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SOME BASIC RELATIONS PERTAINING TO HIGH-POWER
KLYSTRON AMPLIFIERS
by .
M, S. Neyman

Active Member, A, S, Popov Scientific-Technical Society for

Radio and Electro-Commmication Engineering
This article survey some basic relations determining the design
of high-power klystrom smplifiers. Special attention is turned
to analysis of band limitations of the frequencies passed by
the output oscillatory system and to the minimum allowable
feed voltage. Also a description of the conditions in which

these limitations become leas vslid,

1, Introduction

Klystron amplifier engineering has been lately progressing along an arduous,
peculiar and tortuous path of development. Klystron amplifiers have been developed
less rapidly than other types of super-high-frequency amplifiers, However, the
pessimistic opinions often voiced about the possibilities of their further develop-
ment have been refuted by facts again and again,

The paramount idea underlying the nature of the operation of klystron amplifi- _
ers, namely, the idea of velocity modulation of the electron beam has been formu-
lated by D.A,Rozhanskiy as eerly as in 1932, as published literature (Bibl,1) indi-
cates, Houe;rer, a year after the invention in 1938 of toroidal vibrators the first
workable klystron amplifiers began appearing in 1939 (Bibl,2).

At that time, klystron amplifiers had a low efficiency of the order of 15 to

20% owing to the large losses incurred at collisions of electrons with the grids ahd‘

walls of tubes in the drift space, and also owing to the relatively disadvantageous
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grouping of electirons into bunches at velocity modulation in only one control gap.

Therefore, klystron amplifiers used to be designed for low power only; power of the
order of tens of watts, Such a situation continued throughout nearly the entire

nineteen fortles, .

It was only at the turn of the forties and the beginning of the fifties that i
major modifications had been introduced in klystron amplifiers so as to increase
sharply their efficiency and amplification factor, ‘

A longitudinal focusing magnetic field was applied, and this reduced the losses
from the collisions of electrons with the side walls of drift space, The grids were
eliminated and the interaction of electrons with the fields between grids was sup-.. .
planted by their interaction with the fields of the gaps formed by transverse slits
in drift-space tubes, This eliminated the losses formerly incurred by collision of )
electrons with grid conductors. Lastly, there were introduced two or more succes—
sive drift spaces with passive resonators near the intermediate gaps, This had im- -
proved the longitudinal focusing of electrons into bunches, and it also had increased
sharply the amplification factor,

The considerable increase of the actually attainable electron efficiency to -
values of the order of 40 to 50% and more has made the development of high-power kly-
stron amplifiers more profitable. In the last few years numercus descriptions of .

these devices have been published (Bibl.3 to 6). The power these devices develop

already is reaching tens of dlowatts at continmuous-wave operation and tems of meg-_ __;

avatts at pulsed operation,.’
Sti11, all modern high-power klystron amplifiers require very high feed volta-
ges and have narrow frequency passbands, Moreover, for waves longer than 50 - €0

cm, the dimensions of klystron emplifiers are too large, These shortcomings hamper

greatly any more widespread use of klystrom amplifiers,

The present paper analyzes the causes of the abovementioned shortcomings and
the possible ways and means for their partial overcoming,
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2. Desirn iimitations of Klvstron Amplifiers
nd elechrical

Vi
.

Hereafter in this paper lenpth will be expressed in centimeters &
‘ parameters in amperes, volts, watts and ohms. -
Llet us survey the conditions in which an electron beam traverses the drift
¥lystron amplifier.

;o-resonator transit
which assumes an

-
space of a LW
1 According to the elementary theory of longitudinal defocusing,
+he absence OF side walls (2ivl.7), =ne

infinite cross-sectional area of the beam in

degree of focusing of electlron runches for the fundamental—frequency current is de-

~ermined by RBessel's function of “he first kind Jl(x), nose argument equa.s

> _9m ¢ p_ Sol

N
2 vy 2 K

e wave length and velocity of free electromagnetic

waves; Vg

Bere * and c are in
i Lhe velocity of -he electrons gtarted ©y feed voltage Uo; s is the length of
is the ra%lo of amplitude of control voltace to roltage Uo; and h is

arift space; o
3
space charge.

er of longihudinal def

+he action of

+ne paramet ocusing, related to
. This parameter depends on dersity fo of tre electron current ard is expressed t¥ the

following furmula (Ri-1.8) i
1
/3= Ll
—_ Q- 2 _10
L h=V3% 100 (2)
U,'

On introducing sone eorrection ractor x that is higher thar unity and takes
into account the effective attenuation of the defocusing parameter owing “o the ul- -
timate value‘of the cross-sectional ared of the electron beam, and which also takes
into account the influence of theside walls, eq.(1) can be represented 1in this

form
hs

ym2re b
1%2

(3)

sin—
b
*
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hs
*

= =
2

equal to

‘/_ 0—2 c w.U.

Io

the magnitude of x is at its maximum,

Assuming that

« 1, when the correction deductible from the theory of’

relativity is still small, we find

L [T U
Xmax = "3_—{—_1’__
2l

lo
The' maximum of the function Jl(x) is present at x = 1.8.. Having to satisfy
the condition . , ) .

X max > "84 pv

we obtain the following condition for current density -

. . 2'51: 2]
©2 -
Fo™™ ~ = a0 ( )

Considering that the maximum of Bessel's function is obtained in-a rather
blunted form, the multiplier P can be assumed to be somewhat below unity.

The corresponding length of drift space s equals, -in accordance with eqs.(4)

? and (2)
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.. or, considering eq.(7),

L tut | ).

The apb‘l;.ca'tion of egs.(4), (7), (8), and (9), corresponds to the.conditions": ‘
’ présen,_t: atf' short waves when the lengtps of drift spaces are not large. At longer
waves . for instance waves of the order of 100 cm, when it is desirable to reduce the
lengths of drift spaces, it may prove expedient to select the argument of the sine

%

in eq.(3) below _g_., i.e., to assume that

By, (k)
% 2 .
. where g'’< 1.

Considering that, when-the argument of that sine is selected below ._;._, the

gine varies somewhat, it is possible to take the coefficient ! much below unity.

: ‘ _Then, egs.(7) and (9) will assume the following form:

: l.‘:
! - 25 = pr . =B’\? e

. 23 - =x. .
Joh7s 3184 Up sin— )Uo ]

()

1

s 1,84 53 U2

) 1000 @ ' (9")

The multipliers B and @' should, of course, be so selected as to preserve a
quite satisfactory bunching of electrons.

Proceeding‘ from here on we will employ eq.(7), on keeping in mind the necessity

of replacing B by ___ﬂ__‘—- at a reduced length of drift space.
: ein B - :

ansideri'ng that

" . P-TS-9248/V
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,(/°;=fi ==_li_”

1o foS
where P is the power of electron beam, Io is the feed current, and'S is the cross-
section:.l area of beam, we find according to eq.(7) the limitation for the lowest
value of feed voltage as imposed by the conditions of longitudinal repulsion of
electrons
J - r g . :
U’ >-%é%‘—- Po% %) - (10) .
As can be seen from the above inequality, the cross-sectional area of the elec-

tron b'eam should be large in order to ensure the possibility of applying a low feed

voltage.

3, Case of Solid Cylindrical Electron Beam

Present-day high~power klystron amplifiers operate with a,f electron beam having %

a circular .cross-section (Fig.l). On designating theidiameter of the beam by D, ‘we
have .
= D3
- S= e .
For a good interaction of electrons with gap fields, there

b o, should be

Figsdl D =< Ad,

"

. where d stands for gap width. This width is, in turn, limited by the reéquirement
(11)

! where )\q stands for the distance traversed during one oscillatory period by an elec-
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‘ alues of the coefficients A and B are .
tron accelerated by voltage Uo. The adopted v 't
termined by the conditions of the interaction between the electron beam and gap
determin .
fields (Bibl.8, 9). _ s
The following limiting requirements are obtained for the diameter and the cros
e

sectional area of the electron beam:

A AU% (12)
D<_560—E 0

3 < %(%)'U,. , (13)

On‘considering the latter limitation we obtain in accordance with eq.(10) ‘the -

requirement for the minimum allowable feed voltage

5
8. BY "
N o

For instance assuming that = L and B = 5.5 anq A= 1.6, we obtain
’
KX
at P_ =20 kwt

5

Ul > 1,72-100

Uy, > 12,5 xs.

Published literature (Bibl.(4) contains a description of a 30-cm-wave klystron
amplifier w.i.it.h very similar data. For that amplifier, Po = 19: 5 kwt and Uo =13
kilovolts. 6ap width measures half an inch, which is corresponded by B = 5.7.

Thus, the assumed value of P ig evidently approximate to the real one.
’ T

.. A_Band of Frequencies Pas tron Am
" Efectron Besm. . . L Grliodeical

In view of the very high voltages of the klystron amplifiers of the here-

t described ty}Se‘ it is necessary to apply output oscillatory. sy§tems with a very high

F-TS-92)8/V- ‘ 7
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i i i .e. This
resonant resistance R, and hence with a high quality Q when in loaded state
is equivalent io a narrow frequency passband.

The following are the formulas for the necessary resonant resistance R and

quality Q:

(15)
(16)
Here U is the amplitude of alternationg voltage on output gap; Il is the first
' , U x
i i s & = is the in-
harmonic of the current exciting the output oscillatory system; ¢ —ﬁ;' s
' 1 ici first harmonic of current;
tensity of mode; v, = _T%_ is the coefficient of the %rs . :
and p_ is the parallel active characteristic (Bibl,10) of the output oscillatory
u

system, related to voltage U.

On considering requirement (14) we obtain

i
.

o
‘e @ o

8

5
¢ (8 B 1

R>05:100 = —M—A)

+
5
Po

Assuminé'that in the above-reviewed example Po = 20 kwt and Uo = 12.5 kilovolts,

.and also assuming that ,7;_ = 0.8, we find

.

. 2 . .
¢ Yo _0g!2:510" _ 6300 ohms.
R=--%, =08 :

Thus, ;ﬁere is obtained a relatively very high resihtanbe and, consequently, 2
narrow passbaﬁd..

In effect, it is difficult éo increase the characteristic Pu of the toroidal
vibrator’ ev;n at a relatively large gap between the ends of drift tubes. "In prac-
tic; it can barely be made- higher than 60 - 70 Ahms; Therefore, the necessary qual-

T, ity obtaino?i‘amounts to a value of hundred or more units, which.correspoﬁdb to an

¥  output-resonator frequency passband of the order of 1% or less from the carrier

F-TS-92,8/V C 8
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frequency (at computations in terms of half power level on the edges of the fre-

‘\‘)‘,g;. | quency passhand). Passbands of such an order are actually observed in practice
(Biblul)e

. As can be seen from formula (17), resonant resistance-varies very slowly with a

change in power, that is to say, as the root of the fifth degree of power. There- -

fore any much more favorable conditions for the width of the frequency passband are

—

present only at very high’_powers of klystron amplifiers. ¥or example, according to
formula (17), a fouricld expansion of the passband is corresponded by an approxi- -
mately thousandfold rise in power.

In this respect, a characteristic amplifier described in literature (Bibl.5) is
the super-high-power pulsed klystron amplifier with a pulse output power of the or-

der of 20 mwt and with Uo = 400 kilovolts, I_ = 250 amperes, and Q = 30. The pass-

o]

band in such an amplifier is thus comparatively wide.

For that amplifier, we have (assuming \:-l = 0.8)

R=8Un _pg. 410

8 —— = 1280 okims.
n 1o 250 . .G

b4 g
¥ Therefore, quality Q = 30 at loaded state is corresponded by the conveniently

obtained characteristic ’ ‘ T -

Pu‘ﬁ‘ =128 _ 43 ohms.

Q30

let us also note that, as can be concluded from eq.(17), a reduction in resis-
tance R and éxpansion of frequency passband are also possible to achieve :by reduc~

" ing the amplification factor (reducing the magnitude of fir ) or by reducing inten- L=
. i : .

sity £ i.e., weakening the braking of electrons by the fie'ld ;nf the gap. e

5. Klystron Amplifiers With Enlarged Cross-Sectional Area of the Electron Beam

As can be seen from the aforecited formulas, it is possible- to reduce the nec— -

essary feed voltages and expand the frequency passband by eliminating the limitation

F-TS-924,8/V 9
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s e

‘ im;wosec.:l by requirement; (13) on the cross-sectional ax;ea' of. the electron beam. ‘
This limitation becomes dispensable in, for example, the. event of a multi-beam
Klystron amplifier described in the book by Warnecke and G{xenard (Bibi.?), Chapter
)(XXVII, and to aﬁ even greater degree, in the event that none of the electron beams

is solid and all adhere to the walls of the drift-space‘tube (Fig.2).

@
@

For such a multi-beam klystron amplifier the- -

inequality (12) is replaced by the

b <A—2'd. (17)

@ where b stands for thickness of the electron layer .

(Fig.2), and A' stands for a somewhat smaller co-
@ efficient than A. o

’

The overall area of all n rays (at D > b)

approximately equals

S=~nDbn < =D —gind,

' or, on taki.ng into account inequality (11)

1

~x_ AnD 7
M 10008 A ° !

. wﬁere D is the diameter of each beam.

Correspondingly, inequé.lit}; (10) assumes this form

1,84 - B A
- U - — 120 Py — —
° nopr ‘/ A" a0
For resonant resistance we obtain

v? . <o
R:_E___l’_>/(l_-_8_‘1 2120=__’3_L(i :
Y Po r u A aD \ p~

F-TS-924,8/V
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1

As can be seen from the above, resonant resistance is not affected by power.

nD

On selecting a sufficiently high value of it is possible to obtain compar-

AY

atively low value; of U and R. For example, if it is necessary that R be not over
o

1000 ohms, this should be the formula

2 =013 () £

Assuming that A' = 12 and, as before, B = 5.5, =T = 0.8, and :;

= ,
find

% > 0,27.

Naturally, the amplifier's design should be adapted. for ensuring a fairly ade-

quate decoupling between the output oscillatory system and the preceding oscillatory

system.

For the required voltage we have

T
Uo- "'e—‘Rpo . (22)

In the example described here, assuming that R = 1000 ohms, P = 20 kwt,

. ®

and —— ='0.8, we obtain .
T Yl G

-

Thus ;e obtain a relapivgly_low feed voltage and a relatively high féed current.

Let us-now turn our attention to the frequency passband of the output oscilla-
tory ;ystém.. Let us take note of the capacitance of the gapé, which, at the pres-
ence of several large-diameter drift-space tubes, constitutes nearly the entire ca-

pacitance of the output ‘oscillatory system and may, therefore, be used for an ap-

proximate appraisal of %ts characteristic Pyt

F-TS-92,8/V 11

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/06/24 : CIA-RDP81-01043R002100080008-8



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/06/24 . CIA-RDP81-O1043R00210008008-8

/
i
The linear capacitance of gap width d between two flat tapes having a width h

(Fig.3) is determined by the following approximate formula

- .

G = h e (23)

2x?

Therefore; for the above-discussed example, it can be ap-

proximately assumed (on increasing capacitance somewhat) that

C=Cy=Dn="21ntcm, “(2L)
2r d

Correspondingly

_15% __30% 1
b,y — T = ——
{tu =C ) h
n—

d

Assuming, for instance, that h = 20d, we obtain, in the event of nD
p, = 37 ohms

For the necessary loaded quality of the output oscillato‘rj;r system, the follow-

+ ing formula. is ‘obtained on taking requirements (21) and (25) into account

LR (LB, BSNY Lk
Q*9u>(r~)4nﬂ'( ]nd'

P

(26)
Here, the right-hand part does not depend on Po’ Uo’and Ae

Assuming; as before, that B = 5.5, A! = 1.2, —— = g

l.p h ) .
d =
e - an - 20, we find

Q..=27.

Thus, in these conditions, we obtain a low necessary loaded quality correspond-

-ing to a comparatively wide frequency passband. Of course, the above computations

‘are approximate.

