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AMETHOD FOR LOWERING THE LEVEL OF THE ELECTROMAGNETIC WAVES
BACKGROUND RADIATION OF HORN RADIATOR

The problem about decrease in horn radiator electromagnetic waves return radiation level by a method of excitation of
the slowed down surface waves on an exterior side of its aperture edge, being in an antiphase with return radiation elec-

tromagnetic waves has been solved.

For practical application of this method, a pyramidal H-sector horn radiator with curvilinear walls is taken. In the con-
struction of this method, an impedance metal comb is used, which acts as a delay line for electromagnetic waves reflected

from the aperture of the radiator.

Introduction

Horn radiators (HR) refer to an aperture class
of the antenna working in a range of ultrahigh fre-
quencies (UHF). Thanks to simplicity of a design
and high technical characteristics HR have found
wide application in modern radio-electronic com-
munication systems, radar-locations, tele-radio
broadcasting, and also in space flying vehicle.

One of HR advantages is the high radiation ori-
entation which is characterised by the orientation
diagramme (OD). HR have wide range of work-
ing frequencies, high efficiency and possibility to
radiate electromagnetic waves of the big capacity
(up to 100 MW) that make them irreplaceable in a
radar-location and a space radio communication.

However, there are the various factors worsen-
ing HR characteristics. In particular:

1) sphericity of the phase front form in a plane
of HR outlet aperture;

2) dispersion of the radiation basic harmonic
field energy inside the HR on the set of mode of
the higher harmonics;

3) occurrence of the electromagnetic field en-
ergy return reflexion in feeding wave guide;

4) occurrence of return radiation into the re-
gion of space which is behinde the HR.

The last is caused by a line of the phenome-
na in which number the most ponderable is the
electromagnetic waves reradiation by the currents
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induced in the HR aperture outlet edge contour
(aperture).

The researches [1-9] directed on improvement
of HR characteristics have led to occurrence of
HR new class with curvilinear walls in which in-
fluence of the listed phenomena is considerably
reduced. However, the problem of the return ra-
diation remains actual.

In our work the new method of the return ra-
diation level arising on an edge of HR aperture
outlet reduction which is applied to pyramidal
HR with curvilinear walls is offered.

1. Problem statement
Let’s consider cross-section of an aperture out-

let of pyramidal HR, representing the electric

contour of rectangular section K| radiating elec-
tromagnetic waves (fig. 1). Sources of an electro-

magnetic field are alternating currents i,,1,,1,,1, .
Assume that each site of a contour radiates in

space cylindrical waves with a length A, and

phase ¢, . Let’s by condention, B - the area of
direct radiation located in front of HR aperture .
The plane of these areas section coincides with a

plane of contour K. Let’s place the geometrical

centre of K, contour at the beginning of the co-



ordinate system. On an axis z in the region of
semispace A(—Z, tx, =t y) we will place con-
tour K, identical to contour K, with the geo-

metrical centre with coordinates (0,0, -/ ) .
Then the electromagnetic waves radiated by

contour K| having passed distance / during Liug
will induce alternating currents l'l' ,ié,i;,i; in con-
tour K, . As the result the system of two radiating
contours - active K, and passive K, will turn
out, and the phase of radiation of a contour K, —

@, will lag behind phase ¢, for time necessary
for an electromagnetic wave for overcoming the

distance /.
At axes z in a distant zone we will pick up the

point M ___ 4, - The distance from zero of coordi-

nate system to point M ___, should be 10 times

more the wave length A,,.
The electromagnetic waves radiated by con-

tours K, and K, will reach point M __ 4, Dot
: : R :
simultaneously, and during #, =— on radius-

lag =—+—2 where v and ¢ -
A% c
electromagnetic waves speed of distribution be-

vector R, and ¢

tween contours K, and K,, and in free space
accordingly. As R, and R, is more than distance
between contours / it is possible to consider, that

R =R =R.
It is necessary to define such time of delay 7, "

at which in a point of supervision M ___, phases

@, and @, will differ from each other on size 7 .

