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The mutually consistent spatial phase-and-frequency control of radiation focusing that has been
suggested here for continuous and pulsed signals in the channels of a planar, equally-spaced ph.gsed
anterma array (Eqgs. (4) and (5)) is easily implementable technically with the use of commercially
available narrow-band microwave units. )

A mathematical mode! has been developed to analyze the effect of an additional spatial control of
phases on the space-and-time pulse focused in the Fresnel zone. _The r_esults bave shown that
application of a consistent spatial control of phases and frequencies W{lh a discrete V-shaped
distribution of the carrier frequencies over the array aperture allows generating a focused space-and-
time pulse already in the Fresnel zone at ranges Z. > 0.1Z,.

The use of a symmetric discrete V-shaped distribution of the carrier freguencies over the array
aperture excited by continuous signals makes it possible to form a train of short h1gh-;_mwer.
localized r.f. pulses whole parameters are determined by Egs. (7) to (9) in the absence of scanning.
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Electromagnetic Wave Diffraction by a Cone with Longitudinal Slots
and a Solid Conic Screen Inside”

V. A. Doroshenko and Y. K. Semenova

Kharkov National University of Radio Engineering and Electronics,
14, Lenin Ave, Kharkov, 61166, Ukraine

A numerical-analytical solution of the problem of exitation of an unlimited
perfectly conducting biconical surface is considered. Surface consists of both
a cone with periodical longitudinal slots and an internal solid conical screen.
The effects of slots and solid cone on the Fourier coefficient of the
electromagnetic field components and the scattering patterns are discussed.
The obtained results are in good agreement with previously recognized ones
for solid bicone structure.

Introduction

The boundary electromagnetic problems for non-closed conic and biconic structures find their
immediate application while designing wide-band and superwide-band antenna systems [1]. The
electromagnetic characteristics and directional radiation can be easily controlled due to the surface
inhomogeneities, e.g. slots at the scattering surface. The authors of [2] have suggested an approach to
determining the Green function of the second boundary-value problem of the Helmholtz equation for a
semi-infinite circular thin cone with periodical longitudinal slots, parallel to the moving lines, and
obtained a solution in the extreme case of a semi-transparent cone. This approach has been applied to
electromagnetic boundary problems for a cone with longitudinal slots [3-5] and extended to the problems
of wave scattering by biconic surfaces [6, 7]. In [7], a rigorous analytical solution was found to the
problem considering a cone with periodical longitudinal slots and a solid cone inside excited by a
magnetic radial dipole, in a special case of multiple slots having the width smaller than the period. This
solution served as a ground for studying the effect of slots and a solid conic screen upon the spectrum of
a boundary problem, field structure and its behavior close to the vertex. The aim of this study is to
develop a numerical algorithm to be validated in numerical experiments with random parameters.

Problem statement. Solution technique

Consider a case of a semi-infinite thin circular perfectly conducting cone with a periodical
longitudinal N slots with a semi-infinite thin circular solid cone inside, with coinciding vertexes and
axes of the cones, exposed to the radiation of a radial dipole (Fig.1). Assume that the dipole field siwated
at the point B, and the moment 5 directed to the vertex, varies harmonically in time. Since the cone

coincides with one of the coordinate surfaces of the spherical coordinates r,8, @, we can assign the cone
vertex to be the origin. In these coordinates, the solid cone Z, is determined by the equation & =y , and
a cone with longitudinal slots Z; by the equation 8 = 7, where 1,6y, @g are the source coordinates.

" Originally published in Radiotechnika, No 131, 2003, pp. 71-75.
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The slot width do and the period | =2x|N of the cone X, are the values of the dihedral angles
constituted by intersection of planes crossing the cosine axis and ribs of the neighbor conic strips. The
dium having a bicone £ =T U, and the source, satisfies the set
ondition of a vanishing tangential electric component at the
and the energy boundedness condition.

electromagnetic field E ,I—:’ in a me
of the Maxwell equations, the boundary ¢
surface of bicone I, the infinity condition

Fig. 1.

Such a statement of the electromagnetic problem has a unique solution [8]. Present E and H in the form

F=Eq+F and A =Ho+H L)

where ED,FIQ is the dipole field, E‘,FL is a field scattered by the bicone E. The solution o the

electromagnetic problem utilizes the magnetic Debye potential v(r,B, (u) , which is used to express the

components of the electromagnetic field E.H interms of
8 'ﬂ
E =0 H ——g~ (rv),
y A ( = J (rv)
LW B i (rv) 2)
8="4nd 2p 0= 00\ ¥
8 s
E,=gw—V, Hy=——=" -(rv),
¢ qwaﬁ ?  rsing drég ()
where g =—ik (Imkz=0), I is the wave number, when the harmonic time dependence ¢ is written as

ependence ¢ in the form exp(—iwt), w= Jule

exp(iot) g = ik (Imk <0) by the harmonic time d
¢ £ and magnetic 4 permittivities, The sought &

is the wave resistance of the medium with the dielectri
Debye potential v satisfied

) hi gel lmhcltz equatlou Av- g = ou‘tslde the bicone and the s0ur
1 the 0mogeneous He 0 CE,

a :
2) the Neimann boundary condition at the bicone surface;

dv
— |z =04
dn (3)

i) the principle of limit absorption,
) the energy boundedness condition.

In accordance with the
Bt complete field structure (1) v sought the Debye potential of the dipole

ol

and I-“| ('I !6 ,gp) iS Ihe pl:ltentiai for the scartered he!d. b{] = ___| |
f the Eﬂicierﬂ tool ivi dﬂ]} P ems with a conica [)()ltml:}r\«’ are the
] O'"E (8] s for soiving boun 1
. robl a coni
[\(’TIIOIOVICh—LedeE\’ 1megra| [I'B.I'lsfon 15 [9, 1-3, ]UJA The unknowu polenlial L, WII” [he by it
1 n be sought in

from of the Kont i
orovich-Li i :
e e ebedev integral with respect to the radial coordinate of the spherical

U = i.,?rshmﬁl “Kfr(qr) i T Ki; (qr)
7 oo T [ =L ar,
s

0
y Z
U =— a,, .U (9{,0 P_m o BT B ——d
i mr= mrt\ ) l-‘.~n( Cosgﬂ)d}": P—”i'."?.ﬂ'r(cusJ/Z)s

+a0

Z ﬁm"Pm:’nN “ s m+ni 1
U 25 ﬂ=m[ —VZrir (COS J+’m”P-I_r'2:—i'r (_ COSQ)} ei(m"‘nN}t;J! n< g <ya,

mr

+a
5 Y (cosa) el
- mnt _j 3+;r{. 059]" s Y2 <8<m,
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g ( ) ! ( ) I i el P"m( 9 i [
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source lays beyond
ﬁmcﬁmajyequa):ium Ifhe cone ?2 (7:<8,). The relation between the unknown coefficients and th
o ;rdn:::;r}mmg: them are obtained from the field continuity condition (the Debve
Bt o :\Tes) in slots and boundary conditions (3) at solid cone Z, and strips y ?‘
5 t, we armrive at the set of functional equations with respect to]Lhe unk: "
own

. (ma) .
coefficients y,™". which are used to express the sought coefficients [7]:
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It should be noted that the matrix coefficients SLAE-2 do not depend on the wave number k|
which essentially simplifies the algorithm of constructing the scattering diagrams and determining the
field near the bicone vertex. The solution for SLAE-2, regardless of the parameters, can be found
numerically by using the reduction method. Thus, this method is chosen to be used for the numerical
solution to the stated problem.

Numerical solution

Consider a case where the source is situated at an axis of a biconical structure
(m=my=0,r=0), and the cone I, has a single siot (N =1). The absolute values of the coefficients

x,, . which are the solution to the set (6), (7), never exceed a unit. Figs. 2, and 3 demonstrate the relations
t,,| .n=0,1 between the slot width d, and various fixed opening angles of the solid cone

B=y1(y2=n/8,1.—- n=m/18, 2.- 5y =7/16. 3.~y =7x/14.).

% e 20 240 300 360
r

Fig:2 Fig. 3

The coefficient x; depends on the field reflection from the biconical surface and in the extreme,
slot-free, case (dy =0) is equal to a unit (solid cone & =77 ). As the slot width grows, the coefficient
lxﬂl decreases down to zero (the minimum), and then increases again (Fig.2). When the opening angle of
the solid cone & =¥, is becoming smaller, the minimum l):0| moves toward widening of the slot d.
For a narrow solid cone (7 << 1) the curve featuring the relation |xp| vs. dj replicates the curve |xo|

for a solid cone with a longitudinal slot [11]. The rest of the coefficients depend on the ficld penetrating
through the slot into the space between cones Zy and Z, and decrease as the width of the slot and the

13




conical strip narrows. The curve of dependence between |x;| and the slot width is shown in Fig.3. As the

- sl
slot widens, ]xll shows a monotone increase followed by a decrease to Zero. In the vicinity of do =70",

]xll reaches its maximum over the whole width variation interval. The ﬁfid in the far zone is fietermined
from the presentation (2) of the electromagnetic field components via the Debye potential and ‘Lhe
behavior of the MacDonald function K (z) if z>>1 [12]. Figs4, 5 present the field scam?nng
patterns in the horizontal plane, normal to the structure axis, for various slot widths

: 0 T
(n =#16.72 = 7/8.0 =1/4+m/20,kr =1, Figure 4: 1. — dy=5,2-dy=30 ,3.—dy =607

Figs: 1. - 2=90°,2.—d2=18{}°,3,—d3=24(}°). _ |
Analyzing the scattering pattems, one can conclude that the wider the slot width, the more

pronounced the influence of the internal solid cone on the radiarion from the slot. The peak radiation is

‘ i ig.- i the angular dimension of the conical
observed by the slot width of 60° (Fig.4). As the slot widens, thus n of th ica
strip shrink: the partern changes continuously, becoming a circular one, for the case of biconical surface

~ solid cone Ij)-

1.0
0.8
08
0.4
0.2
0.0
02
0.4
0.6

08
1.0 240

Conclusion

The result of the study is a numerical analytical a}gorithm‘ for so]_vin_g the pro_blem of an unlimited
perfectly conducting biconical surface consisting of a cone with penodm_al longmlidmal. slots and an
internal solid conical screen, excited by a magnetic radial dipole. A numerical sn_)lunon has been four!d.
which served as a basis for analyzing the effect exerted by slots and the solid cone on the Fourier
coefficients of the clectromagnetic field components and the scanering patterns. In the extreme cases of
the biconical structure, the obtained results were in good agreement with the formerly reported ones for a
solid cone and a bicone.
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