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Page 3.
Bxcitation of radial resonator with annular sl?t.
V. A. Poperechenko.

Is solved the problem abcut the extsrnal and internal excitation
of radial resonator with the narrow annular slot, which radiates into
the half~space. 1s more precisely formulated a question about the
completeness of set of functicas, which describe fields within the
resonator during the sxcitation by its only alternating outside
currents, Is applied the kncwr method of addition and integrating of

the badly/poorly converging series and integrals.

In this article based on the example of sufficiently typical
antenna in the form of narrow annular slot with the radial rasonatcr,
excited by the arbitrarily distributed alternating outside currents
(rig. 1), are stated the methcd cf the sufficiently strict solation
of electrodynamic problem and the calculations of the fundamental
parameters of the antenna: the distribution of voltage along the

slot, the radiation pattern, pelarizational characteristic, composite
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conductivity of radiation/emission and input resistance. In the

1~

literature [1, 2, 3, etc.) vere exasined similar problems for other

special cases of the form of resonator, slot and exciting sources.

Let us turn diresctly to the solution of stated problem whoss l
electrodynamic formulation is clear from Pig. 1. The walls of
resonator and unliamited infinitely thin screen, which divides
half-spaces, are accepted ideally conducting. The obtained below
results in certain part are close to the series/rovw of the published

vorks, Nasvertheless the presentation of these results is useful from

T T T ey e e
~ e —

a systematic point of view for further improvement of the engineering

sethods of calculation of nonresonant slot antennas on the base of

strict methods.

DR e
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rig. 1.

Page 4,

Tha solution of stated here problem is realized by the methcd of
partial regions with the isposition of condition of continuity on the
average/mean in the wvidth slcts of the value of the tangential
coaponants of the vactors of field. In this case it is systematic
convenient in accordance with the principle of equivalency the

tangential coaponent of rlectric field in the slot of each of the

-

partial regions of representing as equivalent surface magnetic

g A

current [4 ], superimposed in the limits of slot on the fictitious
ideally conducting screen, which completaly divides partial regicas

from each other (Fig. 2).

Continuity conditions indicated for the average/mean values of

field analytically are rerrese¢pted in the form

e 9= @
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vhers with an accuracy to the sign, which depends on the direction of

normal to the surface of slot,

-
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Are here for tha narrow slot taken in the attention only
respactively longitudinal and transversa components of field H and E.

Magnetic curremt ;4= (,) is the unknown function, which is represented

in the form of Pourier serias

“+a
[: snew (WI) - : unel

ne’
) .
-

Nemes =
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Lat us pass directly to the solution of the formulated problen.
Por this let us record the exgressicns of field in the external space
and within the resonator thrcugh co-ponnntsggﬁand ﬁ%_rho solution of
the squations of Naxwvell for these components in the external space

let us record in that form, as this is given ian work [5].
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Page 5.

Taking into account the mirror image in the infinite screen of the

expression of full stotal/complete fields £, andfﬂ? they will take the

fors
»- -_E] ‘ ‘*j:‘. Vz;(’-e' F.+ Vﬂ'—lz 4
, - X j‘ o e I (xr) I e+
; H, Aw—3w 0 in . l +
1 ) { :- —_v u'—lfc] xrd
Fa~ Vo
for z>2?
{E}_ Ej.‘cblyrz'—n’(:—c)l -""1(")1F.+| V*'-"t xdx
;Hz l ~’] V,'—xl
for z<z*.

Here coefficients F and % are equal to:
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Y ores A | ‘
v n? E 3
. :£=5 e 1 e'""{—.i—'j:Ju("")+
. - 1 we,y
(i) e o
. [
.i V:"- 2 . . ’ ' I ’ ' v
‘ _*-( - L1} l:+,:)x.lu(1f)lfdfd¢ dz’, 4
- *1 ""‘{" o at
F:*=J e e'™ {.—-;,:;‘Jn(zr')-i-
. 1 op
’.,_a.__ ;
—:-(“m ot 72 )ﬁJ (xr) +
"L 2
+<tv;wp 1,—)’)1.1 (xr )]rd.rdfp dz’,

vhere vhan;u<:n. tha sign of imaginary radlcal VH&—«: is taken by

negative,

Page 6.

Ramaining £ield components at any point spaces are expressed as
E.-and H. and currents jr. js j*, j® with the help of the

rolationshxps/ratios~

x’E+a'E'=_.‘£‘.‘”'_r+‘?1€! Ue iwpp:
r d9p Odrdz 2

P -2 oH, 1 a-e oy
£+ o B o S —'+m..,
APH 084, 95 y*
K’H, -—-:a.—' e ~C2 /
* droz = r + I'+—'
] 1 #AH 3k, ®
KH + az. —’-6—-—,;‘—1007' +|w’lﬂ___l_
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The function of unknown aagnetic current /J(p) 2nters into data

of expression, being expressed through the bulk density of current in

s the following analytical fors:

r o=l %;(z'—c)‘s‘ ‘r —d+—).—3 (r —'_d——:-)] dr'

LS

Pielis within the resonator through the outside currents are
determined by the method of sclution of the nonhomogeneous wave

equations, valiil in the absence of outside static charges and steady

currents:

———

li fa—E‘ i @E‘ b’Eg 3 » ’ .

rar«(ér)+r’a¢‘+bz' "E
'. = rot, /* +iopa 2 — — grad, (div ) M |
' | Weg
| A Oy L PH  PH oy

r or ( ar ) A Jdet | 3z +agH, =

. -, . 1 T
= —rot,* + i Wz o grad, (divj*) . Y

Similar vector wvave eguaticns for the electrical sources are

given in [6].

The faull/total/complete unknown solutions of equ. (1) and (2)

(see the appendix) can be represented in the form:

s‘ Fr.c 0s 22 —sn, (x25, xtr)e” e (3)

I-o mm0 n-—d

H, \’ \’ V Fn sin 122 s, (b, xhrye™'™, (4)

1-0 m-o ll-—-
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vhere through snn(x....b.-x,_r) and csa(xmb, xm) are designated respectively

3 sine and cosine ssall radial of n order [7]:

$T1n (2o X?) == Ny (6B) Jo oV — N () S i),
3y (rub, s} =N, (1) Lo (3w} — Ny (3) I, (3D).

Page 7.

Paralatats’Qﬁ and:n:;ata the n roots of the egquations

A

0, (25, ) =0 A MmO, 1,2 ... (3= 0)

and o

. ,:Sn'(x:b, a)=0 m=0,1,2,...(A=0),

e SOlab ) = N ) n) N, ) o).

e [

Por letsrmining the coefficiontstFL,_and Fims in the source

function we will use the relaticnships/ratios of the orthogonality:
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?" ‘—2nr$tv-;,
é e-l”emdw-{
0 npuvskn,
{— l'lQ L=l
xéu Ll
1 . < %ul..-l, [0,
P [ [}

¢
J,m."_ ln’i'-dz

c BLlL=I[ (=0,
0 ng; L+l

, v

5 s, (x8b, x8,7)sn, (x5, x8 ) rdr =

- --Ec_z . ..x',x"r@i-,
-‘ [gm"'){l [ e b)”rfi?n:sﬁ:.

h .
S cs, (h6, A r)cs, (xh bk ) rir =
a

(gl

p=m,
psem.

Key (1)« with.

Page 8.

Substituting predicted solution (3) and (4) into wvave equ. (1)
and (2) and takiag into account the recorded above
relationships/ratios of orthoegcnality, it is not difficult to arrive

at the values of the unkncwn ccefficients:

[ umguny
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% ¢

b ' :
' é 1“ I.rot.i'ﬂ-lw.l’--—mda(dvm ]
Py = 228

2 e \Y
o A== (2]

el e e ath el

’ , nz’
x ¢' "’ cog ‘—ci' sy (2pd, 28y) rdrdy’ dz' :
- ) mta ’ (5)
. m
.x{[_._z._.cs,.(z:'a,z:‘b)]'} ' . I s

3

b .
§ )fy[-m:,‘:?ww: -ﬁ"“’(dm')J i
e

[ ]

o in? )
UL L AL h R0 oot 4 ol gt
xXe sin . cs,‘(x,,,b. ’l.mr)rdfd,ﬁz

L =(R) ][5 e 2]

vhere , - sysbol of Kronecker: ’x.-2 x_d,....-l
The zero teras of soluticn (3)-~(6) describe the fields, which
have in one, two or three coordinate planes the instantaneous
structure of permanent field, and they are the solutions of the
corresponding one-, two- or three-dimensioml squations of Poisson.
The zero teras of single nultiplicity (xm=0, or n=0, or 1=0) correspond
to vaves of the typs E and H without variations in the field on one
of the transverse coordinates. The zero terms of dual multiplicity
(x..._-_(_),,n=0. or n=0, 1=0 or 'xm=0, 'l?"'o) corraspond to waves 2lectric vave
mode. Ari finally the zero tarms ‘;:f triple multiplicity (xm=0,n=0,

1=0) correspond to potential waves., Let us designate thanm PEN.
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In connection with this prchlem for the regiomn out of the

3 sources it is possible to ascertain that from a number of lowest
transsission msoles (PEM and TEN) they become zero, independent of the

form of sources, field of beth ¢f waves PEN, both azimuthal waves

TEN, also, on one of the cylindrical and plane waves of TEM. In order 1
to be convincad of this, it suffices to use passage to the limit ;
w—0, n—0, (=0 1n(3)-(6) and in the relationships/ratios of field

components £, E,, Hn H,.

, Page 9.

Let us raturn to our procklem and will pass to composition and

solution of equations for deterumining the magnetic current in the

slot. Let us write out for this coefficients ' P fux i 2 .
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2“.;»‘._‘?‘ H--;- '
Fi*a, ‘ j xdJ; (xr')dr’,
. ‘__;_
V’q ’ [
¥ . [
it xe ¢ tVz‘—nfn T d
O - J' LI e,
Gy . r

o
2m d—1)f "'n[’-:.b- ) (‘—% ]—sn.[x b, 28 (d+-;-)]

" -] am]]

'
[ o T A
mdi—1) Inn S‘ Sa(2h b, ) »

el -ER

[T o]

In the latter/last two egualities during the integration for z°

and r' is used the relaticnship/ratio, known from the theory of

§-function [10]:

ff(x) 8‘“’(::—;) dx=-f“" ®(—

is taken intc consideration, that vhen one § component of magnetic

current is pressnt, the right sides of the equations of Maxwell take

the form:

s 007ﬁ
r a ’ !

—rot j’-}-iw"—_ div 7" me — 1 cal
3 2 |m’gradn( vi) ‘m"“’, a—_—,'df'

I'Ot,] +i ml’ll:— 4 grad (le i7)y=
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Page 10.

Substituting obtained coefficienmts F“f into the expressions of

field E' and i, and writing/recording continuity conditions H;,, in
the region out of the sources in the expanded/scanned form, we will
obtain the equation, from which is determined the value of the

coafficiants of Pourier series for unkno¥n magnetic current " G,

9}
L oumd s

X
S
3¢
|
‘F
fé
»
i.
’E?
+
ook
3o
=
|
4
a
e
2
Y
| ~
o=

L8 .
s abitin wt o d ;‘L__n.—_._,_.A e ere SRt
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e sl bl e g §

Vi ST
(

e . aasaemm

o+ 5
| x’,;;zncln )‘(j. Csn(x"m:', x* ) &
=(a5) - (F2) B st 29 [
e (AY)y
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B R e Ve T

Page 11,

Expression A, is the recording of the total of the external and
internal composite conductivities of tha radiaticn/emissicn of
annular slot per the unit of its length for the appropriate azimuthal

haraony of field, by definiticn equal to

E, Un R

vhere; 13 - - surface 2lectric current density of alsplacement in the
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slot, Us.- voltage on the slct.

The external conductivity cf radiation/eaission in expression
;%uby integral on;x,moreover the range of integration from 0 to ,%x=x
corresponds to the real part cf the conductivity, and remaining
interval - its imaginary part. To icternal conductance corrasponds
dual sum on 1 and a, which is ir the absence of heat losses in the

resonator pure imaginary value,

If ve trace the made abecve linings/calculations, then it is not
difficult to be convinced of the fact that A,'actually/really

corrasponds to :onductivity:m,n

Utilizing straight/direct physical conformity between ), and the
linear conductivity of slct i it is possible to approximately take
into account the effect of the final thickness of screen, without
resorting to complicated linings/calculations. Por this it suffices
¢0 supplement %o conductivity'in>identical for all azimuthal onas to
harmonic -e-i» supplementary limear capacity susceptance Yine Of the
capacitor/condenser, formed by the opposite edges of screen. This

conductivity approximately ccrgrises

- Jwed
, Yo = —,

¢

where 6- thickness of screen, t - width of slot, e=the absolute
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dialectric constant of medium in tha gap betweoen the ends/faces cf

screen.

Obtained expression @» deteraining magnetic current in the slot,
together with the expressions ¢f field in the resonator and outside
it in fact are the completed fcrmal solution of stated problem.
However, the direct use of these results, especially for the very
narrov slots, meets with on its path ths computational difficulties,

connected with the slow ccnvergerce of serias on m and integrals on x.

Por facilitating the engineering calculations during the
computation of these integrals ard serias/rovws let us produce some

conversions of the obtained sclution.