As before, it is possible here too to expand further the fre;quency passband by

-~

‘reducing the amplification factor, i.e., the magnitude of J’L, or by reducing inten-
. u

.. -F-TS-92,8/V . 12
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. o
sity f. The enlargement of the cross-sectional area of the electron heam permits,
not only to reduce the feed voltage and to expand the frequency passband but also to

obtain certain other benefits.

1. 1In accordance with inequality (7), the density of the electron-beam current
1 ‘ '

decreases as U, —E—. This may be of vital impo?tance in short-wave operation; when
the current density necessary for the most.effectivé performance of an amplifier and
increasing in proportion to the reduction to lambda,,  has a very high value th#t
is difficult to attain.

2.' At Iong-wave operation, a reduction in voltage may prove expedient from the -

viewpoint of reducing the necessary lengths of drift spaces determined by require-
1 . .
ment (9') and proportional to Uj 2, and hence also from the viewpoint of reducing .

the lengthwise dimensions of the tube and the length of paths traversed by electrons.
t the same time, the dimensions of the oscillatory systems.are reduced by in-
creasing their usefully utilized capacitance, which is also important at very-long-
. -wave operatioﬁ:;
These cirgﬁ%stances may‘expand somewhat the boundaries.of the wave bgnd within

which the klystron amplifiers can be applied.

6. lestroﬁ Amplifiers With Two_and More Drift Spaces Arranged in Series

Although.the formulas- described above pertain to klystron amplifiers with a sifi-

gle drift space, they can- also be related to amplifiers with two or more drift

.spaces, upon being somewhat modified, (in particular, with regard to coefficients §
and x). ‘
We have been so far concerned only with the problem of expanding the passband
-of the output oscillatory system. A corresponding expanéion of passband for the in-
.put and intermedlate osclllatory systems can be achieved by their ballast loading.

fIn view of the relative smallness of the amplifudes of r - f voltages occurring in

F-TS-924,8/V 13
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‘:,.hese oscillatory systems, the powers ‘emit.t.ed in the ballast loads will he low com-—
pared to output power, SO that the overall efficiency wiELl be decreaseé only a lit-
tle. Naturally, the amplification factor will be somewhat below its maximum possi-
ble value., However, this circumstance is not very important in view of the very
high amplification factors inherent in klystron amplifiers with two or more drift

spaces.

‘Appendix

Beside .the above-described, as per inequality (7), limitation for the electron- ”
beam current, imposed by the longitudinal debunching action of the space charge, it
is also necessary to take into account the current limit.ation due to the decrease
(the so-called "sagging") of the potential inside the drift tube at the presence of
the electron team. ;

This second limiti.né factor assumes the following 'form (see Bibl.S, .;5.78) at

_ the presence of a longitudinal focusing magnetic field gpd allowing, as is usually
done), for a decrease in potential by no more than 107 .
3 -
I,,<6,2!-10-5U,,2—. . . (27)

At the same time, with respect to a single-team l‘cly.st:ron amplifier, according | .

to (7) and (.1'3)‘, the limitation pertaining to the longitudinal debunching effect is »

obtained in‘'the following form ‘ ) ) -

3
I, j.S<24,3. 10—6(_‘_. ﬁ)'uo'ﬂ' :
B B |

R

or, at the afore-adopted values of A = 1.6, B = 5.5, and :
. . . . 1%

b
3

a

— 2
Iz 1,15.1075. U .

-
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) Considering that this requirement appea.rs to be more exacting than (27), it has 3 &
‘ . ‘ T o
also been t.aken into account in the text. ' . ‘ AR

With respect to a multi-beam klystron amphfler, the potential—decrease ro-

quirement assumes this form
4

l,<6,25-10750U, °. (29,)“

-

As .t;o; the: limitations pertéining to the longitudinal d'ebimching'effect, on’ thev‘u ":

basis of (7) and (19) it follows that
Iy < 24,3.
or, at the afore-adopted values of A' = 1.2, B

I, < 1430.1076 .

. then requirement (30) proves to be more exacting than'(29), and therefore.it, too,

»

has been conaidered in the text. ~ ‘

.. _ Article received by Editors on 6 July 1956
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APPROXIMATE METHODS OF COMPUTING THE FIELD STRENGTH OF ULTRA

SHORT WAVES WITH CONSIDERATION OF TERRAIN® RELIEF

by

0

* A.I.Kalinin

This article provides approximate methods of computiné the field
strength of ultra short radio waves on considering the influenée
of terrain relief. Interference formulas are employéd for com-
puting field strength on open routes., Field strengths on half-
open and closed routes are determined by an approximate method

" based on the approximation of route obstacles b& spheres whose
radius is determined by the specific featuresfof the obstacle,
and on the exponential relationship between the'attenuaiion

multiplier and the diffraction angle.

At present, owing to the studies of the diffraction of radio waves conducted by
Academician V.A.Fok and other savants, the problem of determining field strength at
propagation of radio waves over smooth spherical surface of the Earth and at linear
variation of the permittivity of the air with altitude, can be regarded as being
completely solved (Bibl.l, 2).

. P
However, the simplifying postulates made at a rigorous solution of this problem

(smooth spherical Earth, linear variation of permitti@ity of the air with altitude,
and others) cease to apply when the ultra short wave range is concerned, and there-
fore computations of field strength of ultra short waves can be regarded as correct
only if they take into account the concrete features of terrain relief and the fluc-

tuations in weather conditions.

Approxiﬁate methods of computing field strength on real routes upon taking into
Y

’

account the influence of terrain relief and refraction, will be described below.

F-TS-92,,8/V 17
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These methods are derived from the approximate methods mentioned in Bibl.5 and 6.

l. Classification of Routes

Let us examine the profile of a real route illustrated .in Fig.l. In computa-
tions of field strength on real routes it is convenient to employ the extent of
8 clearance between line of sight AB and route pro-

file, rather than the heights of antennas above

3
R ARt T
- 5 -

sea level or other nominal zero level., Route

- profiles are always known, and the extent of

4

clearance can be determined directly from route
Fig.l
profile.
a) Sea level or other nominal

Let us regard the extent of clearance as pos—
zero level

itive when line of sight AB passes over route pro-

file, and as negative when this line intersects route profile.

Y VS MU SR S

As depending on the extent of clearance between line of sight AB and the high-
est point on route profile, we will divide roujes into open, half-open and closed
¥ ones.
Let us term open routes those routes on which the extent of clearance at the

highest point of route profile, H, is greater than the value of Ho’ which is yielded .

by the following formula

—_ P ! . - o
I‘IO—I/—S—ROMC(I—A), (1)

where Ro is route length, A is wave length, and k is the relative coordinate of the

highest point on route profile,

(2)

-

v Rl is the distance from the left-hand end of route to the highest point on route

F-TS-9248/V 18
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profile.

The value Ho refers to an extent of clearance at the highest point on route
profile at which the difference in mode of travel between a direct wave and a wave
reflected at the said point will gﬁual A/6. On real routes the phase of the reflec-
tion factor approximates 180°, and therefore when the extent of clearance reaches
the value Ho then the attenuation multiplier will equal unity practically outside of
its relationship to the value of the modulus of reflection factor.

We will term as half-open those routes for which

H0>H>00
and we will term a route as closed when

H <0.

Let us note that the classification of routes into open, half;open and closed,
as depending on extent of clearance, has sense only at definite conditions of re-
fraction. Extent of clearance varies with conditions of refraction and it can be
found, for example, that a route that is half-open or closed at some conditions of

refractions will become an open route at Sther conditions of refraction.

2. Computing the Attenuation Factor on Open Routes

1. The field or cpen routes has an interference character. Genérally speak?<

ing, field strength in locus of reception represents the geometric sum of the fields

.of direct wave and of the waves reflected from the ground, forest, etc., surfaces.

If there are p reflection points on a route, the attenuation multiplier V can

be computed by means of this formula

' p 2 » 3177
V= [(l.—i-Eld’l,cos-n)-}—( Y | I;sin 1,)] -
{

{~1 -1

F-TS-92,8/V
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th

Qhere \Qﬂi stands for the modulus of the reflection factor at the i~ reflection

. -th
point, and Y5 stands for the phase shift between the direct and the 1” reflected

waves, equal to

2
h=’%AH+Pb

Here Ari stands for the difference in travel between the direct and the 1th reflected
waves, which shouldube determined upon taking into account the specific fea-
tures of terrain relief on the route

Bi stands for the phase of the reflection factor for the ith reflection point.
When only one reflection point is present on a route, eq.(3) is reduced to this

customary form

V=VTF @0+ 2[P|cosT. : (5)

2. The difference in wave travel Ari can be determined as follows: On the
profile of a real open route we locate the reflection points, i.e., the points at
which the angles between a line tangential to the proflle and the stralght lines

plotted from each such reflection point to the transmission and reception p01nts are

. mutually équal angles. Fig.l depicts a route with a single reflection point denoted

by the letter C.
After locating the reflection points we determine from the profile the values”
of clearance Hi for every such point. The wave travel difference Ar; for the ith

reflection point can be calculated according to this formula

- Hi
2Rl —x) (6)

where ki is the relative coordinate of reflection point, determinable from the for-

mula

F-TS-9248/V
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Ri stands for the distance from the left-hand end of route to the 1th reflec-
tion point.

) 3. The diversity of the forms 9f the Earth's suriace complicates extremely a
rigorous theoretical determinaﬁion of the reflection factors for such surface, and
Yet, in the practically important cases of computing the attenuation multiplier in
interference minimums it is necessary to determine fairly accurately the values of
the reflection factor. The theory can merely supply some criterions for evaluating
the expected values of reflection factors. '

One of such criterions is the value of the minimum zone encompassing the geo-~ .

metrical reflection point, which - when there is no influence from any remaining re-
flection surface - yields the same value of reflection factor as an infinitely lar-
ger surface with the same electrical parameters. For a planar reflecting surface
such a minimum zone represents an ellipse encompassing the geometricai reflection
point and having an area equal to one third of the area of Fresnel's first zone.
If the planar reflection surface is level™ within the confines of the minimum
zone, at least, then the reflection factor can be determined from the ordinary
. graphs used for a flat reflection surface accdrding to known-values of .electrical

parameters of surface, wave length, and angle of slide, which last can be determined

from the following formula**

0=__H
. 2R (1 ~k)" (8)

It should be noted that the presence of ground sections with differing relief
and plant-covered surface can cause a change in the value of the reflection factor

determined on the assumption of the action of a single minimum zone, by increasing

or reducing that value.

If the reflection surface has a smooth convex form, the value of the modulus

* In the sense that it satisfies Rayleigh's criterion.

#* For simplicity, the subscript i will be hereafter discarded
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in'order to obtain l‘f'l can, be.computed according to the fo]lowing‘ formula

2 01— )8 7.°
‘/H_u (lb”x) R3

D=

35:1:‘(1.,—!:)’”."

T

(12)
(13)

L. On roal routes the 'angles of slide 6 are alwaysfmll and the phase of the

reflection factor can be considered equa.l to 180°. Thererora, on routes- with a sine:

...

s gle roflection point, the interference maximum can be obaerved -at values® “of clear-

! ance Hm oqua.l to : ) . .

;F—TS—92A8/ V.
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H,=V2Zm = 1) Rk (1—kK),

wherem =1, 2, 3 + « « is the number of the interference maximum.

Interference minimums occur at these values of clearance

H,=V2nRx(l —xy,
where n =1, 2, 3 « . . is the number of the interference minimum.

th

The attenuation multiplier V for the m”" interference maximum equals

Va=1+|@|,.
and for the _r_xth interference minimum

V,=1—[a), (17)

If the reflection surface is a smooth spherical one, the values of | ¢ Im

and | ¢| are determined by these formulas

l¢'m=l¢‘p1mDm .
l¢ln=|¢|ﬂnun J’ (18)

where | ¢ ] plm and |4 | N stand for values of the moduli of reflection factors for
pln

the smooth planar surface, corresponding to angles of slide:

_ 1/ @m=DX :
8, "2 VR“Ox(}—K) ’ -(19)
ST ' :
6"_‘/ 2Rk (1—x) "' . (20)

and D and D, stand for values of divergence factor, determined by the following

) forfnulaq

1
D, = —_—
1+ 18.51':1-9:-{‘&
Iy om=1

F-TS-921,8/V
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!

14 13,1 X0=R '
‘/ o= (22)

n

D, =

Equations (19) to (22) are commensurately derived from eqs.(8) and (11) after
substituting into them the val i '
values of clearance Hm and Hn as determined _from eqs;(IUJ,)
and (15),
'Considering that the value of the attenuation multiplier in interference mi;li-
mums is very critical in relation to the value of the modulus of refleétion I‘ac'tor

it is n : i i ini
t ecessary to know the dimensions of the minimum zone for precisely these mini
X o 9 i S

R SV S

mums. It can bte demonstrated that the dimension of the large axis 2a of :h 1,
i Lhe el~
(3 . I3 . n ‘
lipse representing the minimum Zone is determined by the following formula with '
re-

gard to the gth interference minimum

—
20,,=R° l/:il(% +2u)
— n '

3 T ax(i—n

and ti . . .
nd the small axis 2bn of this ellipse equals

26, = -;— VR,T

3. (?omputing the Attenuation Multiplier on Half-Open and Closed Rout
: _on es

ls At 1 . -
ow Va;ues Of clearance between llne Of Slght and I‘oute profll h
€ Tthe n
. . .
‘t,erl erence orm 8 y correct I‘esults an th atten ati l 1 l S [e] be
j' ula jeld 1Lnco d_ e 14! on mu t'p ler ha t

~calqu:ated on the basis of ‘the theory of electrodynamic diffraction

F-T3-92/,8/v
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approximation has been chosen because it allows the application, in a somewhat modi-
fied form, of all the results of the theory of the electrodynamic diffraction of ra-
dio waves around smooth spherical surface of the Earth.

On first glance it may be found that in a number of cases real obstacles can be
more effectively approximated by other geometrical bodies, for instance, S& ellip-
soids of rotation, cylinders, etc. However, it can be demonstrated that field
strength is not particularly affected by the form of approximation. In effect, the
extent of space that is of basic importance to the process of propagation.of ultra
short radlo waves has the form of an ellipsoid of rotation stretched along the route,
with 1ts focii represented by the transmission and reception points (see Bibllk).

