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ELECTROMAGNETIC FIELD OF THE CIRCULAR MAGNETIC CURRENT
LOCATED IN A SEMI-INFINITE BICONICAL SECTION
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The problem of axially-symmetric electromagnetic wave diffraction from the truncated cone
placed in the conical region is solved rigorously by mode-matching and analytical regulariza-
tion techniques. To find the unknown expansion coefficients, the infinite systems of linear alge-

braic equations (ISLAE) of the second kind are obtained and solved numerically. The analysis

of the radiation power dependences on geometrical and frequency parameters are carried out.
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EJIEKTPOMAT'HITHE ITOJIE BUTKA MATHITHOI'O CTPYMY, PO3MI-
IMEHOTI'O Y HAINIBHECKIHYEHHOMY BIKOHIYHOMY CEKTOPI

O. M. llapabdypa
®isuxo-mexaniynuii iHcTUTYT iM. I'. B. Kapnenka HAH Ykpainn, JIbBiB

OTpHUMaHO CTPOrHH Po3B 30K OCECHMETPHYHOI 3a1a4i U paKiil eIeKTPOMArHiTHOro MoJIs Ha
inea bHO IPOBITHOMY KOHYCI 31 3pi3aHOI0 BEpIIMHOO, NOMIIIEHOMY B KOHIUHY 001acTh. Taka
CTPYKTYpa € MOJEJUIIO iIeaJIbHO MPOBIIHOI OIKOHIYHOI ITOBEPXHI, OHE IUIeYe SIKOI € HaIliBHe-
CKIHUEeHHMH KOHYC, a Jpyre — HalliBHECKIHYEHHMH KOHYC 31 3pi3aHOI0 BEepIUMHOKO. 3anauda
chopmynboBaHa y cdepuuHiil cucTeMi KOOPIUHAT 1 3BeJIeHa JI0 PO3B’sA3aHHS 3MIlIaHOI Kpaiio-
BOI 3aadi Ui piBHSHHSA [ enpMronbla BiTHOCHO cKaysipHoro moteHiainy [e6as. HeBimomuit
CKaJLIpHUH MOTEHIa] AU(ParoBaHOTO MO MONAHO Y BUTJLIII PSIIB BIACHUX (QYHKIIH ayIst
KokHOT TimobmacTi, copmoBanoi 6ikoHycoM. ToOTO pO3B’S30K 3aITUCAHO Yy BUTIISIII CyMH MO,
KOJXKHA 3 SKUX 33J10BOJIbHAE I'PAHUYHI YMOBU HAa KOHIYHMX MOBEPXHSIX, YMOBY BHIIPOMIHIOBAH-
Hsl, a TAKOXK YMOBY OOMEXEHOCTI eHeprii 1nons y Oyas-s1koMy oOMexeHoMy 00’ eMi IIpocTopy.
OcTaHHS yMOBa 3BOIMTHCS 10 BUKOHAHHSA yMOBM MeHKCHepa Ha Kparo Ta BEpPIIMHI KOHYCIB.
Sk pKepera BUIIPOMIHIOBAHHS BUKOPHCTAHO KPYTOBUH BUTOK CHH(A3HOrO MarHirHOro cipy-
My. ¥ Takiil cTpyKTypi 30yIKyeThesl nomepedna exexrpoMarsiria xswist (TEM-xBuinst), mone
KOl He 3aJIeXKUTh KyTiB PO3XMILy KOHYCIB, IO 3a0e3reduye MMPOKOCMYIOBI BIACTHBOCTI pO3-
ciropaya. Iyt po3B’sI3Ky 3a/1a4i BUKOPHCTAHO METOX CIIPSDKEHHS TaHI€HIiaJbHUX KOMIIOHEHT
nosist Ha cepuuHiii MOBEpXHi Ta CIIBBINHOIIEHHS OPTOrOHANBHOCTI BIACHUX QyHKIiH. Takuii
MIX1D AaB 3MOTY 3BECTH 33J1ady JI0 HECKIHYEHHOI CUCTEMH JIIHIHHNX anreOpaidyHUX pIBHSIHD
(HCJIAP) nepioro poxy. Jlaii 3aCTOCOBAHO METO aHAIIITHYHOT peryispusariii. [TokasaHo, 1o
rOJIOBHA YaCTHHA aCUMITOTUKH MaTpuyHux enemeHTiB HCJIAP, Bu3HaueHa [UIs BEJIMKHX 3HA-
4eHb IHIEKCIB, € OIEepaTOpOM THILy 3rOpTKH. BinnoBinHuii oGepHeHui onepaTop 3HaiICHO B
sBHOMY BUIIIAL. OTpUMaHi OIlepaTop THILY 3TOPTKH Ta HOro o0epHEeHHH 3aCTOCOBAaHO s 3BE-
nenns 3anadi 1o HCJIAP npyroro pony, sika TOITycKae peIyKIliio 3a JOBUIBHUX 3Ha4YeHb rapa-
MeTpiB posciroBaya. L[fo cucTeMy BUKOPHCTAHO Ul 3HAXOKEHHS HEBITOMUX KOe(ilieHTIB
PO3KJIaJy Ta BIiANOBIIHUX YMCJIOBHMX pO3paxyHKiB. [IpoaHasi3oBaHO BIUIMB MOJOBOIO CKIIAIy
noJist JuKepena 30yIKeHHs 1 FeOMETPUYHMX IapaMeTpiB CTPYKTYpH Ha PO3MOALT OIS Ta I10-
TY)KHICTh BUIIDOMIHIOBaHHs. BusiBIICHO cyTTeBHi BIuIMB BUIMX TM-MOJ JKepela Ha MOTYX-
HICTbh BUIIPOMIHIOBaHHS JOCIIIKYBAHOI CTPYKTYpH.

