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Page 20.

Some properties of the radiating aperture superdirectionality.

L. A. Vengrovich 1.

POOTNOTE !. (L A Wengrowicr). Institute of the fundamental probleas

the Polish Acadeny technigue of Sciences, Warsaw. ENDPFOCTNOTE.

In the work is derived the integral equation, which connects the
excitable in the aperture electric field with the transverse
component of magnetic field. Scluticn ¢f integral equation and
introduction of equivalent outlines gives the possibility
subsequently to compute total fpcwer flux through the slot and the

energy, accumulated in its vicipity.

On this foundation is introduced the measure of
superdiractionality, which makes it possible to judge physical
limitations, to radiaticn/emissicn. The theory presented illustrate

the results of numerical calculations.
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Introduction.

It is long ago alreadj kncwn that the equations of Maxwell admit
the solutions which independert cf the sizes/dimensicns of the
regicn, occupied by sources, they represent the artitrarily

concentrated radiation field.

These sclutions, called superdirecticnal, were for the first
time noticed by Oseen [ 1] and, fcr a while later, they were confirmed
by Pradin [2]. Since then they attract attention as iIndependent
problem or in copnection with the tasks of the synthesis of radiating

systens.

Their characteristic feature is th2 presence of the highest
types of fields, accompanied ty the large accumulatica of quadergy in

the vicinity of sources.

To the initially superdirectional solutions was paid
considerable attention. Still until recently thsre was an opinion
about tke advisability of using the supardirectional solutions fcr an
increase in the efficiency in artenna radiation. There is a very vast

literature, which concerns a questicn of superdirec+ionality; in the

YRR
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accompanying bibliography is connected only its small part.

In the present work let us attempt to explain the physical
limitations, inherent in electrcmagnetic radiation of the aperture in
the form of slct in the infinite ideally conducting screen. As tbhe
fundamental mathematical apparatus is accerted the Fourier transforn
that it brings this work clcser %o those, in which is utilized the
represantation of field with the help of the spectrum of plane waves
[8]), [9] and [11]; however in cc¢ntrast to them task is reduced here

to *he integral eguaticn.

Page 21.

As a result expression for the power flux through the slot and other
results they are oktained here directly, without resorting to
concepts and methods, connected with the mentioned represeatation.
These results are given t¢ the fcrm, which makes it possible to

perform numerical calculaticns.

Pundamental preraquisites/prenmises.

Radiating system is shcwn in Fig, 1. It consists of ideally

conducting flat/plane screen y=0, in which along x axis is

symmetrically arranged/located the slot by width 2a. By thickness of

G U . . Y
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screen negligible, Be examined thera will be only fields of the type
B, i.e., the electric field, parallsl to the edges of slot. It is
proposed also that the sources a.d, consequently, also fields do not
depend on coordinate x. Dependence on the time is accepted in the

iw?

form e

Taking into account the ispcrtant role which in the theory cf
antennas play tha sinusoidal distributions, let us suppose that the

sources create in the slot the electric field of the form

=‘\ . K2, ___.1‘ ]
E -b,,sm{n( o 2\,] h

n

Bach compcnent/term/addend of sum we will subsequently call

partial field E..

for computing the power, passing through the slot, is necessary
tc knovw transverse magnetic field in slot. /: Therefore let us begin

from the determination of partial fields /. of thcse connected with
£

Determination of maganetic field.

a) ebnclusion/output and the seluticn of integral equatiorn. ?'Prom
the esquations of Maxwell for the fields in question on plane y=0 ve

have
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= 4=z

R
Ho=x1 +5 (2)

wvhere n - external normal tc region Wy (Fig. 1). This dependenca

R . dE
makes it possilble to concentrate attention in factor <. For

determiration ‘%5 we will use the integral representation of
n

Kirchhoff. By bounding surface let us select the plane of screen,
then in region W,

——_1 ((9E. _ g9y

E(P)= - (anY Ean)dzo. (3)

vhere vy=izHo(kV P +2—2)F) designates Green's function for the free
space,

Page 22.

If we transfer observation point z to the plane of screen, then we
obtain
Em=f)%§%M¢—4M% )
The obtained result we will consider as integral equation
relatively %%n special attenticn deserves the fact that the nucleus
of equation is the functicn cf a difference in the argquments. This

makes it possible to assume trat the solution of equation can be

obtained, applying the apparatus of Pourier transfora.
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Let us assume that k has the small imaginary part, which ensures

the band of analyticity in Fourier transform. However, when this does

not play the significart role, we will as before count k by real

number.

Let us nota that

i itz o 2 =
jHonk,Z‘ie -—rﬁ' (D)

wvhere for |:/>+# should be chcsen the positive branch of root.

Pourier transform E,. takes tlte fors

— b, \sm!rrz (:fi-L —“—;]e“'dz=

b 2a . v \2a 2
-
' o cos(at)
mll —} R ; n=2p=+1,
e
=
T sin(af)

|—ma] 5 ;n=2p—2.
! (5| —a»

V2 .

After the formal usesapplication of Pourier transform to eju.

{s) and ths solution of algekraic equation for transparency

relatively %%  inverse transfcrmation gives
an
ft..'-
5#&):6 n | | (aky —(at) costall _o=tat gy n=2p=-1, (7)
or q
{cmm (523‘ —(at)?
lC-v:s ’ .
i =—ib.n | (@hF —(ae —30@0__e~i7tg n=9p49.
\
on . nt
1 f—un ,{_2-1 —(a[)2 (8)
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POy Z,

Pig. 1.

Page 23.

Integration is conducted here along the arbitrary
straight y/direct Imt=c, lyings/herizontal at the band analyticity cf

integrands |[Imt|<|Imk].

Not difficult to show that the described procadurz satisfies
+heoren conditions of Titchmarsh [ 12, theorem No 148 ], and
consaqurntly, (7) and (8) actually/really represent the unique in L2

(-=, =) solutiors cf equ. (4).

b)'rhe computation of integrals Lty complex integration.




=—bn"§‘[h—la*{'—}) @ =)y —1). a=2p 2 17

: an J

e N PNy

|
DOC = 81082101 EAGE y
Let us introduce parameter §¢- T%}' and let us lead intagrand to
oo~
the more convenient form:
—_—
] g—| —'un - R
2 = Fo == g = FunFar 19
nx\? 2
Z2) —(am
ot V2
T
! vhere
Eitv= 'w"q %,°—¢an2; . Ve
' Ezu‘)—.—i n—:—",z—mn?-—‘. i
1 ) P2
i
If we moreover, express trigoncmetric functions in the
| sxponential form arnd tc¢ intrcduce the following designaticns:
; iCrme
i /1= ' Fl(,)e—uz—mrd{: EEE
l iComen
i:+w .
Iy = | Fihe™ 154y 13
ic—w
l'C"-u )
Is= | FiOFe”!" " ar (14
li—w
o=y Fi(Fy(te” =% gt (13)
li—=
then for arbitrary z:
R A A i [ R T R HA
an 2 L2
dE, |\ :

!
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Page 24,

Intagrals I, acd I, represent the transformations, reverse to
formula (5), and they can be easily calculated. Por coamputation I3
and I, lat us ccntinue analytically functicen P; F, tc entire plane ¢,
vith exception of the secticns/cuts, carried out from branch points

t=::qé§ to infinity (Fig. Z). Let us introduce ocutlires 1, and 1,,
and alsc outlinz i/, obtainad frcm 1, with tha help of substitution
t=-t. Since fields possess symmetry relative to the axis of slict, it

suffices to examine only positive values of z.

Then the outlires of integration, which satisfy Jordan's lesmsa,

will be the outlines the data atcut which ars cited in ¥able 1.

In the intaegrals along l, let us carry out the appropriate
replacenent of variablesalternating and will record them as integrals
lengthwise ;. Detarmining deductions in poles F,(t) and taking into

account equ. (2), we will ottair for [z|<a:
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=l —
Hoa=—=ib ) =0 2 ) 1—- Zes 224

o+ )+ TH (a5 1—2])-

—m 5 (1= Z)a[FoF@lee 4 e"“‘“ldt]. n=2p+1;(18)
v

n
H, ,=-—0b, V %{(— 1)22 Vl —%sin";‘: +

“Eles e 2= mlesh-)-

-—nq—: (l '-—"”:ia\nFl(t)F,.,“)[e““*"’ e @A g g 292 (19)
\ q o,
U

2

1—<

vheres U designates integraticn along the sections/cuts.

- et -
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Pig. 2.
Table 1.

z | n Is
i<a | b | &
>0 | & | &

1
'

a

b SR
o Ta

Page 25.
Por |z|>a
el (oaiz v n L
H, \=—ibs| f,—q"-ﬂgn(q-,‘,-.;—l..;-THg“ -
—ng (1= Zia| Fun P [T —e' T Jarl. n=2p
4 q? , . ‘
¢
T e P e
H,,n=_b"l T\‘;Han‘.‘q—g‘ v 11)“'7"’0“ q
a ns ' L (24 Va—arty 4, ¢
._nq—:-(‘l——-q—’)a.\ Fi(nFytnle —e ldi. n
v
R
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Intagration alcng the sections/cuts in equ. (18)-(21) presents
kncwn difficulty. Therefore the obtained results can be effective
used only in the particular case when the terms, which contain

integrals, disappear, i.e., when n=q.
c) Yha computation of integrals by intagration along the real axis.

The difficulties which were met in the preceding/previous
section, can be bridged. For this lat us return to expressions (7)

and (8). Integrating alcng tte real axis, we will obtain:

K - |
o—El(z)-_—b,,—"—{l,» I,'——a—’—(q‘——n'-'n Fo(0 Fatthcostane™ 2t
an 2 ! 2 ) !

n==2p - 1; 122y

“ 1

%(z):—db,.%‘l,—l, ,—%{q’—n-‘; \Fx(ul’,msimuz;:‘""':.’1;,
n=2 -2 (23

Aoplying formula rolls tc tte integrals in the second terms of

equ. (22) and (23), which let us designate as Iy and I,, and taking

el 4 —e - . C e e .. e e - C o e - -
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into account (5) and (6), wa will ottain: s

! e

(1 3 (cos AL oy - =91 (M

L=(—1 — .\cos ” HP (kjz —thdt, n=2p— 1. (24
—a
L a

2 .. nant . a=

ly=(—1) T:T '\sm—z-‘rﬁg”(k;z—tl)dt. n=2p+2. (23
—a

Page 26.

Subsequently we will use the theorsm of the addition of Neuwmann,
vhich vwe shall record in the scre ccnveaient for this purpose form:

Ak a—t = N (sen(@f HP (kleJ (k) |2 >0, 1 <a; (26)
ln—

f-."fuh(k T—f) = : IS‘Z”(U]FHBU(k|t|)J,(kz); ]zl Za, It! a. (27)

I

{m—am

Let us consider case |:|<a In this case the expressions for Ig
and I, can be recorded as:

n='
— i = -»

— — : . (i hd e Rt ’ H
i = h pryalll Hy'wk 2 — 1) cos Tal—j[ﬁa"\k‘z—tp—-
—_— a
— A"k 2 — 1] cos ";1‘ dt]I. (28)
) IR , Iy i AL K
I =l o : '\ H{" (klz —~1)) sin > dt-—'\[H{)" (Rlz—t]) —
—— a
— H)klz — th]sin ";' drl, (29)
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The first terms in equ. (28) and (29) can be easily calculated

during use (5) by substituticr z-t=-u. The second terms we convert,

utilizing (26), then:

4 1 nxz 8 " _
! an:r|qu,|;C0> 2a oy : qu )n =2p-1,
1m0,2,4..

(30)

4 1 GoRAZ 8 i ] _
o - ann | gt—n? s 2a oLy I;S B, ,,J,(q 2 a )’ n=2p+2,
31
vhers (31)

B..= | HP(gtcos (anydt, n=2p+1; (32)

=2
B, a= (HP(@)sin(an)dt, n=2p+ 2. (33)
Page 27.

Let us consider case |z|>q Applying (27)

wvill obtain:

to the integrands, we

2 4 ol
= (— = HM e 2 13 =9+ 1:
Is=(—1 gy Y. n j‘{q > a’). n=20-+1; 34)
S
lg=(—1) Py Y H””/q—:‘ 2 n=9o o 133)
an e 0T 0 g ! - )

vhere

=—% \ Agticos(nthdi. n=2p— 1.
0

Y/.n"""i‘\ Joghsiniand:, n=2p— 2,

=N

136) *

)
~
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Finally placing, (30) and (31) in (22) and (23) and

account (2), we finally, substituting (obtain following

H.n in slot (lz]<a):
n—!
2N gy My AL
a) T g H g ) l al'
Nl
2 anl o
—(—1) 4q“_7),_02“ 5,.,‘.1,(q-?:)‘,n_2p1—1.
[ &
Hz.n=—ib"1/%l(—l ] 1—.—“”";':
' 2!
f—:—Hg" an~
——0'4g(1-5) ¥ ﬁl.ufl(qn_z.‘)}. n=2p -2
femi,3.5... 2a

also, on screen (2 >a):

a1

I

PR Vo ERTIfE-
=l

+(=1n'2 "
1=0,2.4...

; Iz

H '_:—'ibn‘

n

L ’ ,
=17 2:q,’l—-;l’—)sgn(z) :

1==1,3,5. ..

4) TWe discussicn cf the cbtained rasults.

Page 28.

! {
-l -

taking into

field expressions

:q(‘—i) > Yz.,.HS"(ql A et TR B P

Tt

n g
Vi HP (g7 ol n=242

41

Expressions (38) and (39), that describe field in the slot,
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consist even three members. The first, most important, reprasent the
field of geomatric optic/optics; it is possibla to obtain directly
from the squaticn of Maxwell, assuming/setting E(y, z)=E(0. ze~'* in
the vicinity of slot. Special attention shculd be paid to the
dependence of this term on n, With n>g the phase of magnetic field is
shifted on w/2 with respect tc the electric field. This can be traced
in Pig. 3, where are given graphs/curves in relative unity H..(2) for
q=8 (2a=4)x) and diffarent n., Solid lines designate modulus/module
H.a(2). and broken - phasa f:n(2). 'Graphs/curves are constructad on the

base of rasults numerical of calculations.
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Page 31,
Coaputation of Poynting's vector.

Now we can raturn to the initial problem and compute the rover,
transferred through the slct. Average/mean power coefficient,'passing
through the unit of area of slect,

a
1 ' .
P = \ : E (9 H] . (2)dz 142

amm

Syesbol "#" jindicates the compcsitely conjugated/combined value.

The nonorthogcnality of the postulated partial fields which
differ f{rom the eigenfuncticns cf slot, imply the presence in (42) of
“crossed” products. Pormally these products are obliged to the second
and third terms in expressicns (38) and (39) for the transverse

magnetic field.

substituting (1) and (38) or (39) in (42) and carrying out
simple transformations, ve ckttain with an accuracy to the unessential

constant factor

I g T,
P-_-_-?:b,_bn | =t (43)
n

b,
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where

n—m
C m——n b . 2
ot TR S T

Ti, : ba

\/\(1—%)‘:“%.1‘&.,.],

2, = J"-ISHQ) (t) sin (at) dt.

Por odd n the additicn ir the sum with the prime must be carried
out through odd m, and in the sus with two primes - on even 1, for

even n - vice versa.,

It is similar to expressicn for f:. the obtained result consists
of three meambers, Significant role in the transfar of pover plays the
first of them. With n=q the cchynected with it flow disappears, with
n>q is contained only reactive gcwer. The remaining terms which are
obliged to the connection/ccmrmunication between the partial fields,
describe the flcw cf both active and reactive power, The form of
these tarms makes it possible tc considar that the close couplings

CCCcur near m=n.

Thus, with n>q the flow cf active power through the slot is
obliged to the prasenca of the seacond and third terms in the
expression for H.. and it is significantly connected with the

accumulation of resactiva power.
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Page 32, }
Deteraination of stecred erergy.

Although for us it was possible to find expression for the
composite power flux hcwever there are no data about the total energy

cf electrical and magnetic fields, accumulated in the vicinity slot.

This occurs because the imaginary part of Poynting's vector is

proportional tc a difference ir the asentioned values.

Por determining the tctal energy of field we will use the method
of equivalent circuits. Let us re€place the space into which emits the
slot, by the set,/dialing cf the interconnected circuits. wWe will
consider V, as the input impedance (or admittance) of the n circuit.
1f %%i. exists, it is continucus and tikes negative (positive)
values, then we will deal concerning the consecutive (parallel)
circuit concerning input impedance Z, (admittance Y.\ as shown in
Pig. 4 (series circuit) and 5 (parallel circuit). Therefore

3 ] _'. L] .
exptess1on?r[ fJLbn.can be treated as the square of current OC

voltage on the input of the an circuit.

———
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Thus, to each partial field at the fixed/recorded frequemcy will
correspond the specific currert (cr voltage) and impedance (or

adaittance).