The large axis of this ellipsoid is hundreds and thousands of times larger than its

small axis. Consequently, the value of field strength is affected chiefly by the

radius of the curvature of obstacle on the plane passing through corresponding

points and the Earth's center. The value of the radius of curvature of obstacle on

the perpendicular plane is of no essential importance so long as it is not too small

in comparision with the former radius. -

2. Let us now turn to Fig.3, which depicts a route profile with £ denoting the
angle of diffraction. Let ;s assume that terraiﬁ

. relief before and behind the obstacle is such as

to cause ﬁhg absence of ahy interference phenom~

ena before and behind the obstacle. It is known

from the diffraction theory that the value of the
attenuatlon multlpller V in the umbral and penun-

‘bral zones decreases exponentially at. an increase

~in diffraction angle M, Considering that angle W is related to clearance by this

--formula

_ H
Ror(l —x) '

F-TS-92,8/v.
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the value of V also decreases exponenﬁially at a decrease in clearance H. Conse-
quently, the relationship between attenuation multiplier V, expressed in decibels,
and the value of clearance at H ﬁ‘Ho’ can be considered linear. At a given value

of H the value of V can be determined‘by this simple formula

Vab = Vodb(l — H—’:-). . ' ‘ ) . (26)

where V4, is value of attenuation mul?iplier in decibels

H is value of clearance (H < H;), which is determined directly from route
profile
is value of clearance at which the value of attenuation multiplier equal
to unity (zero decibels) is determined by eq.(l)

Voqb is the value of attenuation multiplier in deciﬁels at H.= 0, i.e., in the
case when the line of sight is tangential to the highest point on route
prqfile

A paper by V.,A.Fok (Bibl.2) demonstrates that at sufficiently short waves and
great antenna heights the attenuation multiplier is not dependent on the electrical
parameter§76f the wave-bending sphere, and is determined by the following two para-

-

meters:

(27)

= 12 8xn3 '/'hlh.
i - b\ Vi, +Vh ' (28)

where b is radius of the sphere around which diffraction occurs

hy and h2 are the heights of phe transmitting and receiving antennas, respec-
tively, above the surface of this sphere,

Considering that the value of VO is determined at H = 0, ¢ =0, and vo depends

only on.thé parameter i1. The graph of the relationship Vo db = £(11), cited from

F~TS-92)8/V 2
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Bibl.6, is depicted in Fig.l. )

From Fig.4 it can be seen that at lirge values of . (small values of b, short,
waves, and large values q’f heights hl and hz) the curve Vo db = ;( 7)) asymptotically
approximates - 6 db, which corresponds to transitio;l to‘Fresnel"s o;;tical diffrac-
t-ion; L

Antenna heights hl and h2 are related to the values H, k, R, and b by the fol-

lowing formulas:

(29)

On substituting (29) into eq.(28) and considering (10), we obtain the formula

for

_ 8/ 6amar 3 (= ¢ . I H
=Y S Tl V-
4ax(l—x) H,

where

(31)

r is distance between the:points of intersection of

the obstacle with-the line parallel to line of sight AB

and spaced by value of Ay apart from the sumnit of

obstacle (Fig.3),

/

(TR iy S : ) (32)
Fig.h

The value of u is obtained sufficiently hi'gh in

the range of decimetric and ‘centimetric waves, anﬁ from Fig.L it can be seen that at

- high 4 the value of Vo'is not very critical in relation to the value of H. Moreover,
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:tge ratio _g__ is usually.not very high and therefore the last multiplier in eq.(30)

o ] . o 3
can be considered approximately equal to unity, and

6 3;-1"3 -—ra%:;p-
Pz‘/—_;. "l/——-————'x 0 . (33)

] y of A_ equals
If, for instance, we proceed from the assumption that the value of &, q

H (a = 1), eq.(33) will acquire this form
o I

3 AT .
Pszﬁ——'—" 0 x) . (31&)

3. let us make a few remarks regarding the determination of tpe radius of ap-
proximating sphere for obst§cles of a complex form. )
We use the abovedescribed method to determine from the:route profile the radius
of the circumference b by which the cross-sectional area of obstacle is approximated
by a plane passing through the Earth's center and the points of transmission and re-
ception and ;ot, of cours;, t; determine the radius of the~approximq§ing sphere., If
- the form of an obstacle strongly differs from the sphericai form, the radius of cur-
vature of the obstacle on the. perpendicular plane p3331ng through the center of the
Earth and the summit of obstacle may differ considerably from the value of b. Howa
h _ever, 'the value of field strength is practically unaffected by the radius of the
curvature of- obstacle on the perpendlcular plane when the oxtent of ‘that radius is
small in comparison with the extént of b. Tpls is,attrlbutable to the small dimen-
‘sion of the essential zone in the ultrashort wave range, in the directioﬁ perpend%c-
:. ular to the route.
If two or more obstacles exist on a  route and are in.some ‘proximity to each
* .other, in the computations of the attenuation multiplier such obstacles can be re-
éarded as a single equivalent obstacle upon determining the value of r as shown in

Fig.5.

If two obatacles are spaced considerably far apart they cannot be regarded as
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a single equivalent obstacle, and it is necessary to investigate separately the dif-

fraction around each obstacle. It can be apparently assumed that in this case the

B — - A —

Fig.5

a) First obstacle; b) Second obstacle

value of the attenuation multiplier equals the sum of the attenuations (in &ecibels)
introduced by every individual obstacle, when more than one obstacles are assumed to
exist. The qualitative Justification of this method can be provided -on the basis of
the following reasoning: Let transmitting antenna be at point A (Fig.6) and receiv-
ing antenna at point B. The ellipse in Fig.6 represents the cross-sectional area of
_space by a plane passing through the tra?smission and rec;ption points and the cen-
-ter of the Earth, Let us assume in the beginning that there is only one obstacle on
the route, and that it is in the proximity of transmission.point B. 1In thié cas;

". the obstacle is exposed to a spherical wave with a definite distribution of ampli-
‘tudes and phases on the plane passing through points a, b, and ¢ on the perpendicu-~
lar plane of the diagram. The preseﬁce of a second obstgcle will cause a ;hénge in
the distribution of amplitudeé and phases on the said plane, thig change being the
greater the nearer is the second obstacle to the first., It ig obvious that the two
obstacles can be considered separately only in the event when the dis£ance between

- them is such as to cause the changes in amplitudes and phases; stemming from the
presence of the second obstacle, at points b and ¢ to be small compared with the
change at point a.

It is possible to determine the minimum distance between two obstacles at which

hhey can be considered separately, either by a rigorous solution of the problem of
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ol the diffraction of radio waves around two bodies of a definite geometrical form (for
example, two spheres, two cylinders, etc.) or by comparing’ the computing results ob-
tained by approximate methods with £he results obtained experimentally.

L. It is known that when.a terrain with obstacles in its front and rear is a
level terrain, then interference phenomenons can be observed in the shadow zone ow-
ing to thé overradiating effect of the summit of obstacle. The values of interfer-

ence multipliers can be determined on taking into account the specific features of

U

terrain relief, analogously to the procedure applied to open routes.

L, Consideration of Refraction

1. In all the aforecited formulas refraction was not considered in the compu-—
l tation of the attenuation multiplier, and it was assumed that all geometrical fea-
tures of a route are determinable from its profile, plotted without considering re-

J fraction.

At linear variation of the permittivity of the air with altitude the considera-
| . e . . " . . N
b . tion of refraction is effected by introducing the vertical gradient of permittivity
i of the air g, into rating formulas. The value of g is generally assumed to be neg-
ative when the permittivity of the air ¢ decreases with altitude and positive when ¢
increases. - ’

]
!
!
i
1 . . ! ! B
1 2. Refraction can be taken into account by replacing the values of clearance H = . -
i ~ in all aforecited formulas with the value of ‘H(g), which equals
| .
i 2
1 po
| - —_—— - !
: Hg)=H — -~ gr(l—x), (35)
where g is vertical gradient of permittivity of the air
H is value of clearance at absence of refraction. -

If g < 0, value of clearance H increases. At g >.0 value of clearance H(g)

decreases.

It can be concluded from eq.(35) that the maximum change in clearance at a
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change in g takes place in the middle of route (k = 0.5).

3. A change in g leads to a change not only in the value.of clearance but also
in the coordinates of the reflection points and in the value of the radius of approx-
imating sphere. However, it can be concluded from eqs.(6), (26), and (28) that the
value of the attenuation multiplier is principally affected by changes in the value
of clearance, and therefore changes in the coordinates of reflection points and in
the radius of aﬁproximating sphere can be ignored.

L. A change in g owing to change in clearance on open routes involves a change
in the travel difference between direct and reflected wave, and thus the reception
point may achieve interference minimums and maximums of the field. On routes with
a single reflection point the interference maximums occur at values of g = &n deter-
minable by the following formula

Bm =4 —

H . @m—1hX
Rix(l —x) R x(1—n)f

(36)

rwherem = 1, 2, 3 . . . is the number of the interference maximum and H is the value

of clearance at reflection point with relative coordinate k at g = O.

Interference minimums will occur at values of g =8, equal to

H %A%
- |/ 2k
& -[Rgx(l-x) 1/R3x(l—x)]'

wheren =1, 2, 3-» + o is the number of the interference minimum.

5. Limits of Applicability of Approximate Methods

At low values of clearance the interference formulas (3) and kS) yield incor-
rect. values of the attenuation multiplier. On the other'hand, at high positive
values of clearance when the field has an interference ;hanacter% the di?ffaction
formula (26) also yields incorrect (exorbitant) values of the attenuation multipli-

er, and therefore it is important to know the limits of applicability of the above-

F-TS-92,8/V ) X 31

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/06/24 : CIA-RDP81-01043R002100080008-8



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/06/24 : CIA-RDP81-01043R002100080008-8

described approximate methods of determining the attenuation multiplier.

The diffraction formula (26) can be presented in this form

Vap = Vaan(p) (1 — m),

and u is determined by eqs.(30) or (33).
If we are dealing with a route with a single reflection point and if the re-
flection takes place on a smooth convex surface, then interference formula (5) can

be thus written

V=V1+ 10 D*+ 2|®| Dcos. (40)

Considering that angles of slide A are usually sma]l.l, l @Ipl can be usually re-
garded as equal to unity, and the phase of reflection factor can be regarded as be-

.ing at 180°. Furthermore, on the basis of egs.(33) and (39), the formula for the

reflection factor can be reduced to this form

(51)

On, lastly, considering eqs.(1), (16), and (39), eq.(40) can be thus rewritten

V= ‘/H-D' (m,p)— 2D (m, p) cos (-'3—'"') ' (42)

By designating as m  the value of m at which egs.(38) and (42) yield identical

- values of attenuation multiplier, we obtain the following transcendental equation

for determining m

Voa() (1 — m) = 101g[ 1 4 D*(mp) — 2 D (m, p)cos (—';—)}

3)
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which can be derived graphically. Graphical derivation deménstfates that at the ac-— .

tually encountered conditions of i the value of m, approximates unity.
Thus, the diffraction formula is to be employed when clearance H < Ho’ and

interference formulas have to be employed when H > Ho.
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THE APPLICATION OF FICTITIOUS MAGNETIC CURRENT FOR SOLVING

THE PROBLEM OF ANTENNA RADIATION CVER A PLANE WITH

NONHOMOGENEOUS LEONTOVICH BOUNDARY CONDITIONS

by

O.N.Tereshin

Déscription of a method of solving the problem of the rad-
iation of a system of side currents over a plane with non-

“homogeneous Leontovich-toundary conditions.,

1, Solution of the Problem

A system of currenis in area A exists over surface z = 0O (see diagrar). The
of surface directly under the antenna is metallized within the confines of
area S. Outside the confines of this area, Leon-
tovich boundary conditions apply on surface z = 0O
Ey
HW

=« (1)

L4

Here the subscript tg denotes tangential com-
ponents.
The problem is solved.on considering the
.the following limitations:
1. Current distribution in antenna A has a circular symmetry in reiation to’

axis z.

2., Area S represents a circle with a.diameter of 2 a. The beginning of the
cylindrical system of coordinates lies at the same point as the center of the cir- ,

cle.

3. The field created by antenna A in free space has a wave structure of the

F-TS-924,8/V 3y,
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Thig liritation is nob important,, because the prot lem car be solved com-

r.

( S tie.

. v for ¢ ase of TE waves f{ron primary antenna it
rletely analogously for the case ol il Waves i I ary a he

- . . . ket avat
Despi‘.e ‘Lhe anove-iniroiuced limitatlons t.he analysis of nany metallizei-systen

antennas with such mounting can be reduced to a protlem of electrodynamics.

rtainei in G.T.JMar-

In solving the here posed-nroblemr we stall use the formulas or

kov'!s paper (ribl.1). Llet us separaie Lhe process of solution into two stages:

1. First we will solve the protlem of the radiation of the here-examined sys-

b cem of currents over a plane with uniform trreshold conditions (1), whicn, at tne

1iri-atiors adontel, have this form

In accordance with Pirl.l the rectangular component of the electrical field

sirergth for the given system of currens in free space will be writter as io

e o©
Ezpnmvy= dav E S E . dx,

-
Am—oo X=+=00

Eznx == = eiﬁ'x’-—n’ wea glh (v‘-—?"____;f___.‘_’-_ !J" (xr) Fi (¥) Jor 1 <r' '
Sn RY K “4’,‘ (,\T) F; (\) for r > r:
o [H® (xr’ ey s S i (HE (e )
iy = [T O (T "r“),—'i{ )y
T e 3y | ,

rTe T N (R L,
" (ﬂ SR ey i-«“) o JHEGr
LT J(xr)

Here'pz, jr’ and .\, stani for the components of vectors of the densitx of the

current .set’ for area A; r, . and z stand for the coordinates of observation points;

and r', ;' and 2' stand for coordinates of the points of current distribution.

1f it be taken into account that
) HO (- x) =e'® PV HE (1),

RY (x) -+ HP (v) = 2, (), ‘ o ’

FoIS-928/V 35,
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eq.(3) can be rewritten in another form

Noem—oo X0

E = 1 e Vo —wi(g —2)=1n(y ~¢) x J, (xr) F (%),

mx 4r ] m{
Fr ()= & a3, (') — (—————* Yoo i:,—i:) L g () +

jwe

+ (M j2 4 )xJ;,(xr).

Considering that we confined ourself to ¢ symmetrical current distributions,

the sum by n vanishes in eqs.(L)

e” VA TR 1 (er) dix.

oo
_ 1
zpmmny - T
At (2 =2)>0 2 Vx'—x'

=]

p(x)= j‘ j' e—‘/;z—k'x'{% j;'Jo(xr')—

2'-—w r'=Q

1w}

— VX3 i ;
- [—}i—xl i+ ]v.t Ji (xr')} r'dr'dz’,

We will seek for the field reflected from boundary z = O thus

20

E + VI = & (—13) .
Mz-‘;l:u;F f(x)e Jo (xr) dx. (7)
0 . '

_Here f(x) is the sought-for function, which is a part of the spectral density

oi‘ the Fourler-Bessel dissociation for the secondary field. Let us write the compo

nents of the electromagnetic fleld which are included in conditions (2) In this -

connection, we will employ the formulas derived in Bibl.l.

F~-TS-92,,8/V . 36
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Emm=—~}fFuNAmMn

2t 2=y

oo
{we F (x)

. = —
o priwy 3
st 3=0 V=
]

1 *—xv
= _;S‘—”—x)—l-:‘:—"-.],(xr)xdx,

J1 (xr) dx,

H

vé«on&q
at

loe j‘,(x) Jy (xr) xdx.

In accordance with condition (2) the full field on the boundary z = O should

satisfy the following equation

[lren T = LA g () e
0

F
- lwtaS f(x) x}/xfx) ]Jl (xr) xdx. (9)
0

Inasmuch as the Fourier-Pessel transforms are mutually synonymous, condi-

tion (9) is reduced to the following equation

LAV —6T  F() | en [f_():l 4 F& ]
X X

x? xyd—xv |’

whence, on introducing the desiénation i wee = B, we will find

_ _ (V¥ =x"+ B)
f(x) F(x) /x‘—x’ (/x’—l\“ _ B) : (lo)

On substituting (10) into (8) we obtain the formulas for the full field on the

plane of z = O:

F-T5-92/,8/V
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_—-ﬂ"-(—’.‘-.)——\l,(xr) dx’

X — &t —

. OO

Y P
H‘g full = lmS 7————5-\11(”)4"

B — K —

]

2. let us now investigate an instance when only magnetic currents jg,_ distrib-
ute;i symmetrically by the azimuth, are set over a plane with homogeneo‘us‘ boundary
conditions (2). In this case the solution will be again yielded by eq.(lO),‘ because
this case represents a specific instance of the afore-described problem. However,

then Fy(x), which is determined by eq.(6), has the following form

Fo(x)=— S S e* """"'j;‘ (z'; ryxJ,(xr') r'dride’ .

2 emmgg ' =0

(12)

If the factor given is the surface magnetic current lying on the dividing
boundary, the density of this sturface current is related to the volume density of
magnetic current by the following formula

@ r)=1940; r)3(z' —0),

where I%,(O; rt) is the surface density of current; &(z'.- 0) is the delta function.

