPHIHBIH opdip KYpayIOBICHI BICKTP epici [£ KepHeymik
BEKTOPBIHBIH OapIbIK YII KYpayLIbLIaPbl apKbIIbl OPHEKTCICTIHIITIH Olaipei:

Dy =¢pEy+en by, +eE,
Dy yZEZ (3)
D, =¢g,F, +6‘ZyEy +e,. L,

=&yly+ey k), +€

HusaekTpiik eTiIMALTIK TCH30PBIHBIH OaCThl OCIHE COHKEC KEJICTIH KOOPAHHAT KYHCCIH TAHTANUTHIH
0oJicaK, MaTepUaIAbl TCHACY KEeCl TypAe Oepliaeai:

D, = g5, E,, Dy = 5y2E, D, = 542E; (6)

MyHIaFbl g;=8,85- 107 ®/M — 37€KTPIiK TYPAKTHUIBIK, £ - AMANEKTPUKTIK OTIMALTIK TEH3OPHI, | —
TOK TBIFBI3IBIFBIHBIH BEKTOPBI.

AHH30TPONTHL OPTaJA JWSICKTPIIK OTIMIUIIK TCH30PBIH OIp OCHTI KPHUCTAT YIIIH TOMEHICTI
OPHCKIICH Ka3yFa Oomasl:

£ / g, 00
_I HJ:' - :
E:(‘-‘_T] H=(fj s=(n . n) (7)
“Ex ¢ “Hz w0 0o &/
2 _ji - iw-re aybICTHIPHIT, Gactanke! (1) TeHAEYiH Keeci Typre ayslCcThIpyFa OomIambl:

at
rotH + iwD = j
. ®)
rotE — iwB = 0
By xympicTa JURNEKTPIIK OTIMIUTIK TEH3OPBIHBIH J3MEMEHTTEP]l & Oip OChTI KpUCTANIIFa COHMKec
keneai. Kpucramn oci x oci 0oibIMEH OaFbITTAIFAH.
DICKTPOMATHUTTIK H30TPONTHIK opTa yiuiH Makceenn tenaeyiHig ['puH marpumace 6enrimi. On
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MaxkcBenn TeHACYIH Ke3-KEeITeH TOKTA, COHBIMEH KATap CHHIVIIPIIBI KAl GYHKIHS TOOBIHAA [IEHIYTe

KOMCKTECEL: .
E=FE +E
— H,+H, ©)
DICKTPOMATHUTTIK OPIC CIICKTPII Ay JaHFA TYPICHICHHCH KCHIH KEJISCI TYPAS sKa3blIa bl
By = Gz o) ™ (3 (o + ey (k X NzBT) — K ki),
By = (i £pe) ™ (1l Gy o + Jex (K X )z8°) — Ky kejio). (10)
E, = (ezyw) ~ (kdj, + koi)ifo)-
MYH/IAFbI
f=itie Jo=Ge00, j= (04,10
(9) xome (10) epHekTepi Ay Aj#Ee A; BEKTOPJIBIK MOTCHIMANIAP KOMEIIMEH Kejecl Typhe
JKa3BIIAIBL:
E = iw (A + 0, (e, A,) + VA, + 5 VV4,),
Rg
H=-"29x(4, + e, e,4)) — 0, =V4;) (1)
i Ap x WHp iy X gy i02 )
MYHAAFBl A — BEKTOPIBIK MOTCHIMATIBIH KYPayLIbLIapHL:
Ay = —ppoj *o Ay = —pppf* Py Ay = —ppoj * (12)
OpHekTeri «*» Oenrici TyHiHAL OLiaipei.
I'pun pyHKUMANAPHL 3. 3Pz AHU3OTPOIITH OPTA YIUIH COMKECIHIIE paguyc-BekTop [3]:

- glifnTa(xy2])
Y T Gy
£y
¥ = (?—1)1#0*1#1

I
nGyz) = |- & + y* +27)
1

N
MYH/IAFbI 4, B — AHTCHHA OIIIIEMALPI, K — TONKBIH CaHBbI:
2w
foo i
£ A
= I
kn = ko [ (13)

Tyiiinal ecenten, apHaiibl QyHKUHAIAD APKBLIBL ¥y (YHKIMACHIH HKa3aMBbI3:
P = 2 (e ILC:'{RTD{T —x)) + isi(ky &r — le}) S e (C:‘{kn (r + x)) +isi(ky & + .r:]}) =

= ewkni

g™ (Ci (Kt — Kpx) + isillen# — Kpx) ) — &~ (Cillley + hp2) + i (R F + ) )

MYH/IAFbl HHTCTPAIJAHFAH KOCHHYC IICH CUHYC KEJIeCl TYPACTLACH aHbIKTaIaabl [4]:

CiG) =y +In(x) + 7 = dt (14)
Fq
sint T
silx) = Tat—g

o
v=0,5772 — Diinep canel. (11) epHEKTI KOJIAaHA OTEIPHIT, AHTCHHA YIOiH Ju(depeHINATAANMBI3.
AHH30TPONTH METAMATEPHUANIAFEl KPUCTAIUT OCIHE (X) MEPICHANKYILIP TY3aK TOPI3Al aHTCHHA YINiH
37ICKTP OPICiHIH KEPHEYIIIri:

By = - (kéjx + i defJ 1y

lEgEw * ax
1 § . d . L d . )
E, = mrkkﬁf#n *jy t+ dy divy Py + kp & divy * i ]
1 s . d N . = )
By = (Ko = ot g divg'» 9 + 3 o a9 )
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AnnoTarusi. C HCIONB30BaHUEM aHAIUTUYECKUX YpaBHeHWIT MakcBela, Ui IIETVIEBOM aHTEHHBI B AHHU30TPOITHOM
MeTamaTepuaie IOIyUeHbl 3HaUCHHUE 3JIEKTPOMArHUTHOrO 101t HeoGXoMM0 OTMETUTD, YTO aHAIUTHYECKUE PE3yIbTaThl I
AHU30TPOIHBIX CpeJl, KaK IPaBIIIO, IIPUBOJITCS B TEH30PHOH Qopme, muIieHHo# scHoro ¢usmdeckoro cojepkanus. [Tockoapky
HAIIPSHKEHHOCTH 3JIEKTPOMATHUTHOTO TIOJS SIBJIEOTCS. BEKTOPHBIMHM BEIMUMHAMY, JUIS IIPEICTABICHUS YETKOH (U3MUecKoit
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