Por determining the total gquadergy, which 1s contained in sach

circuit, let us use the method, proposed by Chev [4].
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by

=
[T

Pig. 4. Pig. 5.

Page 33.

Lat us replacs 2ach circuit with the simple BLC-outline, which
possesses ia th2 vicipity of the assigned operating frequency

previous dependence on the frequency. Then, taking into account that

d d . ;
mjr—~=q—zr - the total reactive power, reserved in the systen,
w

! 1/ i . .
o= 7Mbby b g 2Im L, (46)

Measure of superdirecticnality.

It is now already 2asy tc introduce the following measure of

superdirectionality:

0 | CpeIMAR CYMMapHas PedKTipHAn 3IHEPrHs. aNaceWHas B CHcTewe (1)
9
2

«

.
(DEIHHS AKTHBHAA 3HEPTHUA. TepAeMaf B cHCTeMe (2)

Key: (1). the averags/mean total quadergy, stored up in the systenm,

(2) . average/mean active enercy, lcst in systenm.
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wvhich in the case of the rescnant slot coincides vwith the usual

determination of the ensrgy factor of resscnant circuit,

The introducad value is the convepient measure for those
physical limitations which are inherent in the electromagnetic
radiatiocn of slot. These limitations are oktliged tc the large
accumulaticn of quadergy and lcw efficiency in the radiaticn/eaission

of the highest partial fields, excited in the slot.

In the general case

o[ | d
vbbqk—2m%
=

|

(47)

Q;=

N bab, (2 keUnl

In the particular case when only n partial field is excited in
*he slot, it is possible tc sreak about its measure of the
superdirectionality:

ld 1]
l—2omu,.
¥4 "

Q="—Ft-—o 148)

2RelU,

As arn sxample ¥able Z gives values Qn for q=8, obtained as a
result cf numarical calculaticns. They are light to note that for n>q Q.

accept tha substantially bigh values.

e —
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Yable 2.
! ! |
a I Qq | a ! Q
|
| 10,3184.10=" | 2 |0,4559. 10~
3 0.3657-!0“1 4 {0,7911-10~"
5 | 04953.10-' | 6 |0,2216
7 | 0.609.10"" ; — } -
9 | 0,3575.108 ’ IC 10,3203 10
I1 | 04767108 . 12 [0,4603.10¢
13 | 0.6380.1020 | 14 10,6322 10
15 1 0.8487.102 ' 16 [0,8457.10
17 10,1109-10 | 18 |C,1108.108
19 | 0,1425 108 20iOJ4%J@
21 0.1805.10¢ | 22 |0,1806-108
23 lo.2254-1os 24 \o,zzsz.ml
! |
Page 34.

Conclusion/output.

In conclusion we come tc the ccnclusicn that for the high values
of n,the dﬁpartial field enmits less a2ffectively and requires
larger energy content, stored up in the vicinity of slot.
Consequently, in practice it is considered advisable to consider

only partial fislds with n<q.

This conclusicn will agree with the classical theory of tha2
diffraction where it is disregarded by the effect of the hiyhest

types of fields in the aperture in the radiation field.
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SOLUTION OP THE PROBLEN OF THE SYNTHESIS OF ANTENNAS WITH THE AID OF

A COHERENT OPTICAL SYSTEN,
L. D. Bakhrakh, Yu., A. Kolosov, A. P. Kurochkin, v. I. Trcitskiy.

In the article are given the results of the theoretical and
experimental study of the *ask of the synthesis of flat/plane
aperturs vith the use/applicaticn of a coherent optical systeam. Are
analyzed the methods of the cptical simulatior of antennas in
conrection with the task cf synthesis. Are examined the special
features/peculiarities of the recording of the transparencies, whick
imitate the preset composite radiation patterns. Are given ¢he
diagram of optical installaticn for the synthesis of antennas with
the flat/plane aperture and the results of the synthesis of sonme

radiation patterns.
Introduction.

It is known that for the flat antannas with the large electrical
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sizes/dimensions of aperture the task of synthesis can be
sufficiently accurately sclved by the rotation/access according to
Fourier of the preset radiaticn pattern. In the majority of the cases
+he analytical expression of Pcurier transform preset diagraa is
absent and it is necessary to rasort to the numerical integratios. In
these cases the solution c¢f groblea is accompanied by bulky and
prolonged computations even during the use/application of TsVM
[digital computer]. Besides entire other, a similar

cperation/precess, 2s is known, it is mathematically incorrect.

On the othar hand, it is known that the lens in the ccharent
nptical system realizes a two-dimensional Pourizr transfora of one
€ocal plane into another [1). This fact makes it possibla to utilize
2n optical syst2am for the scluticen c¢£ the problem of the synthaesis of
antennas vwith the flat/plane agerture, i.e., the determination o€

field in the aperture by the freset radiation pattern (2].

Optical simulation reduces the problem indicated to the tasks of
producing the transparency with the recording of the preset function
and recording of the obtained Aistribution of light field. In
connection with the siasulatico cf radiation patterns these
oparations/procasses are sufficiantly davelcped., The solution of
thesa problams in the case cf the synthasis of antennas has a

series/rov of the special features/peculiarities which consist of the
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followirg., Pirst, the amolitude charactsristic of radiation pattern

has, as a rule, considerable drcgs/jumps in the levels.

Page 48,

Since photographic latitude and noisas of photoeaulsion are fimal,
“*he recording of such distributicns presents difficulties. In ¢the
sacond place, with the synthesis of antennas it is necessary to
measure not only amplitude distribu+ion,. but also phase of light
field. Finally, the intensity of the signal of substances the forming
aparture is sufficiently weak, and therefore the significant role

have the noises of optical systan,

In the vork are examined the fundamantal and technical problems
of the resolution of the *task c¢f the synthesis of antennas with the
2id of the cohesrent optical systom, are given the results of

inpvestigation on the synthesis cf the simplest distributions.

Diagram 9f the solution of the problam of synthesis with the aid of

*+he coherent optical systesn.

Raliation pattern in *he ganeral case is composite function, and
for its reproduction in the cptical systa2m it .s necessary

simultaneously with the amplitude modulation to ensure phase

A3 3 M) EEEE— B

— &
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nodulation of light wave, Mcst simply task it would be possible to
solve via location in the field of the light vave of transparency
with the variable/alternating transparancy and by thickness.
Unfortunately, it is sufficient developed method of production with
*he optical accuracy of the files of variable/alternating thickness,
which ensure direct three-dimessional/space phase modulation of light
vave, thera does not exist. Thersafore for the creation of the
amplitude-phase distributicn, which coincides from the preset by
radiation pattern, it is necessary to utilize different indirect
rethods which make it possible tc fora/shape the required
distribution of light field with the aid of the transparencies, which
have only variables/alternating transparancy. Por determining the
amplitude distribution, which ensures as a result of conversion the
praset phase, can be used the methcds of the mirxed synthesis of
antennas [ 3, 4) or the mathod of recording on the carrisr
threa~-diassnsional/space frequency. The present investigaticns ware
conducted during the recording c¢f radiation patterns by the secord of

*ha methods indicated.

If g(x, y) and #(x, y) - respectively amplitude and phase
radiation patterns, then in accordance with the method of recording
at the carrier three-dimensicral/space frequency is manufactured th=
transparency the coefficient ¢f transmission of which is changed

according to the law
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Pix, yi =8y bygix. ylcosuyx+ uyy +q(x. y)l (1)

moraovar

gx <1, > b,
Here a, and b, - amplitude of ccnstant component and radiation
pattern; u,;, u, - coaponents cf *the carrier three-dimensional/space

€requency; x, y - coordinate in *he plane cf traansparency.
Page 49.

Pield in the focal plane ¢f the lens, in front focus of which is
placed the transparency with the recording of the distributior of
form (1), it is possible %to present in the form three compcnents, one
of which is the Pourier transfcrm the preset radiation pat+t2rn and is
arranged/located in the vicinity of the point:

p=l o
x

6= ‘
L1

vhera £ - focal length of lans, ~=—?f; i, — transverse (Cartesian)

coordinates in the output plane. This distribution is the soluticn of

*he problem of synthesis.

Second component F,(:,n) is formed/shapad in the vicinity of
point §=-—J%L;n=-—~%£ and it prrcves to be compositaly
conjugated/combined with tha Fcurier transform of the prese+

radiation pattern. Third comgcnent/term/addend - "constant coaponent"

R, —_—

.
L 23 B eT——
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—Fi(3.m) is the Pourier transfcrm of even distribution with an

amplitude of ag,.

Photographic recording of distributions at the carrier

three-dimensional/space frequency.

Por the recording of radiation pattern at the carrier
*hree-dimensional/space frequency it is necessary to prepara tha
transparency the coefficient cf +transmission of which is changed
according *to the law (1), Virtually lapping recording it is realized

by a photographic method.

Let us examine some special featuras/p2culiarities of this
recoriirg., The first special feature/peculiarity is connected with
the limited photographic latitude and the amplitude noises of film.
By photeographic latitude of films here is understood the ratio of the
naximum and minimum coefficierts of transmission, which can be
realized with the aid of the rhctographic film in the limits of the
linear saction cf characteristic curve. For the =a jority cf
photoenmulsions this relation has value on the order of 100. In the
recording the maximum coefficiept of *ransmission corresponds t> the
points, at which function (1) is saximnm. Is obvious, Puwe=/{(a0+0bo)2
Respectively puw=(a,—by)2 Frce cendition e _y9) we find %hat,

Punn
% 08 The amplitude noises cf photographic f£ilam are connected with

P
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grain structure of photonsulsicn. The root-mean-square deviation of
the amplitude factor of transmission, which corresponds tc
average/mean photographic density 1.5, for the utilized photographic
material composes 0.02. Consequently, the values of function g (x,
y)are less than 0.02, prova *c te at the level of noise and

accurately they cannot be repreduced.
Page 50.

relative, for example, to the recording of function(hin ax/ai)
latter/last evaluations/estimate means that via recording at the
carrier three-dimensional/space frequency it is possible tc reprcduce
cnly on 10 lobes/lugs to each side from the principal maximunm,
However, as show experiments, this it is ccmpletely sufficiznt for

the synthesis of unifors linear apertura,

The second special feature/peculiarity of recording is connected
vith ths limited resolution of racording equipment, that it does not
nake it possible to accurdtely reproduca function (1). Most
rcticeably this special feature/peculiarity is developed during the
reacording of tha radiation patterns, which have complicated phass
response, An increment in the rhase is a2vinced by a change in the
period of carrier, and in order to corr2ctly transmit this change, it

is necassary in the limits of each pericd to have sufficlently larges
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nuaber of elements/cells of recording. For this it is necessary to
increase the overall size of recording, which leads to the dacraase
of sizes of the forming aperture and it is connected with tha
inconvenisnces 5f measurements. During the recording of the radiation
vatterns vhich are sxpressed by the real functions, which take
positive and negative values, limitations in the resolution are
ranifestal to a lesser dagrea, In this case it is possible not te¢
reoroduce precise values of function p(x, y) within the linmits of the
period of carrier, but to write/record only its values in those
currants vhere cos ux takes value of +-1, Por example, in the case of

cn2~dimensional film recording is reproduced the function

P(Xg) = ay + by (— 1)"g(n A X)]. (@)

This recording is aquivalent to *he replacement by the
sinusoidal carrying by square pulses length, equal to the half-period
of sinusoid. Por each period of carrier now fall only two
slements/cells of recording, and it nmeans, the density writing of the
preset function g(x, y) can be sufficiently high. It is obvious that
*he rectangular shape of pulses is not nacessary. It is required only
so that correctly would be transmitted the values of the
vrittan/recorded furction in the maximuvas of carrier. Thus, as
carriar can serve any periodic function. In ¢he case of carrisr,
different from the sinusoid, appear the images of aperture at the

threa-dimensional/space frequencies of multiple ones to fundamen<tal




DOC = 81082102 PAGE 3
frequency.

Actually/r2ally, let the carrying signmal s(x) periocdic and its

Pourlier series take the fcrs

2n
5(x) = 2 Ca €O - A%, 3)

na=|
wher2 2r/T=u - fundamental frequency. Substituting s({x) into fcrmula

(1), we will obtain

P(x, y)=[ay + byc18 (X, y) cOSux + byesg (%, y)cOsux + , , .\ 0]

Page 51.

The first tvo memkers in exgression (4) coincide with the
functions, entering in (1), and the third and those following cause
*he preset radiation pattern at the three-dimensional/space
frequenci2s, multiple of basis. The presence of these
componants/terms/addends in the uritten/recorded distribution laads
to the appearance of supplemartary imagas of aperture in the
appropriate places for focal plane, Howvever, tha intensity of these
images proves t5 be small, since during the practical recording s(x)

it is such, that always |a|<€|a| for any n>1.

Amplitude relationships/ratios with the synthesis of uniferm linear

and rectangular aperturas,
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The question about the arrlitude reolationships/ratios with the
solution of the problem of synthesis with the aid of the optical
systam arises on the follcwing reason. 0f the aforesaid above it is
clear that simultaneously with unknown field F({, n) 4is always present
“he field of corstant comsronent Fy(i, ). Function ‘Fy(, n) decreases with
*h2 increase/growth &€ and n and in tha ragion of shaping cf useful
@istribution has low values relative to its maximum. However, as it
will be shown below, the intersity of field F/(i n, is also spmall.
Consequently, the presence even cf weak extraneous field can lead to
+4%e undesirable distortions ccnsisting in the parasitic oscillat ions
cf tha intensity of field in the forming aperture. On the same reason
*he significant role play the ncises of optical system. Pundamental
enerqgy of field at the output cf transparency falls to the constant
component; the noises of system are determined in essence by areca and
diaphragm shape, vhich 1limits light field at the output of
*ransparency with recording (1). It is obvious, formation conditions
for useful distribution depend c¢n the form of diaphragm to a lesser
degrea when field g(x, y) out ¢f +the aparture of diaphragnm is
sufficiently weak. Therefore, selecting by correspondingly form and
size/dimension of the forming apertura, it is possible to brirg
*ogrther undesirable distcrtic¢ns to “he minimum. Let us de+termine the

relatiorship/ratio of usefnl ard interfaring signals based on the
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gxample of the synthesis of linear and rectanqular apertures with the

uniform cophasal distributicn.

The radiation pattern ¢f linear aperture with the unifcrn

cophasal distribution takes the form

gl =28, (5)
Function (5) is not composite; havever, i+ takes both positive and
negative values, that it does rcot make it possible to¢ reproduce it
directly with the aid c¢f the transparency, which has only

variable/alternatingy transparencye.

page 52,

Let us record the preset diagrar on the carrier

threa-dimersjonal/space frequency, for which in accordance with (1)

let us prepare transparency with the coefficient of transmission,
vhich changes according tc the law

y , sinax 2
lag + bycOs ux —— |

px. )= U
| 0 ngh x| >

Key: (1) . wvith.

buring the recording the transparency always has finite

dimensions, that also is raflacted by tha corresponding inequalities
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in formula (6). From the point ¢f view of useful signal tke limited
sizes/dimensions of transparency do nct play the significant rcle, if

l
in interval lﬂ<:j; is arranged/located a large numbsr of lobes/lugs

of radiation pattern, which occurs with al>>1. Calculating for this
by 3(x) fanction F,(&, n), Foli, 1), it is possible to find that the
ratis 2f field level of useful signal t> the constant value comporent

in the region of shaping cf *he synthesized aperture

=nbe 1t
M—"zar’ )
vhere T - pericd of the carrier three-dimensional/space frequency:
*=w/a - axtent along x axis of one lobes/lug of radiation pattern on

*he “ransparency.

In the casa of rectangular apertur=s the coefficient of the

transmission of transparency takes the form
1y

[ sinax sinsy 2 ! . A
; -4+ — —— - —_—
l‘ao by cosux ar By ] npH x| <. 5 1yl < T
pix,u= 0 18)
0 i h
npH (x| < lyl > 5

Key: (1) . with.

The distribution of constant ccmponent depends on the
rrierntation of the rectangular diaphragm, vwhich lisits the
csizegs/dimensions of transparaency, Let us examine two cases. In the
first - the pair of the sides c¢f rectanyle is perpendicular to x

axis, 1.3., it is parallel to *he bands, which fill the lotes/lugs of
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radiation pattern (see Fig. 3). The secondly - the sides of diaphragm

are directed at angle toward the direction indicated.

Onder the assumption al>>1 and Bh>>1 it is possible to find for
+he case when the sides of limiting diaphragm are parallel to the

bands, which £ill the lobes/lugs of radiation pattern, that

M=.-.?l:°—;-—:-. (9)

vher2 r, q - respectively the sizas/dimensions of the lobe/lug of

radiation pattern alorg x and y axes,

Page 53.