Therefore eq.(12) can be thus rewritten

Fu(x)=— S I"“(r')xl, (xr')r'dr’. (13)
r'e0

It can be concluded from egs.(10), (5), and (7) that at z ~ 2! the field for

the given magnetic surface current will be expressed by the following formulas:

oo
no [ Fr VIR YF=Ray ()4
-\iEx’>o— (Y/*x —=«* — B) 1 (xr) dx
0

F-TS-9248/V ’ .38

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/06/24 : CIA-RDP81-01043R002100080008-8



Declassified in Part - Sanitized Copy Approved for Releas @ 50-Yr 2013/06/24 : CIA-RDP81-01043R002100080008-8

Fy(x)

S - -V =xTs
asz,>o as 5‘ (/x =" — B) e 3y (xr)dx
0

In turn, we shall obtain the following formula from eq.(1l:) at the limit in-

volving z = + O (at proximity of positive z's to surface z = 0)

(x) x3 — x?

’/x. J, (xr)dx.

Let us analyze eq.(15). Here

{ BFu (x)
5= Fald) +

Considering this, let us find, upon taking into account (13)

E* o — 5' Ly 13 (r') x Jy (xr')r’dr'] Ji(xr) dx +
[1]

&t 240

-

=

B Fp(x) r ‘BF
+ 5‘ a2 h(ar)de = — In(r) + 5' —',?—:f‘;(:‘—):J, (xr) dx.

The first-item in the above—obtalned formula corresponds to an lnstance when a
magnetic-current sheet spreads over an 1nf1n1tely conductlng plane of boundless di-
mensions (1netance B = 0). The second item owes its appearance to the fact that B )
is necessary in the 1nstance cited. Consldering that the introduction of boundary
"conditions (1) is based on the assumption that B is low, we can jus;ifiibly expect g
that the magnitude of Er at-the surface of magpetic ccrrcnt uill be chiefly deter-
mined by the first item in eq.(16). Hence a wholly comprehensible physmcal order of
the construction of successive approximations for eolv1ng the problem posed. On re-

garding the parameter B as low, we can assume in the first appro:d.mtlon' that

)

EP oy = — 12 (r).
., u ’ . (17)

39
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1

Let us set such a m.a.gnetic current distribution as to cause the following equa-

tion to be valid within the limits of r = O to r = a on surface z = 0

~

E, jn + EFyun =0, (18)

where the first item is determined by eq.(11) and the second by ;q.(15). By the

same token, in the first approximation, an infinitely conducting shield is formed on
. surface z = O within the iimits of-r = 0tor = a, and the boundary condition Eég.='0 .
is satisfied on its surface., Outside this area the field components expressed by
eqs.(11) and (14) satisfy separately the boundary conditions (2), whence it follows .
that the full field which is their sum also satisfies these boundary conditions.

Thus, we obtain from eq.(18), upon considering eqs.(17) and (11), the following

formula

n oy (_BFR " '
vates 1) ) Ve e (19)
1}

On sut;s_tituting eq.(19) into eq.(13) and integrating by r!, we will find

- F®  Txali(a)do(xa) —caly,(a)J; (xa)
F,(x) xBj‘ Wiy Frpy J L10dE. (20)

On further substituting eq.(20) into eq.(14) and on adding to this formula the
‘field of the set antenna A over a surface with homogeneous boundary conditio.ns -(é),
we will obtain in the first app'rox‘imation the field of this antenna over a surface
with nonhofnogeneous boundary conditions.

The se.cond approximat;ion i‘of solving the above probipm can be thu; determined.
If surface magnetic current be given according to eq.(17) then, in accordance with

eq.(16), the following field will prove to be not compensated on surface z = O

within the range fromr = Qtor = a

F-TS-9248/V
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o0
Et = —fm0B 4
et j yo g (Frax (21)
V)

where FM(x) is determined from eq.(20). The remaining field (21) can be compensated
by again superimposing on surface z = O, within the area of the shield, a magnetic

current with surface density as follows

O

J?(r):j. 8 F"‘—(fl——J,(xr) dx.

VA —x1—B

V]

From eq.'(20) it can be concluded that for such magnetic field

oo
, ' B F.(2) xal,(2a)J(xa) —€al,(Ea)J; (xa) , .
Fn(x)=_j 7'6;1:_’_7;‘_:_3 ' 2 g1 x? : : dg,

v

Considering that here FM(=) is determined by eq.(20), we obtain

'/’.,‘nTK:_B w3~ g?

585 £ (n) §ali(na)Jo(sa) —naty(ma) i (a) d"J
X

Vi—st -8

% xaJ, (§a)J, (xa) —€aly (5 @) J, (xa) dt.

£ — x3

v

The subsequent approximations can be formulated according to the same schematic.
As a result, the solution for the field of the given system of currents over a sur-
+ face with nonhomogeneous Leontovich boundary conditions will be obtained in “he form

N i I
of the following series of successive approximations:

E=f VE—R e VT {F"‘” (V=% — B) 4 F () (VF=5* 4 )
P x  (Vx*—x*-B) YT -

_xBj'F(E)Q)(x, E)dE+xBjEB “p(n)m‘(a; 7,)_47,.] O (x, §)dE —
[ 0o [

—xBS‘EB [jnB(jF('{a)(D(n. !{J)d'{a)d)(f. "n)'dnj' D (x, §)dt + |
0 0

(]

+... }Jl (xr) xdx. (22)

P-TS-92.8/V ' 11
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an1(=a)Jo(xa)-FaJ°(=a)Jl(xa)
(Ve 22x2-B) (£2-%2)

by eq.(l), but, according to Bibl.l, the sign for Fl(x) should be taken " + M before

Here ¢ (x,7) = , F(x) and Fl(x) are determined

the radical.

2. Analvsis of Computing Results

The obtained formulas were employed to conduct calculations of radiation pat-
terns for the case of the radiation of an antenna having the form of a guarterwave
dipole located over a surface with nonhomogeneous boundary‘conditions. At field
calculations for the distant zone, the method of drawing out was applied to eg.(22)
so that the external integral could be taken in eq.(22).

The internal integrals were computed by the method of numerical integration.
In this connection, it was found that the function ¢(x;%) has a sharply expressed
filtering character at large parameters of disk (ka > 5), so that integration was
conducted on a small segment around the point x = #. Thig facilitates the calcula-
tions considerably and makes it possible to obtain a solution at the third or fourth

. approximation without any special difficulties.

The. analysis of the obtained computing results demonstrates that:(l) the series
of successive approximation converges very satisfactorily (as the geometrical pro-
gression of 0.5", and even better) even at considerable diameters of disks (ka =
= 20 to 30) at mean values of the parameter of smallness B (B = - ik 0.2); and (25
on the introduction of metallization on surface.z = O under the antenna, the field
strength in the distant zone increases several times, at mean parameters of the

Barth, as compared with the case of installing the same antenna over a surface with

homogeneous Leontovich boundary conditions for all values of the elevation angle

(at ka = 20 approximately twice). This coincides with the results obtained in

E.L.Feynberg's work (Bibl.2).

The computing results were experimentally tested and corroborated.

F-T5-92,48/V L2
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3. Conclusions

In concluding it is to be noted that, as employed in the present paper, the
rmethod of imposing a fictitious surface magnetic current is in many ways analogous
to the method of the double-layer potential whicg is widely applied in electrosta-
tics. However, the imposition of magnetic current on the boundary. between two media
makes it possible to obtain, on isolating the external-integral member in eq.(16),
the parameter of smallness B in the capacity of the multiplier before the integrai
member. This parameter B is related to boundary conditions 05 the surface of the
other medium. This feature makes possible the rapid convergenc; of the obtained
series of successive approximations, whose members have as their multiplier the
parameters of smallness in degrees commensurate with the order of approximation.

It is easy to ascertain that if the problem posed here be solved by the conven-
tional method of imposing a surface electric current, the series of the thus ob-
tained successive approximations will lack the abovementioned feature.

Article received by Editors on 21 November 1955
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SOME’ BASIC CONCEPTS OF THE SIGNAL THEORY
by

e

V.V.Furduyev

An attempt at defining some basic concepts of the signal theory
as according to time-averaging operations; and an attempt to ex-
plain that correspondingly certain definite characteristics -
the correlation function and the spectrum - are subordinated to
laws applicable to a class of uniform signals that is broader
than the class ;f stationary - in the probatilitative sense -
processes. An example is provided by reviewing the autocorre-
lation function and the AM-signal spectrum. Indication of the
necessity of distinguishing between the physical and statistical

signal spectra.

The signal theory, which is a fundamental branch of the general theory of com-
munications, is extensively based on the concepts and methods of the theory of ran-
dom functions. It is to be noted that in sigpal transmission practice we have more
often than not to deal with the statistical characteristics of the signal as a par-
+ial realization of the random function of time, whereas the random process theory
deals with an assembly of function representing all the possibie realizations of the

. r
process of this or that statistical type. In theory, communication engideéring is
concerned with computing and ﬁoting only the time~average values of the magnitudes
pertaining to a received signal, whereas the random function theory virtually always

interprets average values as those that are average for the assembly of functions.

The opportunities for utilizing the concepts and methods of the random function the-

- ory for solving problehs of the general theory of communications are therefore con-

fined to the class of the so-called (broadly interpreted) staiionary processes whose

F-TS-928/V L1,
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time and function-assembly averages coincide with an accuracy of up to any small
value according to the eréodic theorem, upon satisfying some additional requi?ements.

Such a situation involves difficulties of the twofold kind. First, no informa-
tion pertaining to one sample (or .several samples) of a signal of this or that type
suffices for jfudging whether the given signal is stationary or not; therefore, the
reference to the ergodic property is in most cases a convenient but hardly well-
founded hypothesis. Second, some types of the signals employed in communication en-
gineering do not telong in the stationary groupbs (for instance, AM signals), as is
known:

However, it can be demonsprated that the major actual concepts of the signal
theorvy can be defined by means of time-averaging operations applied to processes in
a form quite independent of the groups or assemblies to which these processes belong.
Here, it is found that the laws governing the correlation functions of stationary
random functions acquire a rational meaning in relation to a broader class of pro-
cesses. A%Y the same time, this will explain the symptoms'by which we'can judge
whether a given signal does or does not belong in that class.

The signal theory is usually concerned with the following time-average values
. T : T
. related to moment t and determined or the interval t - - = z b+ -

t+

Mt T)= -T‘— f®dE,
T
2

H——‘;-

L d

- ST/’(Q t
fom o—

P(t,T) =

T
+
Re 6N =— | FOfE—d

(3)
T .

The first of the above values characterizes the average value of the signal;

the second - the mean power of the signal; and finally the third - the degreé of

F-TS-9248/V - h5
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coherence of the signal and its delayed (by a time 1) repetition. .
Let us term structurally uniform the signals whose mean values (1) to (3) tend
to reach some definite limits (especially, zero) at an increase in T. In engineering

practice we conclude, for example, the existence of a limit of function (3)

l*T

R(<) = lim — ( rorE—-de
T o0 T T
=3
in the cases when, at an increase in To’ the difference

=IR(=x,T)—R(x. Ty (T,>T>T,)

decreases and may be made sufficiently small; in this connection, it is of course
assumed that the duration of signal, Ts, always exceeds the averaging time T, be-
cause otherwise an increase in T beyond the limits of the presence of the signal
could not yield any results. On selecting on the basis of some consideration a
given value of ¢ = € characterizing the allowable error in the power measurement we
can assume that the signal is quite structurally uniform if there exists a minimum

averaging time To at which the requirement

z .

Zep at TST, : ' (5)

is satisfied fo; any value of-t. If this requi?ement is obseyved, the limit value ~
of mean power is present also, because P = R (0); as for the mean value (1), it is
determined by the magnitude of the constant component,of~thé signal, which is vir-
tually always known and in most cases equals zero.

Attention should be also turned to another essential circumstance. Experience

indicates that the signals which are uniform in the sense of requirement (5) are

actually present, but that time T (let us term it "limit of uniformity") can have
a value that varies within very wide boundaries as depending on the type of signal.

.

The limit of uniformity T, constitutes a quantitative characteristic of the signal

F-TS-92,4,8/V . L6
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which must be absolutely known prior to the solving of a number of ergineering prob-
lems. However, this characteristic is not (and cannot be) ipcluded in the concept
of the stationary process as defined by the random function theory.

A principai characteristic of structurally uniform signals is the circumstance
that the limit values P and R (t) with an accuracy of up to a small value of Eo are
not affected by time, that is, by the section of a signal with a duration of T > To
'whiEh is selected for investigation. This is a consequence of the fact that any

sufficiently long section of a uniform signal does not diffe; from its other sec-
tions.in those properties of its temporal structure which determine the energy ef-
fect when the signal is combined with its delayed repetition; in a case to the con-
trary, any increase in averaging time T should affect the value of R (1) and the
mean power P of the signal.

The function R (t), which is determined for uniform signals from eq.(L), should
be termed the autocoherence function, in accordance with its physical meaning. How-
ever, it is to be kept in mind that the communication theory has adopted quite dur-
ably the term "autocorrelation function" which it borrowed from the random process
theory, although, generally speaking, this term is interpreted differently by ihe
latter theory, (see below). The autocoherence and autocorrection functions coincide
mu£ua11y only with regard to the stationary processes having the ergodic property.
In view of the terminology adopted in the theory of comﬁunications, the term M"auto-

.corrélation function' can be supported by definition (4) in those cdses, at leas:
when any confusion as to the method of definition is absent.

In an analogous manﬁef, time averaging can be used for determining the mutual-

correlation (or to be more precise, mutual coherence) function of two different uni-

form signals fl(t) and fz(t), of which one has generally some temporal displace-'

ment ¢ in relation to the other

T
1 e =

2
Ra() =lim =— [ fi®frt—v)at
. Teww T .,

1 -
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If signals fl(t) and fz(t) are uniform, the sum signal

fity=fi(t)-4-fatt —x)

also is uniform in the sense of requirement (5). In effect, the mean power of sig-

nal £ (t) is

!

P =lim =— \. [f1 (&) r falk—)|2d&= Pt Pyt 2R (3),
1—

r

Tew T

where Pl and P2 stand for the mean power of each of the signals being combined.

Physical considerations make it clear that
[Rul < VP Py

therefore, limit (6) exists if the limit values of mean powers P1 and P2 exist, i.e.,
if the signals being combined are structurally uniform.

For instance, all periodic signals are uniform in the sense of requirement (5)

) = XC" COS'(KWf + 9.

(7)

because a limit value exists for them

oy 1 _ v _ G ,
R.(~)—7__l‘121R(§.T)— L-—f— CoOSKw<t, (8) c

Let us note, however, that if signals (7) be regarded as a group determinable
by the probability characteristics of random amplitudes Ck and initial phases Dy

such a group will not always be stationary and ergodic. AM signals of this form
ft) = [A+2)]sinQt €))

are also uniform, if the modulating signals #(t) are uniform. In effect, for AM

signals

F-TS-9248/V
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R(x,T)= -l;-r(t,’l')cos&!t~'

T . —

v . 2

[ 3 Ft)ycos2Q tdt ]coth-{- [ S F(t)sinQQldI] sin@c
. )

2

T
-7

r
2

ren = [ [A+e@lA+et-ld

Fity=[A+7O1 A+ -

On exploring the limit of the above formula we note that at an infinitely in-

creasing T, the following values:

r z
2 ¢

4(29) = lim 3 F(tycos2utdt, b(2!.!)=lim3 F(t)sin 221 dt
T T

T
v

-

determine the spectral density of the component amplitude with a frequency of 2. in
the spectrum of the function F (t). Inasmuch as the carrier frequency (i consider-

ably exceeds the upper boundary of the‘speqt;um of the modulating siénal o(t), the - |
upper poundary of the spectrum of function F (t) lies considerably below the fre-
quency 2{; therefore, a(20) = b(é(}) = 0. Thus, there exists a limit value of the

autocorrelation function

1

R(\y=UmR (= T) = r(<)cos @< = AL cos0x L —r (t)coser,
T -0 2 2 ®

L
2 (10)

where r, (1) stands for the autocorrelation function of the modulating signal ¢(t)

which is assumed to be structurally uniform. .We can see that the AM signal proves
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itself to he uniform; it is also clear that the group of AM signals (9) correspond~
ing to the group of modulating signals o(t) or, say, even the stationary group. ?s
in no way stationary and displa&s no ergodic properties.