L, "L =7 (1)
or

[N o

v ¢ 2c

In this case the electric and magnetic field vec-
tors radiated by contours K, and K, are in anti-

phase for any x, y,-z 10 times larger than 4, and
the resultant capacity stream density in a distant
zone of semispace A tends to zero. In semispace

B(Z, Tx, =* y) in a distant zone phases ¢, and

@, will coincide, as the wave passes between
contours the distance equal 2/ (there and back) for

corresponding time 2¢,,, =27.

2. Decision technique

To fulfill conditions (1-2) it is necessary to re-
duce the -electromagnetic energy distribution

speed in the region Z(O, -1 ) For this purpose
we will place between conductors of contours K,

and K, the slowing down comb type structure
made in the form of a flat metal comb (fig. 2).
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Fig. 2. A fragment of slowing down comb structure

on the basis of an impedance metal comb. 7 - the

comb period, 1 — comb length, d — comb thickness,

h — comb height , v - slowing down wave speed,
Vo~ phase speed

The first comb (a) corresponds to contour K,
the last comb (¢) corresponds to contour K.

At interaction of a flat electromagnetic wave
with an impedance metal comb over its surface
the slowed down surface waves appear. Electro-
dynamics of the given process is studied enough
[10-12]. Having solved the equation (2) concern-
ing speed of the surface slowed down wave v we
will receive:

)
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Knowing the v size it is possible to find all
geometrical parametres of slowing down struc-
ture, namely: 7 - the comb period, / — the comb
length , d —the comb thickness, # — the comb
height at which the condition of formula (1) will
be satisfied. Using received in [2, 10, 12] expres-
sions for slowing down inductive type structure
on the basis of an impedance metal comb we will
write down the common decision of a problem

uniting in geometrical and electrodynamic
parametres.

c e

) ’
t—d 2rh, 0+
1+ tg s 2
T Ao

(1=6+84,;

7<0,54,;

d <<r; “4)

A
O<h, <1
eff 4

where ¢ - speed of electromagnetic waves
distribution in vacuum,;

A, - length of a wave corresponding to the
middle of the operating band,

A - maximum length of a wave of the

max

operating band;

A, - minimum length of a wave of the
operating band;

T - comb period;

d - comb thickness;

[ — comb length;

h . — combs effective height counted under the

eff
formula:

hy=h —0.14(d +r),
where / — the constructive (in fact) edge height.

3. Results and discussion

For practical application described above
method it is taken pyramidal N-sectorial HR with
curvilinear walls, in which design the impedance
metal comb is included (fig. 3).
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Reradiation contours

Direction of the maximum
of the HR radiation

Direction of the backward radiation of the HR
0,

Fig. 3. H-sectorial HR with curvilinear walls of
combined form with the return radiation lowered
level. 1-H-sectorial HR with curvilinear walls of
combined forms, 2- comb type slowing down struc-
ture in the form of a flat metal impedance comb in
section, 3 - metal comb edge, 1 - metal comb length,
7 - the comb-period, d — comb thickness, h — comb
height

The prototype sample of offered HR with fol-
lowing parametres is made and tested:
- the minimum wavelength of the operating

band A_. =24 mm;
- the maximum wavelength of operating band

A =36 mm;

- the length of a horizontal rib of HR outlet
aperture Ap =100 mm;

- the rib constructive height =3 mm;

- the edge thickness d = 0,5 mm;

- the comb period 7 =5 mm;

-the comb length /=210 mm;

- Metal comb flutes depth changes on expo-
nential law.

In polar system of coordinates are constructed
normalized directional diagrames (DD) of HR
prototype sample (solid line) and similar HR, but
without impedance comb (dotted line) (fig. 4).

4. Conclusions

The analysis of received DD allows to con-
clude.

1. Level of back lobe DD of HR prototype
sample with an impedance comb is considerably
less, than at HR without an impedance comb;



2. At observation angle of @ =90° concern-
ing the radiation maximum in developed HR in-
tensity of an electromagnetic field decreases, and
at HR without an impedance comb, on the con-
trary, in the given point growth of intensity of an
electromagnetic field is observed. Theoretical cal-
culations and experimental researches of HR
sample confirm efficiency of the offered decision.
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Summary

The problem about decrease in horn radiator electromagnetic waves return radiation level by a
method of excitation of the slowed down surface waves on an exterior side of its aperture edge, being
in an antiphase with return radiation electromagnetic waves has been solved.

For practical application of this method, a pyramidal H-sector horn radiator with curvilinear walls
is taken. In the construction of this method, an impedance metal comb is used, which acts as a delay
line for electromagnetic waves reflected from the aperture of the radiator.

Key words: Horn radiator, horn antenna, surface electromagnetic waves, impedance retardation
structure, radiation pattern
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METOJ CHU/XKEHUSA YPOBHS OBPATHOI'O U3JIYUEHUSA QJIEKTPOMATHUTHBIX
BOJIH PYIIOPHOT'O U3JIYYATEJIA

AHHOTaIUA

Pemena 3aiaqa 0 CHMKEHUU YPOBHS OOPATHOTO M3IYyYEHHsSI SJIEKTPOMATHUTHBIX BOJH PYIOPHO-
ro M3Jy4yaTesiss METOJIOM BO30YXKJICHHUS 3aME/UICHHBIX IMOBEPXHOCTHBIX BOJH Ha BHEITHEH CTOpOHE
KPOMKH €T0 PacKpbIBa, HAXOMSIIUXCS B MPOTHBO(A3E C AIEKTPOMArHUTHBIMU BOJIHAMU OOpPATHOTO
W3ITy4YCHHUS.

Jlns mpakTHYeCcKOro MPpUMEHEHHS IAHHOTO METO/A B3ST MUpaMHUIaIbHBIN H-cexTopuaabHbIi py-
MOPHBIN U3TyYaTelb C KPUBOJIMHEHHBIMU CTEHKaMH, B KOHCTPYKIIMIO KOTOPOTO BKJIFOUEHA UMIIEIaHC-
Has MeTaJUTMYeCKas rpeOEHKa, BBITIOIHSIONIAS POJIb TUHUU 3aJI€PKKHU IJIs1 OTPAXKEHHBIX OT allepTypPhl
W3ITydaress AICKTPOMArHUTHBIX BOJTH.

KuroueBble ciioBa: PynopHblil u3inyyarelb, pynopHasi aHTE€HHA, TOBEPXHOCTHBIE 3JIEKTPOMArHUT-
HBIE BOJIHBI, UMIICIAHCHAsI 3aMEISIIONIAsl CTPYKTYpa, [harpaMma HarmpaBJIeHHOCTH.
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METOA 3HUKEHHS PIBHSA 3BOPOTHOI'O BUITPOMIHIOBAHHS PAITOXBUJIb
PYIIOPHOI'O BUTTPOMIHIOBAYA

AHHOTAaNifA

Po3B’s13aHa 3a/1aua po 3HMXKEHHS PIBHS 3BOPOTHOTO BUIIPOMIHIOBAHHS €JIEKTPOMArHITHUX XBUJIb
PYHOPHOTO BUIIPOMiHIOBaYa LUIAXOM 30y/DKEHHS YIOBIIbHEHUX MMOBEPXHEBUX XBHJIb HA 30BHIIIHIN
CTOPOHI KPOMKH HOTO pO3KPHBY, 110 3HAXOAATHCS B MPOTH(]A31 3 €IeKTPOMArHiTHUMU XBUIISIMU 3BO-
POTHOTO BUIIPOMIHIOBAHHS.

JUis MpakTUYHOTO 3aCTOCYBAaHHS JAaHOTO METONy B34TO MipaminanbHUi H-cexTopianbHMH py-
MOPHHI BUIPOMIHIOBAY 3 KPUBOJIHIMHUMHU CTIHKaMH, B KOHCTPYKIIiIO SKOTO BKJIIOYEHA IMITEaHCHA
MeTaseBa rpediHKa, 1110 BUKOHYE POJIb JIIHIT 3aTPUMKH JUIsl BIIOUTHX Bij alepTypu BUIIPOMIHIOBaYa
€JIEKTPOMArHITHUX XBUJIb.

Karwuosi ciaoBa: PynopHmii BUIIpOMiHIOBaY, pylopHa aHTEHA, MOBEPXHEBI €JIEKTPOMArHiTHI
XBUJI1, IMIIEIAHCHA YTIOBUIBHIOKOYA CTPYKTYPa, JlarpamMa HapaBJIeHOCT.
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