Wh=r square diaphragm with the side 1 is expanded/scanned at angle of
459 +o0 the direction of bands, value M is maximum and is determined
by the formula

Thus, the ratio> of useful signal %5 that mixing in the casas
examined is given by expressicns {7), (9), (10). Value by/a, entering
!{n tham, charactaerizes the ratio of constant compoment to the maximum
of *he vritten/recorded signal and is selected, as a rule, the squal
to 0.5-0.8 of the consideraticns of lin2arity recording (ses above).
It is obvicus, the accuracy of the determination of distributicn ir

“ha aperture will be the greater, the greater the value M. On the

- A s O E—.



DnC = 81082102 PAGE 4‘7/
basis of the obtairaed relaticnships/ratios we come to the conclusion
that for this it is necessary to increase a number of pericids of
carrier in the liaits of each lcte/lug 2f radiation pattern. In this
case, howaver, operate the fcllcwing limitations. An increasa in the
sizesdimension of lobe/lug sith the
retention/preservation /maintaining of pericd leads to the decrease of
size of the forming aperture, which creates difficulty in the
measurement of distribution Fi(: n). Wher2as the decreas2 of the period
of recording is limited by the possibilities of recording equipment.
usually the step/pitch of reccrding, realized in the available
equipment, it is 0.02 mm. In this case for example, considering
r=q=0.1 and as the h=3 mm, we find that M equally to with respect 4;

0.1 and 130.

A doacrease in the level cf the constant component in the ragien
of shaping of aperture can be also achiaved/reached by use during the
recordingy of function p(x, y) ¢f supporting/reference coamponent of
form uri¥. y' with values of ©(x, y), which abate to the edges cf
aperture [(r(x, y)<1) under ccrdition apr(x, y)>bag(x, y). Por the
selection of function r(x, y) it is possibles to use the kncwn
dependences hetwveen the side-1lche level of radiation pattern and tha

means of distribution in an*enna apertura.

Expariments shov that in tha optical system the ratio of useful
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signal to that mixing is sufficiently close to the value, obtained on
the basis of formulas (7) and (9), and strengly it differs from the
value, given by formula (10). The reason for disagreement consists of
the following. All preceding/rrevious formulas are written under the
assunption about the fact that the interference, superimposad on th3
usaful image, are the remcte lcbes/lugs of the regular diffraction
pattern of constant component Fo(i.n). In th2 first two cases examinad
this assumption it proves o te valid, But in the case, vhen imge is
formed/shaped in the diagcnal section of constant component, +h2
level of the mixing field is determined by the noises of optical
syst2m, proportional to the maximum of constant coaponent Fy(t.n). 1%
is easy to find that the ratic cf useful signal to the interfesrance

is inversely proporticnal toc the area of limiting diaphragm lh:

G0 1
Fo(0, 0) '

Page 54,

Thus, tc the sizes/dimensions cf diaphragm are presented
contradictory requirements., On c¢ne hand, of the condition of the mecst
precise reproduction of field in the aperture it is desirable to have
large-siz? how possible diaphrags., Howaver, from the point of view of
*he smallest effect of the noises of optical system it is necessary

+0 decrease the size/dimensicn cf diaphraga,
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Experinental results.

As it vas noted above, one of the special fe:tures/peculiarities
of the solution of the probles of the syntheasis of antennas is the

nead of determining phase field distribution in the aperture.

In the present work for seasuring the phase vas utilized the
method, wvhich consists in reccrding of finterference pattern, wvhich is
formad as a result of adding the measured field with the
supoorting/reference, by the field whose distribution is kpown. The
special features/peculiarities cf this sethod in connection with the
nmasuresent of phase distributicn in the optical range are examined

in work [5].

Experiments in the synthesis of antennas were moved cn the
installation vwhose schematic vwas depicted in Pig. 1., The lower part
of the diagraa (microaperture 3, microszope objective 2, collimator
4, converting lans 6) is analcgous to the diagram, utilized during
the optical sinmulation of radiation patterns. Semitransparent amirror
9 splits the beam of laser tc twc, moreover so that the power, which
go?s into> the lcwer (fundamental) channel cf system, considerably
exc=2eds povar in the suppcrtirg channel., As the collimator of
supporting channel serves the ccnverting lens of 6 fundameantal

channels,
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Fig. 1.
Page 55,

Plane-parallel plate 12 turns at necessary anglez the froant of
supparting/references beam with respect to ocutput plane 7.
Trarsparency S with the recording of radiation pattern and limiting
diaphragm 13 vere placed in the front/leading focal plane of lens 6
taking into account the effact cf plate 12. As collimator 4 and
converting lens 6 were utilized the objactives in focal length 400
mm. As the light source served a laser generator of the type LG-35 in

wavelength 6328 ;, vhich works in the one-mcde mode/conditioans.

Investigations were conducted with the radiation patteras of the
form

nx
2
nx

—

2

sin

cos{é} +-¢). (1)
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which, as it is known [6)], are created by linear aperture by length
2w with the uniform aamplitude distribution and by phase distribution,

vhich ckanges according to the law (Fig. 2):

Py =1 0<y<=1 (12)
Lo ==y —n<y<O0l
Purtharmore, was conducted the synthesis of the square aperture,
which has radiation pattern &79%% S12¥ yhich corresponds to cophasal

ax ay
equal-amplitude distribution.

Transparencies with the recording of radiation patterns at the
carrier three-dimensional/space frequeancy vwere amanufactured with
photographic method on the phctographic plates of the type "Mikratw,
Recording was conducted at the different values of the period of the
carrier three-dimensional/sgtace frequency, the approximately equal to
0,02, 0,048, 0.08 om=! and a,/tya=2. From the considerations of maximum
density and simplicity of reccrding the carrying signal was assigned
in +he form of the sequence of square pulses with the width, equal to

the half-period of carrier.
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Due to scatter of light/world in the 2mulsion layer and blurred image
cf the 23dges of the recording slot the carrying signal was somewhat
differant from the sequence of square pulses. This property of
recerding in this case is useful, since it leads to the decreas2 of
th2 valua of signals at the three-dimensional/space frequencies,

multipls to fundamental freaquency.

Piy., 3 depicts photographs of the recording of th2 radiation
patterns, which corresgond tc fcrmula (11) with oy =0; w/l; »/2; w;
vith the period of the carrier 0.08 mam=?, while in Fig, 4 - the
picrophotogram of the reccerding of radiation pattern at the carriar
fraquency when ¢=0. i.,e, diagras i%%f (rig. 3a). On the
picrophotogram are noticeable the Qoises of recording the caused by

grain s:rtucture photoesulsions and leading to the divargences cf

results recordings from the presaet function, by especially noticeablse
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in the region of wveak side loktes, Statistical processing of
microphotograams shows, however, that on the average the preset
function is reproduced with the relative accuracy not worse than
10o/0. Por eliminating the effect of the phase noises of photographic
material, caused by the inconstancy of the thickness of 2mulsion and
support/base, the transparencies with the recording of radiation

patterns were placed into the ismersion (cedar or castor oil).

R
-
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Pig. 3.

Page 57,

Pig. S5 depicts the photcgragh of field disetribution in the
output plane for the case of the synthesis of square aperture with

x=p=6v; u=80r (ses (8) ].

The image of aperture (a) is formed/shaped at a distance.of 10.5
sm from the maximum of constant component (b). The square diaphragm
{se2 13 in Pig. 1) by the size/dimension 3x3 of mm2, “hat limits tha

apartura 5f transparancy vith the racording of radiation pattern at

—_—— e e
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the carrier three-dimensicnal/space fraquancy, wvas oriented at angle

of 459 to the direction of the tands, which correspond to the

carrying signal.

AT b St bt

-w e e i - e .
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Pig. 4.

Fig. S.

Page 58.

Pig. 6 depicts the photcgraph of distribution in the output
plane in the case of the synthesis c¢f linear aperture with u=50» and
v=0 In Fig. 6 are noticeable the images of aperture at the
*hree-dimansional/space frequencies, amultiple to fundaman+al
fraquency, vhich vere discussed above, The intensity of these images

is mora than by an order lower than intansity of image at the
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fundamental freguency. At other values ¢ is observed the siamilar
pattern., Por decreasing the level of the ccnstant component in the
region of shaping of aperture thae lateral sides of aperture 13, which
limits field at the output cf transparency, were arranged/located at
small (20-309) angle to each other., In this casa was utilized the
known property o>f flat/plane aperture in the form of trapezoid, which
consists in the fact that in tha flat/plane section c¢f
three-dimensional/space radiaticn pattern, parallel to the
foundations of trapezoid, the level of lobes/lugs is considerably
lowar than the level cf the lctes/lugs >f rectangular aperture in the

same section.

The distributions, depicted in Fig. 5 and 6, correspcnd to the
case vhen reference signal is atsent, and they make it possible to
detecaire amsplitude distributicn in the aperture. The results of
measurem2nts shov that it is clcse to the uniform; however, are
o~bserved the sxall divergences, caused by the backgrcund ¢f constant
componert, With the synthesis cf linear aperture they have regular
character and can be easily measured or calculated independent of the
forming distribution and are introduced into the fipal results as the
correction. With the ncise character of background the latter is

considered by the corresponding statistical processing.

Por measuring the phase distribution wvas input/embedded the

—_—




DOC = R1082102 PAGE 2

s>

plan=s supportiny/reference uwava whose lntensity was selected by the

aqual to the intensity of field in the aperture. Obtained in this

case pictures are depicted in Pig. 7. When supporting/reference wave N
falls to the output plane at tha angle, which differs from 90°,

apoears interference figure, width and orientation of which depend on

angle of incidence, Prom Fig. 7a it is 2vident that the bands have on g
everything apertures equal vidth, morsover structure reqgularity is
not disrupted during their artitrary oriesntation., These facts tastify

about the constancy of phase ir the synthesized apertura.

Por measuring the phase the front of supporting/reference beanm
vas established/installed at the zero angle to the measurement plane.
Chtained in this case picture is depictad in Pig. 7b. The intensity
cf total field at any pcint ¢f aperture coamprises not more than 0.02
from the intensity of reference signal. Consequently, the divergences
of phase from the constant value within the limits of aperture dc not

axceed 100°,

Pig. 8 as an examrple gives the pictures of field distributicn of
output plane with the synthesis ¢f linear aperture for W=0 and ¢={?-
#2asuremsnts of phase distrikuticn in the avperture, which is fcromed
into the result of the synthesis of the radiation patterns of form
(11) whan w==0w%nl}.£ﬂ give the valumes of a phase difference on the

2
faults of aperture, the respectively equal to 0°, to 459, 909, 180°
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{vi*th accuracy of +~79), close to the given ones. The coincidence of
*he preset phase distributicns with those measured testifies, on one
hand, a®out the high accuragy cf shaping of distribution in the
synthesized aperture and, therefcre, about the sufficiently high
accuracy of the recording of transparencies, on the octher hand, about
the possibility of measurement with the high accuracy of phase

distribution.
Page 59.
Conclusion.

The results of theoretical and experimental studies make it
possible to make a conclusicn atcut the possibility of using the
coherant optical systems for the solution of the problem of the
synthesis of antennas. The prchblem of the recording of composite
radiation patterns is solved with the aid cf the method of recording
at “ha carrier three-dimensicpnal/space frequency. Appearing in this
case interferences, connected with *he background of constant
component, can be suppressed by the adequate/approaching selacticn of
size/dimension and diaphrags shage, value of the carrier frequency
and form of reference signal, The problam of determining the phasae
distribution with a sufficient accuracy is solved by the measurenmen*

of interference pattern, which is formed as a result of adding the

P ran—
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forming field with the kncwn reference signal.

Is considered by advisable further development of the synthesis
of antennas by the method of cptical simulation, in particular,
development of the methcds of the synthasis of antennas with *he

nonplanar apertures.

2 L Al eeS—

————
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Page 108.
THIN MAGNETIC IMPEDANCE ANTIRNAS.
E. A. Glushkovskiy, B. M. Levin, Ye. Ya. Rabinovich.

Are given the results cf arglying the impedance boundary
conditions to the solution of the problem about the excitation of
+hin magnetic radiator/rescnatcr/element. Specifically are exaained
the thin ferrite of the finite length, 2xcited by the framework, and

the narrov slot, gashed in +the ccnducting cylinder.

In the preceding/previons woerk of the authors [ 1-3] vere
investigated thin electrical iampedance antennas. Using the obtained
‘hera results, in the present vwcrk will be examined magnetic
i mpedance radiators/resonators/elements, i.e., the antennas on

surface 9f which it is possible to formulate boundary conditions of

the type
E
7&.———2.
vhers E., and H. - components cf the jntensity/strength of
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respectively electrical and sagnetic fialds: zpA# - orthogonal
cooriinates on the surface of antenna; Z - surface impedance, in the

general casa composite.

In this case will be investigated the case, when impedance Z
affects currant distritution already in the zero according to X the
aporoximationsapproach vwhere 1=;(mné¥fd - lov parameter., (Here ([ -
the reach of radiator/rescnatcr/element, a - a radius of
radiator/resonator/elenent) . Such antennas, as it will be shown
below, are, in particular, the magnetic bar, excited by the
framework, and the narrow slot, gashed in the conducting cylinder.
These antennas vere investigated by the method of eigenfunctions by
A. A, Pistol'kors [4-6]. In the works indicated primary at%ention vas
given to the explanation cf the structure of electromagnetic field
and ¢to the deteraination of the transmissicn modes, which appear

during different excitaticn of these antennas.,

In this work it will be shcwn that, using the concapt of surface
impedance, it is possible easily to obtain and to clearly interpret
the serias/row 5f the fundamental conclusicn/output, done in [4-6]),
+0o do a1 saries/rov of newvw ccnclusions/output, and to also record
exprassion for this virtually interesting characteristic as input

antenna resistance.

[ TWRT
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magnetic current distributicn along the antenna. Input resistance.

Radiation pattern.

In work [7] vas obtained the integrodiffersntial equation fcr
*he magnetic current J, which flovs along the impedance
radiator/resonator/element (alcreqg the axis z):
fa (kz — 2i kZ, _Q’Z.} J=—4zi u)po‘/_[Hg’.(Z) -~ G, 2 2
whers k - vave propogation ccnstant in the free space, uo 2nrd %o -

respectively magnetic permeability and vave impedance of free space,

It is obvicus that for tte exprassion

=) -2t 2 3)

it is necessary to ascribe tte sense of the propagation constant of

magretic current along the radiator/resonator/element in questicn.

Prom expressicn (3) it is evident that with satisfaction of
Z .,
condition E:*-:% the iampedance will affect the propagation of
currsnt already in the zero apgroximaticn, and also, that, if

impedance Z purely reactive/jet and does not satisfy the inequality
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*+h2n propagation constant k, will ba imaginary, i.e., magnetic

current vill not be prcpagated along tha antenna.

Using the results, obtained in [2)] for the electrical iampedance
antennas, it is possible, without solving equ. (2), to write foroulas
for the current distribution ard input admittance of the magnetic
impedance radiator/resonator/element, mxcitad by concentrated
nagretomotive force ew of that applied to its middle. In the first
on x the approximation/approach we will obtain the sinusoidal

distribotion of the magnetic current

.k 24Cn .
=iy —= e sink, (l —|Z|) {9
I = kg SR 121

and purely susceptance:

1 ﬂ k

Y =iW,ctgkd; W, = = ;
1CLE Ry 1 (20ny 16)

vhere 94, - has ths sensm of wave impedance.

Page 110,

The account of the following approximation/approach gives

exprassion for the magnetic current in the place of the feed

. #240n . k \2 12072
J = y -_— -—— 2
(O) ! *l €08 k]l L!m sin kl (l l z l) ( k, ) /. cos? "ll

bk A
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and for ipput admittance

im z.
v= = . ® {

' wvhere Z, - input resistance cf the electrical

; radiator/resonator/element, which has the same gaometric parameters
and the same value of propagaticn constant k, as magnetic

| radiator/resonator/element. Bxpraession for 7, and for o(k,, k, 1) is
the sufficiantly bulky combination of intagral sines and cosines and

is given in (1] and [2].

ttilizing the expressicn, ottained in { 1] for the field in the
remote zone, crsated by alactrical impedance antennas, let us racord
formula for the radiation pattern of th2 magnetic impedance
radiator/resonator /element:

Fg, %= @ |cas (Rl cos 8) — cos kyl]. ©

x|x,

— cosa 8

/
\

Let us note that with k,=k foramula (5)-(9) they pass into the “

appropriate formulas for ideal radiators/resonators/elesents (Z=0).

L3t us determine the input resistanca, introduced by magnetic

radiator/rasonator/elemant intc its feeiing framewvork with the
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curr3ne:
Zyy = Ynas (10)
Ip
where (... - emf, induced by magnetic radiator/resonator/element at

“he framavork, ip current, which flows along the frasework.