Random (nonperiodic) signals can be also structurally uniform. These signals
are of fundamental interest to the communication theory, because only such random
processes can convey a continuous flow of information. W%hile the uniformity of per-
jodic signals is determined by the multiple repetition of an identical time struct-
ure, the uniformity of nonperiodic signals stems from the time stability of certain
statistical characteristics of that structure, and from their sameness on any sul-
ficiently long signal section.

From the viewpoint of practical applications of the theory, an important fact
is that uniform signals are sutject to well known and often used theorems relating
the autocoherence function R (<) to the spectrum w (V) of mean signal power:

o

P (vy=4 5 R (z) cos wt dx,
0
o
R(x)= S &b (v) cos w=dv

4]

s = 2nv). To derive these formula, it suffices to present the spectrum of

tion R (1) in the form of

g (o) =- SwR (x) " d<

and to substitute here the definition of R (1) from eq.{l4). Trereupon

T

S FO) flt—zye' ™ dt:
A

“on multiplying the formula under the integral by elot | g-lut - 1, and on introducing

a new variable, t' =t - t, so that dt' = - d1, it is possible, on transposing
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the interval of integration T by the time axis (which is allowable if the signal is

unifor'm). to obtain the following result

Sy () Sr(w) = lim

. T T+

|Sr (]!
—'_-T - 1

=i
g(w)= lim

2
Sy ()= j‘f(t') e " dt’and S;-(w)s_— \ :f(t)elvu' dt
T

_T
- 2

7
stand for the coupled-complex values of the signal spectrum on the time segment
from - _.g_to _%_ The subsequent transition to formulas (11) and (12) presents no
difficulties if it be only considered that the independence of function R (1) from
time (i.e., the uniformity of the corresponding signal) ensures the parity of the
autocoherence function.

Formulas (11) and (12) are subject to direct verification when applied to sig-

nals that are uniform although known to be nonstationary. Thus for instance, on

substituting the autocoherence function (10) of an AM signal into (11), we obtain

L4

a0 oo

<1>'(v) =2A'\‘ cosQrcosmtdt+2‘. re (t)cosRccoswidt = %"—a(m— Q)+
0 o

+ [ r,(cos@-+w)det | 1 (c)cos(@ —o)cds,
0

0

where & (w - () stands for Dirak's delta function. This result, as was to be ex—
pected, coincides with the generally known interpretation of the spectrum of the AM

signal: The spectrum consists of a carrier frequency Qwith an effective value of

A2

5. on whose both sides there are sidebands with displaced spectra of the modulat-

ing signal ®

. iv)=5 rv(’.)COS(Qj_—w)td!.
]
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The oohsijcrations touched upon here necessitate a more precise definition of
~he concept of the spectrum of sifnal power, and a more distinct separation of the
*wo different aspects of that concept.

Let us consider eq.(11) as the definition of the concept of spectral density of
nower; it is not difficult to ohseéve that this concepi can he endowed with ‘ovally
1ifferent contents and meaning as demending on the definition of the function R ().
On selectirg the iefini-ion (%), i.e., tre autocoherence f{unction, we compute the
spectrum of t!e time-averare signal power P. This spectrum can be also found exper-
irentally v investigatine signal f (%) bty means of a suitatle spectral arparatus
and b~ measuring a number of frequencies for sufficiently long time intervals that
should at any rate »e no snorter thar <he uriformity limit of the signal. Let us
conditionally term this a prysical spectrum, recause it may oe delermined up %o any
desired degree of accuracy ty means of physical (spectral) measurements. The concept
of spectral density will rave a totally different meaning il the autocorrelation

function bte interpreted from tne viewpoint of the random process theory

N

Ri=) = H‘x, XaW, (X, X2 TV dxy dx,

”

Here wz(xl, Xy, - ) stanis for the twodimensional distritution, which deperds,
in the case of stationary signals., only on the value of the time interval t tetween
tve correlated values of signals and not on its position relative to the time axis;

'
twe integration applies to any value x of the signals ir the group. 1n this case
w (v) stands for some statistical characteristic of the group whose sense becomes

clear if we represent the group by the Fourier integral

]

Jty = { [a()cos 2zt + b(v) sin 2mvt] dv,

v

on considering the coefficients a (v) and b (v) as random functions; the power spec—

trum ¢ (v) stands for the group-average value of the randon magnitude a? (v) + he (v),

in which connection

F-T5-9248/V
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©
5 D (v)dv= S xXw, (x)dx,

. . Ce } s ey
where w, (%) staris for nnilirersional fistritution indereniert of < ime. OJuch 1

spec’ rmm cotll ~e terred stat1stical. as ilisvireruisted from ‘re prrsinal spectrir.
Yia* 'ralls-. i+ cannot be o“servel b reans of ary phrsicall: realizai le spectroscope.

1f a eroup of signals is stationary and ergolic, bowur lefinitions of ~he con-
cept will lead ‘o one ard the sure quar*.itative result, vecause ine errodic proper:;”
ensures tne equivalency of “ime-and grour-averagirz opera-ions. However, as we rave‘
seer. acove, uniform siprals wi-n a whoily definive rhysicnl srecirum are ro-
arilr sbationary, and in sucr cases there is no erpoiic rrour ani hence also

tical spectriwr. A typicai exarple of such & case :s tre srour (9): ¢

of =ke rursical srecirur of &7 sirfnals cannct be -doubtei, altroueh tre sare cannos
e saii of -neir statistical spectrum.

Tre {ifferentiation :e-weer iLhe corcep-s ol ine nnysical and 4he s-atistical
specira apvarently serves .o eliminate tre no: infrequently arising misunierstand-
ines and tc pain a clearer comprehension of ~he term "statistical spectirum'.

.

Article received oy Editors on 29 December 124+
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SIMPIIFIED ANALYSIS OF THE CIRCUI'TS OF RADIO-FRIEQUENCY
JUNCTION-TRANSISTOR OSCILLATORS WITH SELF-EXCITATION
by

P.D.Berestnev

This article derives simplified formulas for oscillated fre-
quency and self-excitation conditions for two self-oscillator
circuits (common-emitter And cormon-hase) as linked Lo col-.
-1ec5or circvit. The coupling beiween the input and output
circuits can re of the transformer, autotransforrer or capac-

itance type.

Approximate formrulas for oscillated frequency and self-excitation conditions of
ar oscillator can he obtained on proceeding from the assumption that a transistor
represents an active linear four-terminal network with Y parameters. These parame-
ters are easily measured and lead to an equivalent pi network of ihe transistor. sim~
ilar to the equivalent circuit for a super-nigh-frequency electron tube. l‘oreover,
tre formula for the voltage amplification factor, as used helow, is obtained in its
simplest form wnen expressed in Y parameters.

Figure 1 depicts the circuit of a self-oscillator where Yol stands for

tance of oscillator load. Let us disrupt :

feedback circuit at points aa, and let us load the.

., . ‘
[A i
Y
L Uy TG Lé_ ”ﬁ ) feedback coil Lf
; ee
C

db with the input conductance of

AT N
{ ferab.
. éz; transistor, Yinp’ (Fig.2). We will solve the

a

problem of the self-excitation of the circuit and
Fig.1l .
- of the frequency oscillated, by applying Nyquist's

stability criterion in Fig.2.

For the circuit in Fig.2 the voltage amplification factor is

F-T3-92,.8/V 5/,
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)=gl_ _ l'= .
K m |Kle aiib.

The system is unstable if

K| lando -= O,

a> land h = 0. ) (2)

Consequently, it is necessary to find the formula for the voltage amplification
factor and to separate the real and the imaginary parts. On making the real part
equal to unity it is possible to determine he

ﬂ.
’..J'C" I_}’. corditions for self-excitation. On making the

L/ ,” 3 . . sy s -
l o Yodd L imaginary part equal to sero it is possitle to

v
find the oscillated frequency.
Fig.2
Jjefore deriving a formula for the voltage
amplification factor for the circuit in Fig.2, let us introduce the following desig-

nations:

circuit admittance

— 1 CKRK ) -
‘Y'_ ez, L, T'°Ce

active component of circuit admittance
CeRe _

G, =

circuit characteristic impedance

quality factér of nonloaded circuit

F-T5-92,8/V
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Q=;:f; £)

active component of the admittance of oscillator load - Gng (the reactive com-

ponent of load conductance will be ignored, becanse it can he compensated by tuning
the circuit)

coefficient of circuit connection from the output side of the four-terminal net-

work

Us

n = .
1 Us

transformation ratio from the input. side of the four-terminal network
(8)

At small signals the relationship between the voltage and current variable com-
ponents of the four-terminal network is determined by the following equazions in Y
parameters:

L= YllUl + YuU:a.
Iy = Ya Ui+ YU, (9)

.

Here Yli « « « Y55, - character admittances of the four-terminal network repre-

senting the transistor. These admittances appear to be of the complex kind and, for
' a common-emitter circuit, can be represented by comparatively simple combinations or
resistances, capacitances and inductances (Fig.3) (Bibl.3).
As can be seen from Fig.3 the aqalytic formulas for these admittances can be
presented in the following form:

ryy— 1 —
wC,

i =
foly, "w_C:'(’n'*'fo) 'll(’

F-TS-9218/V
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11
Yigw= ’—‘ + 18 Cy,,

1
Yo = ! = L -
mtiely 1+ W13
—_1 wl,, .
’ o+ et ' .

Yn=i'+i'cn~ (13)

Fig.3

As for the common-ba’se circuit, the characteristic admittances of the network

can be expressed by characteristic admittances of the common-emitter circuit in the

following form:

Yu=Yu+ Vi + Yo+ Yo = 1, + Ya, ().
Yigom — (Yia+ Ys
?';1 =—(Yu+Ya)x—1,, ‘
Yo = Yy

(15)
(16)
an
The formula for network load (admittance of circuit in Pig.2 to the right of the "

, "section bb), ‘the related fomula can be thus presented

A LA L Ay

a

Us

N ’ - 2 —
)?, Y, ni. n._I.

The formula for ihput admittance of the network has, as is known (Bibl.2) the

following form

(19)
the value of Yn by the

- Substituting formula (19) in eq.(18),

we will determine
{ parameters of the circuit, load, and network

F-TS-92,8/v . 57
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D-fi}Yn"'Y—ngy“.-
Y=Y, + Y;: ’ .
L= ": YiuYu—7VYn Yy — ng Yu Ya-«;

Taking into gocount eqs.(7) and (8) and also considering that I, =
second equation in the system (9) can be used to obtain the formula.for the full

voltage transmission ratio of the entire system in the following form

t
. Substrt.ut.mg into eq. (2&) the values of Y21’ Y22, and Y for speclflc c1rcu1 s,

.
-

- ‘and taking.into account eqs.(1) and (2) it is possible to detemu.ne the condit;\.ons

.for self—excitat:l.on and for the frequency of generated osolllatlons.

For the comron—emltt.er circuit the formula for the- frequency of generated os-

'cillatlons asswres the following form PR

-
-

\ o/ BrVB EaAN
. : 24

.

. . n? " X
A=1,Clr, ‘rll ro(Cy 41 Cyy) + L ’.(G + ;:l)-*}' n) Lnl

2 ’ .. n}
“ = L"{f" C“(':—“Cu — Il'.:) —-‘f’l (Cx _*' n:C”) - L’l (G + i\)]: .

If it Ye considered that the following inequalities apply for the ra\dio fre—-

quencies of (f > megacyclo)

.

. P=TS-9248/V
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rarnodCh > 1,
rrw?Ciy> 1,

Lo 1}
b} \>n;C“

£}
2
n, Ly
1> ——,
ra reCe
"v Lx‘

1 >»
HCn

then eq.(25) can be easily reduced to this form

]/;CI[ m‘c..+f’{' (o +§f—)] |

From .eq.(31) it can be seen that the greater is the collector capa.ci:tance Cy s the o
higher is the stability of the self-oscillation frequency. It is to be. noted that
‘ eq.(31) is also correct for-lower radio frequencies (f = 100 .kilocycles'). . _
- The condition for self-excitation in a common-emitter circuit will‘tge written
in the foll;wing form
-V T At

ny 7 AT

2M

M= L£T] (’n'lr“’c;\_l) _ 'Ly, Cyy
’ll(’:';“‘c;1+') rl!lm’cl:l'+l '

N =1, (G + :'—)- @ Ly, (C, +-ni Cyp)-+- ] ’ (34)

1]
rye Ly-

The inequalities (26) and (27) are correct for frequencies of £ > 1'megacycle,
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and the formula for M becomes simplified

M= _ Lu
7 .
re r;Cy

On frequencies of f <« 100 kilocycles

M= ::-—: (rern wiCyy — 1) — w¥Ly Cy. .(36)

1

"For the .common-base circuit the formula for the frequency of, generated‘oséilla—
tion: is the same as that for theé common-emitter circuit [eq.(25)], but the value B

-is to be construed as referring to the following expression

lx,[..,

2 o 2
B = - - L [fg[Cn (‘f‘- C“ - n; >'— f”(cx *-H?Cn) '—Lll (G+ ILI}-)} )
(4 n !

r
"

-

If we take into account inequalities (26) to (30); the formula For the fre-
quency of generated oscillations for the common-base circuit will be obtained ex~
actly the same as the formula for the common-emitter circuit (formula (31)]

The condltion for self—exclt.atlon in a common-base circuit has the“following -
form . . . .

n, - V ni—aMN

Mg == ———r

2M

V=] +""("""‘"C?n—') Ly Cy
C o (geCh+1) e cl 41

® (]

On frequencies of f » 1 megacycle

M:zl+'i—#—.
o reCyy

F-T5-9248/v
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dn frequencies of f 100 kilocycles
M=
It should be noted that in the case of inductive coupling

N

=L
In the case of capacitive coupling

Ce

nz o —

Csy

where CSv stands for the capacitance from which feedback voltage is taken.

At autotransformer coupling

where Li = Ll + M stands for inductance of coupling.
Experimental verification of egs.(31), (32) and (37) has proved satisfactory.

In computations of the self-oscillation frequency the verified error did not

- exceed 10%,-aqd when verifying the éondition for self-excitation the error did not

exceed .20%.

The table below cites Y-parameter data for three Soviet-produced transistors

of the P4G type:’

Uy = - 5 volts, Ie = 1 milliampere

F~TS-92/,8/V
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(\ P6G No 1 P6G No 2 P6G No 3
J :
: f in kilocycles f in kilocycles f in kilocycles
Parameters | Components :
100 500 1000 | 100 500 | 1000 | 160 | 500 | 1000
r 73.5 | 7345 73.5 | 78.5 |78.5 | 78.5 | 72 72 72
ohfls
1y
¥ Yll .000 micro-| 9.8 7.8 7.5 | 9ub | 7ol | 7425 |9455 | 7k 7.2
N microfarads
ry .
kiloohms | 1.1 1 - 1.5 | 1.3 - 1.2 | 1.1 -
e C12
micro- 15 - - 18 - - hiA - -
microfarads
-1y,
)
kiloohms | 570 - - 640 - - 650 - -
‘ . %1
microfienrys| 20 18.1 17.5| 17.8 | 17.6 | 17.4| 17.2| 16.8 | 16
Y21
- 21
ohiis 30.L | 27.8 1.92] 29 22,2 ] 1.97( 30 27 3.9
C .
micf8- 69 | 35 26 | 89.5| 43 | 38 | 87 |43.5] 32
microfarads
Y22 r
. 522 .
kiloohms 32 12.2 9.1 | 38.2 [ 10.6 | 8.4 |41.2] 10.9 | 7.65
. . . IS
Article received by Editors on 26 January 1957
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CONCERNING THE SYNTHESIS. OF AMPLIFYING CIRCUITS

by
S.V.Samsonenko
) Description of a new mathematical .procedure for analysis of
I transient processes in amplifiers. Proposal to employ this

procedure as the basis for synthesis of multistage systems

according to various standards of signal distortion.

