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A QUESTION CONCERNING THE CREATION
OF PLANE MAGNETIC FIELD BY AN ARRAY
i OF IDEALLY CONDUCTING WAVEGUIDES
3 V. V. Martsafey

b This article shows the difficulty involved in creating a

i quasiplane fleld at small distances from the radiator. An estimate
’ is given for an array of ideally conducting waveguides (from the

{ standpoint of the field created by it) using the exact theory.

INTRODUCTION

At the present time, a problem often arises in the measurement
equipment which deals with the creation of a quasiplane electromag-
netic fleld, which is necessary for the measurement of a number of
characteristics (radiation patterns, scatter diagrams, etc.). OQuite
frequently, this problem is solved by the most elementarv method -
by increasing the distance between the object being measured and
the radlator to a value on the order of

(1) R 22

where D 1s the maximum dimension of the test antenna or the scatter-
er and A 1s a wavelength [1].
Obviously, in many instances, thils distance can prove to be

very large.
. A method was proposed in 1953 [2], which 1s based on the trans-
‘ formation of a spherical wave Into a plane wave by means of a lens
collimator, which made 1t possible to shorten the distance conslder-
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- ably, improve the sensitivity of the device, etc.
Two requirements can be imposed on the collimator: %
a) there should be a minimal difference between the plane fleld %

and the field leaving the collimator; b) the reciprocal reflections §

between the collimator and the object belng measured must be minimal.

When comparing the lens collimators with the mirror collimators,
preference shoutd be gilven to the former because, with all other
conditions belng equal, the field leaving the lens collimators is
close to the plane field, since the diffraction phenomena taking

place 1iIn the mirrors are expressed more clearly. It is also clear
L that the waves reflected of the test obJect, which do not converge
in the focus of the lens (with small €') "leave the game", and in

pe gy g

symmetrical mirror collimators the energy of these waves spills over
towards the object being measured. However, lens collimators also

—y

have a number of drawbacks, the principal of which are:
| a) a significant, although relatively gradual, change in the
: amplitude of the fleld behind the 1lens;
b) oscillations in the field's amplitude during the preparation
- of the lens from a foam polystyrene, which are due to the hetero-

genelty of the material;

¢) relatively large reciprocal reflections during the prevara-
tion of the lens from an optically homogeneous material with a
considerable €.

Several versions were proposed for the improvement of the col-
limator's properties, for example [3, 4]; however, Judging by the
literature, the problem of lens collimators cannot be considered
as solved. Under these conditions, it would be expedient to estim-
ate the capablllties of the arrays.

In this work we will evaluate the capablilities of a simplest,
from the technological standooint, array (but also the worsts with
regard to the heterogeneity »f the exciting field) - waveguide ar-
rays wlth well-conducting sides. 1In oftder to simplify this prob-

lem, we will examlne a two-dimensional problem, having assumed,
furthermore, that the sides of the waveguldes are infinitelyv thin,
while the conductivity 18 infinitely high.
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DERIVATION OF BASIC RELATIONS AND
AN ANALYSIS OF THE OBTAINED EXPRESSIONS

Many works have been devoted to the problems dealtng with the
study of arrays consisting of ideally conducting plates [5-81; how-~

ever, most of them were devoted to the examination of the problems ;
deallng with a plane wave hitting the array. The radiation from an
array was analyzed in [8] but only for the limited values of the

] period of the array.
We will make it our task to find a strict solution for the
fleld of radiation of an inflnite array of ideally conducting semi-

infinite waveguldes, which are excited in-phase by the wave HO1

with an arbitrary array period (Fig. 1). In this case we will extend
this method for solving the problem of radiation from the open end

LY o
. - Pl

of the waveguide [9] onto an array of such waveguides¥. r
| Using the Gaussian system of units and discarding, everywhere,

the time factor exp (—lwt), we obtain the following expression for .
the vector potential describing the field in an infinite arrayv of ;

waveguldes excited in-phase by the wave HOl: %

A o= 2T LM VTG FOFTE=T) +.. ;

o A
+H RV G—aF Fe—8)..+ B RV G+ @+ Daf + @—P)...] X :
X J«(8) a, i

where JX(E) is the surface density of the current.
We note that

(2)

EomibA; Hym G55 Hom— S E,=E, =H, =0,

Using the boundary condition
E, =0 wheln y= (20 +1)a; n=0,1;2; 3; ..,

The fundamentals of this work stem from the report made by an
author on the diffraction of waves at the II All-Union Symposium
held in Gor'kily (1962). As 1t was revealed at the symposium, using
the same method, earlier, L. B. Tartakovskly solved the problem
dealing with an array of waveguldes. However, to the best of his
knowledge, a strict solution for the radiation field with an ar-
bitrary period i1s presented and discussed for the first time.
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we obtain the baslc integral equation

| . ]’; OHP (kY AP T C— D) +... +2HO RV FF@— ) + ¥
; +H3\"(k]z——§|)“.(ﬁ)d§=0o i

k i Using the method described in [9], it 1s possible, departing i
¢ from (3) and the condition of absence of the conductivity cur- 13
[ rent outside the plates, to obtaln the following system of differen-
! tial equations:

o}~
5 e | (w)F(w)dw =0, when z2>0

T S v

-—~ 55

- (1) .