Induced eaf is equal to the magnetic current of
radiator/resonator/element at the pcint of excitation J(0), and the
currant of the framework is nagnetomctive force =m applied also tc

+ha point of excitation. Then

{1

1

Por the practical calculaticns of the input resistances of
relatively short radiators/rescnators/elements mhg-%q it is possible

Z to determine according tc the sufficiently simple formula:

Z,=R,LiX,= w(ki)’tg-’% —i1920 ’;—‘(ln—i- - l)ctgk,l. (12)
1

Prom (11) and (12) it is evident that the coupled impedanca will
kave resonance character and reach maximum at the points where X.=0

This first resonance will be in regicn k,l:-%-

Ferrite, excitesd by the framevwcrk.

In order to> use the results of the first section, it is

o et o pmm ey -

et

.

N
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necessary for each concrete/specific/actual antenna to know the value o

of surface impedance.
Page 111,

The surface impedance of ferrite core can be approximately found
from the solution of diffractive problem for the round infinitely

long uniform rod on surface of which is satisfied boundary condition

(1) L]

Examining the excitation cf this rod by convergent cylindrical
vave, vwe will obtain the system cf equations of Maxvell in the I

cylindrical coordinates:

7 = —iw: E
(13)
1 a
Tg(pE{): —l(A))H,
whera u and ¢« - paramaters of farrite.

Otilizing a condition of the finiteness of electrical fieli

componsrt £. with p=0, we find

E "
Z=—g | _ =il ]/4 %1 (ma) (14)

i, Jelma) °

vhere m=£kV vz, v, s, - with respect the relative magnetic and

dislectric permeability of the ferrite: (in actuality one must take
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into account the demagnetizing factor, i.e., by u- to understand
affactive permeability); J, (ma) and Jg(ma) - tha corresponding Bessel
functions. By losses in the ferrite negligible. To take into account
thea is possible the intreducticn to composite permeability

p.=p’ —ip” as this done in [1].

Exprassion (14) for the surface impedance is aoproximate. It is

correct for the case ¢f stems (ma<<l).

In this case the surface impedance

Z=i60ny, ka (15)

Aftar substituting (15) in (3), wea will obtain exprassion fer

+he propagation constant

2 . (16)

// e A
l f‘ra'lnT

k,=

Proa (16) it immediately follows that for the propagation of
magretic current along the rod i*t is necassary to satisfy the

following condition:
wat 2

2 a o

o (N
2

Approximately/exemplarily the same expression was obtained bty A.

A. Pistol'kors for the antenna being investigated in [4) as the

e

FREIEFE e S LR
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condition with fulfilling of which the antenna loses elementary
directional characteristic, inherent in the framework. As it fcllowvs
of the aforesaid above, this ccrdition acquires nov supplementary
interpretation as the conditicrer of the onset of magnetic current in

the rod.

bage 112,

It is obviocous that scluticn of the 2quation

CLI 2
At

(18)

ats, In 21
|0 —
A0y

gives critical vavelength /i in the assigned parametars of
antenna. When 7>/, magnetic curremt attenuates, when ;<iqk from
zero tc k., The first phase speed much more than the speed cf light,
than approaches it., With k—>e cr whan u,—+o~ ferrite becomes ideal

magnetic radiator/resonatcr/eleaent,

Input resistance and directivity of the antennas in question can
be calculatad according to the appropriate formulas of the first
section. As far as is known, at present industry does not reolease
such ferrites that the prepared of them antenna of acceptablea
*hickness would pessess the paramaters, which satisfy condition (17).

Therafora the experimen+al check of the relationships/ratios,

e e+t e e
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obtained in this secticn, vas nct conducted.

At the high values of ma expression (14) becomes very
approximate and for determining of k, is expedient to use the
transcendental equation, which are crtained with the sclution of its
own problem about the propagaticn of symmetrical magnetic ground wvave
along the ferrite. However, even in this case use of an expr2ssion
for tha surface impedance gives the possibility very simply to ottain
+he series/rovw of the conclusicn/output, obtained by other previously

path in [8] and to give toc thes demcnstrative interpretation.

Thus, for instance, during the analysis of field expression,
created by the antenna in question in the ramote zone, in [4] it was

established that:

1. When value a corresgcnds to the roots of function Jo(ma),

fiald is obtained the same as frcm the ideal magnetic-conducting rcd.

2. When value ma correspcends to rosts of function J;(ma), field
is obtained the same as fron ideally conducting rod, excited by

framevork.

3. Values ma, wvhich satisfy equation

mJ,ima) 4+ p, J, (ma) R*a1n0,89ka = 0, (19)
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are alsc singular points.

After substituting (714) in (3), we will obtain expression fcr

the prooagation constant

J o (. 1
kf=k2 _ _mly(my)
apdy(m)) 2

In
a

' (20

from vhich the erumerataed three conclusion/output follow immediately.

1. If Jy(ma)=0, then k,=k and ferrite is converted into ideal
magnetic radiator/resonator/eleasent, analogous in duality princirle

to ideal electrical radiator, rescnator/element.
Page 113,

2. If J,(wa)=0, then frcm (14) it follows that 2=0 arnd boundary
conditicn (1) passes under ccndition £,=0, that implesenting on

metallic surface.

3., Lat us record conditicn uith fulfilling of which k,;=0:

kigu, J, (mayln 2 —mJ, (ma), (1)
a

Bquation (21) coincides with equ, (19) during replacenant cf 1n

o R

on 1n (0.89 ka), which ccrresponds to the selection of another
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value
) 1
2n0.89ka

y = —
Thus, all these conclusicns obtain demonstrative interpretation.
? Yarrow slot, gashed in the ccnducting cylinder.
Prom inequality (4%) it fcllcws that the propagation constant of
magnetic current along the antenna will be real, if the surface

! impedance Z has capacitive character,

Capacitive surface impedance can ba created in a follcewing

manner. Pig. 1 depicts metallic cylinder 1, in which is gashed narrow

slct 2. Alcng the slot is distributed certain capacity/capacitance.
It can be created with several capacitors/condensers 3, Antanna is

X excited by the framework with the current., For the generality we will
consider that the cylinder carpacity is filled with ferrite with
effective magnetic permeability u- Let us consider the ir practice
interesting case when a radics ¢ cylinder ry is small in comparison

with the wavelength in the ferrite. The surface impedance, to which

is load2d the slot, will be composed of the inductance of cylinder

and distributed capaci*ance.

The inductance of cylinder L lat us find, utilizing expression
{15) for Z:

Zm=iwL=22’:’° =i 60“";"'3 . 122)

|31 A W ETe——

(ORI |
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Pig. 1.
Page 114,

Ispedance taking into account the distributed capacitance

1] (%)

!
wher2 v = [77= the frequency cf antiresonanse; C - the available

capacity, distributed on the slct.

Considering that the slot wvith vidth 2a is loaded to
resistor/resistance Z,..,». vwe wvill obtain formula for the surface

impedance

S :
2= Zo (24)

Let us note that froam (22) it follows that the linear
i

conductivity of cylinder b -
wa'ﬂok

. This foramula completely ccincides
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with the expression, obtained by A. A. Pistol'kors in [5] for the

linear conductivity of metallic groove.

In {S) and [6]) the problem abcut the excitation of the
infinitely long conducting grcova was sdlved by the method of
eigenfunctions (Mathieu functicns). As has already been irdicated,
primary attention in these works was given to the explanation of the
structurs of electromagnetic field and to the determination of the
*ransmission sodes, vhich appear during different excitation of

groove.

The series/row of the conclusion/cutput, done in [{6], will te
obtained below from the examination by thz propagation constant cf

magnetic current.

Expression for the propagation constant of magnetic current
along the narrow slct we will cttain frem the equation, analogous to

aqu. (2) for cylindrical anterna [7]:

U (2) +k (2) = — 21 wupy [H;'r @+GW, 2 — QL%] . (25)
a 7
rence, it is analogous (with 3), it is ob+*ained
)

lz§=k’——nik"-zz'-. (26)

Aftar substituting in (26) axpression (24) taking into account

3 I e— &
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(22) and (23), let us find

vhere ¢ - speed of light, £ -~ fraquency.

Prom (27) it follows that there is a critical frequency,

deterainsd by the equation

STl

¢ ’% e

I
=X _1l=020
I ) (28)

The existence of critical frequency vas obtained also ia [6] for
flat/plane component of plane-cylindrical waves, which are propagated

along the slot.

If /</w , ther magnetic current is not propagated.

Page 115,

with £=f, propagation constant k,=k, i.2., the slot in question
behaves as ideal magnetic radiatcr/resonator/element. If £>f,, then
with an increasa in the frequency sharply grows/rises the value cf
propagation constant k,;. This leads to the fact that along th=
antenna begins to be placed a large number of half-vaves of current

vhoss radiation/eamission mutually extinguishes each other, which
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strongly decreases the actually radiating length of antecna.

Let us note that frequencies |, and £, lie/rest very closely
to each sther, so that virtually j,,=f, Thus, the antenna in question

vill be a2ffective only in the very small frequency band.

W2 will obtain expressicn for the input resistance, introduced
‘into the framework of antenna, it is possible to count according to
formula (1%):

120n)2 R 12018 X .
Rlx = (_2_3____) 2’ ’ X,x = — ——-‘ 207) 2’ N |29)
RI+ X R+ X}

R.+iX;=Z, and it is determined from (12).

Since for the antennas R,«|X,|, in question the coupled impedance

will be nsticeable only in the region of frequencies where ' =0

Ths points of resonance will be fragquencies, with vhich
hl==€}"' vhere n - the whole nuamber. dith increase in n the wvalue

of resonance resistor/resistance decreases.

a
L2t us consider first rescnance ihlz-;j- #e will obtain at the

point of the resonance

(120n)t

o2
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1
The frequency of resonance will differ froam n";;;if‘ by the

insignificant value:
n ¢
fm—f‘,:fom%-(l—lﬁé-). @31)

It is evident that the nearer the reach of antenna 1 to quarter

wavelength \,, the nearer /wm tc f,.

Lot us deteraine the bandwidth on lavel 0.707, i.e.

J“"r=2 (32)

Zys
In this frequency band it ie possible to consider that

R% /L" =-‘-Qi
* 80(&;)"\” = R Ak (33)

vhere Ak, - change of the proragation constant of current in the

unknovwn band.
Page 116,

Aftar substituting (33) in (32), let us find

ke

From (34), utilizing (26), we will obtain with an accuracy to the
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factor, very close to unity,

w2 v (35)
f 3 Ao
vhere =29y - cylinder capacity.

Losses in the ferrite and the loss AN skin effect in the
metallic cylinder can be taken into account, considering the surface

impedance Z coemposite.

It
Z=2,e" (36)

wher> 2, - ispedance withcu*t *aking irt> account losses, and loss
angle a<<1, thea, after making t+he appropriate linings/calculaticns,

va will obtain

—_— == —n 2 (37)

vhere

~
'S
=

The antennas in questicn fcund use, in particular, as the
receiving VHP antennas range [8). Consiiering these antenrnas frame,
in the vork were obtained the aexgressions for their paraseters which

can be rewritten as foliowvs:
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= UZaf (38)
Roes = g0y
B/ 8, 1 39)
f 3 Mo

The resistor/rasistance, cocmputed fros (38), can be considered

as the resistor/resistance, intrcduced into the framework by magnetic

Hertz doublet, since for this dipole R,=80 (k)2

The effective height of digcle - 2!/, The effective height of

radiator/resonator/element with the sinusoidal current distribution

LU

with g/ =9/2 is equal to = The squar2 of the relation of these
ef fective height, equal to (%}z glives factor to which and they
diffar €riend (30), (38) and (3S5), (39) respectively. Thus, apgrcach
+0 the antenna being investigated as %o the frame, can be considered

as the first approximation, which does not consider magnetic current

distzibution along the slct.
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Calculation. (5). Experiment.

pPage 119,

Furthereore, this approach does not give the subsequent rescnances
(vith n=2, 3, etc.) and cannct explain the dependence of the
frequency of the first resonance on the length of antenna, which

follovs from (31).
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The antennas in question wvere investigated also experimentally.
Fig. 2 gives input antenna resistance, the length of 2/=60 cm, r4=2.1
cn, 2a=1 ca. Capacity/capacitance vas created by
capacitors/condensers on 25 and 20 pP, soldered on through one at a
distance of 1,2 cm from each cther. Dotted curve plottad/applied
computed values R, calculated according to {11) taking irnto account
the resistor/resistance of the acst feading framewcrk. Fig. 3 gives
obtained for the same antenna derendence of field in remote zone
(0=w/2) on the frequency with the direct current within the feeding

framework.

1

i 4
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Pig. 4 gives the input resistance of another antenna with a
length cf 2/=2 m, £p,=11 cm, 2a=3 cm. Capacity/capacitance was creatad
by capacitors/ccndensers on by S1 pf soldered on through 2.5 ca. é
Dotted line designated computed values. The losses AN skin affect
Auring calculations were not ccnsidered, ?ig. S depicts the
dependerce of field in the reacte zcne on the freoquency for this

antenna.

Pig. 6 gives ths experisental dependence of the fraquency of the
first resonance on the length of antenna (2a=1 cm, ry=2.1 cn,
capacity /capacitance it was created by capacitors/condensers on 25
pr soldered on through 2 cm, the lengths cf antennas were indicated

in the figure).

It is evident that the experimental data confirm well ‘
1
|

t heoretical conclusions.
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Page 121.

Open resonators, formed by confccal mirrors with the variable
reflection coefficient and the generalizad hyper-scheroidal

functions.

N. S. Kosmodamianskaya, V. P. Lcs?,

Are axamined the characteristics of confocal resonatcr with the
rectangular and circular mirrecrs vhose transparency is changed
according to the specific lawv. It is shown that, as for the airrers
with the ideal reflection, in this case problem is reduced to the
examination of certain differential equaticn whose solution is
exprossed as the generalized hyrer-spheroidal functions. Are obtained
*he asymprotic representaticns of these of function. Are given the

results of calculations.

The characteristics of the rescpnators, formed by the spherical

¢‘3» ’plane airrors of finite dimensions with the ideal reflection
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coaffiziant, it is at the present time studied snfficiently in
detail., Obtained in the oper tescnators with such mirrors
rarvefaction/evacuation of the spectrum for amany
applications/appendices proves to be insufficient, since the gquality
of such systeas remains still tcc high., For achievement of necessary
selectivity it is necessary tc decrease the size/dimension of mirrors
{for limiting diaphragas), which leads to worsening/detericraticn in
the use of space of active material and decrease of pover output. One
of the solutions of the probles ¢f increasing the power output with
the raquired selectivity is the method of the isclation/liberaticn of
transverse {but not longitudiral) modes in the resonator from twc
spherical mirrors with the ideal reflection coefficient, proposed by
Yu, V. Tyzhnov., The idea cf methcd consists in the lccation within
+ha rescnator across the lengitudinal axis of the latticed ansorbing
selector. If we select the sizess/dimensions of this selector in such
a way that its dissipative elements would ccincide with zero
+ransverse mode ¥Ymn then its effoct on this mode will be
insignificant. At the sapme tise the losses of all remaiping modes
(including longitudinal ones) tecausa of the absorption in the
clemants/cells of selector will increase. If they increase so, that
vill exceed the losses of mcde ¥mn then it will be possible to carry
cut 3 generation on one transverse mode. It is here essential to note
that if this isolation/literaticn of transverse mode is in principl2

possible, then it is realized cn amuch the higher level of absolute
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Therefsre the mathod proposed can be used in the quantum generators
with the highly active media where the selection of longitudinal
modes in the resonators, formed by mirrors with the ideal reflection
coefficient, is already barely effective, With this method of
selection the field at the cutput proves to be nonuniform on the
amplitude and the phase (in the locations cf *he dissipative elesents
of selector phase distributicn endures jumps on w»)that, generally
speaking, it is inadmissible fc¢r a whole seriaes of
applications/appendices and especially in the systems of optical
information processing. True, these deficiencies/lacks partially can
be raduced by arrangement/pcsiticn at the output of the guantun
generator of the phase-shifting plate, which converts output
distribution into the cophasal, Heterogeneous in the amplitude
cophasal distribution has sirgle-lcbe radiation pattern with the

kigher with respect to the even distributiocn side-lohe level.

It is of intarest *herefcre to consider another path of the
selection of oscillations/vibraticns under the assumption of the
increased ohmic losses in the systea, by using the resonators, formed

ty mirrers with the variable,salternating transpareancy. With this
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method ve will approach the isolation/liberation of longitudinal
modes, so that here simultanecusly we get rid both of the number of
deficiencies/lacks in the preceding/previocus method and of the need
in the supplementary elements/cells for the resonator itself,

—

Let there be the two-dimensional r2sonator, which consists of
the cylindrical mirrors with the variable ccefficient of reflectiorn
and vith radii of curvature of R, and R, distant behind each other up
to distance of L. Sizes/dimensicns of mirrors respectively 2a and 2b,
and the coefficients of reflecticn £(Era) cn one amirror and #A(r/b) - on
the second. Hers f and h, generally speaking, complex-valued

functions and such, that |/|. |A]<]I.

In this case for field distribution on the mirrors we will have

a system of the integral equaticns:

~i = (g5 =2

— \
02 X (1) == l/-lec e h(y)Y(y)dy’
-! ]
Yw=y" = ? R e | :
-l )
vhere
x=Ya, y=1/b c= 2.-::—‘2. 2, =—:-(1-—EL:), g = —:-(1—%‘).

Mbiulus/module and phase c¢f the eigenvalues ¢2 of this systen

determinre the transaission factors of energy and the freguency of
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steady-state oscillaticns. Por the case of infinite mirrors and

gaussiar functions f and h the solution of systsm (1) is examined in

(11
Page 123,

Por confocal resonatorige=g,=0)in *he casa of the dependence of the
coefficient of reflection of mirrors from the transverse coordinate
in the form h{(y)=(1-y2)%, 1=1, 2..., th2 solution for the rectangqular
mirrors is given in [2]. In this article is given the generalizatiocn
of the given in [2) soluticns to the case of arbitrary (including
composite) 1 for the resonators toth with the rectangular ones and

with *he circular mirrers.

Let us consider first mirrors in the form of the infinite bands
of the assigned width. Let us show that the solution of the intagral

equation +1
pZ (u, 0= (1—t4)*e™ Z (s c)dv 2)
-l

satisfiess the general/common/tctal spheroidal equation

(1 —uh)Z" (w)—2 (1 + 2)uZ' (u) ~ (d—cu*)Zw) = 0. (3)

In fact, it is not difficult tc ascertain that occurs the idantity
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l‘M @ u:xyA A tha  lcxy ’ (.
—-S Q=)™ LX (x)dx = LX (y) + (1 —x%) " e {X" (x) —
M

-1
+1

—icyX (x)} r‘:_l . | @)

wher»

LX (1) = (1— 29 X" (1) —2(1 + 3) XX’ (x) — X (x).

Sinca latter/last component/term/addend in right side (4) is aqual to
A
zero, vwe see that Z(u) and LZ(u) satisfy one and the same integral

equ. (2). Consequently,

A
LZ (u) = —dZ (u),

vhere tte constant 4 doces nat depend on u. Thus, finally for function
Z (u) ve have differential equation (3). By replacement
a

Z(u)=(l—u’)—;8(u) equ. (3) is reduced to the form
(1—u?) 8" (1) —2uS’ (u) -i-(d-i— 2 4 @ —ctut— :’uz)S(u) =0,

hence ve concluie that formally S(u) is spheroidal function with tha
index . Since at the present time there are tables of spheroidal
functions cnly for the whole values a [3], in the case of arbitrary «
tha solution of equ. (3) can be sought in the forn

=% 2% = - 241

Z(u) fA,u , Z(u) ; C,u

For the even and odd soluticns respectively.
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In this case for coefficients A, and C. we have recurrence formulae:

k=03 (k+1)A,, = [k(k+a+os)——}A, A,_,

kD415 Ch = k08 k+2+ D= F]G+ 00
(5)

eigenvalues d can be found frcm the transcenrdental equation in the
form of continued fraction as usually for the trinomial formulas.,
Therefore finding the eigenfunctions of equ. {3) in the case of

arbitrary a is not a bit more difficult than for a=1, 2....

Let us note that in the case a=0.5 the solution is expressed as
Mathieu functions. In fact, cn the basis of the integral equation for

the odd Mathieu functions

Se,(q, @) = P, _f singsinf e V3 coso8-cos Se, (g, 6)d"
]

-~

and assuming/setting cose=x, ccsfd=y, we will obtain

+1
Se, (¢. arc cos x) — Pn) (1 — y,)l/z 12 Vqgxy Sep(q. arccosy) dy,

(-2 =y

Se, (9. arc cos x)

{
i.e. 7

is spharoidal functiocn on the order of 0.5.

Eigenvalues in the case cf arbitrary a« after the determination

cf coefficients A, and C. can ke calculated according to the formulas

v = ’ ['(£+0.5)
.. “‘+“)Z"~m+a+15, (5a)
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for the even functions and

—ic F(L+M F(k+15)
P Zc'r(/e+a+2 5) (56)

for the odd ones. Equation (3) is encountered also in other regioms,
such, as the propagation cf accustic or electromagnetic waves in tha
presence of ellipsocidal structures, the motion of particle in the
presence of two attracting/tightening centers, stochastic processs,

ftc.

H. Lo Schmid (4, 5] completely studied the class of trinomial
recurrence formulae, vhich include relationship/ratio (5). Its
results establish/install existence and unigueness with an accuracy
to constant factor for coefficients 4, and ¢, and also the rasolution

of eigenvalue in the ccnverging series.

Let us note here that altbcugh is formal scolution Z,(u) (evan
with wholes a) it coincides with spheroidal function S,, (u), in
reality it has distinct nature.

Page 125,

Actually/really, in the existing literature usually with ths wholes a
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are examined (and thay are tatulated) the functions, in which n-a20
and number of zaros in the fundamental interval is equal n-a. In this
case with fixed/recorded n the value a can be arbitrary. Therefore we
wvill desigaate the soluticn cf equ. (3) through S@(u), Virtually the
reprasertation cf solution of Z(u) in the form of powver series proves
to be advisable for the values of value c, which do not exceed 5-6,
since at the high values i* is necessary tc consider already many
components/terns/addends (their number is approximately/exemplarily
equal te c), and, furthermore, fcr computing coefficients themselves
A: and C« in this case is required ¢he knovledge of eigenvalue d with
*he high accuracy. Otherwise the series/rov becomes diverging. It is
expedient therefore to obtain mcre convanient representation for
solving o9f Z(u) witk large c., Since ideas the ccnstructions of the
asymptot ic representation 0% sclutions are identical in the cases of
rectanqular and circular mirrcrs in ordar not to be repeated, let us
consider them based on the exasrle of the latter, indicating
difference as results in the agpropriate places., Most suitable for
these purposes method (precise, the greater ¢) is presented in werk
{6] in connection with confocal resonatosr with the ideally reflec%ing
mirrors. HAere are generalized the obtained there results for tha case
of arbitrary ones a« and the arbitrary relationships/ratios betwasen n
and a. Let us shov that “he analogous generalization allovs/assumes
confocal resonator with spherical mirrors cf circular section.

Actually/really, let there te resonator with the circular wmirrors
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whose transpareacy is changed according to the law(l--y**,Ther for

fiald distribution on the mirrors ve have the integral equation

1
-

o X(x) = i"'""cd’ (1—4%% yl n (cxy) X () dy, (6)
c= 2:!-;—‘21; x=§r; y= e I
vhare A and £, - radii ¢f the outline of mirrors.

In this case it is assumed that the dependence of field on the
azimuthal coordinate is expressed in th> form ¢!”", where m - whole

number. Equation (6) can be presanted in the fora

R |

oX(x)=i""} £ f(l—y*)“f  exy) X (y) dy, ol

. Mo —
Q 2

vhere X(n =V xX(x), j , (x) = ]//“T‘“J,,.(x), J.(x)- Bessel function.
M
2
Generalizirg results [6], let us introduce operator'e by means of the

aquali+y

mt —0,25)
0

2X(‘)=(1—F)X”(t)—2(l L tX' () — - X .

Page 126,

Then, using equ. (7) and 'y the relationship/ratio

T o+ (1-meB;  0=0

m—L 4] m——
2 2

ve will obtain the identity

lﬂl+l
[

— 1

V‘Q:‘ [a—m*i | () Lxwdy=Lx ) +

6 Mo e
: dj 1 y=t

~(l—yy'*e i\ X =X 2 ,
2

dy




{
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vhence during the usually surerimposed requirements for the
reqularity of function X(t), when exprassion in the curly braces is
equal to zero, ve see that the sclution of integral equ. (7)
satisfies the differontial equation (let us name its generalized
kyper-spheroidal)
(1= X (=21 + X' () +(d — = Z=2B K@ =c.
' (®

We will seek solution (8) in the fora

X(t) = i Aktw.i
0

then for coefficients 4, are cbtained following recurrence form lae:

R N (S R [SE
—%] Au +‘€:-A._|.

i.nr. the methodslogy of solution (B8) in no way differs from the
solution of equ. (3). In particular, with a=0.5 solution can be

expressed through the functicns cf flattened spheroid.

Actually/really, it is nct difficult to be convinced directly

that the equation

(1— 19 X" () — 2AX' (1) + (d—cu'—l_’f'n )X(t) =0
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1
2

by replacement ¢t =VI1—x X(f)=1=x Vi—xig(x) is converted to the form

(= (0 —2(1+ 5 )x@ () +(d— 3 42+ ot

____m-.;‘o.zs )q; =0.

Page 127,

Hence it is apparent that by analogy with spheroidal functions t"’(l—t’) z
Smal —ic.] T—plt is possible %c¢ name hyper-spheroidal function with
1 1

index 0.5 P =) Sp(—ict T=B) = S, 1.

As in the case of spheroidal equation, the representation of solution
{8) in *+*he form of power saries proves to be advisable with cg6. Lat
us attempt therzfore to find the conveniasnt representation o7 the
solution of hyper-spheroidal equation in the case large c. Lat us

assume in (8) t=x/)y . As a result we will obtain

A I A d
PX—"c—qX-{- c—.¥=0,

vhare operators ? and ’c} are determined by the equalities:
a

m—02 A ar

d
P AN B _ —
P=1Ta Fr .1,q—xdx!w-2(l N

The solution of equation ’Bon¢=o, vhich has n of zeros in interval
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T=F, ) =x"""¢e ? [my,
{0, oo}, is function A vhere L?(x)— polynomial of Laguerrs

cf the n degree, if y=4n+2m+Z, Thereforz it is clear that with large

c the solution of equ. (9) can be represented in the fora

- l k '
X"‘-"=¢"'-"+E(T) Yem n 2 x ‘
k=)
- i (10)
dp (€ 1\
nl.cu ) =4n +2m + 272(7) h,(m, n, 1)

Rwm] '

After using the relationships/ratios between Laguerre’s polynomials,

it is not difficult to obtain the relationship/ratio

A
9P, n =0; nwm.n+2+arlu. nFm. agl +a: 2 Pm. n 1_“’_.1 aTm. aes *
+a;|..2n¢m.n—2'

vhera
G A=+ )+ ), 4zl = — 20+ m,
On. n =2+ 1), L= +mn-m—,
“g..n=—[(2n+ l)(n+m+?’)+(,+_:_”'

Page 128,

Let us substitute expansicn (10) into aqu. (9) and vwill equate zero
expressions with the fdentical degr2es of c. As a result ve will
obtain system of equations:

A
PFnn+W@n+2m-+2¢, =0 ,

A | A * (1)
p)’k’:-(4n'f'2m+2)yk=q}k—l—v hY
—

J=1

t=i» Yo=Pp. 1
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After assuaing now

+2%
» . —— k
Yelm n, 2, x)= : Ai¢m.n+t
{mm—2k

and after substituting in (11), after the equating of factors ith

identical numbers ¢~.. we will obtain recurrence formulae for

determining the values A4* and i,

2

h. = N gor &—1

2= L Ymonep A,
pm—2

& 2

[y A= — k1

4sA =N hA-T— Nal AL
jum] [-—2

(k-—l, 2.. )
s=—2k —2%+1, ., . 2%/}
Hence, in particular, we find

, R ER , 3
h,:a?n'n=——[(2n——1)(ni~m~f—?)?(z-¢-7)], AB:O,

v

A’_z—-——;(n—rmun—‘m—l). A{=—';—“("+”'
Af_l-:-——%-z(n-i-m), A;=—?'(n+1))n+2)-
hy= = (m =20+ 1) (20 + 2n(m + 1)+ m 42— 47,

Solution takes the fora

o 2k
X, nll)=¢,,,_,,(x)+2(—:-y Z.A’;, O nppe =V CL U2

I

(L1 p

The right side of expressior (12) after return to initial by the
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variablesalternating ¢t already mcre is not arranged/located according
to degrees of c™1, since Pm aui(V ct)g, ,(V c)~0(V). Therefore range of
values t, for vhich the asymptotic representation of solution given
above correctly reflects the tahavior of true integral (8), decreases

with an increase in nusmber c.
Page 129.

Nevertheless fairly often this representation they use to entire the

fundamental interval, which leads to thes inaccuraciles ?t the end/lead

of the interval. We will use exprassion (12) for t<c ‘.

If wa will assume in (8) Xp.(f)=m+sZ, (t)and y= lq::E then we
will obtain the representation cf solution in intervaléhrs;tgl-—é“hs
a result of this replacement equ. (8) will pass in

(1—=y)2"+ [liygg-y(Qm-é-B-f- 2a)]Z’+[d—cz+c*y2—

—-(m+2l)(m -;-%—'2:)}2:0. (13)

Lat us substitute the here ottained above expression for eigenvalue
cof 4 and will introduace functicn Y by the2 relationship/ratio
!
— ot —
z=(1_y)“(l+y)—(m+ﬂ+l)y ( 2) ecyv.

Making again all linings/calculatiocns which in viewv of their

unvwisliiness ve omit, wa will obtain for function Y the equation

c e e e ey . PSS A A
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96 |

2 olt]=o -

vhence approximately we can assune ’

Prana t NE PR I -
X:..(t)= l(l y) L 'y—_—‘/]——t"c ‘<1gl—c-‘_
at -~

vy O +gmiH

Let us determine nov coupling coefficient between functions XL a0

2
and X2 (. Por this let us assure t"’T and with firxed/recorded z we
4

[
will increase c. As a result we vill obtain the representations: !

=7

X1 ( L) g g v
[

nl
1 1 —
X [t=-2 ~c-(m+m+-2)/‘ zh+n+—2e‘ o= Vi
m.n :/? _2'%_—‘—”4_,
Thus, functions X, ., and X}  at the high values of c will
continucusly pass into each cther, if we assunme

k= D }:—2e“ (M_;)/'

(4¢)
It is evident that near the center of mirror with large c the
pressnce of variable/alternating transmission in the zero

approximation does not a‘®fect field distritution.

Por obtairing the asymptctic form of solution near t=1 let us

assuase in equ. (13)y= ‘i +» as bhefore utilizing the obtained above
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expression for the eiganvalue. In this case aqu. (13) can be

prasented in the form

@z 1+2¢ dZ _ )y
dut - u du Z +O( e ) 0

so that
Xo att)~ ("5 )% [ (ey), y =V T =10

vhere /. (x) — modified Bessel functicn of pure imaginary argument.

Joining &x2 and g,x3 ~ vhen y=v/} c, we will obtain coupling
coefficiant between them., We have (considering that with
fixed/recorded v value c is great):

X2 (g =ul o)~ Oty ym @t
|

X;' n (y =7 ‘ -C) ~ (2‘1) 2 c (a-f-o.'s)ﬂe Yeo U_. (@+0.5) )

so that asymptotic equality kX2 , = kX3 ,will occur vhen k=] 2z c1at05)

since ki -z _ 1
v-l-TO(cy) laley = BT (I+a)’

*hen for tha value cf function 4X3 on the edge of mirrer (t=1) w2

obtain

3 (on- 2
kX3 (c. I)= _(.T_”_n_ﬁ. ‘?A+ﬂl—¢+2 C"M ratmt 2)/2 e
men n'T(l+a) ’

page 130.
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9§

Thus, the value of field on the edge of the airror inside the ¢
rasonator when the variable ccefficient of reflection of fora is

present, (I--i")¢ gtovs/risesi%r

[F() +a)once in comparison with the
value of field in the rescmnatcr, formed by airrors with the ideal

reflection coefficient. |

Lat us notz that during here writing of integral equation
accepted function X(x) descritbes the behavior of the wave front of
field directly before the abserting surface within the rescnatcr on
+he way to mirror, After being reflecgtel from the amirror and, thus,
having tvice passed the atsortirg surface, this wave front

forms/shapes field directly befcre the abscrbing surface in ancther

mirror.
Page 131.

Introduced further functicn X(x)=(l—x?)a7 X(x) describes the field

betveen the mirror 2nd the atsorbing surface. Lat us reswrite equ. (7)

in the forn

1
pX (%) (1 — x9%? = ‘\' (1 — )™ (1 — %2 K (cxpn X @) (] — y2*7* dy.
0

{14)

e e e AR s .

P - P .
e e — o
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whers p=—o0 t L K= | _1 0.and let us attempt to determine the

asyaptotic behavior p{c¢) with large c. Por this let us differentiate
both sides of equ., {(18) first ¢n ¢, and then on x. AS a result we

will obtain:

-~

%X + Pd—;:- = "(1 — 2 (| — 2 xyK (cxy) X () dy +
H
l —~
o \ a/z -1} X (y)
:,’ (1 — (1 —y»*"* K 1cxy)———éc dy,

P22 = eyt — )™ (1 — ™ K tcxy) X (1 dy —
5

- "_X j(1—r‘)"‘”(l—yz)“’zK(cxy)X(y')dy,

X(@)=u—0*"XxW,

or l
dp X x 9 e & &5 ar2
e e S S

0

S (1= )™ K (cxy) = dy

After multiplying both parts cf ¢his equality to i]x. c) and after

integrating from 0 to 1, we will obtain

&)%) - —{-—[xxwx o =X |+

+a é?l(x)dx 2“2"2} uxni S‘ X2 (x) dx.

Page 132,
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Hence already it is possible tc do a conclusion about different
character of dependence of lcsses in cases a=0 and af0. Actually,

when a=0 ve have

— e e | e .

(/] p[X*(c. 1) 1
o 2] [X|p ]

In the approximation/apprcach in question the norm of function
hX ()2 is determined in essence by contribution froa Xi. a (e 0, S0

that '
“ ‘

(K - j e A Ln (o dr = 2R ED
[}

2yerin+))

Thus, for eigenvalue of p(c) finally ve have

2o 24n+2m +2
I (a4 T (a4m4-1) e_z. cg,,+,,,+1

.-
— €
e

l/ 2 p == const
R

Sirce the losses in the system with c=o are absent, the present here
constant is equal to unity. Using the fact that with large c the
index of axponential curve - small number, we obtain

s ! oAn+2m42 o
2 b (c) o —— ~ n-2 Frtmb e
n 'c

Tia+ Hl(A+m+ 1)

It is evident, thus, that the lcsses in systens are detersined
by the intensity of field on the edge of mirror, through which occurs
leakage of energy. Let us ccnsidar novw “he case a#0. For the mirrors

with the variable/alternating transparency we have

%s—ﬁ- (1 + 22) — 22

1
— -—7"1’. del . (15)
e i-
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Since function X (x) is final with x=1, for any a>0 integral in right
side (15) converges and lcsses, thus, are determined by the values of
the intansity of fileld X2 (x) ¢n the entire surface of sirror, but not
cnly on the edgas. This undoubtedly it answers the physical essence
of problea, since in the presence of variabla/alternating
transparency in the mirrors of resonator energy passes through the

mirrors (or it is absorbed) cn the entire surface.

Let us rate/estimate integral in the curly braces of equality
(15). Siance fundamental ccatribution introduces function X, ,(c. x),

then approximately vwe have

|
afe

Komiar 1 "¢ Bamar _
"mpfl—” Ixpe ) 1-o

.l...

=1+ L X (dr =14+ 11
1 of_ )z X

lc

s\ eTF ximEh Lm '
Page 133, Q (L3 (0 dx.

Since c is great, it is pcssitla to use the aeguality

]
\’e_, xm'ltL’"(x)]zdx= (m+ NhlT(n+m<+1)
5 on 1)
24+m m<+3
[ e
8 d { +.l/)
ot a4+ g™t

e

]
s
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vhere P(a; b; c; z) - hypergecmetric function. Thus,

Inp=In —8m+ D m_ /2
g e er(—m S Tm L a
vhera
m m 3 iy
o |FU+5 T -gimeh |
am = — Aot -y
"oy (14 P+ -
or
/—2- {1 =~ m) a
— p = const | — mo_ .
l/ np ]c’l\ Fd—n % ¢ )

Are here left tvo terms of the expansion of exponent into
seriass/rov, since with fixed/racorded m, n, a and large ¢ sacond tera
is small. The being present here constant, as in the case a=0, it is
equal to unity. This can be cosprehended from the following
sonsiderations: in spite of the absence of ideal reflection frca the
mirrors of resonator modes of vitration with increase c¢ brace
*henselvas to the center cf mirror, so that in the limit they are
degenerated into the infinitesinally narrow peak, which occupies
position t=0, where the reflecticn coefficient is equal to one.
Therafore with c=o0 losses in such 2 systam as before will rot ba.
This fact will occur nct only for the confocal geometry, but alsc for

any :ssonator,'fOtned by spherical airrors of an arbitrary radius

——— e .
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103
(but not by the flat/plane or to them equivalent) and locating in the

stability region,

Thus, finally ve obtain

im+n+1(1_1_".'_’."_am—“-). : (16)

T =% ol LI

Page 134,

The corresponding relationship/ratio for the resonator in the form of

infinite bands will be
o,;i"(x—(m+1)—;;). a7

Hence, in particular, for the fundamental oscillation we obtain,
which in this approximaticn/argroach of loss in the resonator with

*he circular mirrors is two tismes more.

The account of variable reflection coefficient for the

eigenvalue of equ. (3) leads to the representation
1
daien+ e—[20ED 4oy 214 L ion 4
X [at — kRS
8 }'

In Pig. 1 and 2 are constructed aczording to formulas (5a) and

(5b) the square modulusas of the miganvalues ¢ with a=0.5; 1.5;: 2.0:

2.5, Ats thers for the comparison given the values for a«=0 and a=1,

|
i
4
1
I
{
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0/

undertaken from work [2].

Fig. 3 gives the aigenfunctions of resonator with the mirrors in
the form of infinite bands fcr a«=0; 0.5; 1.0: 1.5; 2.0; 2.5 with c=4,
Is evident the increase of effective radius of field distribution

with the post a,

Pig, 4 depicts the results of calculating the square moduluses

]oo:|? for the same values a.
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a7 o 3,0
o« =25

2.5
Qs
0.3
22
at

07 2 3 ¢« 5 § 7 8 98 U

rig. 1.

page 135.

Let us note also that the diagram of the solution of equ. (3)

and (8) remains previous and when a-composite number. A change in the
(1—t2) 4+ 18

coefficient of reflection of mirror according to the lav A will be

squivalent in this case tc a usval change in the coefficient of
(1 -2y+ and certain of

reflection of mirrors according to the law

their curve.

e -

e o

e o—— e ———— o .
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i
f rig. 2. Fig. 3.
|
Key: (1). Relative amplitude. (2). Relative size/dimension.
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I1f we prasent the fcra of the mirrors of syammetrical resonator in the
form z,(x)=;—'f(x), z,(y)=L—2%f(y),then it is easy to ascertain that factor
(1—)'2 leads to the curve cf thae form of the mirrors of confocal

resonatecr, determined Lty the relationship/ratio

fle) =2+ —Bc-ln(l—x‘).

e p— -

. .._“-_4.
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Fig. S.
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Hence it is apparent that this change in the reflection coefficient
does not ansver physically ccrrect problem, since with x=>1 the
divergence of the fora of airrcr from the plane approaches infinity.
However, as show to Pig, S, cn the larger part of the surface of
mirror (up to 0.8-0.85) the value - 0.7 1ln (1-x2) comparatively
little diffars from x2; therefore it is possible to expect that the
solutions, obtained from (3) and (8) with the composite a, will
satisfactorily describe the rescnators, formed by spherical mirrers

of arbitrary radius of curvature.

Pig., 6 and 7 d2pict the results of calculation for c=3, A=0,
B=2.1, which approximately ccrresponds to the resonator, formed ty
flat/plane mirrors, Thers fcr the comparison (broken lines) are
nras2nt2d the results for the exact soluticn of flat/plane resonator.
It is evident that the coincidence is satisfactory, with exception of

the behavior of phase on the €dges cf mirrcrs.

Pros a thesretical point of viev the resonators examined are
interesting in that the integral equation for theam is reduced to the
di £ferential vhose soluticn siepler and with ¢*he small numbers c
(c§6) is obtained rapidly by the method of continued fractions. Fer

large c it is possible to use asymptotic representation.

e ———— .~ L L - .
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Fig. 6.
Key: (1), Relative amplitude, (2), Relative size/dimansion.
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Hovever, from the practical side the resonators with tha
variable reflection coefficient from th2 mirrors make it possible %o
obtain the supplementary rarefaction/evacuation of the spectrum. Let
us compare the given results with the r-sults, obtained in work [1],
vhere tha coefficient of reflection of mirrors is accepted by that

changing according to the lave—T{}y. In the approximation/approach in
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question for th2 cenfocal rescnator accordingly [ 1] vwe have

lof =1 =@+ 1)

Comparing this expressjon with (17), we see that with a>2 it is
possible to ensure large selectivity. In werk [ 1] the parameter a
defines simultaneously both the character of a change in the
reflection coefficient and effective size/dimension of mirrors {i.e.
parameter c). In this case there is one additional parameter, namely
a, Since the value a is inexpedient to salect tco large, thaen it is
Clear that the lav of a change in the selectivity little is sensitive

to the law of a change in the ccefficient of reflection of mirrors.

Por the comparison of selectivity with the nonconfocal
gJeometries (in this case with the composite ones a)it is necessary in

formula (15) to take into acccunt the members of order Y.

The authors are grateful to L. A. Weinstein for the attenticn to

*he wvork.
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Key: (1) . Relative phase deg., (2). Relative size/dimension.
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Method of the study of complex wavegquid2 juactions with ore or

several r2gions of communication.
S. V. Butakova.

Is obtained the formula c¢f the scattering matrix of th2
connactions of regular waveguidaes with the heterogeneities, which
makes it possible to perform the calculation of different plumbing on
the computer(s) with any preset accuracy. ire brought out the
particular formulas of the scattering matrices of several

devices/equicment SVCh in rectangular vaveguide with vaves 4,
Introduction.

In different wvaveguidea diagrams extensively is used slotted
bridge [1, 2] and vaveguide development on 180° [2]. Th2 simplest
slott2d bridga -onsists of the pair of rectangular waveguida:s of
identical height, which have the general/ccmmon/tctal narrow wvall,

*heoretically infinitely thin, from vwhich is distant the cut by

C e - — e - I . WPV MRS 1 20 P pn S Oy st
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length l. Formed thus wide waveguide by length l call ragion
connections/comaunications. During the specific selection of the
relationships/ratios betwean the sizes/dimensions of waveguides, the
length of the region of connecticn/communication and the wavelength
twvo of adjacent ara prove to ke untied, and in other two aras

high~-frequency snergy is divided in tha preset sense.

| Waveguide development can ke obtained from the slotted bridge by
installing a short-circuiting gplate in the transverse jointing plane

cf wida wavaguide with the narrowvw ones., In the waveguidse devalopment

geometric dimensions are selected frcm the condition that entirs/all

energy from one arm passes intc¢ another at the preset wavel=ngth. Are
kncwn tha mathods of calculaticn of these devicas/equipment of

simplest form [1, 2]

R22]1 bridgs and development diffar from idaal ones in *erms of
*ha2 final wall thickness tetween the narrow waveguides, Purthermcre,
for an improvement in the range properties in the bridge and the
developmant usually provide for elements/cells agreeaments. As the
latter sometimes are utilized the steps in the region of
connection/communication (an abrupt change in the cross section cf
vide waveguide). The calculaticn cf briige and development of complex

form is absent.

.m%
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Por the study of bridge and development let us use the detailed
apparatus of linear-netwcrk thecry. Prom the point of view of this
thecry the devices/equipment teing investigated are the multipcles a
number of terminals/jrippers cf which is agual ¢to a total quantity of
taken into consideration its cwn waves in four bridge aras or in two
aras of developuent.‘ln the thecry of circuits the devices/equipment
dismeaber to th» separate sufficiently simple elements/cells and by
at first any method are detarminad the scattaring matrices of these
elemants/cells. Then, utilizing connection conditions, find

scattering matrix devices/equipgent as a whole [1-6].

Page 14t.,

L2t us divide bridge and development by transverse planes so as
to ssparates/liberate the regular cuts of waveguides from the
heterogeneities, Por example, it is possible to isolate two waveguide
joints and regular regions of the wide waveguide of
contsction/communication, Lat us assume that it was possible to fini
the scattering matrices of hetercgeneities, in reference to the
limiting planes. For the determination >f full/total/coaplets
scattering matrix as conveniantly it is accurately necessary to
consider the following special features/peculiarities of the

connecting waveguides.

“w
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With the incidence/drop on the hetarogeneity of any own type cf
vaves in the adjacent wavegnides is excited denumerable set of P
natural vaves. Each its own wave is characterized by different from

by another phase velocity (with exception of the degenerate aodes).

Therefore, after covering a distance from cne heterogeneity to
another, each of modes acquires different phase displacement,

proportional to their longitudiral wave number.

In the existing works where is used the analogous method of the
separation of plumbing in the regular and irregular regions,
vavequides were oxamined in the form of leng lines, since was
considered the single propagated transaission mode [7, 8]. This
simplificaticn is useful c¢nly when the heterogeneities are
arranged/located sufficiently far from sach other. Th2 simolification
indicated cannot be used in the case when in the regqular waveguides

can be propagated two and mcre than waves,

The purpose of this work was the da2velopment of the method cf
computing the scattering matrix complicated waveguide junction taking
into account spacial features/peculiarities indicated above and the
usa/aprlication of a method fcr cbtaining the scattering matrix of
slotted bridge and wavegqguide developmen*t with two H-plane juaps cof
cross sectior in the ragicn of connection/communication upon

consideration of the general/cosmon/total wall thickness of two

— ey e —— et - e —_—
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vavaguidss, In the latter case vas utilized the exact solution 2f the
electrodynamic task about the wave diffraction on the edge of ths
infinitely thin ideally conducting semi-infinite plate, placad into
infinite rectanjular waveguide in parallel to narrow wvall. Scattering
matrix of the joint of wide wavequide with two narrow ones in the
transvaerse plane, passing +hrcugh the edge of plate., It was obtained

in work [2]) by Wierer-Hopf-Foch's method.
General method of the soluticn of problen.

L2t us examine the waveguide junction, shown in Fig. 1, In the
region of connection/commnunica*ion S, converge the semi-infinji¢t=
regular waveguiies A, .e¢¢, B, s+., C and the cuts of the regular
vaveguides T, V, W «.., which ccnnect 5, with the regions of
connection/communication Sz, S3, S4 ... and having lengths 1,, 1,, 1l;
ceece WAV2JUidaS D, seee Py ocey G3 Ky vovy Mg ooy NI Py woey O aeeq
Re eees which converge in S, S3, S, Cegular, seni-infinits. Small
lettars in Pig. 1 designatad transverse boundary planes, relative to

wvhich are determined the scattering matrices of the regions of

connection/comamsunication §, 3§, 5, 3, .

Page 142.

Let us find the scattering matrix S of complicated waveguiie

. - R T ———. - N T
o - - JEN .
B e S R SN .
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junction (Fig. 1) from the kncwn scattaring matrices of th2 regicns
of connection/communication, the longitudipal wave numbers of its own
vaves of the waveguides of ccnnection/comaunication T, V, W ... and

the presat lengths 1,. lz, l,v....

By analogy vwith works [3, 6] l3t us ccmpose of the coefficiernts
¢f girders §;, S20 33 e« cosgpcund matrixsdie “S.. It are conveniently
conposed so that it would be possible to break into the cages by the
horizontal and vertical solid 1lines, which separate/liberate the
submatrices, which relate +o the bourndary planes of semi-infinite
vaveguilas, from th2 submatrices, which relate to the houndary planes
of the waveguides of ccnnectic¢n/communization. In accordance with

*hat oresented compound matrixsdie Sc- can be presented in the form

~f the cell matrix/3is:
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rHin.. ... L2 L2 pp+L. 2
, _a.b.c.ld.f.gile,m.n.p.v.r. tow, v ¢ ¢
aiT _ [ _ -
. b Yu | 0 1 ¢ 10 Yis 0j0}o0
el __d__i__1
d P ! -~
f 0 iyl oo 0 fniotlo
e _ _ '___i_ i
& [ | _
m 0 | 0 ’ i 10 0 0iegt 0
L A IO B
p | | | - -
9; 0 | 0 Loy 0 00 s =
Sm t R
1t - | | - | opal © :
s o, 00 0 | o0 Ya l0f0{c Sta| 58
w ! | 1
s N
el © 0 }'; (o 0 0 ligiolo
1
— ‘ I —
e/ o 0 1 m | 0 0 loialo
] | I
] - _
% ¢ o0 01 0 I 0 [010(ly
- i -

Hera y,, 84, 6 Ly - .— the cages of matrices/dies 5, 5, S, 3,... indices «
relate to the bcundary planes 0f semi-infinite waveguides; iandices B
- to th> boundary planes of the wavaguides of

connaction /comamurication.
Page 143,

In the designaticn of matrixsdie S. is introduced dual
rumbering for the rows and the cclumns. The series/row of numbecrs I,
Il, eeey Z(Z=»=) Dbeldngs to the amplitulas of its own waves from %th=

lowest to the high ones in the bhoundary planes semi-infinite
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vaveguides. Series/rows 1, 2, ..., p anl p+l, ..., 2p (p~>»=) relate
to the amplitudes of their own waves in the limiting planes of the

wavequiias of connection/communication (¢, v, v,... and r, o, ¢ ...
respactively). If tha values of values Z and p are final, then this
means that in the sami-infinite vaveguides it is taken into

considarationr in sua 0f 2 of i%+s own wavas, and in the wvaveguides of

connection/communicaticn - £ ¢f their own waves.
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Fig. 1.
Page 144,

Equations for the amplitudes of th2 incid2ant (+) and r=flected
(=) their ovwn waves in the bocurdary planes of regular vaveguides take

+*he form:

Uz =3T3 + 390 | N
Oy = S0 +3%07

Here Ut-vf.UZ.UI — cell matrix coluamns:
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DOoC =
|Tus “ug h “’ “ur
. -+ - 4 -
- u - up — u - u
t=| 0 | Ua= o= | O= | ®
uF | N U
vher?2 zf (L = a, by eeey, #, ¥ - the matrix colums,

elemants/cells of which are the amplitudes of their own waves in the

appropriate boundary planes.