A ﬁarticularly interesting factor in the designing of amplifiers for puléed de-
2 vices is the symthesis of thelr parameters according to some given standards of pulse
distortion. Here, as a rule, the various standards of signal distortion determine
various technical characteristics of the pulsed device. For exarmple, steepness of
pulse front characterizes the accuracy and resolving power of the pulsed rarge find-
er, overshoot characterizes the conirast of television image, distortions corres-
. ponding to the optimal signal-to-noise ratio yrield the real sensitivity of the
¥ pulsed receiver, and so forth.
It is obvious that a definite form of pulse-form distortion is important for
every type of radio line, with the allowable value of such distortion depending on
the ‘concrete conditions of operation of the pulsed device. The thus resulting dis- - .
tortion stardards are to be regarded as initial values in computing a given ampli- _ .
fier circuit.
One fundamental difficulty in the synthesis of amplifying circuits is the com-
plexity of the mathematical apparatus which, as a rule, is gased on operational cal-
culus. Thé application of orthogonal polynomials considerably si&plifies a solution
of this problem.
The present paper employs the method of orthogonal polynomials to furnish rating

formulas underlring.the synthesis of any amplifying circuit. In particular, this
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paper furnishes the formulas of relationships hetween the values characterizing am-
plifier paranéters and such standards of signal distortion as front rise lime accord-
igr to the interdecimal interval, amplitude of the first overshoot, and front rise
time according to the maximum steepness of transient process. With the aid of this
method it is facile to obtain rating formulas for making such synthesis also accord-
ing to the other standards of signal distortion that are of practical interest.

The application of orthogonal polynomials makes it also possible to simplify
considerably the computation of the transient process, especially in multistage am-
plifiers.

The paper begins by citing the foundations of the aforementioned mathgmatical

apparatus and also some definitions which will be used hereafter.

1. tandardized Parameters of the Transient lode and the Transmission Factor of a
Svstem

let us assume that a single break shock acts upon the linear system depicted in
Fig.l, with a transmission factor F (p). The signal E (t) which is thereupon ob-
tained on the output will be hereafter referred to as the transient function of the

system. As is known, transmission factor F (p) represents a transient function con-

.
-

verted according to Carson

Lop-= 5 E(tye ™ dt,
p

“

where p is complex variable.and 't is elapsing time.

.

Let us introduce the standardized transient

o(P) function

: Uy=—29-
Fig.l (L? -

and also the steepness of the standardized transient

function

.

F=T5-921,8/V
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dU(n
f(t) = -

let us thereupon investigate only the systems for which ithe E (+) equals a con-
stant value *ermed stationary level. It is clear that for such systems U (=) = 1
and f (&) = O. + us examine only the systems (amplifiers) with zero initial cond%-
tions. for which U = 0 at t - G. In this case, the following expre§5ion applies Lo

the standardized parameters

f'fmdt == fau (t) = 1. (1)

@ v

)

Let us also introduce the standardized transmission factor of the svstem, X (p),

as a standardized transien: response converted according to Carson's law

K Yum e~ dt. (2)
P o \

In accordance with the theorem of differentiation in the range of the real var-

iable, the following formula applies to systems with zero initial conditions

ad . .
Kip) - J e foat. v (3)

The purpose of the analysis is, as is-known, to determine the formulas for
J (t) or £ (t) as functions of the parameters of a system, which is effected with
the aid of operational calcilus by means of converting egs.(2) or (3) at a given
formula for K (p). If the system is of the multistage type and is determined by an
equation of a high order, the computations become greatly involved; the formulas
thus obtained for some simple systems are so cumbersome that their computation, and
the determination of the system parameters ensuring the necessary form of transient
process, is an extremely arduous process. The present paper proposes a simpler way

of analyzing transient responses, as based on dissociating them into Hermite poly-

nomials.

F-T5-92,8/V
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2. Jissociation Into Hermite Polynomialg

Threshold ‘heorems of the probadility theory (Bibl.l), as apnlied ‘o the anal-
vsis of the asymptotic properties of the transient. responses of multistage amplifi-
ers, were used bw L.A.Meyerovich and G.P.Tartakovskiy (kibl.2) to-demonstrate irat at

.a nurber of stages equal ton ... the form of the curve of the transien* mode on “re

output of a system strives, at the presence of break shock, to approximate Kramp's

{function, while the steepness of the transient process tends to approximate thre Her-

mite function. Hence, it is natural to examirie the transient responses of a rulti-
stage s’stem {rom the viewpoin: of theif aprroximation to framp's and Hermitels
funclions, by representing them accordingly in the form of functional series whose
coeflicients should be furciions of “he parameters of the sr'stem.

As demonstrated in a previous paper (I:ikl.3), suck a dissociation, as arrlied
to the steepness of the stardardized transient response, can be representei as fol-

lows

B, w
=Y -~ 2= (L)

=0
%2
Here o' (x) = (- J)ve Z H, (x) is the vl Gerivative of Zrmit's function,
ily (x) is Hermite polynomial of the ,th order,

B, are dissociation coefficients,

. t'- . r

x is the standardized variable x - . 1 » where t stands for elapsing time
1 { 3

and A1 stands for a constant value which can re subsequently determined (see eq.(9)

at v = 1).

In order that dissociation (L) have sense, the coefficients B, should exist.

I. N n s - P s . .
t- can be demonstrabgd that coefficients B, exist for all systems whose transmission

factor has separate points on the left, semi-plane.> Without giving proof of ghis

statement at the time let us pass over to determihing the formulas for the dissocia-

tion coefficients i,+ For this purpose, let us multiply bot.h parts of

’

F-15-92),8/V w6

eq.(h) ov

. t
- [
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H (x) ani carry; oul an inverration rarging from - « Lo . Froceed%rp from Lhe re-
* xl«

of hermitian polynomials weighing e 2  we outain Lhe

guirement. of orthoronality

rollowing formula on the two-sided infinite interval

B,=(—1) [1(OH, (x)dx.

Surstitutine hermitian polynomials into eq.(5) and carrving ot integration

within the atovementioned limits, we obtain

Al

where Hl: gy o o o N vs‘:,and for the central roments of “nre standardized transien:

<

response of a sysienm, determired by the formula

M, - f’(t—A‘)'f(t)dt.

On removing the parentheses and integrating, we obtain

M, A, - AL M, - Ay —3A, 4y - 24)
M‘ = A"-' 4/11 A:, -+ GAi’ A-‘ —_ \.))A:

Mo A o A Ayt A AL (A

where A_, A_, A_ . . . A stand for simple moments of the standardized transient

17 22 3

response

A, - _[w}‘f(t) dt .

-0

F-T5-9218/V
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0

Obviously Av is the parameter of our system, which characterizes it in a def-
inite manner. Another previous paper (Bibl.h) demonstrates that the moments of the

i
system A can be expressed by moments of separate stages aj, where

2l = S:, ()t dt, (10)
0

; te ibth
and 9. (%) stands for the steepness of the transient response of the separate 1
i

stage. This steepness is determined through the standardized transmission factor of
sth

the i”" stage., Ky (p) with the aid of the laplace transform, by the following form-

ula

Kip) = J e 2 (0 dt (1)

If a system consists of n different stages and its transmission factor is
n
K = T1 K (p).
-1

then, by introducing the logarithmic transmission factor (Bibl.2, 4), the connection

between Av and oﬂ}) can be presented in this form
A]'—

As

A, i( a;‘, -—3a§ ah + Qa{‘) — 3"2 a;’ [i (Z; — a{’] -+ (2 a{)’

(=1 (=l . =1

$(f— 3al — tad ob o 120 b 6af) + 3 [ (od b’ +

=1

(of —3al a4 20) +

F-T5-92.8/V
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On the other hand, in the event of identical stages K (p) = KE (p)

Ai=noy

A,:n(a,—a’;’)—{-n’af 4

Ay=n(eg—301% + 243) — 3n(ay—af) oy +-1° al

A=nr (a‘ — 302 — 40,495 + 12072, — Gaf) + 3n® (02 — af)’ +
+ 4nta; (a3 — e, + 2a}) + 6n® a; (o —af) + nta}

Analogous formulas can be obtained for central moments:

n a
M2=2P£l'- My= ngl), ()
-1 =1

If the stage moments are known, the substitution of eqs.(8) and (12) into the
formulas for coefficients B,, ant; hehce into series (L), will yield a solution to
the posed task.

When using this series it is to be considered that, for practical purposes, the
petty details of transient processes usually are of no interest; therefore, on being
satisfied with -an accuracy of ‘the order of 5 to 10%, it is .péssible to discard mem-
l;ers in the dissociations whose absolute value is below 5 to _10% of the modulus of

the first member. Inasmuch as the value of functions g (x),q;2 (x) « o @ is of one

and the same order, and Bo = 1, we can ignore the members for which

Va

‘B, < (0,1 -0,5) 1 , . (15)

Proceeding from this assumption, it can be presupposed that a definite sum of
-the series, consisting of four members, will yield the general formula for the

steepness of the transient process-of a system

[ == [¢W+ = @) = =" () + 29" (0 |

(16)
It is easy to.make the transitionfrom steepness £ (t) to transient process by

F-TS5-92,8/V 69
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means of integration of members. In effect, considering that

x

[ ryadt=u(x

-~

and also considering that

[omdr=a(n and [o'(max=9¢"" (v,

where v (x) is Kramp's function, we obtain the following formula for the transient

process
By 7 By ” L) "
U)=®(x) + —¢'le) - =2 ¢" () + 2 g (17)

For the multistage systems consisting of identical stages the formulas for co-

efficients By can be still more simplified. In this case

B = - 4 _ 6a _ '
¢ n'+n2 n }_3

Pa—'3}‘§ (18)

n : d = 3a?

a

Considering that the values a, b, ¢, and d, have one and the same order, only

1 . .
members of the order of —~5— should be considered in formulas for By, and the members

of a higher pover, —%2- and —%3- can be ignored. Thereupon, the coefficients will o

be as follows

' _B°=l; B’—%—l; B1=O' B‘-B_ﬂ‘ ) ~(19)

n

Analpgous simplifications can be obtained for an amplifier with nbn-identicai

stages.

The computation of transient processes according to eqs.(16). or (17) is much
simpler than if done according to the formulas obtained by the operational calculus

mgthod. In effect, the multipliers determining the evolution of the process with

F-TS~9248/V ' 70
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time - the derivatives of Hermite and Kramp functions - are tabulated, while tre
coefficients R, ére constant‘numbers at given parameters of a system. Moreover
there is no increase in the difficulty of such computing of a system consisting of
differing stages, while the ana}ysis of such a system by the operational method
would be very complicated. \

In order to conduct computations according to eqs.(17) and (18) it is necessary
-to know the formulas for B, as a function of system parameters; for this purpose it

is necessary to establish a relationship between stage moments and stage parameters.

3. The Calculation of the Moments of Transient Responses of Amplifying Stages

If the set stage transmission factor pertains to Ki (p), then asi) can be com-
puted by applying conversion formulas to the formula for Ky (p) and thereupon com-
puting the integrals according to eq.(10). But this procedure leads to very cum-
brous calculations at even a small increase in the complexity of a stage circuit,
and therefore we are presenting below a simpler method of solving this ‘task and elim-
inating the need for resorting to conversion formulas. IA effect, the general form
of the transmission factor for most amplifying circuits should be represented by a

fractional-rational function of this form

l+aip+a;p*+..-a,p™
K — 1P 2P m P .
1(p) Vb by p+bap®+ ook byph (20)

"where n > m.

On dissociating the formula for Ki (p) into a series according to positive

powers of p, and on substituting into eq.(11), we obtain

Qo L]

1+ g c, p‘=oj'¢(t> g"'dt.

(21)

where Cl’ C,« « . C are determi?ed by means of identical conversions. it is to be

noted that the left~hand part of this equality converges within a circle with a
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radius extending to the first separate point, and with center at point p = C; as for
the right-hand part, it converges virtually for all p's located in the right-hand
semi-plane: thus both parts of the equality have large areas of convergence on the
plane of the complex variable.

On representing e Pt in the form of an exponential series

-y S (-0
e 1 —pt+ o 31 + ...

and substituting into the right-hand part of eq.(21), we obtain

1+§C, p*=f] a,(— 1)‘_2:T,

ve1 1=

w©
where q, = [tVf (t) dt is the moment of the vtD' order of the transient function of
u

stage. On making equal the coefficients in this formula at equal powers of p, we

obtain the simple formula
a, = (— 1)"vIC,. (22)

Table 1 c%tes values of ay computed for some forms of the transmission factor
according to eq.(22). Moreover, considering that the connection between central and
simple moments‘for individual stages is expressed by a formula analogous to eq.(8),
Table i can be used as the basis for computing the central moments of stages. The.
results of th; calculations for some forms of the transmission factor are éiven in
a general form in Table 2.

An example is provided in Table 3 which cites the values of moments g, and u,

for specific stage circuits computed according to the formulas in Tables 2 and 1.

’

F-TS-9248/V
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Table }

1

Standardized Stage Centra

Type of Stage Circuit Transmission Moments Stage Moments
Factor

K(p)-'-—l:"'

p=iwR,C

1+ mp aye=1—m; py=0; pz =

Aoy = 4 pdmp*| o, 2(1 —2m) |= 1—2m — m3

a:: P"l

p=ivRC = 6(1 — 3m + m?) {= 2(1 —3m —m")

ms= ——— ag == pe = 3(6 —24m +
CR} =24(1 — 4m —+ 3m?)| + 18m? + dm*—m?)

l,. Examples of the Analysis of Transient Processes By Means of Orthogonal Polynom-

ials

a. Resistor-Coupled Amplifier Without Correction. In accordance with Table 3

and egs.(18), we have

and the transient process will be, in accordance with eq.(17) -

U@ =@ (x) + — 2 (x) = (0

+ar(+ ).

24 \ n? nt. n

F-TS-9248/V B 0,
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In the particular case of a six-stage amplifier (n = 6), we have

U (x) =@ (x) ~ 0,416 ¢’ (x) — 0,00925 4" (x) + 0,0875 »" (x).

The graph of this function is depicted in Fig.2

b. Resistor-Coupled Amplifier With Parallel Correction. In accordance with

Table 3 and egs.(18), we have

a= 1 -m*—2m b=29 | —3m —m®

A—mp (T—mp

6 | —dm 4 2m? — ¢

c == d=3 (1 --m®— 2m)?

(1 — m)s ! (1 —m)s

I
Fig.2 Fig.3

In the particular instance of a six-stage amplifier'a.nd m = 0,36, we have

a= 0‘?3; b=—-098; ¢=— 7,05; d=0,402;

By=—094;  By=—00272; B, =2613.

In this case the transient process formula will be

- U(x) =® () — 0,47 ¢’ (x) + 0,00455 3" (x) +0,1 9" (x).

The graph of this function is depicted in Fig.3. "

F-TS~92,,8/v
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&, Svnthesis of Amplifving Circuits

It can be concluded from an examination of egs.(23) and (2.) that multistare
amplifiers are not greatly affected by the third and fourth members of the dissocia-
tions; therefore. if a computing accuracy of the order of 103 be recognized as suf-
ficient, the corresponding formula for the transient response can be represented in

the form of a kinomial
U = (x) + 24 (), (25)

and the steepness, in this form

H= o= {e(@+ ¢ @} (26)

Thereupon the problem of the synthesis is reduced to investigating the applica-
tions of egs.(25) and (26) to various types of signal distortion. Let us conduct
syntheses of amplifiers.

a. Synthesis According to a Given Steepness of Transient Response (Pulse
Front). Considering that the steepness of the front is variatle, it can bte set in
various ways. In a number of practical cases it is important to know the maximum
steepress of pulse front, which is the most characteristic point on the pulse front
and as such is'most easily recognizable by station operators. Therefore, in the. -
given case we will adopt the maximumm steepness of transient process at the output of
a system as the initial‘pafﬁmeter for the synthesis.

