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CALCULATION OF THE DIRECTIONAL PATTERN
OF THE ELECTRIC RADIATOR NEAR THE CIRCULAR CYLINDER
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Calculation of radiation pattern of the electrical radiator over a circular cylinder is presented.
Radiation pattern of the electrical radiator taking into account influence of circular cylinder is calcu-
lated by the method of mirrorings. The received results of calculation were compared to the results
found by the numerical method in strict electrodynamic problem definition. Theoretical results are in
good quantitative compliance with the experimental ones. The offered method allows to calculate
radiation pattern of the electrical radiator over a circular cylinder quite simple.
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Introduction

Antennas modern radar and navigation systems, communication systems, radio and television
broadcasting imposes high requirements for the specified requirements to the field of radiation in
accordance with the parameters of electromagnetic compatibility. First of all it is connected with limited
possibilities for the placement of antennas operating in overlapping frequency ranges and with the same
polarization, in close proximity to each other, for example on masts, towers. The formation of
the amplitude-phase distribution of the radiation field in the far zone must take into account the specified
requirements as to the form of amplitude days in the vertical and horizontal planes (the width of
the main lobe and sidelobe level), a given frequency band, polarization, and the influence of object
position antennas.

Widely used in modern radar and navigation systems, communication systems, radio and television
broadcasting received the electrical radiator an antenna. Electrical radiator y antennas used in the mil-
limeter, centimeter, decimeter, meter and longer wavelength ranges up to super-long waves and
represent rectilinear conductors or straight conductors of the system (antenna arrays) excited at certain
points [1].

When using these antennas is very often in the place of installation are local objects that represent
the various extended cylindrical objects, both metallic and dielectric (homogeneous and heterogeneous) —
mast support, belt tower, cable-growths, feeder trunks reduce, screens and structural elements of the
fabric antennas. In this case, when calculating the radiation fields of these antennas it is necessary to
consider the influence of local items.

Classical solutions

To locate a field of electrical radiation of the dipole antenna taking into account the influence of a
circular metal cylinder, use the rigorous solution for the electrical radiator, located parallel to the axis of
the cylinder (Fig. 1). Methods of calculation of the radiation field for this problem and the solution to
this described in [2, 3]

The classical solution was used for the full vector of the field produced by the field of an external
source field and the scattering for arbitrary spherical coordinates of the observation point [4]. The solu-
tion in the form of an endless spectrum of cylindrical waves for the angle 6 =7/2 is as follows:
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where J, (ka) — the Bessel function of m order; H'” (ka) — the Henkel function of kind 2 of m order;

k —wave number; €, — the number of Neumann, ¢, =1 when n=0, ¢, =2 when n#0.
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Fig. 1. The electrical radiator is parallel to the axis of the circular cylinder

Calculations was performed by formula (1) with an adaptive choice of the number summable spec-
tral cylindrical components to provide the desired relative error of 10 calculations. In the analysis
of the directional properties of the longitudinal dipole placed close to the cylinder, it follows that on
the surface of the cylinder are excited by longitudinal currents only weakly flows into the shadow area.
Therefore, the electromagnetic field in the shadow region decreases rapidly and does not have sharp os-
cillations, the nature of days is only weakly dependent on the cylinder diameter.

Calculate the direction diagram of electrical radiator located over a circular cylinder. We assume
that the radius of the cylinder is equal to a =0.3A, and the distance from the cylinder axis to the electri-
cal radiator b =a+0.25A =0.55\ . The result of the calculation is shown in Fig. 2.
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Fig. 2. The directional pattern of the electrical radiator located over a circular cylinder
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But for engineering calculations performed during the installation of the antennas, does not require
such precision in the calculation of the radiation field. In some cases, it is necessary to assess the possi-
bility of installing the antenna without using the complex mathematical apparatus. The main goal in this
case will be the installation of local effects. If the effect will be negligible, in this case, you can perform
a more accurate calculation. If the magnitude of the impact will be enormous and for installing the an-
tenna you will need to spend additional money on installation and eliminate the effect, in this case,
the exact calculation to perform is not necessary.

Solution
For the estimated calculation, assume the witness [5]. Suppose that the radius of the cylinder is ap-
proximately a lot greater than the radius of the electrical radiator and the wavelength i.e. @ > A. In this
case, a cylinder with a radius of curvature of the cylinder
2 ~ can be neglected and represent a cylinder in the form of
4 reflecting a perfectly conducting plane. Replace the reflec-
tor, using the method of mirror images, the mirror source.
Then the radiation field of the electrical radiator is raised
| 2 over a circular cylinder can be represented as the total ra-
3 diation field from two electrical radiator s at a distance of
" 2b from each other (Fig. 3).
Ji 3 Because now deals with the system of two transdu-
cers, the distance between them is equal to 2b. Far field for
the antennas is determined by the formula:

r=—, )

Fig. 3. The location of the electrical radiator A ) . )

and the circular cylinder: 1 — mirror; 2 — circular where D — is the largest overall dimension of the antenna;
cylinder; 3 - the real source A — Wavelength.

3

Because the decision deals with half-wave electrical
radiator s, D = A/2. Substitute D =A/2 in the formula (2), we get that the radius of the far zone is equal to
1 m. the Distance between the electrical radiator s — 2b. Assume that b > 3A/2, we get that 25> 7A. In
this case, we can assume that the sources are in the far zone of the other.

Then the radiation field of the real and mirror source in the far zone can be represented by the for-
mula:

E=Eje ™™ l, (3)

r
where E, — is the initial amplitude of the field; » — is the distance from the point source to the observa-
tion point.

Then the total field can be represented as the sum of the fields from the real and mirror source.
The mirror source, which describes the reflected wave, it is necessary to consider that the phase of
the wave from the mirror source must be different by 90° from the phase of the mirror source.

In Fig. 4 shows the radiation pattern of the electrical radiator, raised over a circular cylinder. It is
seen that the calculation results for the strict solution, the proposed method of calculation coincide well
with the experimental results in the range of angles 0-90° and 270-360°.

The difference between the results obtained with the classical solution, the proposed method for
angle range 90-270° can be explained by the fact that simple solution takes into account
the curvature of the cylinder. In the method of calculation, due to the fact that the reflected field
from the cylinder is represented by the mirror source, it is assumed that the reflecting surface is
smooth.
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Fig. 4. The directional pattern of the electrical radiator, raised over a circular cylinder
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== — classical solution; — approximate solution; — experiment

Conclusion

Thus, the performed theoretical and experimental calculation of the radiation pattern of the electri-
cal radiator, raised over a circular cylinder. It is assumed that the diameter of the circular cylinder is
equal to a > A larger than the wavelength, the length of the electrical radiator does not exceed one wave-
length in free space. Using the proposed calculation method, the calculated radiation pattern of the elec-
trical radiator over a circular cylinder. The results obtained agree well with the rigorous solution. Theo-
retical and experimental results are in good quantitative accordance.
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PACYET OUATPAMMbI HAMNMPABJIEHHOCTU BUBPATOPA,
NOAHATOINO HAQ KPYIroBbiM LUUITUHAPOM

A.A. badanoea, M.A. ®omuHa, [.C. Knbiza4
FOxHo-Ypanbckuli cocydapcmeeHHbIl yHugepcumem, 2. HernsabuHck

[IpencraBnen pacder AUarpaMMbl HaNpaBICHHOCTH IOJIYBOJIHOBOTO H3JIydaTells, MOIHSATOTO
HaJl KPyroBbIM IWIMHAPOM. /lMarpamMMa HaIpaBJICHHOCTH ITOJYBOJHOBOTO HM3Jy4aTelsl C Y4eTOM
BIIHMSIHUS KPYTOBOTO IIMJIMHJPA pacCYUTaHa C TIOMOIIBI0 METO/a 3ePKAIBHBIX oTpaxeHui. Ilomyden-
HBIE PEe3yJbTaThl pacueTa CPaBHUBAIOTCS C pPe3ylbTaTaM{, HAWICHBIMH YHCICHHBIM METO/JOM B
CTPOTOH 3IIEKTPOANHAMHYECKON IOCTAaHOBKE 3a/1a4l. TeopeTHuecKue pe3yabTaThl HAXOIATCS B XO-
poleM KOJIMYeCTBEHHOM COOTBETCTBHUHU C HKCIEPUMEHTANbHBIMU pe3ynbTaTaMu. lIpennoxKeHHbINH B
CTaThe CIOCO0 MO3BOJIIET MPOCTO BBHIUUCINTH IUArpaMMy HAIlpaBJICHHOCTH MOJIYBOJIHOBOTO H3JIyda-
TeJIS C Y4eTOM BIHSHUSA KPYTOBOTO IIMINH/PA.

Knioueswie cnosa: nonysonnoswiil usnyuamens, cucmema usiyiameneti, OUASpAMMa HanpaeieH-
Hocmu.
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