To aatrix aqu. (2) must ke superimposed connection conditions,
in order to exclude voltagesibigf-rhese conditions amust consider the
special features/peculiarities cf the connecting waveguides,
indicated in tha intrcduction. In contrast to [3, 6], conrecticn
conditions for the regular wavequides T, V, W ... let us record in

the form:

uf =Tus, Ul =Tur,
uf =V uy ug =Vuy, 4)
uw =W, uf=Wug.

where

—
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- eir‘l. 0
0 elT.l. 0 ]
T = 0 e‘r"' R I
0
- - i
elVJ. 0 0 o -
0 elv.l' 0 ’ "]
V= 0 e|V.l. 0 .
0 s ;
eV 0 0 al
0 e'w.l. 0 . e
W’ - 0 0 env.l.O L ) (s)
0

T.. V, W; (i=1, 2 ...) ~ longitudinal numbers of modes in waveguides T,

V, W. Let us designate

= 1. (6)

Page 145,

If there is a single vaveguide of the connection/communicazion
by length l, in which is considered only ons transmission mode wit:h
the longi*udinal wave numter T, cell matrix/dies (6) is conver<ed int>

the known scattering matrix of long lins with the electrical lengtn
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6=Th [time function exp (~iu%t)]:

- 0 %
6.-! = [ " ¢ ] . (63)
e 0
By analogy it is possible to name/call the infinite square cell
quasi-diagonal matrix/die 9, rreset by =2xpression (6) taking intc

account (5), th2 scattering matrix of the waveguides of

connection/communicaticn.

Taking into account designations (5), (6) the conditions of

connection/coamunication (4) let us record in the form:

U =605 )

Aftar substituting equalities (7) into the system of equ. (2),
we eliminate fields in *the waveguides of ccnnecticn/coamunication. As
a result we obtain the unknown matrix/die S of complicated wavejguide

circuit (Pig. 1):
S=3%4+35%(5 " —3%) 3. (8)

Aftar excluding voltages (7 from system (2) with the aid of
conditions (4), we obtain voltages on the boundary planes cf the

vavequidas of the ccnnection/ccamunication:

Up=0F +05 =[(1+7) (5 =3%)7'3%|oz.
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- &=
vh2r2 1 - unit matrix, order of matrix/dia 6-1,
Use/application of the obtained results to special cases.

A. Systeam, depicted in Fig. 1, when sirgle wvavegquide of
connection/communicaticn is present, is convertad into
device/eguipment of type of directicnal coupler (FPig. 2a), which is

extensively used in different waveguide diagranms.
Page 146,

For this case

=T - :Lll}. (1o
Tlo

natrix/die'? let us nameycall scattarings cf regular wavequide.
Th2 matrix elements of scatterirg the connection with one waveguide
of connection/ccamunication, dapicted in Pig. 2a, can be found fron

the formulas:

S =5*+§*(TS)IT—(TS)T I (T3, (1
$Y =5 (1= (T3 (TS (T3, . (12)
$PP =3¢ T (TS (TS)~ (T5?). (13)
5% =3% 4+ 3" (T3 T—-(T3" TS (TT9. (14)

It is not 1ifficult to see “hat equalities (11)-(14) are

———————

- oy —— - ——— -
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suitable
junction
guantity

Sz

for the determinaticn of the cages of matrix/dis S of the
of tvo regions of connection/comnunication independsnt cf a

of semi-infinite wavequides, which converge in regions S,,
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B. Some concrete/specificsactual embodiment of systam with one
vaveguil2 of connsction/ccmmunication are represented in Fig. 2b, c,

d. Are given H-plane secticns cf three devices/eaquipment on
rectangular wvavegquides. The transverse plane z=0 in these
davices/aquipment is the jointing plane of tvwo narrow waveguides with

the wide; this joint we will ccrsider the first region (here - by

e ey — e e DI I Y Co - - PR
——— e e —— e e
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plane) of connection/communicaticn.

The scattering matrix of jcint z=0 in the designations of figure

2b is written/racorded in the fora

$USSYY | (Mm) (Nm)| (Rm)
Spo= | TS5 | = | (Mn) | (Nn) | (Rn) | (1
%5 ] Lomlivaen

In the right matrix/die stand the dasignations of cages fronm
work (2], in which ware obtainad the formulas for from the

computation.

Th2 second region of connection/communication Pig. 2b depicts by
certain heterogeneity in cne c¢f the narrowvw waveguides with the
scattering matrix S,

Nk

S. = 3‘3

§"

._?.‘_] . (16)

The calculation of this device/equipment is conducted according
to formulas (11 -(14), where they are done:
A=, B—]I, D, G-I,
a=1;, 6—2,d g—3.

Urniar condition 1=0-§¥T. In this casa tha formulas of
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matrices/dies St1, St11, S1t1t Lbecome analogous to expressions (2) -
(4) work [4], by ths obtained method of the gensralized scatcering
matrix. If load is the ideally raflscting wall, then mairix alements

S, are represented in the fcra

=1 =0

Then with 1= from formulas (11)-(14) are obtained the cages cf
the scattering matrix cf stap in the wavaguide (joint of th2 wide
vaveguide I with narrow II):

m=?_y(r+§tt)-l gtb' “7)

where with a=I, II a=1,2; with B=I, II b=1,2.

Thz fecrmulas cf aatricaesydias S11, 5111 steps, cbtain=ad from
{17), are analogous to equalitiges (32), (33) work [4 ). Howevszr, the
full/total/conplete matrix/die cf step in werk {4] was not

deternined.
Page 148,

C. In simpl2st slotted bridge, depicted in Pig. 2¢, second
region of connection/ccemunicaticn is airrer reflection of joint z=0,
In accordance with the designaticns, acceptad by Fig. 2c, the

scattering matrices of joints take the form

r"i\ . ~)5,,\ PR EIT

— ey - - e ——

Ly e
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St §:I§12 {Mm}{{l\’m}{ (Rm) 5715° 5 A
_§_l:!-§_“ -312 = {Mﬂ}l {Nn} } {Rn} = -§' §” §36 . “8)
2139152 | Lmlovnlry ) L S5(303¢

The cages of th2 scattaring matrix of the simplest slotted
bridge are determired by forsulas (18), (1) -(14), in which it is

necessary to replace in accordance with the designations in Pij. 2c:

Woph A=1.11 a=1 2V B=1, 1l b=1,2

o . (19)
nw D=1, IV d=3 %mpu G=11 IV g=34]

Keys (1). with,

Th2 waveguide davelopment by 180° in Pig. 2d differs from the
slotted bridg2 only in terms of presance of the short-circuiting
cross ccnnection instead of joint z=L. In this case (11) - (14) is
cbtained the expression fcr the Jetaermination of the cages of the
scattering matrix of the sisplest development:

Stiwpore = 5% —=S*(T+TTS) ' T T35, (20)

wvher2 with A=I, I1I a=1.,2, with B=I, II b=1.2,

In work [2] by the experiment of repeated re-reflection and
mutual trarnsformations of its own waves in ¢he Cegicn of the
connaction/communicaticn cf tridce and 1avelopment with the identical

narrow wvaveguides obtained 2lements/cells with indices of tan2 II
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followirg cages of scattering matricas:
(v gar mocta Sl =8I = E', SI|'! = EY, SIV' = EY

21
(Vaa4 paseopora Si| = Ey. Sii' = E, i

Key: (1) . for the bridge. (2). for development.

In equalities (21) to the right stand designations of work ([2].
Let us note that the menticned method of the generalized scattering
matrix [4] so, the account of the re-reflection of single the mode
betwaan two waveguides joints {7, 8), is a special case of the method
rf the study of repeated re-reflaction and mutual transformations of
vaves or heteroganeities [2]. In the first two methods are not
considered the mutual transfcrwaticns of modes that it does not give
tha possibility to conduct the calculation of the devicas/equipament,
whicn consist of the heterogeneities, connected by the cuts of the
regular waveguides of finite ss®all length. At the same time the
investigation, made in work [2], can be considered the illustration
of the general physical laws, &escribed by formulas (8), (9) this

vork.
Page 149,
D. Prom formulas (8), (9) as special case 2scape/2nsue

cxpressions for scattering matrix of juacticn of linear multipcles -

{7.111), (7.113) in aonograph [3]. Let in the sami-infinitae

e 4 b RO AT W e I s g g,V i

a3 W w—————
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vaveguides of the system Fig. 1 it calculate on the basis of on= 2wn
type of waves, and in the waveguides of connection/communicatien T,
v, w-£, (9~f), (p-g) waves respaectively, If the length of the
vaveguides of connacticn/coamunication is made equal to zerc, then
for this system equivalent diagram will take the form, shown in Fig.

3a. Por the case
‘To

(3 -—] =T (6

-

'J-l=[%} 0

in question.

It is obviocous that in this formula the order of matrices/dies

8-t and 7 is jidentical, and the order of matrix/dise T*half the order

of natrix/die=3'l.

Taking into account (6b) formulas (8), (9) take the form:

5=3% 30T 3% % (22)
Tp=[(T+TH(T—s%)7'3%|0;. (23)

Pormulas (22), (23) differ from (7.111), (7.113) only in teras

of the presence of tha square matrix/die F instead of introduced in

2
*his work matrix/die 1.
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Matrix eleaents F are unity and zero, moreover unity ralate tc
the terminals/grippers, which are subject to the
connection/comnunication between themselves; raeamaining coefficiants
are 2qual to zerc., Taking into account that in Pig. 3a are connected
tarminals/grippers I and p+#1, 2 and p+2, +.., p and 2p, ve no%te tha+

1.

for this numbaring matrix/die F is equal to The formula, which

N
.

e U
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considars ropeated wave diffractions arsund the bodies of compl=x
form, obtained in [S5) by the meéthod of scattering matrices, differs
from (22) only in terms of the designations of the matrices/dies of
partial haterogeneities and in terms of matrix/die ¢ (instead of 1),

which makes sense of value F.

E. EBExpressions (11)-(14) it is not difficult to usa for
calculating scattering matrix system of two multipoles, ccnnected
vith cuts of long lines with an alectrical length of 6,=T;, where
i=1s 2, eeey p (Pig. 3b). Por this in (11)-(14) it is necessary to

introduce the replacsment:

T o 0
0 e™ 0
T-5,=10 0o "0 N (29)

0

A fipally special case cf the reference system, depicted in Fig.
1, is the multipole to which are connected the quadrupoles by the
cuts of long lines (Pig. 3c). The scattaring matrix of the i
quadrupole let us designate [, the elactrical length of the

correspcnding leng line cf ccamunications g, (=1, 2, ««., P)®

The formula of the scattering matrix of the system, depicted in

Pig. 3c, we will obtairn from exgressions (6), (8) by replacement
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§—8, where B, is preset by equality (24). If in the cas2 of
connasction/communication of two multipolas (FPig. 3b) in ccmpound
matrixsdie (1) at places 3;.'Emf; stand corresponding indexss i, k
of the cage of the matrices/dies of multipoles S, S3ees, then for
the case of Fig. 3c at the places of compound matrix/die indicated
stand nunbet—elamants/célls of +he square matrices/diss of sacond

order T,

Th2 systsm, depicted Fig. 3b, and also a special case of the
zero lerqgth of all lines (l:=c) in Pig., 3c examines in [ 1]. However,

there the analysis conducted is very complex.

Taking intc account that cutlined abowve, it is possible to maka2
the conclusion that formulas (8), (9) g2neralize the results of the
theccy of linear aultipoles [3, 6] and long linss with loads ([ 1], and
also the method of the generalized scattaring matrix [ 14] and acccunt
of repeated diffractions with the aid of the scattering matrices [5]
to thae calculation of complicated reqular circuits with the

heterogeneities.

F. L2t us usa described method %to datermination of scatzering
matrix of slotted bridge and waveguide d2velopment with thick
internal wall ard staps in regicn of coannection/communication. In

Fig. 42, is shown the section of bridge in plane H. Wavegqguide
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development we will obtain fros this bridge, after supplying shorting

device in the plane rr.
Page 151,

During the darivaticn of the formulas of the scattering matrices

———— 3 —

nf such devices/equipment la2t us take as the base the scattzring
matrix of the waveguide joint, shown in Fig. 4a in planes z=0.
Scattering matrix c¢f this joint was deta2crmined by formula (15). The
scattering matrix of joint z=1 2n Pig., 4a let us determine in

accordance with the designaticns, accepted by this f€igure, in the

form
SUSEITH | [ (MmN Rm)
Fois L | [

In aquality (25) index i is set in order vo emphasize a

differsnce in the geometric dimensions >f joints z=0, z=l in Pig. ua.
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Lat us use formulas (11)-(14) *to the device/equipment, dericted
in Pig. 4a. Takiny into account designatioms (15), (25) with l=o ve
vill ob*ain the formulas of the cages of the scattering matrix 2f the

transition/junction of wida wavaguide to three narrow onas:

. Ct e n

ey e e o e -
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S48 = 5% 4 35T (1 —-37 8%~ §¥,
u> rge n?m A=1,11a=1,2 a Ta(xfr:(e npy A=1[I1, 1V a=23, 4,
t(s)npu B=1, 1l b=1, 2, Q@ npu B=111, IV =3 4
- '§“=§"(]‘_‘§“§")-1 "S’u.
Oraenpy A=1, Ila=1 2 a Ta@(e npu A=1I1, IV a=3 4
@npuG=III, IV g=3, 4 @pu G=1,11 g=1, 2

(26)

Key: (1). where with, (2). and also with., (3). with.

Let us place shorting device into the@.;rerage/mean narrow
vaveguide of the joint of three wvaveguides with one wide, as shown in
FPig. 4b., With l=0 this device/aquipment is convsrted intc the joint
sf wide waveguide with twec by narrow oness, that have thick
general/common/total wall. Tle scattering matrix of joint wich the
thick wall (Fig. 4b, l=0) lat us designate K. After using formul as
(11H-(14), takirng into account (26) we obtain the cages of matrix/die
K:

. RAH=§iQB__§fIV (T+§{V IV)—I S{VB' (27)

wher2 A, B=I, II, IIT.

Supplementary indices 1 are set in (27)in order to note that
matrix/die K is determined fcr the joint with a width of +tha narrow

vavequides of k; and n, and with a thickn2ss of wall of m,.

Le* us nov place shorting devices into tvwo extreme narcow

-
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vaveguides, as shown in Pig. 4e. dith 1=0 we obtain steps in tha
vavaguide in plane H (coupling the waveguides of identical h2ight and
different width) . Let us designate the scattering matrix of this
coupling by symbol L. After using formula (22), ve obtain expressions

for matrix/die E:

_ S" 1Sl w 5! i SI 1" l_ S” 1 llll -1
L= SIVI l§’lv T SJV I; SIV Il u I7; ng i X
51 S 11 :v
EE -

SHitishiv
S2° ' |S2

Indices 2 v (28) corraspond to the width of the narrow waveguide
m, and to the heights of steps k,, n, (Fig. i:fﬁ). moreover
(N

k"’l"niakz*ﬂz’nzo

After substituting the cages of mactrix/die K into formulas
{11)-(14), we obtain expressicns for tha cages of the scattering
matrix M of the vaveguide branching off, showm in Pig., 44d:

MIV IV IV v LIV 1 (T RH) { T — ("f Rll) (T z!l):—l (7-21 IV)
MIVB LIVI i (TL (TK”)l-l (TRIB‘
A w KAI 1 | — (T RII) (‘TZII),—I T“El IV)
"’AB KAB + KAI ‘TL” 1 l (T L”) (T KII)\—I (T KIB
vhare A, B=II, III.

. (29)

Page 153,

Utilizing again formulas (11)-(14) for series connection of

e e e e — v e o
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identical joints with matrix/die ¥, shown in Pigf’ﬁa&eoa, wae obtain
the unknown scattering matrix of H-plans slotted bridge with ths
*hick intarral wall and the staps in the region of the

connection/communication:
S8 = W8 < AT (T, W) (T — (7, W) (F, T7)1" (7 W72)
Efmcn = MAT :T_ (To MT‘I’) (To MTT) ll--l (To A-'ITG) I

r30)

where T=IV:; A, B=I, II or IXI, IV: with A=I, II G=III, IV; with

A=III, IV G=I, II.

The scattering matrix of wavequide development with the thick
internal wall and the stepped ccntraction of the region of
connection/communicaticn in plane H is determined from the 2xpression

St oumopore = M2 —MA T T+ (T, T, M T, T, M2, 131

vwhere T=IV: A, B=I, II.

At conclusicn of present secticn it is necessary to emphasize
that method examined here of ccrpruting the scattering matrices
complicetad pluabirg is basad cn repeated use of one and the same

algorithm, determined by forsula (8).

This order of comrputaticn is very convenient for the rralization
on the computer(s), since it requires tha use of one routina for

calculating the most varied plumbing.
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Page 154,

Conclusion

1. In the presesnt work is obttained scattering matrix of

complicated waveguide juncticn cf regular wavequides with several

regions of connecticn/comamunication. In the method in question the

calculation of tha scattering matrices of different complicated

vaveguide junctions is conducted by repsated use of one and the sam2

algoritha, convenient for the calculation on the computar (s).

2. It is shovwn that known results of theories of connected

linear multipolzs and long linas with loads,

and alsc methecd of

generalized scattering matrix ard account of repeated diffractions

vith the aid of scattering matrices can be obtained from scattering

matrix of complicated waveguide iunction as special cases.

3. Are brcught osut fcrmulas of scattering matrices:

- joint of wida waveguide with three narrow, that have

infinitaly thin ccamon walls;

- regular wvaveguide with jurp cf cross section;




y—— .~
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- thick metallic seai-infinite plate, situated in rectangular

vaveguida in parallel to narrow wall;

-~ slotted bridge and waveguide development with thick wall
betveen narrov wavejuides and two irreqularlyly cross section in

region of connaction/communica%*icn.

In conclusion the author exgresses gratitude to G. A. Yevstropov

for the discussion of the manuscript of articla.
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Three-stage commutation field of the system of the repeated use cf

short-vave receiving antennas.
V. D. Chelyshev.

Three-stage commutation systems ar2 examined taking into account
the spacial features/peculiarities, which escape/ensue from the
' admissibility of simultaneous ccnpection to ona antenna of the group

of receivers. The fundamental cltaracteristics of three-stage

comamutation fields are given in the comparison with the single-stage

~

field of ¢ha same capacity/capacitance,

¢

Introduction.

The numerous specific special faatures/peculiarities of
short-vave radis communicaticr 1lsad to the need for having radi»s
centars with a aaximally possible number of simultaneously sarviced
correspondents {frequeancies and routings) with the minimally
necessary number of aﬁtennas. The important composite/compound
componart pert -f this radioc cen*er is tha system of th3 repcated us~

2f antepnas with the developed ccmmutation field, which ensure the

s
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mutual commutaticn of the inputs of reczivers and antenna

introductions/inputs [ 1).

In the genaral case of substancas the process of operation any
of the receivers can be required any of the antennas independent of a
number of already estakblished/installed junctions, i.e. switching
systam must be sufficisntly flexible, fully accessible, On the other
hand, under difficult conditicers of shortwave comamunication, in the
connection/comsunication with tbhe highly mcbila cbjects and in other
cases is requirad the sufficiently frequent cross-ccamunicaticn cf
antennas up to the automatic selection, i.e. sditching systea must be
sufficiently high speed, operaticnal., Best in this respect would be
the fully accessible system of cgperational commutation. However, this
systam always cannot be realized, especially at the radio csnters of
great capacity. Purthermore, this diagram is characterized by the
large redundancy of coamutaticn points, it requires coaplicated
feader separatiorn and it is deprived of the universality of the
use/apolication at theé radio centers of a diffarent
capacity/capacitanca. To virtually each receiver for tha
elongation/exteat relative to tha prolonged intervals of time is
recessary operational comsutaticn frcm the limited, small number of
antennas with the noncperational, but fully accessible replacement cf
this set/dialing of aprtennas. In other words, acceptable should Le

counted systeam with the operaticnal not 3ntirely accusable

. S
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commutation and the nonoperaticnal fully accessible commutation cf

antennas,
Page 156,

Let us designate through M a maximum nuaber of simultanecusly
sarviced frequencies and routings (receivers), and through N -
maxisum number of antannas of radio center (antenna
introductions/inputs), We will be orientad toward value of M, which
reaches hundred and more, and at value of N, wvhich reaches seaveral

ten,

General/common/total characteristic of thres-stage fully accessible

commutaticon field.,

In the simplest case for guaranteering total accessibility ard
effectiveness of ccamutation it suffices tc have common single-stage
commutator with a capacity/capacitance >f field of MxN, as shown in
Pig. 1. However, it is not always possible to use in the practice
this solution. FPirst, the fulfillment of ccmmutator with values of N,
N>30:-40 is connacted with the serious onass (1], In the seccnd place,
this coamutator is deprived of the univarsality of its
usa/application at the radio centers of different

capacity/capacitancs. Thirdly, although a siamilar single-stage
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diagram has the smallest number cf coupling feeders, the lengths of
most numarous group M of the coupling feeders of a
commutator-receiver are large. PFourthly, diagram is charactarizad by
the large redundancy of commutation points. Therefore at the radio
centers more fraqueantly is applied the single-stage diagram, which
includas not onz, but se2veral (k) commutators of small amcunt of

capacitance M'xN' with M*<M and N*<N, as shown in Pig. 2.
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Key: (1) . To the inputs of receivers. (2). To antenna

introductions/inputs.

Page 157,

Antenna introductions/inputs for the separate commutators ara

———
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obtained from the outputs of the splittars of the power of antenna
amplifiers, and a number of these introductions/inputs considerably
increases., With N'<N the diagram is deprived of *“otal accessibility.
In order to expand the possibilities of diagram and to draw it nearar
the fully accessible, increase the capacity/capacitance of
commutators in input (N*~>N), run suppleomentary feeders from the
splittars powar to the commutators and betveen the separate
commutators. As the final result taking into account ths possibility
of the xanual cross-coamunicaticn of antennas with ¢he aid@ >f the
supplementary faeders the diagram approaches in its commutation
characteristics single~stage fully accessible, being inferior % it
in a numbar of coupling feeders and in the possibilities of the

automation of the processes ¢f ccmmutation.

Prom the theory of fully accessible ccmmutation svystems it is
known that more effective in ccaparison with the single-stage is
threa-stage systeama {2]. Its tlock diagram is given in Pig. 3 and is
commutation field with a capacitys/capacitancs of MxN with NN,
consisting of %¢he totality of the separate commutators of small
amount of capacitance, grouped into three cascades/stages. For
guaranteeing of total accessitility and effectiveness of commutaticn

it is nscessary to satisfy the following conditions:

a) in the first cascada/staje to begin to operate M/n

— ey - e o e — —————— e e —
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commutators by capacity/capacitance [ nx(2n-1) ] 2ach;

b) in the second cascade/stage to bagin to operate (2n-1)

comnutators by capacity/capacitance [ (M/n) x(N/n) ] each;

c) in the third cascade/stage to bagin to operate N/n

commutators by capacity/capacitance [ (2n~1)xn] each;

d) interstage junctions tc satisfy in such a way that each
comnmutator of the pravious cascades/stage on the output would have at
least one junction with each ccarutator of the subsequent

cascade/stage on thes input.
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Fig. 3.

Page 158,

Here n - cartaio commutaticn number whose sense will be

clarified below.

The Jistinctive special feature/peculiarity of the commutation
field of the system of the rereated use of antennas consists in the
fact that in it, as a rule, always M>N, a number of recaivers exceeds
a number of antannas, but the connection of receiver with the antenna
remains available independent c¢f a number of already connected to

this antenna receivers.

Bacause of these special features/peculiarities structural
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diagram in PFig. 3 retains its fccm, also, with M>N, but by tne force
of inequality M>N a capacity/capacitarce of the commutators of the
second cascade/staga and a number of commutators of the third

cascade/stage dacrease [3].

Let us examine tha most difficult case. assume it is necessary
o carry out a connection betsween an i- receiver, connected to one of
the commutators of the first cascade/stage, and a j- antenna,
connected to ona of the commutators of tne third cascade/stage.
Moreover to (n-1) receiver c¢f ¢te ccmmutator of the first
cascades/stage in question is already connected (n-1) antenna, none 3f
vhich is requirad for an i-receiver, and (n~1) antenna of the
commutator c¢f the third cascade/stage in quastion is distributed on
the receivers, which form part ¢f other commutators of the first
cascade/stage. All connections from that examined/considered of the
commutators of the first cascade/stage and to that
axamined/considered the ccamutatcrs of the third cascade/stage pass
through the different commutatcrs of th2 second cascade/stage. Then a
nusber of occupisd commutators of the second cascade/stage, through
vhich it is possible tc¢ carry cut ij connection in question, composes
2(n-1) =2n-2. Since in the seccnd cascada/stage will begin to operate
(2n-1) commutatdr, then remains one additicnal commutator, through

which it is possible to carry ou* the raquiring ij connection.

b e
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We analyze function of total number of commutation points of the ’
system Ty (M, N, n) in questicn depending on the cosnutation

parameter n at the given cnes by 8 and N. Prom the diagram im Pig. 3.

r,=nﬂ[n(2n—|)l+(2n—t)(if- —',‘,'—)+-':"-(f2ﬂ*l)")1= 1

- (2n-x)(M+N+‘:—’:’). (1
Let us introduce designaticn r2,=MN/(M#N) and will consider that ir

the single-stage diagram T,=MN, then equ. (1) will take the fora

~

AP SR | 4
Taing@n l)<|~v—;>. . (1a)

Page 159.

of greatest intarest is three-stage diagram with a mininmum
nuaber cf commutation points T;.. Investigating equality (7a) to the

extremum, ve will obtain the equaticn of form.

P —nin+nd=0. 7 (2)

This 2quation has the unique solution, which satisfies the paysical
realizability of diagram (rcct cf equation has real positive value
moreover n>1) at the value of discriminant %(27_4ng)go,i.e. vith
ng>2.6. The approximately optimum value of éonnutation parameter

n=n.g. at which occurs a minimum number of comamutation points, can be

defined as [4]:.

2n, {1
Moqy 2 —— €OS '— | 1 —arccos
13 43

R (3)
[

s
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In the concrete/specificsactual diagram of commutation fi=ld
valua n must be not only whole, but also ccmmon multiple for M and N.
In this case values % and N are rounded off to the appropriate
nearest values toward the increasa (by this is considerad a proaising
incrzase in the capacitance of radio center), and value n,. 2Rd Tyum
it is pcssible to datariine frow the approximate equalities, valid
already with ngy»8<5:.

= V| "
Toan =41 MN(MEN) | -

Since valuas n it is necéssary to round off-duting the
development of one or the other diagram, then is of intarest
dependance o on o which it is easy to obtain from the equ. (1,

3 i

1a; 3 and 3a) in th2 precise and approximate form:

’ 2
, (2n—l)(l . 1
T. n’ (4)
Tanu n
(2"om—” I+ 2 )
v e,
2\
T :-]—-2" ! (]_:_:l_o\_ (1)
Toum 2 20y—1 -m/

Functional dependences (4) and (4a) show that change n with
raspect to ng within relatively vide limits from n=1.7 ny to n=0.5 n,

and less leads to an increase in the nuaber of comamutation points not

gore than by 250/0.

Page 160.
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Furthermore, for values of n,zuée more idvantageous is rounding n
tovard daecrease, since in this case a number of comautation points

increases more slovly than with the rounding to the large side. 4

Let us examine
field has the total

singla-stage fiall,

conditions, with wvhich three-stage commutaticn
rumbar of commutation points T;, is less than the

which has T,=MN, i.e. when T./T32). For the

optimum three-stage diagram taking into account (1a) and (3a) we will
obtain
ho_ T > 1. 5)
Ty unu n}
(2!:."—1)(1 +—~)
"’m

In the most important for the practice cases whzn ng=num=

4-5, we find

&l

~ ~le
2(2n—1) 4 > 1. (5a)

T

Tl ua

’
Coniition (5a) shows that the threa-stage cosmmutation field

bacomes 3quivalant to single-stage or mora profitable according to a
MN
rusber cf cosmutation points at values >¢ Ng)4, vhere p, = p i .

Since in the systam of the repeated use of antsnnas M>N, i.e. M=k\N,

k>1, then it is possible to record:
: 1
Nmrdt s ) M=)

T.-MN-ng(l+—l-')'k- )

&
o
ral
w
4
"
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Analyzing equ. (6), it is possible to note that three-stage
comnutation field profitably according to a number of coamutation
points, beginning from the initial capacitance of radio centar
T,=MN=103 (for sxample, MxN=€4x16), but at values of T, =6103 (for
exampla, MxN=192x32) three-stage diagram provides gain in a number of
commutation points not less than 1.5-2.0 times., The noted advantages
do not sxhaust ths possibilities of thrae-stage diagrams. Taking into
account the specific character of the work of the system of the
repeated use of antennas, it is possible to an even greater degree to
realize gain in a total nuaber ¢f ccmmutation points. L2t us pause at
one of tha possible versicns of this parfaection of three-stage

diagram.

Three-stage commutaticn field from the limited by accassibility

operational commutation.
The three-stage diagram examined provides total accessibility
and affectiveness of commutation at any moment of time and

independent of a number of established/installed connections.

page 161,
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™is onerationnl total acgessibility of comrutation for the swatems

of the reneated us of short-wave antennas
recelver and to their even group with the
accordin~ to the connectton/communication
extended segments of time it 1s necessary

of antennas for onerative commutation and

is not necessary, To each
sinmnilar conditions °
during those relativelw

to have onlvy a limited set

autonatic selection. In 2

single-stage circult as a result of the imnossibility of pnroviding

comnlete agsessihilitvof commutation with a larme initial capacitr of

the radio center an attempt is made to use senarate cormutators with

the maximun nossible canacltv, In a eomnletely azmcessible three-stare

circult 1t 1is not necessarv to select individual hi~h-canaecity

cornutators, Thus each commutator of the first stacge, which endures

direct commutation of the receiver *mrrnuts, can be selected with the

nunber of fnnuts -~ 1’1@[_ Tn this
My

¢ each receiver 1s avallable any of

. 75 7'3;&@;‘;4 Ve, :{A

cagse at anvy moment of tire

e e ey ————— -~ - -
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the2 available by N antennas. Taking into account the possibility of
selecting the receivers in such small groups according to the
prirciple of th2 similarity of conditiorns according to the
connection/communication, it is rossiblzs the same n of antennas to
select not on n, hut to the large group of receivers qn with g>1. In
this case there is no possibility to ensure total accassibility cf
commutation for each recaiver at any moment of time without any
mechanical reconnection/recoabinaticn to comrplataly ranaw set/dialing
from the n antennas on any of the commutatcrs of the first
cascade/stage. Let us examine the simplest case wvhen coefficient g is
selected identical for all ccasutatcrs of tha 1st cascade/stage g=dq.
The structure of th2 coenstructicn of diagram remains the same as in
Pig. 3. will change only a nuwber and the capacitaace of tha
comautators of the first and and the se-ond of cascadas/stages. Thus,
in the first cascade/stage must te bagun to operate M/qn ccmmutatcrs
by capacitance (qnx(2n-1) ], the secondly - the same {(2n-1) of

ccmautator, but by capacitance (M/gqn x N/n). Total nuabsr of

&

e A e apuingen.
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commutation points for the changed diagranm

My 7

T,= @ —D(M+N+70). )

Taking into account that during tha composition of thke i

concrete/specific/actual diagras n it is necessary to round off, wve ]
will be rastrictad to the examination only of the approximate

solutions, Minimum number of cossutation pcints with

i I (&

it is possible approximately to find frca the relationship/ratio

Ties A (M + N) = 222 ®

Page 162.

The analysis conducte€d stows that the diagram with limited
accessibility of operational ccmmutatior with g>1 provides
supples2ntary gaia in a number of commutation points | 4 once in
comparison with the three-stage fully accessible diagraa and 2%%i
once in comparison with the single-stags diagram. Thus, with q»2-4
diagram from thz limited total accessibility operational comautaticn

becomes profitable than the single~-stage, beginning from the initial

capacitance of radio center NxM¥=102,

The analysis of the three-stage commutation field of the systen

AR ttte 5 ) A IR TR T aaa SO - . . — .
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of the rspeated uss of antannas conductzd makes it possible to make

following conclusions.

1. Three-stage commutaticn diagrams include totality cf
coamutators of small amount of capacitanca and differ in teras of

large uriversality uses/applications at radio conters of most varied

capacitance.

2. Consilerable changes in structure of three-stage diagram do
not lead tc sharp increase in number of commutaticn points in

comparison with optimum diagras.

3, Optimum fully accessitle three-stage diagram bacomes
profitaols according to number of comauntation points in ccamparison
vith single-stage, beginning from relatively saall initial

capacitance of radio center NxN=103.

4, Purther possible considerable increase in profitability of
three-stage track layouts of cerresponding limitation of total

accessibility of operational commutation.

The given numerical charactaristics of three-stage diagrars car
sarve aAs base for tha selection of the varsions of comautation

Alagrams during their comgparative evaluaticn according to tha
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cperaticnal possibilities, “he alectrical and operating parametars.
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