Page 12.

Por this lat us decompose the intarvals of intaegraticn and
addition respectively intc twc rarts froam 0 to gg.(frou 0 0 umg) (I)
and from *xt to = (from xm; to =) (II) so that in the limits of antire
II interval would be possible the replacement of cylindrical
functions by their asymptotic exrressions with the help of the firs*
members of the series/rows of Hankel., This means that in the II
interval is pecessary fulfilling of the inequalities

llm‘>> _:-' ﬁ»_:' P(lil'" %»n,




v
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Keay: (V). or.

if w2 have in mind that a radius of thea annular slot 4 and a radius
of roesonator b are commensurated with the wavelength or composa

several wavelengths, i.e.

Then in comparatively shcrt interval the I coamputation of
integrals and sums can be implesented raspectively graphically and by

tern-by-term addition, and in interval II ~ with the use of the

approximations:
o 2esr(p—=n)l _ 3sin(x(b—0)]
¢S, (x b, 1’)~-——m7—.-— , Sh,(xb, 1’)~*———-—nz Vi ,

WO @—B)] e gh o B
nx Vab Tom m T p—a’

RN Ve i VAL
() i)

and tabular sums and integrals.

Sn, (xa, »b) ~

The introduced demarca%icn of the intervals of integration and

addicion makes it possibla to also simplify the problem of the

sk b o
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preliminary computation of integrals on the radial cooriinataes r and
£'. So whan x<»x in view of ccndition t<<d it is possible to ccurt
functiors frea w» and %( within the limits of slot by those by
slovly changing and to calculate these integrals according to the

formula
“h
f(rydr=tf(d)

“ 4
indepandent of tha complaxity cf intaegrand.

Page 13,

Por second section (x>%;) ¢he integration for r and r' after the

carrying out of the slcwly changing factors also presents no

difficulties:

4+§; . _; %f

. —~ 2 1y =n~
J aene=tY S mfa—{er 3) 7],
-3 2

**% . sh%%

S cs, (b, wr)dr=t —VS cosfx (b—d)).
ﬁ-% ' ' 2

-

Th2 obtainzd as a result cf integrating ths coamplicated
trigonometric functions integral function si from argument xd in

interval xiﬂﬁ?can be represented by the approximately asymptotic
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]
;
!
i
'
¢

expression

cosxd
+d

si(xd)~—

The same path can be used fcr the addition of simpler
series/rovs on 1. In this case as sign/criterion for demarcation of
tvo intervals of adiition I<I;, and I>l, serve the conditicns of the

approximate representation cof functions frem 1
A%y i—(=) « (A%
(ﬁ;) > (ﬁ) gy (mf) >1.

Appendix.

A question about the comrleteness 5f solutions for the fields
within the resonators from a systematic point of view da2serves P
suppleamentary examination. The fact is that in the litarature, which
concerns the solutions of such fproblems in the generalized fora (for
exanple, [8), [9)), are indicatiocns about the methods of obtaining

the full/total/complate solutions by tha inclusion in of thenm

vortex/eddy and potential field component.

Howaver, during the soluticn of specific electrodynamic problenms

the completeness of solution can be achisved/reacheg,

alsc, without the special separation of slectromagnetic fiald to
these tvo parts. For this it suffices to ensure the completeness of

the spactrum of the soluticns ¢f the system of wave equations for the
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fi2lds or *he potentials with the observance of the conditions of the
validity of these equations. As is krown [6], these conditions are
uniformity, isotropy and linearity of m=dium, and for the potentiais

evan and the relationship/ratic:

- 3 - a9
divA' = —¢ -%. divA"-—ﬂ—;-.

3liminating full/tctal/complets arbitrariness ‘¢ and o=,
Page 14,

Por the outside2 sources, which satisfy continuity conditions:

divT’s—c%)’- : ini"s-u?;f:-

the system of four wave equaticns indicated for potentials

As(@, A= P°(0°), 9*(p%) is reduced to the systam of two equations for

A, Ar(7) and in the systes cf tuc equations for E(* i p% e*). H(P, /* p* o=.
in their right side charges W_and;g: are eliminated and remain omnly
currants ;¥ and.7™ A number cf scurces, which do not satisfy
continuity conditicns, in particular, includes steady currents it

and'& and static charges ¢ and pe» which, being constant/invariable

in the time, in the general case are not in any way connect=d.

The completeness of the spectrum of the solutions of the systenm

of wava a2quations is ensured, if in it are taken into considaraticn

R
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all terms wvwith the eigenvalues from 0 to = (for the spectrum of the
erect ones of will). Thus, the full/total/complete soluticn of the
aquations of Maxwell in the rescnator in the general case should be
considered such, which contains-the full/tctal/complete spectrum of
the solutions of the system of wave equations for ~A*(F). 4*(™). or

E(. 7")} Ay ™ in the form of waves E, H, alectric wave aode'and PEM,
t*he alectro~- and magnetostatic fields of charges'bgpz'and currents
ii/E-and field of that part of the time-varying of charges s’ v*. which
do not for some raason or other satisfy continuity conditions. In
problem examined above in view cf the conditions accepted ocutside
sources satisfy cortinuity conditions. Thereafore expressions (3), (u4)
togethar with tha expressions cf the transverse compcnents of field

are the full/total/ccmplete solutions of the equations of Maxvell for

this resonator.

In conclusion the author expresses appreciation to the Caniidate

of Technical Sciences L. S. Benensorn for the useful observations and

meaningful discussion.
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Page 15.

Syn*hesis of noneguidistant line-sources antznna by th2 statistical

methods of search.
0, I. Lezvin,

Are 2xamin2d quazstions of the use/application of methcds of
sratistical optimizaticn to the tasks of ths synthesis of <the
nonzjuilistart rarefied gratings. Is comprised the systam stochastic
diffarential equations, the pcint ¢f stable equilibrium of wanich is
*he point of the location of the unknown 2xtr=2mum of ths functisnal
cf *ha disagrasment/mismatch of preset and synthesized diag-ams. Ars
3.ren tbe results of the calculations of ncnequidistant antsnna

arrays by the method in questicn.
Pormulaticr of the problanm.
Is examined thz task of the construction of the discraeta/digital

line-source antenna, which rsalizes the preset radiation pattae:mn

£ (u).
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The radiation pattern of the linear grating

. N ’
E Flu)=m¥ Asexp(idu+iv,), (1.1)

{ . nwl

where u=r sin ¢, 8 - the angle, calculated off the normal to th2
k grating; A,,dm‘ﬁﬁ._ unknown amrlitude, position and the phase of ths n
3

amitter, mcreovar pcsitions are measured in the halflengths of waves;

N - number of emitters in the grating.

For a precise tealizaticn ¢f the preset diagram £{u) by thz sua
of form (1.1) it is necassary that £(u) wwould belong func*ions
{s2e [1]): but if i(u)E@l the sclution of problam consists in the
de=ermination of such values of contrclling parametars Am dm ¥a. n=1,
2, «eey, N so that the obtained diagram F*(u; as possiblzs better would
approach the given one. The variation formulation of this gproblasm

- o -

consists in the determination of such vectors A d ¢ (vhare

A= (A, Ay, ... Ax}, d={d\, dy, ... dx}, 9= {1, ¥z, ...¥x}), ¥hich “hey supply the
minioum to tha functicnal cf disagraement/mismatch p [f(u), F(w )

whara p - Jdistance betwern £(u) and F{u).

Depending on the selecticn of the function space, =2lements/cells

of which ar2 functions £(u), FP(u), is detarmined the

W~ " Y L ..MMA
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concrete/specific/actual form of the furctional of

disagreement/mismatch »p.

Th2 minimization of this functioral leads to the da2terminaticn
of those optimum values of the ccntrclling parameters which maka it

possible to most accurately obtain the required diagranm.

Thus, the task of synthesis is reduced in terms of the

#functicnals" to the task of mathematical programaing.

Page 16,

To this formulation of the problem of synthesis is tuznad the
attenticn in work [2], wher2 are constructed th2
concrate/specifics/actual forms of the functionals cf
disagreement/misma*ch and are sclved several tasks with the help of

*he optimization of such functicnals.

Unfortunata2ly, in the majority of th2 in practice intecasting

cases p [£(u), F(u)] it is ncnlinear and, as a consejuence of this,

multi-extr2mum functional, what considerably complicatss +ha sclution

cf s+atedl problam - the determinaticn of ths glcbal minimuam of che
functional of disagr2ement/mismatch. Is constructed the iterative

procass of the search for the ortimum values of the controlling
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paramatars, correspcnding to the point o5f the global minimunm.

Por an improvement in *he probability cf the convergence of th2
process 3f search at the pcint ¢f the global extremum of functional
it is pcssibla to recommend several methods of organizing the search
for the >ptimum values of the paramaters. Among such methods,

indicated in [2], it is possible to note:

1. Selection of random initial coniitions in the combiration
with the local search. This glctal search is the statistical

expansion of the usual methed cf local search.

Search from the different initial positions consists in the
random sampling of initial position with ¢h2 subsequent amc<ion,
de«=2rmin2d by anay of the known lccal methods cf descant, to the

extramum and by the selecticn of the main thing.

This algorithm of the statistical search for global exiremunm is
in fact the algorithm of randcm sorting the local minimums and

because of this is 2£ffectiv2ly applicabl= with their small numb:r.

It is necessary to not>? *hat the a priori infermatiorn, which
escape/ensues from the analysis c¢f the physical structure of process,

sakés it possible to immediately reject/throvw the "hopelass" rejions
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of the initial conditions that ccnsiderably accelerates the search,
and to also so organize the prctability distribution function of the

randoa initial conditions, in crder to incrszase substantiall; the

probability of the assignspent cf the initial conditions, which lead

to the point of global extraenmusm.

2. Method of prelimimnary approximat2 solutior consists in
construction of rough soluticn of statad problem cn the basis of

| methods, on requiring high exrenditures of machine time (for axamplz,

use of method of steady state, resolution into Pourier serizs in
tarms of systams of di fferent functions, etc.). In this case it is
very prcbable that appreximate sclution gravitates to the global
extremum (or at least to the very deep 2xtramum, which unessentially
diffors from global). The sulksequent local search can then lead to

the determipation of global extremum. Some methods of the rough

eétimate of initial approximaticn/approach will be in more detail

invastigated subsequently.

Paga 17.

3. M2thod of fitting (utilizing terminclogy [2])). This methced
consists in the fact that first the problem is solvad for this small
number of parameters n, with which is faasible full/total/complzte

sorting, Thar is addad an an even smallar number of emitters and is
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sought the extreaum of functicnal by th: method of the
i "adequate/approaching directions" from :tha initial values of n of the

arguments, which correspond t¢ the global extreamum, found

full/total /complete countershaft for the n cmittars. Thus, =ach time
; is conducted ths search fcr tke optimum parametzsrs the narrowed
spac2, that begins from the "bed", obtain24 in the preceding/pravious
! stag2. The advisability of applying this method, which is cne of the
variatias of th2 group of metheds of ths type of dyramic programming, i
increases with an increase in the number of parameters, since in this
case sharply groﬁ/rise the expenditures of machine time and the
1ifficuleias, ccnnected with tha multi-extremality of the optimizable

func4iornal., Therefora the multistage process of optimizaticn in the

spac2 of a considerably smaller number of measurtements is very
promisingy. Despite the fact that tha direct usesapplicaticn of
methods of dynamic programming to th3 tasks of the synthaesis of
antennas incorrectly { 3], results of works [3], (4] maka it possible
to judge the sufficizntly gccd quality -f ths obtained solution with

tha help of these methods.

In this work the task of the datermination of extr2mum is

reducad to tha soluticn of the system of inequalities and tc finding

of zero furctions. Is comprised the systzm stochastic differ=zntial

equations, the point of statle equilibrium of which is the point of

*ha location of ths unknown extremum.
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The method in question is torrowed from [5].

Stochastic mathod cof tha szarch for the glcbal axtramum of tha

functior of many variablesalterrating.

La* in region R of n-dimepsicnal b2 suclid:2an space it is
detarmired the 3ifferentiated function y=p (X) 20, X=(x. x2.., xa}. vherz

R ragion is detarmain2d by the system o0f the inequalities

%<0, i=1,2 . .m

If R is praeset and by equations ¢;(X)=0, the each suchk condition
is reduced to two inegualities:
(X)<0, —¢(X)<0.
Is r2quirad to cconstruct the algorithm of detarmination froa given by
accuracy = point X*€ R, in which function p(X) it reaches global
extr2aum, for exaample the minimunm [ for the d2termination cf maximua

it is necessary to examine furctioa -~ p(X) )

Lat us construct the sequence of monotonically decreasing
positive numbers {M} such, that Awi—Ax=e>0. To the system of
inaqualities let us supplemen* cne additionmal inequality

T (= p () =1 0.

. AR S
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This system of inequalities is satisfisd under condition P
2 min p(X) and is deterained point Y€ R, vhich is the point of the
XeR
local extremum of function p(X), moreover the depth of this aextremunm

is determined i

Page 18. %

Then we take the following value cf {\} we seek point X€ R, beiag
determining a2 dseper local minimum of function p(X). With certain
15 can s2em that A< Telg p(X), then preceding/previcus valus Awt
with accuracy ¢ will be equal tc minimum value p(X), and tha

corresponding pcint X~~X* - tc¢ the point of the minimunm.

