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MODELING OF EXITING SPECIAL CONICAL
MULTIPLE-SLOT STRUCTURE

Introduction. Researching problems of exciting cone
structures is of interest for practical applications in antenna and
electronic  engineering because of their wideband and
superwideband properties. Results of solving mathematical model
problems of the physical process gives information about specific
effects that can be used in the stage of designing radioengineering
and electronic devices. A strict excitation problem solution for a
perfectly conducting isotropic semi-infinite cone is given in [1].
The solution of boundary value problems for finite cones, cones
with transverse inhomogeneities are is presented in [2,3]. In this
paper a mathematical model for the harmonic field interaction with
a conical periodic structure on the period of which there are several
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longitudinal slots and conical strips of different angular dimensions
is proposed. Interest to studying such model problems is caused, in
particular, by the fact that the presence of conical strips leads to an
expansion of the operating domain of a real antenna due to a
variation in their angular dimensions.

Formulation of the problem. Singular integral equations
(SIE). Consider a model problem of excitation of a semi-infinite
perfectly conducting periodic conical structure ¥ (Fig. 1) consisting
of N repeating systems, each of which contains M conical strips
and M longitudinal slots of different angular dimensions. The
source of excitation is an electric radial harmonic dipole with
moment p,. located on the cone axis (Fig. 1).

The slots are cut along the cone generators from its tip. The value
of the slot width (an angular dimension) is equal to the value of the
dihedral angle formed by the planes drawn through the axis of the cone
and the strip edges. Let us 2y denote the opening angle of the cone,

L =2m/N is a period of structure, dp is an angular slot width with

number P (p =1+ M) on the period, I$” is a conical strip with
number P atthe (s + 1) -thperiod (s = 0 = N — 1).

Fig. 1. Geometry of problem.
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In the introduced spherical coordinate system (r, 8, ¢) with
the origin at the cone tip, the conical surface ¥ is defined as
».8 =1y, and

1) = {@:p € (ap +sL,b, +sL)},a,,b, €R,

1) = UL, 15 s the total surface of all strips on the period
with the number s, I = UY-11®) = UYZL UM (a, + sL,b, + sL)
is a total surface of the strips of the conical surface ¥..

As a result of using the boundary condition at the cone strips
and the condition of field continuity at the slots, we obtain singular
integral equation (SIE) for finding the functionF (), ¥» = N, that
it defines the radial component of the density of the surface current

induced at the cone strips. So we have
1

2 ot |25in 22 - F@)dE +2 [0 Ryc( — §) - F(€)dE =
P €10 (1)

The resulting SIE (1) has a logarithmic singularity (the first
term on the left side), while the second term has a regular kernel
R, (yp — &) of the known form.

Numerical results. Field distribution. In the case of one
longitudinal slot and one strip (M = 1,N =1) the numerical
solution of SIE is obtained. Figure 2 shows the distribution of the
total field (in the wave zone, 8 > 2y) normalized to the maximum
in the azimuthal plane for a cone (y = 22.5%) with one slot (the
slot axis corresponds to the value of the azimuth angle ¢ = 0°) for
different values of slot width d. The slot effect on the field
distribution in the wave zone turns out to be weak, which is
explained by this case of excitation. When d < 60° the diagram is
almost circular. With the expansion of the slot, a change in the
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diagram shape is observed and for it differs little from the diagram
of a single extended scatterer in the form of a thin wire, the axis of
which is shifted from the axis 0z by 8 = 22.5°.

90

1.0 120 st T wen, 60
Pt .
Z slot axis
—x—d=60’
- --o—-d=180°
0.8 Al o
10 240 " mme e daan 300
270 g d=359°

Fig. 2. Distribution of the total field in the wave zone
(6 = 2y) for a cone whose half-opening angle is y = 22. 59,
8 = 60°, qr, = 1 for different on the width of slot d.

Conclusions. As a result of the studies of the model problem
considered, it is shown that the problem of axisymmetric electric
radial dipole excitation of a conical open structure, on the period of
which there are conical strips and slots of different angular widths,
is reduced to solving a singular integral equation with a logarithmic
kernel. Based on the SIE numerical solution obtained in the case of
one slot per period, a field distribution diagram depending on the
angular width of the slot is given.
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