The coordinates of the point of maximum steepness are determined from the fol-

lowing equality

dah(t) __ A
dx =0. (27)
On substituting the Hermite functions into eq.(27) and taking the derivatives,

we obtain, after reduction

.

F-TS-92,,8/V
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|2 @—x -1 |=0

. 3 -
The rcot x - O is the sonpht-for roo'., 'ecause it correspords ‘o0 “te point of
. . . Jiseamin
maxim steepness in the midile of Lhe transier’ rrocess. 1r ef“ec., upon discariine
naxim L .
i Sni ; . o waoe vre trar-—
: R Y s 1. deterrinire the asymmewry of ~re &
in eq.(25) t ne membher wivr tre coefficien 3 t, .
. . S sk
sien' process. we, of course. ortain Lhe s;Tmetrical transier! process 1n wolcP Lre
s cov . . . PO
tire coordina‘e of *ne maximum steepness coirciles wi<h -te ‘ime coordina“e ol "re
certer of ‘te rise fror*.
On suhs'i*uting “re value x - O irto eg.(2f) we ortain the value of maximunm

s*eepness as a Mmnction of circulr parameters

== (26)

At a se: steepness, the derivation of tris equalily in relation to circuil
. parareters presents no difficuliies. .

Inasm:ch as all the above-expoundel reaso~ing applies “o standardized iransient

z responses, a value opvosite Lo steepress represents the front rise time

f

Ty =

;=

M
oa(1-2)
Usudlly, all protlems of ‘“he transient process are solvei in infinite time
t. = -4, where t' is time in seconds ard - is the {imensional coefficient, whic: de-
pends on circuit parameters. }here?ore the front time determinatle.by eq.(2) is

also dimensionless, and the front Lime in secords will be

l'alf.- = __‘__.A_’._____.
Y

This form.la can serve for computing the Jduration of the rront of ‘he tLransient

F—'E'S-‘jPJ'P/‘] il
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process on the output of any multistage system upon substituting into it Lhe values
of A_, §2 and 7 corresponding to the given circuit.

At a practical synthesis it is also necessary to consider the resultant ampli-
fication factor of the system, and then the problem of synthesis has to be differ-
ently formulated. In this case, the set values are: a) time (or steepness) of tran-
sient process; b) parameters of amplifier tube 5 and Ck; and c)'required amplifica-
vion factor. The solution of this protlem by means of eq.(26) is easily applicahle
Lo any circuit.

n. Synithesis of Amplifier According to Overshoot of Transient Response. In
t+is case, the initial value for the calculations is represented by the amplitude of
tke first overshoot of transient response ... The amplitude of overshoot for the

standardized transient response will be, in accordance with eq.(25)
A—op 4 B
) + = ¢ () — 1, (29)

where x1 is the time ccordinate of overshoot, determined from the following require-

ment

(=0, iey g(x)4 2= ¢ () =0.

On substituting here the formulas for Ermit functions and carrying out

-

ductions, we obtain

I :O_
b Tl=

Ny

vWle are interested in thg positive root of this equation, which will be

=11 —_-%.
! V’ By
At substitution of the value of this root into eq.(29) it can be seen that the

amplitude of overshoot is a function of the value of 82. A graph of this relation-

Sﬁip for larger values of B, (52 . 1) is depicted in Fig.h, and for smaller values

F-T3-92,8/V 78
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of hl (Ry 1), in Fig.5.

4

¢ is clear from these graphs that the relationship /. = w (Uz) has a linear

character at larger values of hz, and is

approximated by the formula

A0/, = 9,5 (B, — 0,63).

At small values of 82 ;his relation-

ship has a non-linear character, but for

ractical purposes it can be approximated

with sufficient accuracy by itwo straight

ot (B lines
|1~ 64('By|-041) at 15181 >0,
a%=2)(18,1-027)at 05>18,1>03

A=6,4(B,—0,41) at 1>B;>0,5,
A=21(8,—027) ., 0,5>B;>03.

As for the coefficient Ez for an am-

plifier with identical stages. it is-de-

termined by the following equation

2 03 Uh 05 U5

Fig.s Bi=—r—1 . (30)

nd,

This formula can serve, together with the graphs in Fig.\ and 5, both for com-

puting amplifier parameters according to a given value of overshoot and for deter-
mining the amplitude of o;ershoot according to._known parameters of multis:age cir-
;uit. On substituting the value of moments for this or that amplifier circuit into
eq.(30) we obtain rating formulas for a specific multistage circuit schematic. The
conduct of the related computations presents no difficulties,

c. Amplifier Synthesis Accordiég to Rise Time Correspon@ing to the Interdeci-
mal Ordinate brop (0.1 - 0.9) of the Transient Response.

The rise time correspond-

ing to the interdecimal ordinate drop is determined by the.following formula

F-T5-92),8/V
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Tooa—09 = bog oy = A1 (X4 — X ). (21)

where Xq g and X ; are determined I‘rtom eq.(25) by deriving the following equations

Ulx.g) = (%40) +% %’ (Xo0) )

U (xo_,‘) =@ (x,,)+ % 4’ (xo‘,). ‘

On deriving these equations graphically we obtain the relationships X5.1 and

X5.9 as functions of B2 (‘Fig."v), on the basis of which the sought-for relationship

is determined.

T

T T
X, 3+068;

T

28

Fig.t

,
x = -
0.9
= 4y (82) have identical inclination, but only X0.1 varies in the field of negative

As can be seen from the above .graph, relatiénships X517 " (82) and

values -of x; in this case, the value of ® (R2) is determined by the sum of values
of XO.9 and xO'l' and not by the difference in these va.lues._ On E:ar'rying out the
summation (Fig.6), we find that © (82)~does not depend on B, and equals a constant

value of 4§ = 2.6, "Then the dimensionless duration of the interdecimal drop will be
10,1—0,9 = A;'Q,B.

This formula also furnishes a solution to the problém of the interdecimal-

’ interval synthesis.

F-T3-92,8/V
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RIPPLE FILTERS OF LOW-POWER RECTIFIERS

by

L.L.Dekabrun

Some specific proposals about computing the elements of

the;ﬁ.filters widely applied in low-power feed sources.

The methodology of the analysis of rectifier processes is fairly well devgloped
by no;. On the'basis of a series of rational postulaieé all the information necess-
ary in rectifier designing has been reduced to suitable graphs and formulas (Bibl.l),
which are cited in student handbooks and manuals. But there is much less information
available about the designing of ripple filters; moreover, the available information
leaves us with a feeling of dissatisfaction. Thus for instance, some works (Bibl.2)
cite empirical choke computing formulas which have to be considerably deviated from.
Other worgs (Bibl.3) make attempts at analyzing filtetr ﬁ%oc;sses (more exactly,
filter-choke processes). It would be worthwhile to re;iew briefly these attempts in

+ order to get an idea of the situation in this field as a whole. ‘

In Blbl 3'it is assumed that the maximum dynamic 1nductance for a glven choke
is achieved when the choke core displays the maximum dynamic permeability (ud)m
i.e., when the magnetic state of the core corresponds to a bend in the magnetizagion
curve. The value of the §ir gap in the magnetic circui£ is selected such as to at-
tain precisgly this state of the core’at_a set direct current component in the wind-
ing. No importance need be atéached to the error commitied by the author of Bibl.3
in the detgrmination of induction at the bending point of the magnetization curve at
divers air gaps im the magnetic circuit (in Bibl.3 every value of air gap is corres-

' pohded by a gpecific value of induction at the bending point of the magnetization
curve, whereas actually this bending of the curve expresses merely the properties

of the core and is always present at one and the same induction in steel, régardless
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of the value of the air gap). It is incorrect to relate choke computations to a
definite coincidence between initial magnetizing of the core and the bend in the mag-

netization curve, because the dynamic inductance of the choke,
(1)

determining the smoothing properties of the filter, is chiefly affected by the num-
ber of choke turns w, and not by permeability of steel By becauée the cited length
of éore remains lesser than or comparable in value with the length of the normal air
gap lv up Lo an induction of 10 to 12 kc. loreover, noné of the existing handbooks
cites a complete curve of magnetization of transformer steel which would make it
possible to establish reliably the induction at the bending point. The tables cited
in the existing handbooks can merely be used to determine induction'at 25 ampere-
turns per centimeter, i.e.,‘far behind the bending point‘;hich ranges at 3 to &L ke.
(Incidentally, from these éigures it can be seen how profitdable is it to use at the .
bending point a steel with;a saturation induction of 15 to 18 kce)e

Expérienc; shows that the basic characteristics of- the feed source, that is to
say, its internal resistance and value of alternating voltage background, depend
very cons%dﬁrably on the proper choice of ripple filter eiements and on the mode of
dperation ofrthese elements. Therefore, it is relevant tp devote serious attention
to these matters. . -
The d&namic inductance of a filter chéke at an initial current of IO in its

winding is thus expressed

@,

where E, is the change in choke-winding voltage caused by a change in initial chr;

N

rent Io by a value of dI during a time dt.
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A direct cause for the appearance of voltage is the variation in magnetic

flux ¢ in ‘the magnetic circuit of the choke
o

_ do 10-*
Eg=w(55), 107" (3)

It is clear that 4’0 stands for magnetic flux conditional on winding current Io,
and d¢ stands for the change in the flux caused by a change in magnetizing current
by the value of dI.

Considering that

® =8, (%)

(4

where B is induction in the steel of the magnetic circuit, and Sc is cross-sectional
c
area of the magnetic circuit.

Equation (3) can be transformed

— I: —
Edawst(%‘ Bﬂloa-wS‘iB_ _d._'i)’..lo'=

ar \ at*
=0 [ e, (i), 107 (5"

Hence the dynamic inductance of choke, determining.the smoothing properties of

a filter, will be

e [_9B . . . .
L,=urS, [d(m]‘o »10 . : 6) ,

It is convenient hereafter to deal with inductance per unit of cross-sectional

area of magnetic circuit

Ld.z La = ! [__.d_a_‘.] . 10__°
¢ d(lw) I»,

To determine lao the following formula is necessary

B =f(lw)
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at dlvers values of the air gap l in the magnetic circuit. This formula can be ob~
tained only in the case when the length of magnetic line in. steel [ is known, i.€e,
when subsequent analysis cannot remain general any more and has to be specific and
to pertain to some definite transformer steel forging selected for a given choke.
However, before treating of specific chokes w1th nunerical formulations of corres-
ponding\conclusions, let us review the problem from its qualitative aspect ; which
will assist us in establishing some general laws. ‘

Figure 1 deplcts the method of plotting a magnetization curve for a magnetic
circuit without indicating the scale of
. the axes of the coordinates. The air gap
L 70w, +(AWy, ——— ¢ AW,

(AW,
- (A, g

in this circuit has a definite value. In
w)
¢ order to establish some induction Bl in

this circuit, it is necessary, on the one

hand, to have the following ampere-turns

(a"}")cl = (aw)collc' (9) ’
Fig.l -
creating a magnetic flux in the core and,

on the other hand, to have these ampere-turns )

B,

(aw),, = oan L,

for creating a magnetic flux in the air gap.

The curve

B :Bf(ﬂ(ﬂ)

in Fig.l represents the magnetization characteristic of a given magﬁetic circuit

with a given air gap. It is obvious that such curves can be plotted for any value

of the air gap l so long a

’

s this gap is not such as to cause induction in Qteel and

’ induc’clon in air to differ substantially from each other. The equality of inductions
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is fairly reliably puaranteed by the following formula

S'[Cnf'] > lm Icm]. (11)
I (e

This inequality remains true in all practical cases, and therefore the magneti-
zation curve as plotted in Fig.l does not have to be subsequently corrected. This'
plotting, and the subsequent graphical differentiation, yield thevfollowiﬁg formula
¢ 1

8 _
—T‘-(,‘w-)-— —-f(!w)

at divers values of the air gap, which is illustrated in Fig.2 where it is obvious

that

Ly >y

These curves illustrate very demonstrably the effect of the air gap: at suffic-
iently large magnetizing ampere-turns the air gap increéses choke inductarce. How-

ever, the formula for choke inductance includes not only:the_determined value —dB

- d(Iw)

tut also the number of choke winding turns w.

Every'val;é of ampere-turns plotted on the axis of abscissas in Fig.2 is cor-
responded 6& a specific Yalue of the number of turns which depeﬁds on the value of
initial winding current Io' In Fig.2 there are plotted Curvés 1, 2, and 3, express-
ing the relationship w = f (Iw) at three different valuesvof:Io. In this connec—

tion, it is obvious that

(o)1 < (Ida < (o).

Thus in Fig.2 "there are concentrated all the data necessary for explaining by'
eq.(7) the specific dynamic inductance of choke, LHo' In this connection, we can
plot a chart for any value of the current Io, as illusbratgd in Fig.3 which demon-

,strates very graphically that at a given current Io it is advisable to take a great
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P

number of turns in a choke introducing a commensurate air pap and magnetic circuit.
It appéars that the increase in Lﬂo will be steady; however, at sufficiently large
air gaps the leakage fluxes will begin to exert a considerable influence and the
above-cited chart will cease to be valid.

It is evident that the number of choke turns cannot increase indefinitely, be-
cause, owing to the limited area of the port of the choke core'Sb the cross-sectiongl

48
LT

Fig.2 Fig.3

area of the wire will ééonbr or later prove inadequa?e for ensuring a safe thermal
mode of oberation of the choke. Accordingly, in choke designing it is necessary to
set a limit'on the number of turns which will enter the choke port without endanger-
ing the safety of the thermal aspect of operation of the cross-sectional area of the
winding wire for a given Furrent. For chokes with enameled-wire windinés the wind-
ing current density should not exceed 2 to 2.5 a/mm?. A proper value of the air

gap L is chogen for the thus obtained number of turns, and then the “transformer g

steel forging selected for ‘the choke is utilized to the maximum degree.
The foregoing is illustrated by the calculation of a spécific choke with an
Sh-0- i = - .2 :
open Sh ;9 core having a port area of So 20 x 60 = 1200mm~. At the customary
"pile-up" reeling the cross-sectional area of the copper in.the winding takes up 25
‘to 50% of port area. At the allowable current density of 2 a/mm2 the nﬁmber of
initial magnetizing ampere-turns aw, varies from 600 to 1200. Upon plotting the

magnetization curves for the given core for divers values of the air gap 1 and upon

. c . dB .
t determining ~Jaw— 3t the abovementioned value of magnetizing ampere~turns
2

we will
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obtain the following formula

4 _fqy,
daw
illustrated in Fig.h.
The curves in Fig.) indicate that the optimum air gap for the 5h-.0 core meas-
dB/aAw

; Ly
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a) Sh;0 x.L0 steel; b) Sh32 x 32 steel

ures 0.5 mm; when the core port is properl& utilized for ;;he.winding (her:e we have

o in mind the air gap in every leg of the magnetic circuit:;‘ thus the full air gap meas-
ures 1 mm). = At 'su;:h an air gap the dynamic inductance of. the choke is apprc'.;;cimatel‘&
20 times higher than in the case of a ’completely closed magnetic circuit.