P

Thus the task of the search for the minimum of function p(X) is

replaced by the task of solving the systzam of irequalities.

m

We further construct function F(X)-;-X H{(X),wherz
, , b= 0, <0,
H, (X)=¢;(X) p,signg, (X), i=01, . . ., m Slg"x?{.l >0,
pi — waight coefficiants of limitations (acccunt cf the impcrtance cf

m

Aiffarant limitations) E”"L

=" |

Purction P(X) is equal tc zero for thosa2 X, for whick the systan
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of inequalities is satisfied. Ccnsequently, the task of determination
ggghp(X) is reduced to +he determination of zero functions F(X) with
given one A« As it is not difficult to see, F(X) >0, Consequeatly,
zero functions F(X) are its miniaums. Zero functions F(X) we will
search with the help of the n"stray” random search, which is the
statistical development of the regular method of gradient and g
consists in the fact that for the purpos2 of imparting to search
31lobal character on the gradisnt descent are superimpos=zd the rzndonm
"jerks/impulsas® %Uﬂ-which crea+te the mode/conditions of the random
wvalk. This motion of point under the effect of the determined
ramoval/3rift 45> th2 side of antigradiant and random "“jsrks/impulses®
is deotermined by the fcllewing system stochastic differzntial

equations:

Yn o —grad,, F (0 +¥n(F (D10, m=1,2, ., n, (12

vhere W(X)={W,(X), ¥2(X)...., ¥a(X) =the vector function of scalar

argqument., &()={&(0). 53(¢), ... ta(f)} — tha vactos random process whos?

components - the normally distributed random processes with the zero

mathematical expectations and the correlation matrix/idiz of the fecrm
MEO ¢~ =r,3(0), (1.3)

where 6(r) - the generalized function of Dirac, «i; —the Kronecker

del*a.

Page 19.
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Ga2nerally speaking, as ?(t) it is possibla to take any with ths
symmatrical relative tc zerc densities of distribution of probability
procass. '.‘i’[F(X)]_-:the noise intensity which is the higher, tha further
the representative point X frcm X*, which corr2sponds to minimum

value p(X).

The selection of fan-juncticn ?;{F(X)] determines, actually,
vdamping" of th2 process of search, i.s,, the relaticenship/ratio
betwsen the detzrmin2d descent and the random scarch. As functiorn
,“{I(F%X)]. were investigated the functions of the type exp [P (X)] -1,

P2(X) ard so forth,

It is necessary to ncte that successful selectica ‘-;{;(_X)] in
many respects contributes to the rapid search for extrsmum, but for
this sa2laction it is recassary tc produce a sufficiently large number
of preliainary experiments. The frccess, determined by =2qu. {2.2),
With ¢t=>« leads to the most protable position of point to a X~

position of global extremum [6].
Diffarsnt statistical me*hcds ¢f tha search for glcbal axtremun
vi*h the adaptation in the prccess of sszarch and 2valuaticn/estimate

of th2 parameters cf these methcds are given in [6].

It would bz intaresting tc use diff2rent statistical methods for
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the tasks of the synthesis of optimum antennas and to compara bhetwean

thamselvas obtained by these methods results.
Examplas of the syrthasis of nonequidistant linz~-source antennas.

By the method stochastic search for the global extremum of the
functioral of disagrae2ment/mismatch p(X) =p[€(u), FP(u; X) ], wher=
vectdr X - the vector of th2 centrolling parameters, vas calculated a
large nuamber of diagraams. Por the economy cf machine time are
examined only the cases of real diagrams; transition/junc*ion to the
optimization of the complex-valued diagrams adds no fundamentally naw -
difficulties, q

As f(u) was utilized *he diagram with tie preset form of major
lobe and the zero lateral radiation; for example,

| —gd
_f(“)= ur IU|<0,04n,

0, 0,04x < |u| <. (1.4

As the functional of disagreement/mismatch let us take

divergerss of f(u) from P (u: X) in spacs Lﬂ-mu:

4] i
Yop, () =p( ), Fly; X))=[jlf|u-F(u; X)vdu)]?. (.5)

In tha cas> 2f the ccmplex~valued function P(u; X) i% is

pessibla tec procduce the optimizatiorn of the modulus/module cf
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diagram:

n |
pe, (1 =p 11, £ 1= ( [ I1@—1Ftw 0P @) . 019

Thus, “he functional of disagreement/mismatch is nothing else

but the norm cf divergence £(u) €rom F(u; X) in space Lj

Page 20. Despitas thas fact that cccurs thz sinimization of divergence
cf f(u) from P(u; ¥%) in Lp, which guarant2es the intagral nearness cf
diagrams; howavar, according ¢o the known theorem of functional
analysis with p+»= ncrm in [, afpproachas the uniform norm (space C).
Thereforas with sufficiently large p (in the calculations was utilized
p>6) it is pessible to speak cfthe "zlmzst" urifornm

approximaticn/approach of the praset diagram £(u).

Punctionals (1.5) and (1.6) provide approximation/approach
taking into account both fundamental (lulgo.ouv ard the side lcbes of
diagran (0.0uwglulg'). The more gen<eral/morz coamon/more total

functioral .

) ' 1
o 0=a ([ if@—~IFw P w?

tu)| < 0.04%

+

8 | rw—tFw o), an

0.4 i<t

wher? apf>0 it mzkes it possitle to precvid: the requirad
relationship/ratio batween “he accuracy of “he approximation/approach

of the main thing and side lcb2s depending on

L DU Y S —

.3 MM eSSy - ¥

¥

A et el L p v enme e v ot
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concrete/specific/actual reguirements for ths optimizable anterna.

Arz calculated the £ollowing optimum diagrams:

1. Is produc3ad synthesis in positions and amplituda2s of rnine

elemant, by aperturs 19\, symmetrical cophasal grating.

The form of the obtained diagram is shown in Fig., 1, and the

values of amplitudes and positicns of a2mitters are given in Eable 1.

Maximup side lobe Las a value - 5.45 dB,




, B [ =
B e ante S NI .
[

DOC = 81082602 PAGE 3}

) ‘
~J45 98

Q4 26 s
004 anmumusayuy— il ol
tay . -

Pig. 1. Key: (1. dB. (2) . Regicn of optimizatior.

Page 21,

2. Is produced syathesis ¢n positions of egqual-amplitude
‘ symmetrical brcadsides antenna array, vhich consists of 25
elaments/cells, by aperturs 50\, Optimum diagram is given in Fig. 2,
and the sequence of decreasing the side lobes in *the process of

search ~ in Fabls 2. Maximum side lobe - 10.5 dB.

W

In the cases of optimizaticns examined as the limitations -0 th

cz2gion cf th2 deverminaticn of the controlling varameters wers

utilized the following conditicrs:
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1) the equipment of emitters with the aperture: d.<R, n=1, 2,...

N; R - valus of aperture;

2) the determination of ewitters at a distance from each other

not l2ss than giver one: dn+'|'-‘_d£?am:
N
3) standardization of the amplitudes of “he emitta:s:;zﬁnal.
[

Duz ¢o the high expenditures of machine time for the r-malization
stochastic search the high value acquirz the methods of determination
relative to gross initial aprreximation/approach which supposedly

gravitates to the global exiremum, from which then is conducted 1local

search by any of tha kncwn matheds,
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| “fable 1.

n l h‘ll 'r dn

0 { 0,15503 0
t | o,14501 | 3.70316
2 | 0.11081 | 539699
3 | 0.04281 | 17,18713
4 | ot} 19,0

075
fFdl iy

0s t
* o

' -10,596
o

N7 "

o - 063 %munuu:;agsx alu

&) -~
Fig. 2.

Key: (7). 3B. (2). Ragion of optimization.

page 22.

Som2 from the metheds, +“hat mak~ it possible to obtain groess

jpitial approximation/approach, are described in [7].
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Amony them it is possible tc note:

1. Mathod >f dynamic prcqramming with the large sampla petwean

*h2 adjacent aelements/cells.

2, Location of elemen*s/cells according ¢o any a priori selected

lav, which depends on small rusker of parameters:

[(}]

dy=f(n, a, a, . . ., a,), rae x L n.
Key: (1) . where,

In particular, distances can be arranged/located alorg the peowar

law., The asymptotic evalua*icuns/estima%tes of the side-lobe level of

this grating ar2 given in work [8].

As th2 a prieri selacted laws of the lccation of elesments/cells

it is possible to note logarithmic (law of prims numbers), law of the

increase of the distances between ths elaments/cells on the

arithmetical pregression, e*c.

The ra2sults o9f calculating the gratings with such laws of tha

location of elements/cells are given in [ 7).
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3. %2thod of "rarafaction/evacuation” of aquidistant grating. As
*ha initial approximaticns/approach is taken the equidistant,
complately "filled® grating of the presat aperture: then froa it they
begin tc raject on cne emitter, until ramairs the preset rumber of
elemants/cells, moreover the nymber of the ejacted emitter is
determined at each step/pitch of process by the optiaum of the
functional in questisn. This process was used fcr the synthesis cf
the aqual-amplitude cophasal symzetrical anteanna with N=21 and D=40x.
Began from the equidistant grating Ad=0.5X and N=81; after in the
grating it remained 21 elements/cells, aaximum side lobe had a level
- 8,9 dB, and after thes uss/applica<icn of & mecthod cf gradient it
fell to - 10,1 3B, It is ipteresting that approximately the sanme
rasult was obtained, if distances were arranged/located according to
the parabolic law with the cp*timum selection of the parameters of
parabola and the subsequent gradient descent. The corresponding

positions of elaaents/cells arg given in Fig. 3.

L S
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i
1 “Table 2.
A P ‘ F o
. it | ®it @
w H g Beanwmme Aoxasy- i Bexwrwene Aowsns-
f ec . wro merpewyus 38 T WOTQ SKCTpeNyMs
255 255 |
1 0.3417 9 0,449
"2 0,4329 io - 0,515
3 0,3582 i1 0,446
4 | 0,337 12 0.4
5 0,384 13 0,585
. 6 0.336 14 0,474
7 0,373 15 0,312¢
8 0,327 16 0.3
p
Key: (1) . Number of lccal extreamum. (2). Value of local ex<ramum,

Page 23,

Por the evaluation/estimats of the propertiss of the cptimizable
functional was used ancther, acre rapid method of local descant, it
is muchk better tharn the gradient, fitted out to the ravine character
of function, method of conjugated/combired gradisnts [ 9]. However,

the point of extremum significantly was not changed, althougi a

pumber of jterations decreased doubly.

Summarizing that presented, it is possible to draw the
conclusion that the methods, ccnnacted with th2 rough determination

of initial approximaticn/aprrcach and the subsequent local descant
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are considerably mora economical, than the global statistical methods

of search without the a priori assumptions; however, the proof of the
; gravity of initial approximaticnsaprroach to a point of global

extramum is the difficult-tc~sclve mathzsmatical task.

Table 2 depicts t he values cf the passable local extrema (L.e.

the value cf maximum side lobes). After rsaching/achievement of the

level - 10,5 dB, in spite cf the passed 100 steps/pitches, th=
value of extremum they were nct reduced also on the basis of this,
probably, it is possible to consider that with an accuracy *o 1 4B

was obtained the global extrenmun.
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]

”t O - Nosowewse  Jaemenmof nocae paspewenus 1)
. 0| X ~NOASWENUQ  Jaemenmod nocae paduenmnoze Chycxg (3)
9} o x *
» st ox
T} ox
fr x o
JF x o
4k » O
J g x 0
2k x o
! bo
— — — i — —
0 6 4 12 16 20 a,
3y (8 daunax Gonw}
F ig . 3.

Key: (1), *the position of 2lemants/cells aftar
rarefaction/evacuation. (2). fpcsition of elezments/cells aftar
gradient descent. (3). In wavelengths.

Page 24.

In the calculations conducted it was assumed that

. ,
S dy=1. A0, d,~d > 1.

A

Por the 2valuaticn of the effect of the input parametecs wer:
with Interelement distances of not less than 1),
carried out the calculaticns €fcr N=25 with the apertura 100\,Awith
di fferent regions of optimizaticn according to the side~loba level
and accerding t> different numkter of elzments/c3lls in the gratings.

Th2 obtained results are rerreserted in tables 3, 4, 5, 6.
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Table 3 shows the effect of the region of optimization on the !

attainanla side~lobe leval (number of el=2ments/calls of grating - 25,
the valu2 of aparture -~ SO\, intarelemental distances - not less

O.SX)o L]

Tabla 4 shows the effect of interalamantal distances on the
sidelobe level (number of elesments/cells ~ 25, the value of apertura

- 507\, the region of optimizaticn - [0.02», »v]).

Table S5 gives the results ¢f the calculaticns of antenna arrays
with diffarent number of elements/cells (value of aperture - 50x,

interelemantal dis%ances - not less 0.51).

.!|' ' 1]
—— ! L. a A . sl L dietan
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TFable 3.

w)
COnacte NTHMM

ISR 0.02%; 5t

0.04m; % 0.08x; & 0.02m; 0.5% | 0,02 1.98%

)
Beauunna Ha
MaKc. GoK. .e-
necrxa, 66

|
I
f
l
|
|

| :
—lo,5 | —10,8 —20,2 —14,2 —6
| .

Xey: (1). Region of optimizaticn. (2). Value on max. side. of i

lobe/lug, dB.

necrxa, 36 . -—10,5

Table 4.
ad Y S R
uy !
_ Beauunua waj |
akc. CoK. Je-| !
| —7.6 3
i

Key: (1). Value on max. the side. of lobe/lug, dB.

Tabla2 5.
tn i
UNCO 31€EMeHTOB ‘, 9 ‘ 17 l 25 & 33 ‘ 41 'i 51
i ;
-y ] ' i '
Be:munna ua Maxc. 6ox.; | | 1 i
nenecrxa. 36 | =5.45 | —6.3 | —10.5 | —li.4 —13,35 | —~14.8

Kay: (1). Number >f zlements/cells. (2) . Value on max. sid=2. of

lobe/lug. dB.

page 25,
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Table 6 gives the data about the effect of the value cof agparture
on the sidelobe level (nusber cf elements/cells - 25, the

interelemantal distances ~ not less 0.5\).

In conclusion it is necessary to note that stochastic m2thod of
the d=2tarmination of global ex*remum used without the use of any a
oriori information about the assumed region of the determination of
global extremum is sufficiently to labor-consuming ones in the
practical resalizatisn and raquires the considerable expenditures of

the time of computer(s).

The advantage cf method as generally th2 methods of mathema*ical
programming, is great flexibility to a change in the input parametecs
and, as a corsequanc2 ¢f this, rapid transition/junction from

calculation of ona varsion “c ancthar.
Conclusion.

Th2 synthesis of line-source antonnas with the halp of the
methods 5f mathematical programming makes it possible to avoid a
wholz2 series of the difficultias, which appear during the usa of

analytical methd>ds. The task of the synthesis of an%=2nnas in this

~e -
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case is placed as the task of the optimization of the complicated
self-tuning system, wvhich makes it possible to use the rumerous ideas
of tachrnical cybernetics, develcred for similar systems, appears th2
possibility of the equipment synthesis of antennas with the help of.
the analog technology. Vast bibliography from this questiorn can be

found ir [6 ]s

The ra2sults of the calculations of the specific problems of tha
synth2sis of antesnras, obtained with the help of the methcds cf
mathematical programming, successfully compete with the analogous

results, obtained by analytical methods.

The methods examined easily can be propagated <o the solution of
other problems of elzctrodynamics with a largzs number of ccmplicated

nonlinear limitations.

The 2ssential advantage cf the methods of mathepmatical
prograaming is the absence of lipitations to the form of the

synthesized diagram (equipment with its defined class of functions).

This settiag ¢f the ravarse tasks thzory of antennas ia the
terms of th? optimization of functionals makes it possible %o obtain

the virtually rsalizable soluticns, connect=d with the functional

linitations on thenm.
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Yable 6.

Bemsnia
pacxp:la ® \ S0A \ 1002

Beawurna [ Y) l
maxe. Gox.
nenecrxa, 36 | —10,5 —8.6

Kay: (1). Value of apertur=a, (2). Valua max. side. of lobe,slug, dB.

Page 26.

A rapid increase in the means cof conputer techrology, an
increase in high speed and remcry of conteamporary computers make it
possible tc affactivaly apply different statistical methecds of the
search for the optimum contrc¢lling parameters of complicated antenna
systeas, moreover the circle cf the applicability of these aathods
rvar more is expandad (discretey/digital and continuous phase

synthesis, phase scanning, etc.).

It is necessary to alsc ncte that tha2se methods make it pessibla

to obtain the solutions of such problems, usesapplication *o which

“he detailed analytical methcds is =2xtrzmely difficult.
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page 27.

Principles of the constructicn of systems, which possass potential

fraguency independence,
3. I. Mclodov,

Proa the eguations of Maxwell, which contain outside currents,
by the methods of theory ¢f sisilitude are obtained sufficient
conditicns of the similarity of field. On their basis are fcrmulated
“he general/common/total principlas of tha construction of thsz

systems, which possess potential frequency indapendence.
Introduction.
The development cf the brcadband and super widz-band

devices/ejquipment of differaent designations/purposes is

constantly/invariably one of th2 mcst important problems of theory

and cf antennas technique,

Ths practical absence of tha sufficiently jeneral methods of tha

construction of such artennas leads oftan to *h2 high expenditures of




.t
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time for the determination of the adequates/apprcaching broadbard

structures with ampiricisn,

The goal of preseat articls is the examination of the
general/common/total principles c¢f the construction of antennas with

“h» weak frequency dependence.

To this group let us relate all varietiss of antenras, whose
parameters are virtually stable in the more than twofold frequency

band, ircluding thes antennas, called froquency-independant.

In the works on the frequency-independent antennas are
formulated the known semi-empirical principles of their ccnstruction
€undamantal from which is ccnsidered ths geometric scale principle,

which is, actually, the ccnditicn of simulation ([ 1], [2], [3]).

Th2 a3xisting samples/specimens of the frequency-independent
antennas, construct2d in accordance with the mentioned above
prireciples, according to the fundamental idesa belong %o ore group of

t*he antznnas which can be defined as auto-commu+tation ores.

In the principle, each of these antennas consists of the
chain/network of thke geometrically similar radiating elements/calls,

increasing sizes/dimensions, which consecutively/serially r2sound at
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fraquencies of similarity. The remaining part of the structure

remains virtually ronradiatirg.

As it is easy to astablishy/install, the structures indicated,
global, including outside source, actually, they do not answer the

principle ¢of simulation, although it is accepted as tha initial.

Let us not:s that furndamental principle itself it is obtained
from the hcmogeneous equaticns c¢f Maxwell, which in connection with
the goals of radiation/emissicn, strictly speaking, are aot adejuate,
since they do not contain tha initial cause of zadiatior/emissiorn -~

cutsida sources.

Page 28.

Sema of th: utilized at present principlss of the cons“ruction
of the frequency-independent artennas can be somewhat more strictly
cbtained by the methods of the theory of the synthesis of antznnas
({4), [S5): however, with the helg of this theory there can be
obtained only nzcessary spatial distribution of sources, while the

concrete/specific/actual structure of antanna it ramains unknown.

Is f2asible another apprcach to the resolution of +he problem of

*he constructicn cf antennas with the weak fra2quency deperndence.

RN EE Y S

RX LAY =3
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In this case is placed the task of determining all possible
varieties of the unlimited electromagnetic structures, the only
general raquiremect for which consists in, at any or specific
discrete/digital values of the freguency of outside source, the

distribution of elactromagnetic field in them being remained similar.

In such structures angular field distribution at large distances
from the sutside sources, and also impedances do not depend on

fraquasncy, i.2., by definition they will be frequency-independent.

Thke finite segments of the frequency-independent structures of
th> unlimit2d sizss/dimersions are characterized by weak frequency

dependence.

0f this type broadband devicaes/equipment w2 will call systauns
vith the potential frequency ipdependenca, since, in th2 principle,
they become fregueccy-independent with the unlimited increasa in the

sizas/dim2nsions.

Th2 process o0f the detarmination of the alsctromagastic
structures, which possess the gereral/common/total przset property,

can be named the synthesis of structures. In contrast to the known
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theory of the synthesis of antennas, in which through the diagram is
located only the source distribution of field, by the task of the
synthasis of struc%ures is in ocur case the detarminatiorn of the
possible geometric foras c¢f ideally conducting bounding surfaces and
of outside current distributicmns in the 2l2ctromagnetic systanms,
which possess with the urnlimited sizes/dimensions frequency

indapendence.

Are 2xamined below some questions 5f tha theory of synthesis arnd
principles of the constructicn ¢f structures with the potential

frequency independence.
FPormulation cf the problen.

It is necessary to determine the class of the structures of ths
electromagnetic systems, excited by the harmonic sourcss, only
gensral/zommon/total property ¢f which is a similar change in thea

field with the frequercy.,

Similar we will considor the fields whose vecters car ba
combined everywhere by chanqging in the graphic scale and amplitude of

+he currant of sutside source.

Page 29.
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! In the completely determinate structures must be satisfiad the
condition of the uniqueness of the solutions of equations, which
describe processes in the systes. In connection with this we will
proceed from the equations cf Maxwell, which contain ouisids

currents, assuming/setting by the given ones bounding surfaces and

PR PP ST

distribution on them of surface impedanca,

With the dependance on time e initial equations take ths
form:
. rot ﬁ_im‘E- -j.“( u;n uf" 03.) ’ (])
-totﬁ-ifimp,'l:l.a- —7*"(ui, as, ug) , 2 {

whera E, H - composite amplitudes of th: vectors of electromagn2tic

€i=213; '%ﬁi:?igbsslute dielectric arnd magnetic permeability

X respactively:
. 7'“(1;{, PTA 8 € uy, ue, lfs -

soma fi2lds of ths composite vectors cf the densities of cutsidz

electrical and magnetic currents; u',, u',, u'y - orthogoral

ccordiinates of the pecints of spaces with the currents.

Bounding surface of system lat be determined by ths equaticn

F (4y, u,,n ug) = 0. @)
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Sin2a asnergy of real outsida sourcis must be final, ve will
assume that the vector functicns, which are determining outside
currents, are integrated squared of space V', in which they are

preset: :
W J TPV’ < 0. (4)
) _(0 ) :

Let us name this relaticnship/rati> tha condition of physical

realizability.

Por the establishment of the conditions for a similar change in
the fields with the frequency lat us use the methods of theory of

similitude ([(63, [7]).

Passing in =2qu. (1), (2) and (3) t> the dimensionless
quantitias, lat us introduce tte designaticas:

Eae-E; _Hah-ii; W = W

84 =20%y Vg == Vo¥y
Tyt e ) PN, s, i)

s'-"—'(".,“ i_ _u_;_, ﬁ'_ .
i* Jo (l. ’ “ s ‘o)v (6)

: (5)

u/lomu, «dimensicnless i-th cocrdinate within the limits of space with

*he currcent;

Q)
AnHHa =y L. (7

Key: (1. length.
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The first factcrs in the right sides of expressions (S5)-(7) are
scale arl have the appropriate dimensionalitises; the second - are
dimensicnless and numerically equal o thz values of fields, currants
and parameters in equ. (1) and (2) *he systeam for which all first

factors are equal to one.
Page 30.

Ay % S .
Vector functions j°T(ui, U, us) o T . * 7 )represent the fislds
L4 __. . ‘.

of the iimsnsionless vectors cf outside= currsnts, correspondingly, irn

*ne real and dimensionless cccrdinatas,

. At the mutually appropriate peints (u'y, u',, u';) arnd
4 Uy uy =
(7:' K”‘:) vectors Jer and Tjer are 2qual, since upon transfar to the

dimensionless cocrdinates changes only graphic scale l,.

Taking into account designations (5)-{(7) w2 obtain equ. (1), (2)

and (3) in a dimensionless form:

C o gt 5 i’—.m.ﬂi;_ up Uy 5
rotH-—nx,&—;f’-E.-l-rjo (.‘o e ‘.). @
,m;iwﬁugg,_qu(i,i,ﬁy )

e e Iy ly Iy
R SR P (10)
F(‘O ’ lO ! ‘0) O =

Tha invariance of the solutions of E, H of the system of equ.

'
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{8)~-(10) in the dimensionless ccordinates with a change in the
frequancy w is a sufficient ccndition of similar a change of fields
E, H in the real cocrdinates, since a change in scale ls upon

transfar to them corresponds tc similarity “ransformation.

In turn, s>lutions E, H in the dimeasionlass space they dc¢ rot
change vith the frequerncy, if are execut2d the following

requirsments:

1). 30 not change with the frequency coefficients in <equ. (8)

and (9);

2). remaip constant/invariable dimensionless vector fuanctions

13 and 4

3) . they remain the fixed shape of bounding surfacz (10)

? dimensicnless coordinates ard the distribution of surface impedance

on it,

We will determine +he general conditiens of alectrodyramic

similarity, which ensure fulfilling the three requirements indicated.

Let us consider at first the case of the free space whan i

bounding surfaces are absent.
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Conditions of electrodynamic sisilarity in a frea spacae,

In this case the fields are described by the system c¢f aqu. (8)

and (9).

Prom the requirement of independence from the fraquency of the

coefficients of equations escapesensue the following similarity

critsria:

Page 31.

Let

{11) aad

vhar2 XA\,

Lhtetue, (a1
hotetwo, S (P
‘°":’ =cy, . (13)
‘-9:—'==c4. (14)

g; and‘gg not depend ¢n frequency, then from expressions
(12) w2 obtain thne knowpn condition cf geometric similarity

lo/Ay == const, 7 (1%) '

- length of transmitting wave ian the free space.

Thus, the necessary condition of the invariability of the

solutions of th: system of ~qu. (8) arnd (9) is the invaerse
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proportionality of frequency and scala of lengths 1l,.

Bliminating from expressicas (13) 2ad (14) l,, we have

‘.-i-'--const—"-. ' (16)
i e

Sinzs for the fislds, which ar2 chanqed similarly, regarding
hlemconst, we obtain the supplementary condition of the similarity,
which relates to the amplitudes of the outside currents:

i?/i" == const, (1IN
on tha strz2ngth of which, with a ch&nge in frequency the ratio of the

amplitudess of these curren*s shculd remain constant.

L3t us nots that conditicr (17) corresponds to the requirement
of the invariability of the relation of essential forces in similar

systems in the kncwn postulate of similarity method (7).

Wh2pn only sna form of currants is present, condition (17) is

satisfi~d automatically.

Lzt us pass to the ~xamination of the requirement of
independence from the frequancy ¢f +he dlistributions of dimensionlsss

cutside currents 3 and 2, located in the right sides aqu. (8) and

(9.
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The independence of these current iistributions from <the
frequency, ard consequently, from the value of the scale factor 1,
cccurs, if simultanesusly with 1, is changed spatial distributior of

outside currents in the real cccrdirates.

In this special case tha distribution cf the dimensicnlass
vectors of currents in the real and dimansicnlass coordinatas can be
represented in the form of the functions
‘-' T (lotton, lossea, Lottes) = TJo" ( uor, um, uca) . - (18)

vhera u'y,, u'y,, u'g3 - dimensicnless orthogonal coordinates of the

points, at which are preset cutside currents.
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Page 32.

Bqual sign im this expressicn indicates equality dimensionless
vectors at the mutually approgtiate points of real and dimersicnless

spaces.

Vector functicn on the left side cf equality (18) represents
real spatial distribution of the vectors of the composite amplitudes

of outside curreats, which changes similarly with a chaage in the

scale of lengths %1,.

Thus, in +he absence of tcunding surfacas the ccnditicns of tias
invariability of fields in the dimensionless space and, coanseguently,
also a similar change of the fields in the real space with a change
in the frequency are the follcwirg:

1. spatial distributiaon c¢f vectors 7 and j*°* wmust change
with the frequency similarly. The scale factor 1, of the cocrdinate
syst2m, in which thc specified distributicn of the currents
indicated, must in this case vary in proportion %o to wavelength Ag,

vhich escape/ensues from ccnditicn (15).

P
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2. Ratio of amplitudes of demnsities of electrical and magnetic
currants with change in frequency must remain constant [{condition

(7 1.

Fulfilling of given conditicns provides a similar change of
electromagnetic field with thke frequency in entire space, including
the points, which lie out of the space with the currents where =qu.
(1) and (2) are uniform, since the f£ield in the dimensionless space

remains constant/invariable ir entire space.

Conditions indicated atcve can be related both to the primary
outside currents, flowing in the sections vhere operate outside emf
and to secondary currents cn bcunding surfaces, connected with the
fields, which appear in the system as a result of acting cf the

applied elactromotive forces.,

As is known, secondary currents can be assumed/set by outsids
ones, given in free space, whken their distribution is accurately
known, for exampls, as a result of a strict solution of prcblen

taking into account the effect c¢cf bcunding surfaces {8).

In turn, conditions for a similar change with the frequancy,
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obtained for the currents, they make it possible to rate/estimate the
forms of bounding surfaces of the systems in which the fieids change

with the frequency siamilarly.

As shown below, is mcre expedient to determine requirements for

th2 form cf bounding surfaces direc=zly from the system of equ.

5)-(N.
Some similar current distribauticn.
General/common/total characteristic of similar sources.

We will call similar currerts, or similar sources of current
distribution, that satisfy tte first of the ccnditions indicated

above, i.e., changing with the frequency similarly.
Page 33,

Aftar taking 1Ly=Ag, it is fpossible to presant such distributions

in the following general viewu:

i-h (Mt'n- Mtun W) . (-‘9)

After transition intoc tte dimensionless space to the coordipates

. u'
4 ¢

u' TR s TR e

% b A

[ S,
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the distribution of foram (19) is expressed by vector function

Tolug . g uy), Dot containing scale factor.

Thus, current distributicn for which the transition to the
dimensionless cocrdinates is accompanied by the exception/elimination
of scale factor from the functicn, with the help of which is
expra2ssed the distribution, it telongs to similar currents or similar

sources,

We will call the centers of similitude of point, that remain

motionless ones with a change in the graphic scale.

Por example, in spherical ccordinates (R, 8. ¢) center of
similitude is point R=0. Respectively in dimensionless spherical
coordinates (R/A, 6. 9) center of similitude is arranged,located at

point R/Aq=0.

If on certain initial transmitting wave spaces with similar
outside currents lie/rest beside the center of similiczude, for
exanple in the manner that stherical spaces 1 and 2 with the centers
at points (Ry,, 8, ®,) and (Ryy, 62, 33) cn Fig. 1, then with ar

increase in the wave distances Ry, and Rp, of the centers cf spheres




DOC = 81082603 pace 58

{
vill incr3ase proportional *c new wavelength, 2

A similar source is not displaced with a change of the fraquency

only in such a case, vhen it is arranged/located in the center of

similitude.

S -

Elementary similar sourca.

Let at the point, combined since the beginning of the orthogonal
coordinate system, be arranged/lccated the elementary outside source,
which in the limits of certair frequency band can be approximately '

represanted in the form of the three-dim2nsional é-function:

i (ar, ug, ug)=a3 (ui—0)3(uz—0)8(u3—0), (20)

whera a - composite ccnstant vector.

™ & ad L “_‘,'-,a-___“ ,‘.. N g.’.v.'.q....;ﬂ«'m;
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Pig. 1.
Page 34,

Opon transfer to the dimensionless cocrdinates this outsids
current distribution will be with an accuracy to constant factor i

deteraipa2d also by the 6-functicn:

IS (4o, uia, uga) =@ 8 ( Uy —0) 3 (4—0) 8 (1 —0),

sinc2 it is obvicus that a ckange in tha length scale will not change

the maximum form of this functicn, determined asymptotically.

Since in this case the function, which expresses outside current

distribution in the dimersicrnless ccordinates, does not contain

vavelangth, the distribution cf outsida current (20) satisfies the

conditicns of similarity.

The simplest elementary sigilar sources ar=2 alectrical and




&---IlllllllllllllllllllIlllllllIllIllIlllIllIIIlllIlIlIlIlIllIIllIIHEE:E::::!!!:!!ﬂ!!‘

poc = 81082603 EAGE YD

magnetic dipoles or concentrated sources outside eaf, the

arranged/located in the center cf sirilitude.
similar current filament.
Lat us consider the proceading from the center of similitude

straight/direct, semi-infipite currant filament whose cross section

is small in comparison with any wavelength of certair range.

Let the current along the filament in the general case be the
traveling vave with ¢he distributicn of the composite aamplitudes of

+the following form:

_ - e ‘—‘[KR
J(R, 6, @)= o —R=

v

e, 21

where 3= %1;A,- the length cf the travaling wvave; K — positive'

a

value; O0<v<l.

With the independence frcs the frequency of parameters §, vand
k;/x distribution (21) in the disensicnless coordinates does not

contain vavelength, i.e., it is similar.

If ve exclude the elementary section cf current, which adjoins
point R=0, then integral (#) fcr distributing form (21) will be that

convarging, therefore, will be satisfied the condition of fphysical
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realizability.

By direct computation it is easy to show that the radiatiom
pattern for similar current (z21) with & A. x, andv. not depending cn

*he frequency, is frequency-independent.

The condition of physical realizability is similar tc the krown
"principle of the cutoff", fcresulated as one of the conditions, Ly

vhich they nust satisfy frequency-independernt aatennas (1).

As it vas noted above, accurately knovn secondary currents,
flowing on bounding surfaces, can be examined as the outside
currents, which form the field c¢f electromagnetic systenm.

Page 35.

Sirce the field in the frequency-independent system changes with

the frequancy siwmilarly, seccndary currents in this system are

similar outside scurces.

Thus, similar sources are the distributions of secondary

currents in any frequency-irdejéndent systen.

For example, at the specific frequancies a2 similar source is
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curr2nt in any log-periodic syst2m, in particular, in the flat/plane
or conical isogonal spirals and in the vibrator ones and in the
vibrator log-periodic antennas, ‘PIntensely the radiating "active
regions" in these anteanas, as is kpown, are moved with the freguency
in such a way that at fragquencies the similarities retain

constant/invariable positicr inr the dimsznsionless space.

Conditions of similarity in the presence of bounding surfaces and the
principles of the construc+ticn c¢f systeams with the weak frequency

dependence.

Lat the system, which contains bounding surfaces, be excited by

a similar outside source.

In this case for guaranteeing a similar change with the fisld
frequency of the system of the requirement of independence froam the
frequency of ccefficients and current distribution in dimensionless
equ. (8) and (9) it is necessary to supplement with the requirements
of independence from the scale cf lengths 13=Ag9 of the equation cf
bounding surface (10) and invariability of the distribution on it of

surface impadance in the dimersicnless coordinates,

Scale factor Ag is eliminated frcm the equatior of bcundirg

surface (10) in such a case, when this surface in the real
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coordinates changes with the frequency similarly and its equation

takes the following form:

F (Muar, Agtor, Moktos) =0, 22)

whers A, - wavelength; uu — dimensionless crthogonal cocrdinates,

which contain lengths,

With satisfaction of cther conditions of similarity the register
of bounding surfaces in the dimersicnless coordinates at differant
frequesnciss is a sufficient ccndition of the similarity of the fields
of electromagnetic system at these frequencies. However, this is

accurate coincidence not always necessarily.

Tha structure of bourndary in the dimansionless ccordinates car
change with the frequency in scee limits, if this virtually is not
accompanied by charges in valuve and distributing the surfaca

impedance.

The exampls to this bounding surface is sufficiently dense foil

lat+tice from the straight/direct parallel conductors.

Page 136,

In this case thke transiticn to the dipmensionless space at
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different frequerncies is acccmpanied by a change in the cascade

density and thickness of condrctcrs; however, under specific l
conditions this virtually is nct accompanied by a change in surface 3

impedance [9].

Consequently, the systems, which satisfy the ccnditicns of
similarity in certain frequency tand, can contain boundaries with the

anisotrcpic structuraes whese parameters sufficiantly slovwly change

with the frequency.

Let us note finally that fcr r2taining/preserving/maintaining
tha similarity cf fields, besides a sinmilar change in the currents

and bounding surfaces with +*he frequency separately, is required the

coincidence of their centers ¢f similitude in the real coordinates.

As it is easy to show, cnly with satisfaction of this
supplementary conrnditicn the sutual lccation of cutside currents and

bounding surfaces ir the dimensicnless space doss not change with the

frequency.

Thus, for the systems, excited by the ocutside currents of ore

form, sufficient conditiors fcr a similar chang2 in the fields with

the frequency are the following:
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1. System is excitad by sisilar cutside sources.

2. Porm and structure of bcunding surface are such, that upcn
transfer to dimensionless cccrdirates at diffarent frequencies a2ither
are obtained accuratsly ccinciding surfacas or is retained
constant/invariable location c¢f toundaries and distribution of

surface impedance on thenm.

3. Canters of similitude ¢f bounding surface and similar cutside

sources coincide,

Let us consider the ccmacn principles of the construction of the

elactromagnetic systems, whick satisfy these conditicas.

Any combiration of outside source and bounding surface,
separately satisfying the conditions of similarity, under th=2
corditicon of the coincidenca cf their centers rspresents the systen

in which the field changes with the frequency similarly.

Depending on the type of cutside source and bounding surface tke
similarity can be retained with a continuous change in the frequency,
at some discrate/digital fraguencies or it will be only apgroximate

in certain limited frequency rarge.
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In connection with this let us conditionally divides all possible

varieties of systems with the pctential frequency irdependence irtc

three groups: {

1) continuously similar; R

2) it is discrete or pericdically similar;

3) approximately or almcst similar systams.

Por the characteristic c¢f the special fesatures/peculiarities of

} the structure cf different types of devices/aquipment, which satisfy

thre2 coniitions indicated atecva, it suffices tc describe the form of

bounding surface and the me*hcd ¢f excitation used.

Page 37.

For this in the examinaticr of the diverse variants cf systems

vith the potential frequency independence are utilized the block

diagrams, which contain only indicated fundzmental data.

As similar sources we will utilize an elementary sourcs and a

current filament. Thus, fcr tte ccnstructicn of the possibla types of

systems it remains to determine the acca2ptable forms of bounding
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surfaces.
Continuously similar systenms,

In spherical coordinates (R, 8, ¢) the equation of the surfacs,
which satisfies the conditicrs c¢f similarity, takes in accordance

with expression (22) tha follcwing form:

F (AR, ©, 9)=0, 23

wher2 Ry, - nondimensional distarce from the center of similituda,

In the particular case when surfaca is dstermined only by
anglas, into its equaticn scale factcr dces not enter; therefore the
conditions of similarity ars satisfied independsnt of wavaleangth.

Such surfaces satisfy the known "principle of angles® [1].

Examplas cf continuously sisilar systems, during the appropriate

location of similar outside scurces, they are:

- any conical surface with lockad ¢r open guides, in particular,

internal sucface of any con=e whcse f£irjte segment serves as bounding

surface of horn antenna;

e -
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- any system f-om several ccnical surfaces, which have the

ovarall apex/vertex: biconical systems o2f the rcund cones, the
conical surfaces of any fcra abcve the plane, biconical systems frona '

the wedge-shaped or flat/plape elements/cells, conical surfaces with

tha sactor grooves;

- ideally conducting key with any angle, ia particular, ’;
- ha lf-plans; !

-~ plane or half-plane with any sector grooves, which have

“ overall apex/vertex ard, etc.

Each 5f£ tha surfaces indicatad can be combined with any fcrp of

2 siailar outside source.

The determination of the centers of similitude c¢f bounding
surfaces does nct represent difficulties. For the plane this is any

point of it, for the kay - any rcint of edge/fia and for ths cecnical

surfacas, apd alsd the sector grcoves - their apex/vaertex.

It nust be ncted that the systems with continuously similar

bounding surfaces little ars studied.

One of the possible reascns for this is, apparently, failure
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from biccnical V- antenna, bteing according to all signs/criteria

classical frequency-indapeéndent antenna.
Page 38.

They assume that the diagraas of this antenna at the finite
length of cones diverges from the frequency, although in this case it
remains the unknown such as the structure c¢f field at the infinite

length of elements/cells.
Discretely or periodically similar systeas.

This form includes all devices/equipment, in boundary structursas
of whick the distances batweer the elements/cells ard their
sizes/dimensions grow/rise in the gecmetric progression. The sections

of such structures i am utilized in log-periodic antennas [1].

DA _omias 30" Sl

Simplest flat/plane boumding surface c¢f this form is depicted in
Fig. 2. On Z-axis, which is the 1line of similarity, is shown

~lemantary similar souzce 1,

Stzucture can be characterized by the parameters:

Q=<1 bydy=c, @
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Oon certain wave Ay, distance r,/i, from the lins of similarity

to the edge of the ngband is the sum of the infinite geometric

progression:
LR T 25
Ai Ay leg ' @)
. T d dn” .
On certain another wvave x“,-iflais consequently, on this wave
L] ol
r,,,_l=_r£
L A

It is ceasy to show tha*t on the waves )g; and Ag, in the
dimensionless cocordinates all structural elements coincide precisely,

including outside sourcs.

The full/tctal/ccmplete ccincidence o0f structures in tha
dimensionless coordinates is obtained on any waves whose lengths ara

connected with the Known relaticrship/ratic:

Ao =Aocf . e

[ WYV "
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Page 39.

Discretely similar will be any part of the structure in
question, limited by the angle whose apex/vertex lies/res%s on the
line of similarity (Fig. 3). Any combination of continuously similac

surface and discretely similar structur2 so represents the

periodically similar surface (Fig. 4). The center of similitude of
outside source 1 must in this case lie/rast on the line of the
similarity of continucusly similar surface ¢f 2 (key, half-plane,
atc.), 2lso, at the apex/vertex cf the angle, which limits

periocdically similar structure 3,
Analogously it is possiktle to censtruct the periodically similar
structures, which coincide with the boundaries of the continuously

similar surfaces of any fcras.

Tha group of periodically similar structures includes alsc all i
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surfaces, described by the =aquation, obtained by V. Rumsey. [1]:

R =e®i®He) £ (@), @n

On the waves of similarity these structures correspond to the

gensral/common/total equaticn of similar surfaces (23).

A special case of surfaces (27) is, as is known, isogonal

conical spiral.

Let us note that in the lcg-periodic systems and the isogonal
spirals ths location of elementary similar source in the center cf
similitude is not accurately pecessary, sSsince in these systems amits
the small region near the rescmance element/cell, while the remaining
part of the structure plays the rolzs of feedar line; therefcre the
displacement of source along the system changes only initial phase of

field in the remote zone.

Thus, the coincidence of the centars of similitude of source and
boundary structure is nct ir a number of cases the necessary

conditicn ¢f similarity.

At thes same time during the constructicn of ccmplicated systeams
from frequency-independent elements/cells the coincidence of the
centers of similitude of Lboundary structures is the necessary

condition for a similar change in the field of system with the

frequency.
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Fig. 4,

Page 40.

Approximately or almost similar systems.

The 2xampla to approximately similar surface is semi-ipnfinite

foil lat+icez from the straight/direct, parallel conductors,

arranged/located at a distance ¢f d<<\o one from another and having

diametar small in comparison with distance of d.
The straight line of tke shear/section of this gratirg, which is
the line of similarity, can ke arranged/located both perpendicular to

the conductors and at angle tc then.

In certain frequency band the grating indicated in the

dimensionless coordinates has fixed shape and virtually
constant/invariable distributicn of anisotrecpic surface impedarnce,

consequently, satisfies the ccnditions of similarity.
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Is possible the use c¢f ccmbinaticn by uniform and periocdically
similar of gratings. Fig. Sa ard Sb shows two possibla forms of such

approximately periodically sisilar structures.

In both cases at point 0 is located the center of similitude.
Line 0OA represents a similar current filament. The finite segment of
structure, shown in Pig. Sa by dcttad line, axcited by narrow slot
vith gensrator 1 and matched imredance to 2, is the analog of

“raveling-wave antenna with tlke anisctropic radiating €fabric.

Almost similar bounding surface is also kay on surface of which

it is arranged/located wedge-shaped rack/ccmb? (Pig. 6).

FOOTNOTE * The claim "wedge-shaped rack/comb" No, 1260620,/26-9 of 7

August, 1968, ENDFOOTNOTE,

It is assumed that the plates of rack/comb 2 are arranged/located at
equidistance of d<<ig4. Wodge angle‘v car be arbitrary. The centzr of
similitude of source must be arranged/located on the edge/fin of key,

as shown ir figure for the case of elementary scurce 1.

In this case upon transfer to +he dimernsionlass cocrdinates at
difforent frequernciss are cktained *he wedga-shaped racks/combs,

vhich are characterized by culy the denseness of the location cof
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plates, that at sufficiently lcw values of d/\y it does not lead to a

substantial charnge cf distrikuting the surface impedance.

The examplas examined shcw possibility on the basis of simple

geometric considerations tc arrange, or to synthesize a larger numbsr

of diverse electromagnetic systesms with the potential frequency

independencs,

At the finite length each of such systems is antenna with the
veak frequency dependence whcse gcssible operating range it

grcws/rises with an increase in the siz=s/dimensions.

Together with the known frequency-independent antennas into this
class enter continucus-similar/such systems, which possass

sufficiently high directivity.
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Page 42,

- Conclusion.

The -use/application of methcds of theory of similitude to the

examinaticn of the boundary-value problsms of electrodynamics makes

it possible to formulate %#he sufficiently gensral ccnditions of thz2
electrodynamic similarity whcse tse givaes the possibility to
synthesize the broad class ¢f electrcmagnatic structures without the

losses, which possess potential frequency independence.

In the discussion of work took part G. T. Markov, Ya. S. Shifrin
and P, B. Chernyy, for which the author expresses to them his

gratitude,
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Page 43.

Natural and mutual conductivities of half-wave slots, arbi<rarily

orientad on the conducting surface of circular cylinder.

I. F, Dobrovel'skiy, V. M. Klyuyev, A. I. Rcgachev.

On the basa of the representation of the functions of Hankel
with Airy's functicns are fcund ‘he asymptctic exprzssion of improper
integral, giving tangential ccmronents of field on the surface of the

ideally conducting cylinder, excited by magnetic currant.

The obtainad analytical exrressicns are applied for the
calculation by the method ¢f the induced by emf external their own
and mutual conductivities of thz arbitrarily oriented half-wave slots

on the cylinder of comparatively large radius (ka>»10).

Are given the results cf rumerical calculations for differant

crientations of slots.

Introduction.

A precise calculation cf the radiation pattern of the gratings
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of slots, evaluation/estimate cf agreem2ant and broad-band character
of system and decoupling are tfar not ths full/toral/coamplete
enumeration of the problems whcse solution requires the detarmination
of the full/total/complete its cwn and mutual conductivities of
slots, cften taking into account of their curvature and firite
dimensions of screen. Known restlts about the conductivity of slcts
on the cylindrical surface in e€ssence concern the active componant of
the conduc*ivity of the radiaticns/emission of single slot eithar they

relate to the limiting cases of Icngitudinal or transverse slots,

Are obtained below 2xpressicns for the ext:=rnal conductivities
cf tha half-wave slcts of artitrary oriantation, arranged/located on

tha surface of the conducting circular cylindsr of a large radius.
Initial rslaticnships/ratios.

Datermining the slot of the constant width d and the length 1 in
accordance with [1], on the tasis of method of MDS we will obtain

Fon s, 1B 0IMta..0.u° 0')Sp} THE™(u.0)] dSm
=

YM= rm|+tim|= ’
_ )
vhere G{(a, u, v, u', y*) - the tenscr of Green of the exterior of

cylinder;

4, v, u', v' - arc length alcrg the appropriate geodetic lines:
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Vm Va =~ voltage on tha slots;
2 - the unit vector of exterral normal to the surface of cylingder.

Let centers n- and the m-th of slots be located,
corraspoadingly, at points (a, ¢, o) and (a, #, z) cylindrical

cocrdinate system {p, ¢, 2).
Page 44,

Counting slot sufficient narrow (d<<1l) and being limitad to th=

nost important for the practice case of "inclined" slots ({l=x/2),
nE (4, v) = poitoE (4, v)=0,V'P (u)cosxv, - @
() =1/a{ (£ )=~ —

where K=£?-— wave nuaber; A - electrostatic function,
which describes the tr ansverse dependence of tangential fiald cm the
slot; iy, Vo — the unit vectcrs of the positive direction ¢f geodetic
lines, 4, coinciding with the direction of elactric field to the slot
and the vectors ;:, ;:, ;: is fcrmed th2 righ+-handed triad. Then for

mutual conductivities [ 1]

y jl”. Vi {j,n Vi €08 K0’ 0gs ' (2,0,0") do’}&',',,,,cosmdo
==
m VmVn

©)
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Tangential magnetic field of slct on the surface of cylinder,

The vector of the full/tctal/complete magnetic current J, which
ﬁ' flows along the slct (segment ¢f the geodetic line ¢f circular

cylinder), can be represented in the form

7=Vcosucosxv$o+Vsi§1acosfoz-,,. 4

where a - angle between the pcsitive directicn of helix and plane

z=const, positive reference direction a - count2arclockwise.

Substituting (4) intc internal integral (3), in accordance witk
the determination of the tenscr function of Green [2] we will obtain
for the tangential magnetic field on the cylinder the follcwing

exprassion:

H,(9, 2)=H 2,4+ Hqogo, (5)

vhera . .
e=Vy |y coslkv’ (2, 9)] [sinanl,, + cosanTl d’ (2', @),

Hy =V, \‘,n cos[kv’ (2', @")] [sift aylps+ cos @, Toel dv’ (2, @').

It is possible tc shew that on the surface of cylinder (with

p=a)
o= ——— (24 2 Y R
* 42%0p (K + 02’/ ¥, Toe=Tleo = 4ntop J (a )02 ¥, (8)
Lppes — —m [x2 9%
g 42w [K " d(a 7)1 d
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vhere
» o lh{ 7end - (2) et 3
\y=_l_ jn @ Az :; =Y —in(p—g°) Hfl (a Vh [1 )
2 __adl/ / .
@ Le WA g HY (aV=RY)

A precise value for the tangential magnetic field of thea slct of
arbitrary oriertation on the surface of cylinder, obtained from (5)
and (6), inconveniently fcr the pumerical calculations due to are
slov convergeaces of series, After using results [ 3] for the
functions1V, it is possible to cttain the approximation, valid fcr

large radii of cylinder (ka»1C): where

-lR.
V= — 20K °7l— F,
Ri=xY (z2—2 )’+la(w—<|>')l’.

| — ni ¥ +7ty'+1/ + glz\z MaabixX 1:(7)
g? ! TET® 2iw'z4,3 ' T
97l g ST R
t;()m@—@7 ;fww—vw &QHWQ%'

xa VR,

Key: (1) . where. (2). for small cres r. (3). for large ones r. (.

LoOotS.

#'(t) - the derivative cf 2airy's function. Substitutirg (6

+aking in%to account (7) irn (S), introducing the replacement of thse
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variable/alternating

xz=Z, kap=X, KZ'cxo,=KaQ'sca,=Y (8) ‘

and considering integrals in (5) as line integrals l-ro of the type,

for tha half-wave slot we will cttain, by producing integration in
E parts and taking into acccunt that £(y) - the slowly varying
, function: ) E
, Vo [ . |
| Hym g {sinan [ S Far+-5 f(y.)]+
; [e‘m Zslnan+xcosa,,+-2—

Cos Py T
3 + o R R Flg) X sin @y ~Z cos aq +
E + e—IRus Zsina,.+Xcosa,.—'% ]} o
3 Ris Xsina,,—Zcosa,. ' a '
iV, Ry
o= W, {COS Qs [ f ) <o f (yz)] q

) o=I1Ru Zsinoay 4- X cosa, + -2—
—sina, f (y) - +

X sina, — Z cos an

(96N 4

~IRyy Zsina,.+Xcosa,,—'?1 ]l

@ Ris Xsina,—~Zcosa,
rie Ry = V(Zsina,+Xcma,i %),-l-(Xsin a,—Z cos a,)?
n a '
(X * ?cosa,)

hra= xa V' Rit, 12 ;

W,=120x (om].

Key: (1) . where.
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Page U6.

In the limiting cases of longitudinal and transverse slots those

obtained sxpressions coincide with appropriate aexpressicns (3].

Mutual conductivities of half-wave slots, arbitrarily oriented on thae

surfacs of round cylingder.

Iatzoducing the pev system of coordinates (Fig. 1),

Z=Zma+8s X Xeat8
Zpp = Ry €08 8,,,;
XmsRmn.Sinem; §m¢-=55¢0m=fl
. (10)

(vhere Zna and Xma = coordinate of th2 center of the m slot in th=

old cooriinate system), ve will obtain from (3):

I |‘
MAMAJ.._lvl‘-A..A
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Yon= -2—,“—,— {[R.u. 08 (am + Orna)— 2311 (3 —0) ] X

e—lRII f (y ) dﬂ +
Ry, ! Rmp c0S (Gm 4> Bnp) + M 8i01 (@ — @)

X cos q

e, 08

-z
?

+[R,,.,.cos (@ +9m) +~;5-Sin (am—un)]

Q_’)nla

|
8la

d'm
R €08 (@ + O nn) M SiN (@ — 24) '

vherz

Ri2 = ‘/-[R,,,,,sin (@n + Oma) + 1 COS (Gm—a,) i_:.]'+ -

=+ +[RnpC0S (@y + Oma) + 1 5i0 (am—ay)]?

3
[Rm,sineﬂ,,‘+ﬂcosa,.. + ";“ COSGn]
xal/ 7in.tz

Yi2=

I )
i s, JJL%;‘ SAC L

~IR;s
cos'qe—Rl“—-f(y,) X

(tn

cwr e W
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Fig. 1.
Page 47.

With the help of the replacements of the variable/alternating of
the typs (=Ru*n aad “he resclution of tha obtained integrard intc
“he common fractions finally we will obtain, dividing the r=aal and

imaginary parts:

G = i [Ref Qs+ Ta Jm fga) + QuuRef(gn) +

+ Taa o 10+ Qux Ref () + T I f () + Qe Re f () + Tn I fy0))
a2

Boa = - (Qua Jm [ () —Ta Ref () + Qua Jm f (90—

—TsRef (y19) + QuIm f (yu) — T Re (yu) + Que Jm f@a)—rn Ref (ym)l,
(13)
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vwhere
' T ® 2 o
&uﬂnamutjyanm.tj;uIGJ
fne™ — ,
‘ ) Big
n T ?
{Rﬂu“ﬂo”: ‘2-c08¢nt"§'¢°'¢n]
Ygu™=— —
““Vzl.z

T ekt i e e

By = ‘/R’,,,, +£2T- (14 cos (Bm—p)] -+ 1t Ry [$i0 (@ + O ,) +

+sin (g, + em)] ’

hra =1/ R+ 7 (L —co5 (@n—n)l £ R 57 (20 +Op)—

—sin (am + 9,,")],

- €03 (2 < Oma) £ cOS (Gm 4 Oma)
D‘ 2 RM 3in(ay, — ap)

Qu, 2= —{cos D1 [Ci (|B1,2~— D) +Ci (jBi.2+ D)l +

+cos Dy {CL(|By 2+ Dy 4=~} + Ci ((Br.a—Da + n) | +
+s8in D, [Si (By,3 4+ D,)—Si (Bi.2—Dy)} +

+3in Dy [Si (B1,3 + Dy 4= n)—Si (Bi.,a~D, Fn)l},

Tu,m= —{cos D,[Si (Bi 3 —Dy) + Si (B 2+ D) —nl +
+¢0s Dy [Si (By,2— Dy + 1) +Si (B3 + Dy £ 1) — | +
-344-8in Dy [Ci (|B1,2— Dy)) —Ci (B 2+ Dui)} +
+8in Dy (Ci (B1,3— D5 F #)—Ci (|B1 2+ Oy 1 nh)i),

Qiz.z1 = {c0s D, {Ci (jA1 2~ D1+ x) + CL (A 2 + Dy F n)] +

+¢0s D3 [Ci (Ar,2 ~D3,) + Ci (|A1.2+ Dj))) +sin Dy [Si (A, 34 Dy F =) —
—Si{A1,2— D, #=x)] +sin D,y [Si (A,2+ Dy) —Si (A1 2— D)1},
Ti2,21 = {cos D (Si (A1,2— Dy += ) + Si (A 24+ Dy F R)—a] +

<08 D, {Si (A1 2—Dq) + Si (A 2+ Dy) —n] +sin D, [Ci (A 2— D1 + ) —

—Ciydi 24D, F .“q)l +sinD,[Ci (4, 3—D '-'“[)—Ci 4.2+ D,m),

Ci ()= ?“ dt, Si(x)= J‘—‘—‘-
2 1]
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Page 48,

aex;o,(,,,(“ 7

1320

Pig. 2.

Key (1). ahoe.
Page 49,

Punction f(y) is determined by exprassion (7). Numerical
calculations according to (12), (13) vere performed for value cf
ka=12. Pig. 2.3 shows dependences Gmn 2and Bma oOn the angular

distanca between centers of *he slots, locata2d in one secticn

(z=const) of cylinder.
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In the extreme case cf parallel longitudinal slots (t. man= %).

centers of which are arrang2d/lccated on one line z=constl9mm-'%|
of infinite plarne Ika=-'. (12) and (13) they coincide with the wvell

known ra2sults for the one-sided slots on infinite plane [4].

" @x107m0 (1
7\
\i
\'_.'
o3
S , ,
.‘:= 1
46 {53
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i E
qui—
py . | N
e RN
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. z ¢ t i
2\ 4 | j
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rfig. 3.

Key: (1). mho,
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Page 50.

Intrinsic conducticn of half-wave slots, arbitrarily orisntad c¢n tha

surfaca of circular cylinder.

Por obtaining the intrinsic conduction of slots it is nascessary

to consider the final width cf slot [1].

Substituting (2), (6), (7) in (1) and taking into account that
a, u'y v, v/ - arc length of helixes, is possible to easily shcw that

for tha half-wave slot

('Y
»'.
——

Yo = — * } cos Ve (U) (1+5"_;._) :(‘-

o= VIFET P EOop
ViV—=vypeu-=uy

j cos V'@ (U)X

-4
7

f§)dvdv'dUay”, (14)

whers

V=xv, V=xv', U=xu, U'=xu', d=xd,
- {{(V—=V')cosa, — (U —U")sina,]

y AV U=0F sV =V]
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Differentiating twice under the internal integral and taking

into account that

-o- " ot VV=V - U=T")s :} ‘6 [ o V<V P+ O~Up ]
) — —— ] ———eee e ,
W VY=V U0 w (V=" ({UT=0) @

ot as o A a— ar

after the necessary conversions, dividing rszal and imaginary parts,
ve will obtain:
1T . o .
Gon' = | C 10 20— Ci (2)+ 1~ cos'a Sl(2u)] ,

e ————— e

"~ L i 3 cos? - i (2n—In 4
B"""zn W, Si(2r) + o 08 a{lnz-: C+Ci(2rn~—In . J} (15)

vhare C=0,5772.
Passing in (15) to the limit with ka->= (infinita plane), vwe

will obtain well-knowr exrression for tha half-wave slot on the

infinite plare, which radiates into the hemisphare.
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Characteristics of antennas with frequency beam swinging.

D¢ B. Zimin, V. S. Losav.

In the work are determined the characteristics of the

line-source antennas with frequency beam swinging, inteanded for the

use® in th2 flat antsanas with wide-angle beam swinging in two planes.

It is claimed that for ottaining the high electrical

charactaris*tics in the flat/plane antenna arrays it is expedient to

utilize the lins-source antenras, ccnstructed on the basa of ths
waveguida2 kite circuits with the wavequide bends in the plane cf

magnetic field.

One of the methods of the ccnstruction of flat/plane antenna
arrays with wide-angle electrical beam svwinging is the use of a
frequency response method of ream swinging in one plane ard "phase"
(vith th2 help o5f the elactrically controlled phase inverters) =- in
another. In this cas2 antenna fabric is asseambled from the saparate
line-source antennas with frequency swinging of beam (rules), =ach of

vhich is excited through individual phase inverter [1].
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Por beam swinging in the cone with the apex angla of 40-90°

necessary is the low pitch cf emitters and, thersfore, a small

ey

transverse sizes/dimension of rule - 0.7:x-0.58\, what is one of the

serious rzquiremants, presented to +he cule.

An>thar obvious group of tha requirements, usually present=ad to
the rule, are the ragquirements ¢f high 2lectrical characteristics
{large throughput, low losses, the linaarity of angular-frequency

charactaristic), morsovar £or <each of thase characteristics it is

possible to indicate pcten+tial, saximally high value.

Maximally higk throughput cf line-sourc2 antemna with frequency

beam swinging it is lcgical to consider the powsr, passed by flat

. rectangular waveguide of the ccrrespondiag wave band,

It will be shown belcw tha%t it is possible to propose such rulss
circuits of which they possess throughout, which virtually coincidss

vi*h the maximum,

Th: installaticn/set*ing upr of emit*ers lesads to certain
veakenirg of dielectric s*rength of circuit, hut not in the larger
measur2 tharn in wavaguide-slct type usual antennas. Speaking in cther

|

|

]

|

| vords, 2 decrease in throughput can and no%* ba the specific character
| of antenna with frequency bear swingirng.

|
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Maximally low losses (or maximally high efficiency) has the
rule, constcuct2d according t¢ the parallel diagram, in vhich the
excitation of each emittsr is realized from the single input with the
help of the segments of wavequides with the progressively increasing

langth,
Page 52,

The diagram of this rule (waveguida prism) is shown in Fig. 1,

whar2 it is marked:
1' 2' 3' eoesy I = emitte!s:
n? - unguided phase invertars;

L =nl - segments of ths feeder linas, which connect N of the
cutputs of adder I with the emitters. without gaxamining a questior
about the practical realizability of a similar diagram (by tane way,
very doubtful in the case of antenna to any sxt2nt large length), lat
us find i+ts efficiancy, discegarding losses in the adder a=xd
considering that the length of the first, shortest waveguide L, (s23

Fig. 1), is equal to zerc.
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With the symmetrical adder when losses in the segments of
vavegquides form gsometric progression, it is easy to obtain the

followirg expression feor efficiency:
—BL
|—e N

=L, W

vh2ra 8 - attenuation in the coupling waveguides:
Ly=Nl - maximum length of ccupling waveguide;

N - total number of emitters in ths rules

1 - 4iffersnce in the lengths of two adjac=ant waveguidss.

Dif ference in the lengths of adjacent waveguides - 1 and their
width - « d2termine the angular-frequency sensitivity of wavseguide

prism ard the secter of frequency beam svwinging. From the phase

relationships/rztios for the tcundaries of the sector of oscillatien

it is possible to obtain the fcllowing relationship/ratio, which

connects sizes/dimensions 1 and a with the boundaries of sactor 8y,

; . and 9, and the lizmits of a change in frequency f,, £,:

Fre. 1.

F
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a 1 /s B—1 .
N2 h I/B_(f_-)’ ' ®
Is

d

l 2n Aq
= = : @

wvher?
= ¢ d’ fx ?
————— in @
PO I S " Sk
m—'i—ﬂhsine .
A f

fo - midband fraquency;

m - 1' 2' 3' “ ..0;

P - supplementary phasae displacement between the adjacent emitters,
created due to conrnaction of phase invertars into the charnnels of

apitters:

d, - step/pitch of emitters alcng the axis of rula.

Subsequently is utilized also designation d, ~ the distancs:

betwaen sa2nters of rulss in the plana of antenna fabric.
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| Maximally small ncnuniformity of angular-frequency sensitivity
(UChCh) has the antanna, assembled on parallel or seriss circuit with
the use of the air twin-lead c¢r coaxial lines, for which there is no
dispsrsior (group apd phase speeds are 2qual). Let us show this, for
vhich lzt us record UChCh in the following form:

do 1 L
=t e [[m—2\M b 4y
A d cos 6 [(m m)d, f+Y" a4 }» (4)

f t

3 where Vﬂ'i; - geometric delay/retarding/decelaration, 2qual to the
relation 5>i the length of the segment of the waveguide line,
conpected betveapn two adjacent emitters, to the step/pitch of

semittars;

vy -~ phase delay/retarding/deceleration.

Expressing value (m-éz) through the group and phase

delays/retardings/deceleraticcs in the normal position of ray/bzan

(f=£y) 2
. AR - .
Slﬂeffr-'.a(m — .—) T'. %_Tr|n= , (3)
e ) 6
m anu‘ fs ’ (0) ]

let us rewrite (4) in the fcllcwing form:

Am— Yo Lk fo X | 4y
coseyl.[d, Tt ik (7
: f

Page 54.
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' Froa (7) it is evident that UChCh 5f line-source antenna is
composed of tvo members, who depend on the frequency and, tharefore,
that contributes its contributicn to the nonuniformity UChCh with

beam svinging. However, on the type of circuit depends only second

componert/tarm/addend, which can be equal tc zero when EL*-O, i.e.
/

in the absence of dispersicn.

Nonuniformity UChCh usually is computed according to tha formula

A=A o= Ad,
BA= 1005 LA pio0 Loy, @

vher2 A, and A, - UChCh on the boundaries of the sector of frequency

beam swinging.

Prom formulas (8) and (9) it is possibla to calculate minimum
nonuniformity UChCh for the sysmetrical relative tc standard sector

of beam swinging: f

Adpg=+ 100",—’ %. ©
[ ]
In this case
Al Lh=h, . (10)
h 2 heh

In paragraph A) Table 1 are given all snumaratecd maximua
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characteristics for two wave bands at the length of linaz-source

antenna to ~100 A\ and averagesmean angular-frequency seansitivity:

A = (W pad)’
cp ™=
(&) nooyenm vacmomss

(= Bz = 17,5% f,=0.965 for fy=1,035 fy).

Ka2y: (1) . Dege. (2). percentage cf frequasncy.

;guring tha calculation of losses according to formula (1) it was

assumed that the vaveguides were prepar2d from aluminum and have the

teight b=0.45\A. This height of waveguide provides the possibility of

the ordar of rules with the steg/pitch d, =03 1Y), that it makes it

possibla to obtain the sector of th2a phase oscillatioen 219 =180°2).

POOTNOTE 1!, In this case the wavzaguides in “he apertur2 of prism will

be joined by narrow walls,

2, This value 246, is obtained only from condition of singla-ray beam

swinging; under actual conditicrs it is hardly expedient to approach

sector of scanning, greater than +-45°9, for which is sufficient

step/pitch of emitters 058iuas. ENCPOOTNOTE.
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Yable 7. '
m @ )] W)
Paspranan mouwocte, Mem, XL NP pasAwsnod A,cm
KvE Apeas apad o Pasdunach 1, eu mocrs Y %)
' | 10 ! 3 10 | 3
1 l !
a) [lpelennHbie XapaKTePIHCTHKH .
0 B3 13 0.92 0,86 +4 ;
1B XapaxrepucTuku aumeinoit auremnw | c E-3B ] |
21 ooz | oo | 0.6 0,45 +9.6 |
@) XapaKTepHCTHKH .iiefiHO aHTeHHK ¢ H-3B ;
+90 0.6 | 0.9 0.8 | 0.7 +9.6
' i |

Key: (1) the sector of phase swinging of beamr, deg. (2). discharge

Mc
powsr, MW, with different A\, cm. (3). efficiency with differentA (4) «
Nonuniformity UChCh, o/0. (a). Maximum characteristics. (b)and (¢) .

Characteristics of line-source antenna.
Page 55.

During the calculation of discharg2 power was assumed ! that
rectangular wavaguide has a section 0.72 Ax0.45 X, and dielectric

strength of air is equal to 29 kV/cm.

POOTNOTE 1. The passed (wecrker) and discharge power differ to the

safsty factor, 2qual to 1.5-4 [5). ENDFOOTNOTE.

Types of rules with the characteristics, close to the maximum ones.

4
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We will be bounded tc the examination only of serias circuit of
the construction of rule (with +he use of a circuit) and will shcew
that in a number of cases of the characteristic of circuit (and,
consequently, of rule as a whole) they can be close to the maximum

ones.

The angular-frequency sersitivity of rule, as it follows from
works [2], is datermined by angls of radiation and by group

delay/ratarding/deceleration ¥m» which can be recorded in the fcrm

-l— 'J--,_dl..
1!‘9 d’(r‘ _d_').
h
where y - phase delay/retarding/deceleration in the wavegquide of

lines;

& . tarm, which characterizes dispersion;

dyst

v-;’; - geometric delay/retarding/deceleration;

1 - segment of the waveguide lin2 2, connected between tvc adjacent

apitters.

POOTNOTE 2, By waveguide here and throughout is understocd any

WIS S L s




-

Srm— ———

L aliad

DOC = 81082604 PAGE //3

canalizing syst2m. ENDPOOTNOTE.

Using the mathod of obtaining the assignad group
delay/retarding/deceleration the circuits car be somewhat
conditionally decomposed intc the classas strong and veakly

dispersiva ones.

In the highly dispersive systems the na2c2ssary
delay/retarding/deceleration is ccmposeil of phase
delay/retarding/deceleration and dispersion with l/dg~~1 (3]: in the
veakly dispersive systems the value of group
delay/retarding/deceleraticn detarmines factor l/ﬂ,)»d; therefore

such circuits occasionally referred to as geometric [3].

The highly dispersive ones include the systems with grournd
vaves, and also periodic waveguide systams, whose each period is
formed by the strongly reflacting vavequide heterogen2ity (for
example, flanged wavaguides, system "finger/pin into the finger/pin®

and the like).

The weakly dispersive circuits include th2 periodic wavaguide
eysteas vhose each period is fermed by the waveguide hetercgensity
(curvature) with the negligible coefficient of reflection; necessary

group delay/retarding/decel2raticn is h2re obliged to the simple

POV ST

B
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geometric elongaticn of the path of motion of electromagnetic energy
(for example, waveguide spirals and GAD//S during the appropriate
selection of the curvatures of the ansuring smallness r2flection

coefficients).
Page 56.

In the highly dispersive circuits, in contrast to the weakly
dispersive ones, are always regicns with the increased concentration
of electrical and {(or) magnetic fields and consequently, with the
incr2ased concertration of surface currants, This is the direct
consequence of the increased dispersion of system and imply an
incr2ase2 in ths ohmic losses, a decreasa in tha uniformity UChCh and
a2 sharp decreas2 ir throughput in cecmparison with the aralcegous
characteristics of the weakly dispersive circuit during the same

avetagé group d2lay/retarding/decseleration.

Thz only ussful property of the highly dispersive circuits (but

sometimes by very impcrtarnt), which alsc there is a consequance cf
*he pras2nce of regions with the increased concantration of fields,

is the decrease of overall sizss.

Thus, circuit with the high electrical characteristics should be

sought conly in the class of the waakly dispersive circuits - kite and
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spiral vaveguides. By fundamental difficulty during the construction
of a similar systeas is obtaining low reflection coefficient froam the
separate curvature with the ctservance praviously the size
limitations indicated;, othear ccnditions being equal, it is hetter
than the characteristics cf that system, in which mest complstely are
utilized the overall sizes, i.e., for the assigned stap/pitch of
emitters dg and de and assigned angular-frequency sensitivity are
used maximally possible sizes/dimensions cf waveaguides, and the
distribution of elactromagnetic energy in them is maximally aven,

without the local concentraticps.

Taking into account these consideraitions lat us attemp: to
design circuit with the characteristics, clcse tc the maximum ones.
Preliminarily let us measure cff, that the systems on the base of
lines with the wave TEM, althcugh they possess the maximally samall
nonunifcrmity of angular-frequency sensitivity and easily satisfiy all
size limitations, thay are distant from the circle of the searches
for circuit it was throttled/tapered - from the optimum according to
suck most important indices as losses and throughput., This is the
consequence of the fact that the wave TEM can be only transmission
mode in the systems whose transvarse sizas/dimensions are much lower
than the vavelength, the at the sam2 time assigned step/pitch of
emitters (dy=d, 30,55A-0.7)\) can be 2nsured, utilizing circuits on

the base of thse lines whose transver-se sizes/dimaensions are

PRV
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commensurated with the wavelength - usual rectangular wavequides with
wave Hyye Prom the waveguide weakly dispersive systems it is pessible
to immadiately reject/throw wavequide spirals, since during
sufficiantly large delay/retarding/deceleration (y,>3.5) thair
transverse overall size dces rct make it possible to obtain the

required stap/ritch of emitters 4, .
Page 57.

Thus, the circle of the searches for circuit from which most
ratural far the usesapplication in the antennas with frequency bean
svinging seemas the G&Df/ with the 180° curvaturzs in the plane of
electric field and with the easitters, axcitad of =2ach curvature.
Howaver, Pig. 2a, where is shown the diagram of this snake,
immediately shows deficiencies/lacks in a similar system: for
obtaining the sufficiently lcw fitch of emitters dg the
size/dimension 5f waveguide "b" must be considerably l2ss than the
same size/dimension in the standard vaveguides of the correspcnding
wave band. Thus, with the sectcr of frequency swinging 5f bzam >f
+-20° siap/pitch of emittars dg=0,71), and b~~0.12X. So low a value b
leads to comparatively large lcsses in the system and decrease in
*hroughput. Howaver, throughput in the larger measure is limited to
the second deficiency/lack in this systam - by small bending radius

nf waveguide in the plane of electric fi2ld. Thus, with step/pitch

i
;
i
!

Y L
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dg=0.71x bending radius r=d,/b=0,121. So small a bending radius ang,

therefore, high reflection coefficient from it they do not make it

' possible to hopa fecr obtaining of the 5 any extent satisfactory ?

characteristics of this systesn.

The best characteristics gcssesses the kite system, shown in

? Fig. 2b, which is characterized by from the only fact that the

bending radius is here made maximally possible for the assigned

step/pitch of emitters. Latter/last systam s xhausts, apparently, the

possibilities of kite waveguides (2ZV) with the curvaturas in the
plane of electric field (E-ZV): its design characteristics for three

vave bands are giver in Yable 1.
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Fig. 2.

Page 58,

An ovarall deficisncy/lack in the rules on *he basis of kite
vaveguides with the curvatures in the plane of elec*ric field is th=
impossibility of order their sufficisntly closely +o each other for

the purpose of sbtaining th2 lcw pitch of emitters 9+ and,

*herafore, larger sector of phase beam swinging. Taking inzo account
all design features of the antennas in guestion obtaining st=2p/pitch

dy, smaller than 0.7\, and “hereforn th: sector of the phasa

deflaction of the leam, greater than +-22,.,9%9, with =<he use E-2V,

apparaently, it is impessibla.
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At the same time the decrease of stap/pitch dy and the maximuam
expansicn of the sector of the rhase beam deflection is considered by
desirable and mcre advisable than th2 decrease of stap/pitch dg for
the purpose of th2 expansion cf the sector of frequency beanm
svwinging. The latter ia the real systems in which is included the
antenna, usually is limited edither by the deviatiorn c¢f frequancy or
by the angular-frequency sensitivity whose improvement blocks the
requirement of small linear chmic losses in the circuit of antenna.
However, the latter increase with an increase in the
angular-frequency sensitivity nct mcres weakly than it is directly
proportional [ 2]. However, the expansion of the sector of the phase

beam daflection car block cnly steep pitch of emitters d,.

All noted Jeficiencies/lacks prove to be sharply weakened in the
rules, constructed on the base c¢f kite waveguides with the curvatures
in ¢the plane of maganetic field (N-2V) [6] to the latter/last not

axamined by us weakly dispersive circuit,

At first glance the possibility of use N-ZV in the antanna seznms
doubtful becausa its pericd, in contrast to the E-ZV, more *han
vavelength, Also carn seem by doubtful #h~ possibility of crtaininrng

“*he sufficiently high electrical characteristics in view of a small

bending radius of waveguide.
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Hovever, the first doubt drops off, if we excite emitters from
the niddles of waveguide chanpels, as shown in Fig. 2c; the
step/pitch of emitters ¢4, is equal to half of the period of (',c['l and

can comprise 0,65A-0,.7), what it is sufficient for frequency bean

swinging in sector of +-20-+-309,

Tke sector of the phase beanm deflection in the foil lattices,
form2d by the set of rules cn the base N-2V, can be led to +-45 and
2ven it is more, since with the common for standard vavegquides
size/dimansion of rarrow wall (B&L0.5)) the step/pitch of the order of
rules in the fabric can be clcse to the half-wave. On the other hand,
“ha possibility of using the waveguide circuit whose size/dimension b
is close to the standard, i.2., two or three times more tharn in the

E-ZV, makes it possibla *c¢ significantly deczesase the linear losses.

But, perhaps, even more ippertant aivantage N-ZV befors ths B-ZV
is the fact that waveguide bend in the plane of magnetic £isld, even
with so small a bending radius (see Fig. 2¢), has lowvw reflection
coefficient and virtually (with the accuracy approximately 200,/9)
do2s not affect throughput. The special fesatures/peculiaritias of
vaveguide curvacures indicat2d in the plane of magnetic field to a
certain degree are known from literatur2 (S]], and were also in Jdetail

invastigatszd both thecretically and exparimental [ 5-7].
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By tha same high characteristics, although into the somewhat
smaller frequency band, possesses the N-ZV even with the rectangular
curvaturas (Pig. 2d). Dus to insignificant worsening/deterioration ia
the range properties this sys*em obtainad the series/row c¢f assential

structural/design advantages in comparison with the system Fig. 2c.

Latter/last two systems, in the principl2, differ little from
each other, exhaust tha possitilities of using the kite wavaguides
with the curvatures in the plane of magnatic f£i2ld in the antennas

vith frequency beam swingiag.

All mentioned kite systems are depicted in PFig. 2 with the
exemplary/approximate observance of scals, Among thsse systaas N-ZV
most complately is utilized tha transvarse ovarall size, datarmired
by the stap/pitch of enmitters d; and dy. Simultaneously tke N-2ZV has

*he gr2atest height.

Dasign characteristics cf rule on base N-ZV are giver in the

lattar/last column Yable 1, from which it is cl=ar “hat thesa

characteristics are very clcse tc the maximum ones.
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