! +~

j’ e F(w)dw = —Ae—~*, when z<0

. e - = seay
TIRL &y V'

where A is the amplitude of the wave incident on the aperture; h is

a longitudinal wave number of this wave; F(w) is the Fourier trans-

form of the surface density of the current of the reflected wave;

L{(w) 1s the Fourier transform of the kernel of the integral ecua- 3
tion (3). ;
Since the system of functional equations (4), which descibes g
the flelds created by an array of plane waveguides, differs 3
from the system of the functional equations describing the fields E
of a sollitary plane wavegulde, in essence, only by the form of the
function L(w) [and, consequently, F(w)], we will omit the calcula- :
tion operations similar to those in [9]. :

It 1s possible to establish that

(5) L(w) = (w?— h*)L,(w)Ls(w)
and
Ly(—w) = Ly (@) o= ———12(®)
(6) ¢ ) o (@) Vi-a @—Ne @ "
‘J where L (w) is the function, which 1s holomorphic in the upper
j half-plane Im > 0 and whlich does not have zeros there; Ly(w) 1s the
Pi function, which satisfies the same conditions in the lower half-

plane Imw<g0 .
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Fig. 1. Fig. 2.

The functions e({w) and +(w) have properties similar to
those of Ls(w), and they are given in [9].
Following [9], we find a solution for (4) in the form
i
‘ A 2hLy(—h)
F(w) = — P WAL )
on the baslis of which we obtain the following expression for the

vector potential:
o+~

AGa=3 JZHRVIG—CTDIFE—0) [enF(w)dudt
¢

0 A

(contour C is shown in Fig. 2).
; After transforming this expression, we obtain

i (7) Ay, 9 =2l 0 MMemmemvice_ 4,
| (o + 1) ¥, @ o (sin ) '

where vm=mViki— !, Imv > 0.
To find the radiation field, we close the contour C with a semicir-
cumference in the lower half-plane, replace the infinite products

in e(w) and +(w) with the products of N factors (N>>1), we ob-
tain the followilng expression after the use of the residue theory

and transformation:

‘j A DOl d) | — (-_Ih)'[“fjgiﬂv)] +

o~n[11-2) 1+ %)
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The following designations are used 1in (8): ﬂ
R

d — —_— i

q=71h=V¢—W;H=VF—WH4m%h=Vk—LH{ !

From an analysis of (7) and (8) we can draw the following conclu- ﬂ

sions: :
1. With any q, Ax(y, z) is finite. b

2. With 0.5<g<1l the array forms a plane wave traveling along

the normal from the array and the fields, which attenuate exponen- }

tially and which become negligibly small at a short distance from
the aperture (when g is not very close to 1).

We note that thils property of the array has been known for a
long time. However, the metal-laminated lenses were designed with
a distance between the plates of less than A(a<l), mainly, to make
the lens more compact (for which it is necessary that the coef

ficient of refraction be significantly different from unityv); al-
though, from the approximate calculations, it is known that when
g>1l, the level of side lobes increases [10].

3. The numerical calculations performed on an electronic digital
computer, with N=75 and g=1.06; 1.19; 1.31; and 1.44, have shown
(with an accuracy up to the calculation and result-processing error):
a) the oscillations in the field's amplitude bevond the array (at
distances, when it 1s possible to disregard the fields which at-
tenuate exponentially) are periodic and the period increases with
an increase in ag; b) for all the q listed, the ratio of a maximum
value of the field's amplitude to the minimum value is eaual to 9.

4, It 1s clear that such an enormous heterogenelty of the field
beyond the array, when g>1, makes them virtually unsuitable for the
creation of a quasiplane field.




Based on what has been said above, when evaluating the arrays
of waveguides with the sides which conduct well, 1t should be noted
that only arrays with g<1 are sultable for the creation of a guasi-
plane field. However, even in this case, one should take into ac-

count the fact that the reciprocal reflections can be large (see the

Mg o

graph for the reflection coefficient in [7, 8]). Thus, the pos-
sibility that such arravs have to be used with various sovace at-
| tenuators 1s not excluded.
All this polnts to the limited capabilities of the arravs of
well-conducting waveguldes, deslgned to generate a guasiplane field.
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