The Sp'e;oific diameter of wire d and, consequently, the specific number of wind-
ing turns, d.epends on the vé.lue of the current I0 which sﬁould be passed by the
choke. Fig.5 depicts the full response curve of a fi\l‘cer choke with a-Shh0 x L0.
core at a circuit-leg air gap ‘of 0.5 mm and a port-filling coefficient of 0.5. For
comparison, Fig.5 also depicts the curves for a choke with a Sh32 x 32,co;'e at the
same port-filling coefficient. ' ~

, These curves indicate that the choke increases cons'i.derably the internal resis-
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0

tance of the feed source, which is undesirable no matter how one looks at it. It is
therefore ﬂatural to pose the question of how to cause the feed source to have the
least internal resistance at a given value of output voltage pulsation.
The available comparative data on all forgings of the transformer steel applied
at present in low-power feed sources lead us to select the parameters of the fi-filter
{

~e_ ¥ (Fig.6) in the following order of sequence:

T v A -»]

! .

L) :“%3 = 1. Capacitor Cy and the resistance of
U

- —

transformer and kenotron Rl are selected ty cal-
Fig.b

'

. culating the maximum peaks of charge current al-
a) Rectifier; b) Toward stabilizer
jowable for the rectifier's kenotron; all the

or load -

related necessary information is provided in tne

aforecited took by E.P.Terenttvev. At such values of Cl and Rl we can ensure the

minimum amplitude of pulsation of the filter input voltage Ul.

2. Choke inductance Iﬁ should correspond to this formula

.
O |
.

1 .
mde>(10+12) el . (12)

.

where m is the number of phases of rectified voltage; wis the frequency of this

- voltage. ‘in a case to the contrary the kenotron of the rectifier would be overload-
ed by current pulses. The type of core and the choke-winding data are 'selected ac-
cording to the value of choke inductance found from eq.(12), the known value of the

- current Io'and the comparative characteristics of various forgings analogous to the

curves depicted in Fig.5.

.

3. The necessary value of the smoothing factor for the, fundamental harmonic of )
rectified voltage : ; ._'

U, . ; -
1 Ul - = V(] —_—m3 ‘“’denz)"r m® w? R?Cix~ md w? Ld C,
2~ -

(13)

is used to calculate the value of capacitance C2 of ttr:filter. In eq.(13) Ul
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stands for the alternating component of the filter input voltare, which is computed

br the methods described in Bibl.l; and 02 stands for the alternating component of
~ .

the filter output voltage, whose value is determired by the technical characteristics

of the consumer.

Such a ripple filter has the minimum dimensions and ircreases most minimally

the internal resistance of the feed source.

v

Article received by Editors on 29 March 1955
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SINULTANEOUS OSCILLATIONS OF TWO FREQUENCIES IN A
SELF-OSCILIATOR WITH SELF=-BIAS
by
G.M.Utkin
Active Member, A.S.Popov Scientific-Technical Sociéty for

Radio and Communication Engineering>

A breviéus paper by the writer (Bibl.2) furnished a general theory of two-
circuit self-oscillators with multipie circuit frequencies. The present paper dis~
cusses an analogous self-oscillator on taking into account self-bias from grid cur-
rent. At a low inertiality of the gelf-bias cell in a two-circuit self-oscillator
(Fig.1l) it 1is possible to have stable oscillations of two frequencigs, be they mul-

tiple or asynchronous (Bibl.3). To demonstrate this,
let us investigate the stability of the modes of syn-
chronization and of beats at’a low-inertia self—biag

from grid current. * '

The equations for the'self—oscillator'shown in
Fig.l :

Fig.l, with self-tias for the frequency multiples of
n- 3 and with a linear-broken approximation-of the platé“qurrent characteristic,
.have been formulated in Bibl. 1. During the derivation of these equatioris, the com:
pound form of plate and gr 1d currentS, having the aspect of a series of higher-
frequency pulses periodically repeated with a lower oscillation frequency, has been
épproxlmated bv a cosinusoid inscribed between the plate-current pulse eﬁveIOpe and
the axis of abscissas, as illustrated -by broken line in F1g.2 which deplcts the form
of plate current and its approx1matlon when two multlple-frequency voltages are act-

ing on the grid. As a result, the necessary plate current harmonlcs prove to bte

functions of the angle of cutoff # of the plate current envelopc, and the equations

1 for the self-oscillator assume this aspect:
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Txux = (‘%’SRITI—l)Uh
T|U’~ =';—SR3'[.U1 —Ulr
TE)= 35 Re10(@) Vs — | Ecl.

. y R '
Tep =0T, — SRa[E%':'Tn + —4"3 . R, (Tn-x Tn+1) ]sln P

(1)

Tl l{;’ :::—%— SR.”{._I —_— TR+1) sin @

wﬁere.U , U_'and © are the amplitudes and general phase.difference in the grid vol-
1’ 2 .
tages of the fundamental frequencies; Ec is the bias voltage; Aw = w2 -y is the

general circuit detuning;
y, is the correction for oscillation frequency in the first circuit in relation to
1
its natural frequency; Yl (8) are the coefficients of dissociation of the cosinusoi- .
dal pulse into the cutoff angle 8; R 1 R are the control resistances of the: cir-

cuits; S, S are the transconductances of the 1dealized characterlstlcs of plate and

. 2 _- 2 S d
= T. = s T R C are 'che clrcul time constants an
grid c:l.rcults Tl wl51" 2 —‘—"?2-5?’ o . ]

self-bias cells R

.

The equatlons for the svnchronlzatlon mode are obtalned from (1) a.t U1 U2

= Ec =0 = 0, and have this aspect

Sk111—2
SR,T.UI—QU,,

\E | = —S R, lo(eclul'
Ao = (Aw +A(n”) Sinw

; Aw
b1 =3
n*

The- last two equations use the

first two equations and introduce
the designé.tions:
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Ao’ == ©3ds Y, ' i
To ‘

(3)
Aw” == Y241 Tn—1 ~ Tn 11
2 2n
Let us investigate the stability of the modes of simultaneous oscillations of
two frequencies on the assumption that the angle of cutoff of grid current'is"smali,
i.e., that Rc is sufficiently large. In this case, the bias voltage equals the sum
of the voltage amplitudes of the fundamental frequencies and, at a low inertiality
of the self-bias cell (Tc = 0), it continually varies with them. In this connection,
it is found that the angle of cutoff of the plate current envelopeis not affected by
the voltage amplitude of the higher frequency (actually, there is some relationship
between them, but a weak one). The justice of the above statements can be easily
verified by substituting Ec = - (Ul + U2) into the formula for the cosine of the
angle of cutoff

E,—E,+ U,

cos8 = — ,
U,

whereupon we obtain

E| .
cosG=l—Li'.
]

B - 7z
Considering that the first two equations in the initial set (1) ‘are not affected .

‘by phase m*, the study,of.the‘stability of the system at.variations in voltage am-
plitudes is reduced to a study of these first two equations in set (1).' On composing '~
the corresponding first-approximation formulas it is not difficult to ascertain that

the conditions for system stability in face of variations in amplitudes corresp;nd

to the satisfaction of this inequality . '

o1 - )
ou,<0' . . (%)

’

# This result is the more probable. the higher is the multiplicity of frequencies.
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The above inequality is always satisfied at the assumptions adopted: an in-

crease in Ul causes a decrease in @ and hence also in the coefficient Yye

When a system is §table in relation to the variations in amplitudes, i@ is pos-
sible to have simultaneous oscillations of either the multiple or normultiple fre-
quencies corresponding to the synchronization and beat modes. The detuning on the
threshold of the synchronization mode is determinable from the requirement fof sys-
tem stability toward variations in phase . The requirement for the 'phase® stabil-
ity of a system is easily obtained from the fourth equation in set (1) and has this

form

(Aw’ 4 Aw") cos ¢ > 0.

. .
As depending on the plus or minus sign of the expression in brackets, the range

of stable values of phase ¢ is - - < 0 < T oor I < P < 2 ne The extreme val-

2 2 2 2
ues correspond to the thresholds of the synchronization mode. The formula for the
detuning on the threshold of the synchronization mode is obtained on substituting

9 =+ —%— into the fourth equation in set (1), whence it follows that

Amm‘= Aw’ 4 Aw”,

The present article will not expatiate upon the pecuiiarities of the synchron- "

ization and ‘beat modes, becausg these have already been discussed in detéil in
Bibl.l and 3. ° . o

A conducted experiment has coréoborated the conclusion about the possibility of
the existence of simultaneous oscillations of two frequencies outside as.well as in-
side the synchronization zone in a self-oscillator with self-bias. These simultan-
eous oscillations of two frequencies continue uninterruptedly at a smooth change in

circuit detuning from one synchronization zone to another,

Article received by Editors on 1 October 1955
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A.S.POPOV SOCIETY NEWS

CONFERENCE ON THE PROBLEMS OF FORWARD SCATTER OF

ULTRA SHORT WAVES

In January of this year a conference on the problems of forward scattgr of gltra
short waves has been jointly convened by the A.S.Popov Seientific-Technical Society
for Radio and Communication Engineering, the All-Union Scientific Council for Radio
Ph;sics and Radio Engineering of the USSR Academy of Sciences, and the Instltute for
Radio Engineering and Eiectronics, USSR Academy of Sciences.

The conference members listened to and discussed fifteen addresses devoted to
the theoretical and experimental studies of troposphe}ic-and'ionospheric forward
scatter of ultra short waves. As is known, during the last six or ‘'seven years many
studies of the forward scatter of ultra short waves have been carried outhih a num-
ber of countrieg. The investlgatlon of this new form of propagation of ultra short
waves is of ‘great practlcal importance to radio communzcatlons, long-distance tele~

" vision transmission, radio navigation, etc.

In his. prefatory address Professor A.G.Arenberg, Doctor of Englneerlng Sciences,

surveyed the state of theoretlcal and experimental studies of the related\problems
‘,and outlined the principal tasks of the conference. ' N

(4

Flve papers were devoted to problems of tropospheric scatter.

P.P.Biryulin's paper discussed an integral equatlon for the vector potentlal of

scatter fleld in an enviromment with a fluctuating permltt1v1ty. The sequence of
approx1mations obtained when deriving that equation takes into account.the multlple
scatters of various degrees. Unfortunately, the related théory has not yet been
perfected to a point where 1t can yield numerical resﬁita and can be compared with
experimental data. The physical premises of the theory are not either well founded

és yete.

-
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V.A.Zverev described in his paper the methods of.computing the mean intensity

of the scatter of radio waves on random irregularities upom taking into account the
width and form of the radiation pattern of the receiving antenna. In this connec-
tion, it has been found that the computations of scatter intensity published in lit~
erature are correct only when the dimensions of the receiving antenna exceed considf
erably the correlation scale. The lecturer also reviewed the opportunities for an
experimental determination of the correlation function.

D:M.Vysokovskiy's paper was concerned with a critical analysis of the derivation-
of the general formula for the effective area of the scatter of ultra short waves in
the tropospnere. The paper furnished a derivation of the formula for power at the
reception point in the event of broad antenna radiation patterns, and it described
some aspects of reception. With respect to narrow antenna radiation patterns, the
paper evaluated the influence of the irregularity of turbulence on the h;énitude of
the loss in antenna gain. The paper also contained formulas derived for taking into
account the.influence of refraction on the diffusion ér;ﬁagafion of ultra short
waves, and demonstrated that it is possible to consider that influence by introducing
the ef fectlve radius of the Earth into the appropriate formulas. The influence of
multiple ;ca?ter or. the magnitude of field attenuation was appraised, and it was dem-

onstrated that this influence can be ignored in a great majority of cases.

The paper by A.A.Seménov and G.A.Karpeyev describe& the results of an expefi-’.‘
mental investigation of rapid fiuctuations in the amplitude of signals reflected
from two fixed reflectors and received by two spaced receivers. The thus obtained.

.scale of instaétaneous values of signal amplitudes proved approximate té the logar-
ithmically normal law, which clashes with the theory of multiple reflectors on the
Earth's surface, which was originally- adopted 'as the worklng hvpothesls. This indi-

cates the predomlnance of the influence of the irregularities in the troposphere

) 1uself.

’

The paper by L.Ya.Kazakov and A.N.Lomakin was devoted to a survey of the prine
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ciple of performance and design of a radiorefractometer used for measuring the irreg-
ularities in permittivity. It also described the problems encountered in tre appli-
cation of measuring methods and the evaluation of data. Preliminary experiments

have demonstrated the feasibility of measuring the intensity and diﬁensions of ir-
regularities. The measurements also have demonstrated the varying character of the
distribution of intensities as depending on altitude, and the presence of intensivq
stratified irregularities on divers altitudés, and also sharp changes in intensity

on the threshold éf the cloud ceiling.

Ten papers and reports were devoted to the problems 6f ionosphéric forward
scatter.

A.l.Kazantsev surveyed the materials of the VIII Plenary Conference on Iono-
spheric Forward Scatter of Meter Waves, convened by the Comite Consultatif Interna;
tional pour le Radio, and the program of scheduled research in this field, and also .
he briefly described the principles of the new form of comm;nication constituted oy
utilizing.éhe reflections of meter waves from the tra;éé of meteors.

Ya.L.Al'pert describ?d in his paper the results'of:a.theoretical analysis of

ionospheric’scatter of radio waves at a correlation factor having the form of

T
o(r) = exp[-— _lr_] f

where 1 is the scale of irregularity.
- . N ) ' ’
Utilization of these results makes it possible to employ the analysis of exper-

imental data for determining the fluctuations of electron density and the optimumb

dimensions of the scattering irregularities.

B.N.Gershman's paper derived the effective area of ionéspheric scatter upon

taking intp account, the turbulent shifting of the ionized gas. The obtained results

are comparable with the data of the theory of Buker-Gordon and Villars-Veiskopf
M.V.Boyenkov surveyed the problems of the use of the forward scatter of 6 - 10

* meter radio waves by reflection from ionospheric layers,

’

and the future p;rspectives
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of this form of communication.

The papers By S.F.Mirkotan and L.A.Drachev, and also by Yu.V.Berezin, described
the methods of investigating the irregular structure of the ionosphere at frequency-
spaced reception, by means of recording the variations of the phase path of the re-
flected pulse. .

The reports by V.A. Bubnov, A.I.Khachaturov and S.I.Sotnikov described divers
cases of long-distance reception of meter waves, reception of programs from foreign
television statlons, etc. Emphasls was placed on the possible importance of oring--
ing the related studies to the attention of radio clubs and radio amateurs so as to
gain en masse actual experimental data about the forward scatter of ultra short
waves.

The resolution adopted by the Conference noted the great theoretical and prac-
tical importance of developing omnilateral studies of the forward scatter of ultra

. short waves in the troposphere and jonosphere, and it also formulated concrete pro- '
posals concerning a number of scientific and organizational problems.

The résolution pointed out the desirability of coordinating further research in

1 this field oy the USSR Academy of Sciences, and of bringing these matters to the at-

.

+ention of the institutes of the said Academy, and especiall& the Inséitute of At-

‘mospheric Physics, and the Main Directorate of the Metgorblogical Service, minis-

tries of communications and radio-engineering industry, and the faculties and lator-

atories of higher schools:

The\Conference approved a motion for publishing a collection of the papers read

there.
SEMINAR ON TRANSISTOR ELECTRONICS

From March U to March 24 of this year the A.S.Popov Scientific-Technical So-
ciety for Radio and Communication Engineering (Section of Transistor Devices and

1[' Small Parts), in collaboratlon with the Polytechnlcal Museum, convened a ten-day

-
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All-Union seminar on transistor electronics, in Moscow. The seminar was attended by
over %00 experts working on electronic matters in plants, designing bureaus, and
scientific-technical institutes of various ministries and agencies, including about
300 scientist and scientific-technical workers sent to the seminar from L3 cities.

The lectures read at the seminar were aimed to explain the foundations of the
theory of transistor devices and their applications in the radio engineering cir-
cuits. These lectures also surveyed the physics of the operation of transistors,
methods of computing low-frequency, high-frequency and pulsed circuits, and aspects
of operation.of these circuits at changes in temperature.

The participants in the seminar observed that the conduct of such undertakings
is favorable to the realization of the directives of the XX Congress of the Communist

Party of the Soviet Union with regard to the introduction of transistor devices into

the Nation's economy. At a time when relations between the enterