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ABSTRACT

The method of forming sequences of focused spatial —
temporal pulses based on a single-disc single-stage frequency
distribution over the aperture of a cylindrical phased antenna
array is considered. The calculated relationships are presented
that allow one to determine the spatial-frequency
characteristics of the radiated field with a mutually consistent
spatial-phase-frequency control of the emitted signals in the
channels of the transmitting cylindrical phased antenna array.

Key words: semiconductor, affection, probability,
microprocessor technology, control system, space-time signal,
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1. INTRODUCTION

One of the possible ways to create specialized radio equipment
to transmit information of great power and stealth is the
development of antenna systems wusing focusing of
electromagnetic radiation in the Fraunhofer zone [1-4].

In [5, 6] focusing methods of electromagnetic radiation based
on mutually agreed spatial-phase-frequency control of emitted
signals in transmitting flat phased antenna arrays and
multi-position emitter systems are considered. It is noted that
focusing of electromagnetic radiation can be achieved due to
additional degrees of freedom in control, which makes it
possible to form powerful short spatial-temporal radio pulses
in space.

One of the known methods for focusing electromagnetic
radiation based on mutually agreed spatial-phase-frequency
control of emitted signals is a method that provides for
single-stage and multi-stage frequency distribution over the
aperture of transmitting flat phased array antennas [12-15],
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which are known to have a number of disadvantages compared
to convex (conformal) phased array antenna.

The purpose of this article is to analyze the focusing
possibilities of a phased cylindrical antenna array with
spatial-phase-frequency control of electromagnetic radiation
using the equal-discrete law of frequency distribution over its
aperture.

2. MAIN MATERIAL

The widespread use of convex phased antenna arrays
(cylindrical, annular, conical, spherical, elliptical, etc.) is
caused by the following main advantages [4-15]:

- the ability to optimize the step of placing their elements;

- the ability to significantly reduce the number of elements in a
cylindrical phased antenna array along the generatrix (by
increasing the placement step to d <I,1 A, where A is the
wavelength);

- the absence of distortion of the radiation pattern during
scanning in the plane of symmetry (for example, in the
azimuthal plane for an annular, cylindrical, conical phased
antenna array);

- the possibility of a relatively simple implementation of the
circular overview in the plane of symmetry.

The main structural features of a cylindrical phased antenna
array, which should be taken into account when analyzing the
spatial, temporal, and energy characteristics of focused
electromagnetic pulses, include the following:
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- radiating elements are located on a convex surface, the shape
of which must be set in the coordinate system adopted for
calculations;

- the axis of the radiating elements are normal to the convex
surface and are not parallel to each other.

It is known [8] that the amplitude of the electric field for a

single emitter of a cylindrical phased antenna array in the far
zone has the form:

En(P): I.:n (3’[3)\/ GOPnGmaxn IRE,

where F, (e, ) — normalized radiation pattern along the field
of the nth emitter;

()

Pni Gmaxn -
gain;

power supplied to the emitter and its maximum

Rr — distance to focus point.

Taking into account expression (1), the total value for the
electric field strength at the observation point created by the
cylindrical phased antenna array is determined by the
superposition of the fields Mx x Ny emitters (figure 1):
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where m=1,..., M, u n=1,...,.Ny — indexes determining the
number of the emitter;

M, N, —the number of radiating elements along the generatrix
and guide cylinder, respectively;

Fon (0F, BE) — antenna pattern;

of, Pr — azimuth and elevation towards the focus point
(figure 1);

Prny Gmaxmn — POWer supplied to the emitter and its maximum
gain;

fomn ¥ @omn — iNitial frequency and phase of the mnth emitter of
the antenna array;

Rnn — distance from the emitter to the observation point
(focus);

¢ — speed of light;

t — point in time of observation.
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Figure 1: Design of a cylindrical phased array antenna

Assuming that the emitters of the cylindrical phased antenna
array are pyramidal horns with a separable amplitude — phase
distribution, the expressions for the current distributions in the
horizontal and vertical planes will be [8]:

i (x,y)=cog| = exp{j{—kiﬂ,
B
iB(x,y)ipo-kzﬁ—Eﬂ,

where x, y — current coordinates of the point in the aperture of
the emitter of a cylindrical phased array antenna;

k — wave number;

Rn=Re — speaker length;
Ly — mouthpiece size.

Suppose that the phase distortions in the aperture are small:
less than 7 / 8 in the E — plane (elevated) Fx (®) and less than ©
/4 in the H — plane (azimuthal) Fy (®). In this case, the opening
can be considered in-phase, and the amplitude radiation
patterns will be described by the following expressions [8]:

1+cos® sin'¥
o)y
F (®)_1+cos®£{sin(‘1’+n/2)+sin(‘P—n/Z)} )
HYZ"2 4l weni2 Y_n/2 |

where Fz(®) — elevation pattern ‘I':mn (B,:)(,

Fy(©) — azimuthal radiation pattern ‘I':mn (0(,:1 ,

® - elevation angle of the observation point (focus);
e

Y= sin® —generalized angle.
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When determining the elevation angle of the focus point P (xF,
yF, zF) for the mn-th emitter, it is necessary to first calculate
the coordinates xmn, ymn, zmn of the source location in the
given coordinate system (figure 1). In this case, the initial data
for the calculation are the radius of the cylinder guide Re, the
number of emitters along the guide Ny, which allows us to
determine the lattice pitch dy, the length of the generator and
the number of emitters along the generatrix Mx (for reasons of
directivity in the elevation plane), which allows you to
determine the lattice pitch dx:

3 27tRLI
N

L06p
M

d .(5)

2R
y , O = 2arcsin(T“J, dy =

ny X

y

For the assumptions made, the coordinates of the mn-th emitter
will be:

Xmn =Mdy , Yimn =R C0S0mp, Zmn =Ry sinomp .

Then the distance from the origin to the location of the emitter
will be:

2 2 2
Tmn =\/an +Ymn +Zmn

from emitter to focus point:

Rmn =\/(XF _an)z +(YF ~Ymn )2 +(ZF ~Zmn )2 ,

from origin to focus point:

Ry =1/x,2:+y,2:+z,2:

and elevation angle of the observation point for the mn-th
emitter:

Note that the angle Pmn is an analog of the angle ® in
expressions (4), i.e. in the accepted notation we get:

2 2 2
'n + RE—Rim
2rmREe

Bmn = arccos(

"-:mn(aF’BFX = F( mn)-

For the calculated relations obtained above, expression (2) is
transformed to:
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Let the focus point be on the Oz axis (figure 1) and have the
coordinates P (0; 0; zF). For a cylindrical phased antenna array,
the distance to point P from each radiating element is equal to:

2 2 2
Rmn=\/xmn +Ymn +(ZF_Zmn) .

It follows from expression (6) that, in order to ensure coherent
addition of electromagnetic pulses from each element of the
phased array, it is necessary that the phase incursions of waves
from each element of the phased array to the focusing point be
compensated due to the initial definition of the phase
distribution over the aperture (or time delays ).

The condition of coherent wave addition is satisfied in the
case:

R
27Tmen(tF_ mnj‘HPOmn:O’
2 2 2
XEg + +Z Z
where thw__F;
C C
z Rmn

)

We expand Ry, in a Taylor series at the focal point and restrict
ourselves to the first two terms of the expansion:

=-2nf F
Pomn Omn( c c

2 2
Xmn *Ymn_ 4 _

Rmn = (ZF _Zmn)
(ZF _Zmn)z (7)
= (2g —2mn )+ Kimn + Vi
2(ZF _Zmn)

With this in mind, we have:

2nfomn Xr2nn + ernn
=— 2 —(2p -z ) - =0 2mn_ | —
Pomn c F ( F mn) Z(ZF_Zmn)
T omn [ 2 2 2
= 2ZEZmn —\Xmn + Ymn + Zmn
2C(ZF _Zmn)

Suppose that for a system of pyramidal horns the amplitude
distribution over the aperture is separable:

A (X, y) = A (X) A(y). In this case, the most general function of
the amplitude field distribution in the aperture is a dependence
of the form:
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A(x,y) = {ux + (L) cos® ”L—m} x

X

X

+ (- py)cosP Bmn |
Hy ( Hy) I—y:|

where Hx, Hy € ©;D; a,p=0,1,2, ....

Choosing the parameters, one can approximate all sorts of real
distributions with sufficient accuracy for practice.

Mutually consistent control of signals in the channels of
transmitting antenna arrays leads to the formation of
spatial-temporal pulses in the vicinity of the focus point. The
use of a linear frequency distribution makes it possible to form
a sequence of spatial-temporal pulses in a given angular
direction during continuous or long-pulse radiation of signals
by elements of a phased array antenna.

The duration of the generated spatial-temporal pulses will
depend on the width of the spectrum of the signals exciting the
emitters of the phased antenna array and can be several
nanoseconds when each channel of the phased antenna array
emits a continuous monochromatic or long pulse signal. When
changing the linear law of spatial-frequency control over the
aperture of a phased antenna array, additional temporal pulse
modulation of the emitted signals is necessary to form
sequences of spatial-temporal pulses, which significantly
complicates the phased antenna array.

Consider the method of forming sequences of focused
spatial-temporal pulses based on a single-disc, single-stage
V-shaped frequency distribution over the aperture of a phased
array antenna. In this case, the law of spatial-frequency control
of signals in a phased antenna array has the form [5]:

fo +|m|AFX, eciau |m|AF > |n|AF ,
Omn = (8)
fo +|n|AFy, eciau |m|AFX < |n|AF ,
Where
me {— My _1;...0,... My _1}
2 2
ne {— Ny _1;...0;... Ny _1} .
2 2

The law of distribution of the initial phases of the emitters of
the phased antenna array for the implementation of coherent
addition of fields at the selected focus point will be:

|-

Tfomn [ 2 2 2
) 22¢Zmn = Xmn + Ymn + Zmn

(p =
oM = 20z — 2y
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The calculated relations (5), (7), (8) allow one to determine the
spatial-frequency characteristics of the emitted field with the
mutually agreed spatial-phase-frequency control of the emitted
signals in the channels of the transmitting cylindrical phased
antenna array.

3. CONCLUSION

The method of forming sequences of focused spatial-temporal
pulses on the basis of a single-disc one-stage frequency
distribution over the aperture of a phased cylindrical antenna
array is considered. The calculated relationships are presented
that allow one to determine the spatial-frequency
characteristics of the radiated field with a mutually consistent
spatial-phase-frequency control of the emitted signals in the
channels of the transmitting cylindrical phased antenna array.
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