ISSN 1607-3274. PanioenekTpoHika, inpopmaruka, ynpabiinas. 2010. Ne 2.

PAJIODPIZUKA

PAIUO®U3UKA

RADIOPHYSICS

Y/IK 537.87 : 621.372

Vashchenko V. V.1, Chumachenko V. P.2

1Assistant of Zaporizhzhya National Technical University

2Doctor of Physical and Mathematical Sciences, Head of Department of Zaporizhzhya National Technical University

SCATTERING MATRIX OF A JUMP OF MEDIUM PARAMETERS
IN A RECTANGULAR WAVEGUIDE

For a rectangular waveguide, a generalized scattering matrix of a jump of medium parameters
has been obtained under condition that the field has one variation along the direction perpendicular
to E-plane. The configuration is considered as a model of a plane interface in the theory of piece-

wise homogeneous E-plane structures.
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INTRODUCTION

The theory of homogeneous E-plane waveguide junc-
tions is similar in many respects to that of H-plane
structures. Under assumption that excitation is the TE;,
mode, a scalar formulation in terms of H, (the compo-
nent of the magnetic field perpendicular to the plane of
the junction) is possible. The analysis becomes more
complicated for configurations involving dielectric ob-
stacles. Even in the case of the material parameters in-
variable in the z direction, the same component of the
electric field arises, despite the fact that E, is not present
in the incident wave [1, 2]. The problem remains two-
dimensional (the z dependence is known), but the field
in the structure is expressed through two coupled scalar
functions. There are only a few works (e.g. [2, 3]) giv-
ing the complete E-plane analysis of discontinuities of
this type.

A particular class of E-plane junctions with dielectric
inclusions is presented by configurations consisting of
homogeneous parts separated by the planes parallel to
the z axis or, what is same, connected by waveguides of
zero length containing interfaces. The method of gener-
alized scattering matrices [4] can give certain advantag-
es when dealing with this category of problems. In re-
gions between the planes, the field is representable as a
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superposition of LSE and LSM modes. Since the LSE
and LSV waves do not interact inside a homogeneous
cell, the Smatrix of such unit is a simple union of scat-
tering matrices obtained in solving two uncoupled scalar
problems. That alows not treating a vector problem for
complicated geometry. The Smatrix of the interface, sit-
uated in a connecting waveguide, can be got analytical-
ly. The objective of the present paper is to determine the
said matrix. In spite of the simplicity of the problem we
have not found its solution in previous publications.

PROBLEM FORMULATION

It is assumed that the medium is isotropic, boundaries
of the junction are perfectly conducting and the fields
have only one variation along a, the broad dimension of
the waveguides. Then, omitting the time dependence
exp(imt), we can represent vectors E and H in an E-
plane structure as

E

E.(X, y)sin%Z +ZE,(X, ) cos%z, (1)

where Z is the unit vector in the z direction. With the
help of Maxwell equations, the transverse with respect
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to z components (denoted as t) are expressed through E,
and H,:

E.=(Ex.E) =
w8 S )
Ho = (HoHy) =

- Yol ) K92

with

2

X = kz—[’—‘j , ®)

a
k = kov/ep, (6)
Ko = 0./golo = %‘Z‘t: (7)

€, L being the relative dielectric constant and the relative
permeability, and A the free space wave length. Thus,
once H, and E, have been obtained, the rest of the elec-
tromagnetic field can be found from them.

The configuration in question is shown in Fig. 1. At
the left and to the right of the interface, the field is a su-
perposition of the LSE and LSM modes. The component

H, of the mode LSE,, (r = 0, N), propagating along the
waveguide, can be written as

H, = aercosWeﬂ’y, (8)
where
2
rn
T = (‘B‘] _sz (9)

a, is the wave amplitude, and N;' is a normalizing con-
stant. The superscript H indicates, that we deal with a
LSE wave (H,#0) The scattered wave amplitudes
present elements of the generalized scattering matrix on
assumption that the amplitude of the incident wave is
unity. At that, normalizing factor is taken usually so,
lal®
2
the transmitted power [5]. Conventional computations

that for an undamped mode the quantity equals to

result in
. 2
NP = _‘“X_, (10)
\ e-abopfoy,
where
2f =0,
g orr (11)
1forr=>1.

vy wvX

Fig. 1. Geometry of the problem

In the case of the mode LSM,, (r = 1, N), E,-component
is of the form

E = b NrESinrn(x-lt-)b/z &

NE = __ﬂXi_ (13)
aboweeyy,

The above representations ensure the realization of
the boundary conditions at the conducting walls. We
supply the used quantities with the indices 1 and 2 re-
spectively at the left and to the right of the interface and
note that modes with different values of r do not interact
inside the geometry under study. After choice of r, the
problem is reduced to finding sets of values of ampli-
tudes on different sides of the plane y = 0, which guar-
antee the continuity of the tangential components of the
electromagnetic field across the interface for all possible
types of excitation.

(12)

SCATTERING MATRIX

In order alittle bit to simplify the subsequent calcula-
tions, we will take the normalizing factors in (8) and
(12) equal to one and consider their actua values in the
final stage. Let us assume that the geometry is excited

by the wave LSE;, (r = O, N) from the left. Then

e W
HO = (e Y _ g y)cosrn(x-lt-)b/Zg’ (14)

(1)
Eil) = bl(,l)ey’ ysintlt_gz(_j-b_k}_/_z_)’ (15)

H;Z) - a£2>e*Yﬁ2>ycosr7t(X 'lk; b/2!’ (16)

E? = bEz)e'Y('2>ysjn42r"(XBb/ 2), (17)

where ', b{", a'® and b{” are to be found. Substituting
(14) and (15) in (3) and (4), we obtain

; (1) (1) 2 (1) (1)
1 IMEE 1y %Y I'm Y %Y
HY = {——-—————120% bi'e" "———le" "—aYe" 7| |x

X1 ain
% sinrn(x +b/2)

— (19
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; (1) (1) (1)
10 VY YooY
ED = { HaloYr (e Yy g )

2 (1)
It IAPRAR)
2 LN }
X1

aby;

X cosw. (19

With the help of (16) and (17), components H\” and
E'® are got analogously:

H (2) (2) 2 (2)
2 1MELE 2) %Y I'mt 2) %Y
HY = —[—2 207’ bPe" "+ —=a%e " "|x

X2 aby;,

y SinL."QS_%_Q_/_?), (20)
2 r €

X2 aby;,

X cosw. (21)

H (2) (2) 2 (2)
2 10 2) %Y It 2) %Y
E? = [ HolloYr @7 Y _ b2e ™" }x

After equating at y = O the similar tangential compo-
nents of the electric and magnetic fields and some sim-
ple algebra, the amplitudes are as follows

(@, b?)" = MC, (22
a(l) - 1_a(2) b(l) - b(z). (23)

Here, T denotes the transposition and the matrices M
and C are defined by formulas

2
rm| 1 1
My = My = —| S5 -51, (24)
ab[xi xi]
ik €17 &,7?
My, = —Z_O 1Y2 + 2'Y2 ) (25)
ol X1 X2
oz |, e
My = iKeZo _2r'+_2r ' (26)
X1 X2
|
Wy
c=|0 2ikOZO-—-;;’— , 27
1

where Z, = Jg—o is the intrinsic impedance of the free
0

space.

The knowledge of the amplitudes alows writing
down the respective elements of the normalized scatter-
ing matrix:

sit=al r=0N, (28)
S N?l o _ 1 g0
Srr = _Elbr = Z_o ;br ’ r= 17 N1 (29)
1

HoH NH1 2.2 _
S,Z 1_ _ra(z) - HaYr Xla(z) r =0 N (30)
r H2 T (1) 2 T ” Ll
N, Ma¥r X2
Hy 2) 2
B _ N o _ 1 ey xi@ o
Srr - E, br - a szr = 17 N. (31)
N, 0N HYr X2

In more detail,

i (1)
S 2 2iko ST My - 1IN (32)
y1detM

and

2ikofeatt i My TR )

X1X20etM !