KmouoBi cioBa: ananimuuna pezynapusayis, cmpoeuil po3e’a30K, 3pizanuil KOHYcC.

Introduction. Biconical structures are widely used in modern radio communica-
tions technology. The interest in such structures is caused by the development of ultra-
short pulse generation technology and the pressing necessity to develop the means of
transmission of the ultrashort pulse using the ultrawideband antennas. The use of bico-
nes as the radiating elements in the radio communication started more than a century
ago [1]. The numerous mathematical models that are often used for explaining the phe-
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nomena of electromagnetic waves scattering from biconical structures are based on the
solution of wave diffraction problem for the perfectly conducting bicone, formed by
semi-infinite conical shoulders.

This problem was solved in a spherical coordinate system by separation of vari-
ables. The solution was represented as a sum of normal modes, each of which satisfied
the boundary condition, as well as the limited energy and radiation conditions. This
structure possesses the omnidirection radiation in the azimuth plane of the bicone and
provides its wideband properties due to the dominant TEM-wave. The analysis of the
electromagnetic wave diffraction from the finite/truncated bicones is based on the field
representation by the series of normal modes of subdomains and mode-matching
technique application. If the perfectly conducting bicones are under consideration, the
orthogonality properties of the meridional functions of the normal waves are used to
reduce the problem to the infinite system of linear algebraic equations (ISLAE) to
determine the unknown complex amplitudes of the modes.

Convenient theoretical models of a biconical antenna analyzed by the mode-
matching techniques were first introduced in [2-5]. The ISLAE, obtained by the mode-
matching were solved approximately, without the reduction reasoning. Such method
for the biconical structure analysis was widely used in early publications [6]. The main
advantage of this method is to consider the form of the scatterer. However, such solu-
tions are formal, because of the singularity of the field components at the edges. Some
wave diffraction problems from the finite bicones as well as from the single cones were
analyzed by the Wiener—Hopf technique in [7, 8].

In this paper, the analytical regularization technique, early developed in [9-12],
was applied to the solution of axially-symmetric electromagnetic wave diffraction from
the dissection of the conical region by the truncated semi-infinite conical surface which

formed the semi-infinite biconical section. The time dependence is e™'!, and it is
omitted through the paper.

Formulation of the problem. Let us consider the perfectly conducting bicone
Q =Q, UQ, inthe spherical coordinate system (r,0,¢) with

Q ={re(0,»), 6=v;; ¢c[0,2n)},
Q2 = {re (alioo)v 9=Y2; (ONS [O,ZTC)},
where Y2 > 71, 'Y]_(z) znl2 (See Flg 1)

Fig. 1. Geometrical scheme of the bicone.
Let bicone Q be excited by the ring source with magnetic current density as

(Ms(r — -
3(r.0)= Iy /3(r T0)5(9 69) | 1)
Ip Sin0g
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where Iq()m) is the magnetic current, 3(...) is the Dirac delta function; ry, 8, are source
spherical coordinates, a <ry <o, y; <60y <y,. Nonzero field components E,, Ey,
H,, excited by source (1), are expressed in terms of H,, component by

1 1 0

E, =—— sin6H ),
" iwersing ae( o)
110 @
E,=—=—(rH_),
0 icosrar( q’)

where ¢ is the dielectric permittivity of the medium.
Taking into account ratio (2), the problem of the electromagnetic field of source
(1) diffracted on the bicone Q is reduced to the mixed boundary value problem for

Helmholtz equations as

A, =0 L i2H =g (3)
® r?sin%e L

where k = w\/en is the wave number, k =k’+ik'"; u is the magnetic permeability;
A is the Laplace operator,

2
ae P20, 1 afg,0)
ar? ror r?sing o0 09

The unknown H,, -field satisfies the boundary condition at the bicone Q as

Li[sin O(H,, + H(L)J

=0, 4
sin© 00 )

r,0eQ

where H(ip is the known magnetic component of the incident field produced by

source (1).
We search for the solution of the mixed value boundary problem (3), (4) in the
class of functions that satisfy the Silver-Muller radiation condition in the form

Iimr[frxH+Z_1EJ:O, (5)
r—oo
where Z =./u/¢ is the medium wave resister, as well as the energy limitation condi-
tion as
J(8|E|2+M|I:I|2)dv<w. (6)
v
Here V isany finite volume of integration.

Solution of the problem. For the solution of the diffraction problem let us intro-
duce the regions:

D, :{re[0,a)), 0 € (y3,7]; ¢ € [0,2m)},
D, :{re(ay,»), 6 (y,,1]; 9 [02m)},

Dy :{re(a,), 0 € (v1,7,); 9 €[0.2m)}. ()
The unknown total magnetic field is presented as
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ing 6
Z X — P, _1/2(=cos 9)

Nr=t) 12, (1)
(r,0) e D;

ioe 2) . (P)

HL00) =1 o 21 i g (oo B ®)

(r,e) e D,

Ho(p 0)+ 128 2x£3)\l’ _1/2(cos0) K, () .
\/E n-1 Ky, (p1)
(r,0) € Dy

Here, xB x(2) x(3) are unknown expansion coefficients; 1,(p), K,(p) are modified
Bessel and Macdonald functions, respectively; p=sr, p; =sa, s=-ik; H:D is the
known field excited by source (1) in the infinite bicone [12];

¥, acost)=| 9"

—I[R, _y,(cosB)], n>1,
~o[Ry,yz(cosO)]

where

Ry_1/2(c0s0) = P, _y5(cos 0)P,_1/5(—c0sy1) — P, _1/2(= C0SO)P, _1,5(Cc0s7 1),

P,_1/2(cos0) is the Legendre function; {v,},-; is the growing sequence of real posi-
tive roots of the transcendental equation

R, -1/2(c0s7,) =0 )

with v;=1/2 and v, #n-1/2 for n=23,4,...; {z,}" . {n,} _ are growing
sequences of real positive roots of transcendental equations

P -u2 (—cosyy) =0, Ppn—l/Z(_ cosy,)=0. (10)
Next, we apply mode-matching for Eet (3 £0,0) and pr(a1 +0,0) field components

with {r =a;,y; <0< n} and use equations (2), (8) to reduce the problem to the solu-

tion of ISLAE of the second kind by involving the analytical regularization technique
[11]:

X-AYA-A)X=ATF. (11)
Here, X ={X,}n_; is the unknown vector,
X, =X (27 —0.25)P, _y5(—c0sY,) ;
Aq is the infinite matrix

o0

PWIK, 1, 1,
[£] - z01Ke (o)1, (1)

11
Ay agn )=

j,n=1
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where {&;}j=; = {Vidker U1 o1 is the growing sequence of the roots {vi =,
{up}p=1 of the transcendental equations (9) and (10); F ={f;}72; is the known vector
WL, 0L, = fF(P)¢'(P)— ' (P)O(P)-
The regularization operators Aand A~ are presented as [11, 12]:
A = (&~ 2m) (12)

-1

Ty = {IM_E T IM_ (z)] (2, -8} (13)

Here, M_(v) is the known function. The unique solution of ISLAE (11), which satis-

fies Meixner condition at the edge and at the vertex of the Q, exists in the class of
sequences X, = O(n"Y2) if n > o .

Numerical results. All characteristics of the scattered field are calculated by
reduction of ISLAE (11). Let us represent the radiation power as

2n B 2
W= lim= | do [ EqH r*sinodo .
r~>002(J)‘ (pé[ 0%
1

Here, By =v,, B, == and By =yy, By =7, correspond to the conical D, and the bi-
conical D3 regions, respectively; H, and Eq by their physical nature, determine the
total field in D, and the diffracted field in D regions; the upper mark (*) shows the

complex conjugate. All numerical analyses are carried out for the fixed coordinates
(ry,0q) of the ring source.
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Fig. 2. Radiation power dependences on ka; for the excitation of the bicone Q
by TEM mode kry = 25; 6y = y1, y1 = 120°; a—biconical region Dg; b — conical region D,:
1—v,=140°% 2 - v, =150° 3-—y,=160°.

Based on the solution of the finite system of linear algebraic equations, we ana-
lyze the far-field characteristics for bicone Q with the different geometrical parame-

ters. The curves presented in Fig. 2 show the dependence of the radiated power on the
parameter ka; if the bicone Q isexcided by the TEM mode. We analyze these charac-

teristics for different opening angles vy, of the internal truncated cone. From this
Figure we observe the effect of resonance scattering, if 2 < ka; <3 (see Fig. 2a) and, if
4<ka <5 (see Fig 2b). The behaviour of the curves in Fig. 2 shows the essential
influences of the angle vy, on the radiation power penetration into the conical and the
biconical regions. Next, we analyze the influence of the parameter ka; on the radiation
power, if our bicone is illuminated by the TEM and TM modes of source (1). This
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influence is shown in Fig. 3. From the behavior of the curves in this Figure we observe
the increase of the radiated power with the growth of the parameter ka; for conical and
biconical regions.

w
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Fig. 3. Radiation power dependences on ka; for the excitation of the bicone Q by source (1);
kro = 25; 69 = y1, y1 = 120°; a—biconical region Dg; b — conical region D,:
1—v,=140°% 2 - v, =150° 3 -y, =160°.

CONCLUSIONS
The mode-matching and analytical regularization techniques are developed for the

solution of canonical diffraction problem of axially-symmetric excitation of the bicone,
formed by the truncated and semi-infinite shoulders. The key equation of the second
kind (11), the solution of which satisfies all the necessary conditions, is obtained.

The radiation power dependences on geometrical and frequency parameters are

analyzed. The essential influence of higher TM modes radiated by the source on the
radiation power is observed.
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