S,EZHl _
. =

Thus, as it is seen from (32) and (33) for r >0, the in-
coming LSE;, mode excites also the nonzero LSM
modes.

Now, let the LSM;, (r = 1, N) mode be incident up-
on the junction from the left. Then

&)
H(Zl) - _agl)eYr YCOSI‘TE(X 'lk-) b/2!, (34)

EY = (e’ﬁhub‘”eﬁhy)sjnﬂ‘w (35)

v4 r b H
and components HY and EY keep form (16) and (17).
After determining H”, E”, H?, E with the help of
(3), (4) and taking into account the continuity of the tan-

gentia field components, we arrive again at the relation
(22), where column matrix C is given by

- @ !
C= (—2%%, oj . (36)
Zo X1
Instead of (23), the following equations occur
a = —a®, b = b?-1, (37)

The respective scattering matrix elements are of the
form

E;
= Roat -z, B oI )
Nt €,

r

E1E1

Sy

HoE, NrE1 ) WY %@
S =—7a =27 ""—L""'—ar T =1LN, (40)
L2 "N e
r r
e, N, e %5 2 —
S = —gh” = [HART r = LN (4D
N, * &Y A2

=b", r=1N, (39)
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When exciting the geometry by the LSE,, (r = 0, N)
mode from the right, the H\" is defined by (34), E.” by
(15), E;” by (17), and

) @
HY = (— e '+aPe” y) cos B ED/2) g0

b
Boundary conditions at y = 0 yield

re’l 1 wys” HzY(z)

C = ab -=| iKoZy 2r - , (43)
Xl X2 X1 Xz

a? =1-a?, b =Dp?, (44)

1) 2
Y N ()
WY "Xa
EiHy _ 1 eerl Xg (1 —
Srr . 2 2br ’ r= 17N! (46)
ZoN P %l

se®=a? r=0N, (47
Si = 2 J%bﬁz), r=1N. (48)
2

In the case of excitation from the right by the wave
LSM,, (r = 1, N), there hold formulas (34), (15), (16)

and E? takes on form

E;z) - (eY(,ZW + bEz)e—Y(,Z)y)Sinrn(X -it') b/2!. (49)

The enforcement of the boundary conditions leads to re-
lations

C = ik 1751) €2Y§2) I’_Tlf i 1 (50)
Tz “ab| a2 52|
ol xi X2 X2 X1
a’ = —a” b’ =b?+1, (51)
S = Z /Wgz)xjai“, r=LN (52
€Y A1

EiE, €1V _
SR 2V & 1Y(2)X§b<” r=1LN, (53
eV X

S =2 Ji‘izaizl r= 1IN, (54)
2
S*=p? r=1N. (55)

In whole, the generalized scattering matrix Sis char-
acterized by the expression

10

SHlHl SHlEl SHle SHlEZ

<o SElH SElE1 SElH2 SElE2 | )
SHzH g HoE SHsz SHzEz
SEzH1 SEzE1 SEsz SEzEz

Here, the submatrices are of a diagonal form with non-
zero elements given by formulas (28)—31), (38)—41),
(45)«(48) and (52)—(55). At that, S = (Si") (m,n =
=0,N), S" = (SH(m=1LN,n=0,N), S*¥=g*
(m=0,N, n=1N), ST =(S,.) (mn=1N). Let
us also notice, that Smatrices of the homogeneous E-
plane sections mentioned in Introduction have formally
form (56) too, but the blocks of the type S or S'E con-
sist completely of zeros and the remaining blocks are
dense.

CONCLUSIONS

For a rectangular waveguide, the problem of deter-
mining the scattering characteristics of the jump of me-
dium parameters is considered under condition that the
field has one variation along the direction perpendicular
to E-plane. It is shown that, when exciting the structure
by one of the modes of type LSE,,, or LSM;,, the scat-
tered field consists of the similar modes both nonzero
(except for excitation by LSE;y). The calculation formu-
las for elements of the generalized scattering matrix of
the unit have been derived. The examined configuration
can be useful in the analysis of piecewise homogeneous
E-plane structures as a model of a plane interface be-
tween sections of constant permittivity and permeability.
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Bamenko B. B., Uymauenxo B. I1.

MATPHULIA PO3CITOBAHHSI CTPUBKA ITAPAMETPIB
CEPEJIOBUIIIA B ITPSIMOKYTHOMY XBUJIEBOAI

OtrpuMmaHa y3arajJibHeHa MaTpULs PO3CiIOBaHHS CTpU-OKa
HnapaMerTpiB CEepeloBHINA B MPSIMOKYTHOMY XBHJICBOAI HpH
YMOBI, L0 I0JIe€ Mac OAHY Bapiallifo B HANpsMi MEPHEHANKY-
nspHomy tiommHi E. Kondirypamis posmisgaeTscs B SKOCTI
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MOJIeTI IUTOCKOTO iHTepdeiicy B Teopii KyckoBO-oqHOpiTHUX E-
IUIOIIHHHUX CTPYKTYP.

KawuoBi cjoBa: XBWICBOAHI HEOJHOPIAHOCTI, IIOCKUMN
iHTepdelic, MaTPUISl PO3CIIOBAHHS.

Bamenxo B. B., Uymauenxo B. II.

MATPUIIA PACCESHUSA CKAYKA IIAPAMETPOB
CPEJIbI B IMTPAMOYT OJIBHOM BOJIHOBOJE

YK 537.86/87

INomyyena o6oOmeHHass MaTpuIa paccesHHs CKadka Iapa-
METPOB Cpelbl B MIPSIMOYTOJBHOM BOJHOBOZAE IPH YCIIOBHH,
4TO IOJIe UMEET OJHY BapHALUMIO B HANPaBJICHUU NEPIEHIUKY-
nsipHoM iockoctn E. Kondwurypamnums paccmarpuBaeTcst B Ka-
4eCTBE MOJEJNM IUIOCKOro MHTepdeiica B TEOPHU KyCOYHO-OJ-
HOPOJHBIX E-TITOCKOCTHBIX CTPyKTYD.

KiroueBble c10Ba: BOTHOBOJHBIE HEOXHOPOJHOCTH, ILIOC-
KHi nHTEpdelc, MaTpulla pacCcesHus.

MpokoneHko O. B.

KaHOd. ¢pis.-mam. Hayk, douyeHm Kuigcbko20 HayioHanbHO20 yHisepcumemy iMeHi Tapaca LllegueHka

B3AEMHA ®A30BA CUHXPOHI3ALIA ABOX HAHOPO3MIPHUX
MAIHITHUX CTPYKTYP 3 YPAXYBAHHAM 3ANIBHEHHA CUTHANY

Po3misiHyTO MOXKIHBICTH B3a€MHOI (ha30BOI CHHXPOHI3alil JBOX B3a€MOIIIOYMX HAHOPO3MipHHX
marHiTHEX cTpykTyp (HMC) 3 ypaxyBaHHSM YacOBOrO 3ami3HEHHs cHrHamy. IlokasaHo, mio 3a-
JIOKHICTh WMpUHKU cMyru cuHXpoHizauii HMC Bix BixcTraHi MikK HUMH Ma€ HENiHIHHUHA, OCLMIIO-
rounii xapakrep. BusHaueHo ontumaneHe 3HadeHHs BinctaHi Mk HMC, mo mMoxe OyTH BHKOpHCTa-

HO JJIsl CTBOPEHHSI MacHBIiB cHHXpOHI30BaHuX HMC.

KouoBi ciioBa: HaHOpO3MipHa MarHiTHa CTPYKTypa, B3aeMHA (a3oBa CHHXPOHI3ALlis, 3ali3HEH-

HS CHTHAJTY, CMyra CHHXpOHI3allii.

BCTYII

Byno teopernuno nependadeHo CiaoH4eBChbKuUM [1-2)
ta bepxe [3], mo cHOiH-NONAPU30BAHUN EIEKTPUIHUI
ctpyM |, sikuii mpoTikae Kpi3p HamarHiueHudl Qepo-
MarHiTHU{ Iap, MOXKe IepegaBaTH bOMY IIapy CIIiHO-
BUH MarHiTHUI MOMEHT, IO, y CBOIO YEpTry, MpPHU3BO-

JWUTH 10 3MIHM HanpsMKy BEKTOpa HaMarHi4eHOCTi ﬁ y
(dbepomarniTHoMy Mmapi. 3alieXHO BiJ] BETUYMHU eJeK-
TPUYHOTO CTpyMy |, OLTBIIOrO 3a NeSKUi KPUTHUIHHN
(moporoguii) cTpym |y, 1eit edexr, HazBaHuit Spin-torque
effect (mocmiBHO — eeKT CIIHOBOrO KPYTHIBHOTO MO-
MEHTY), MOXE MPHU3BOJUTH O MOSABH MBOX siBHIN [4-5]:
1) «mepektoueHHS (HepOMArHiTHOTO mapy 3a PaxyHOK
CYTTEBOI 3MiHM HAMpPSMKY BEKTOpa HAMarHideHOCTi; 2)
mosiBH 'y (epOMarHiTHOMY IHmapi mpernecii Hamarsive-
HOCTI 3 YacTOTOK 0/ 27, OJU3BKOI0 10 4acToTH (epo-
marHiTHOrO pe3oHancy (OMP). Ockinbku, SK MpaBHIIO,
gyacrora ®PMP TOHKMX MarHiTHUX IUTIBOK JISKHTh Y
MIKpOXBHJILOBOMY Mialla30Hi, JUIS TAaKUX CHUCTEM 3 sB-
NAE€THCS HOBUH (Pi3MUHMI MeXaHi3M TeHepamii MiKpoX-
BWJIBOBHUX CHTHAJIiB, 3aCHOBaHWII Ha edekTi CIIiHOBOTO
KPYTHJIBHOTO MOMEHTY. Ilimkpeciimo, 1o e MexaHi3m
reHepalii MIKpOXBHJIBOBHX CHUTHANIB MOXe OyTH BHKO-
PHMCTaHUIl AJsl CTBOPEHHS HENIHIMHUX aKTHBHUX HaHO-
po3mipHuX MarHiTHUX cTpykTyp (HMC) [1-5].

© Ilpokomnenko O. B., 2010

Ha cporopHimHili 1eHb HAHOUTBII MOIIHPEHIMH Cepe
HMC e crpykrypu aBox tumis: 1) HMC tumy «HanOC-
toBmauk» (nanopillar) Ta 2) HMC tumy «HaHOKOHTAKT»
(nano-contact). Y HaiimpocTinioMy BHIIQAKY I CTPYKTY-
pu cKiamarThes 3 Tphox mapiB (puc. 1). OmuH 3 mux
[IapiB € MarHiToXOpcTkuM miapom (map 1 Ha puc. 1) —

. . .0
Y 30BHIIIHBOMY MArHiTHOMY 11011 Hext BCKTOp Hamar-

. .7 . . .
HIYCHOCT1 MFXL B IIbOMY MIapl Ma€ HUJIKOM BU3HAYCHUU

dy [p—a— —

Puc. 1. CxemaruuHe 300pakeHHST TPUIIAPOBOI HAHOPO3MipHOL
MmaruiTaoi crpykrypu (HMC):
1 — Mar”iTOXXOpCTKHUil map, 2 — HEeMAarHiTHHI NPOIIAPOK TOBIIMHOIO
1X 10 M, 3 — MarHiToM' IKMii ap TOBIIHHOO do =~ 5+ 20 uMm;
Ry =5+ 500 um — pagiyc HMC, hy= 20 + 50 am — 1i ToBIMHA

11



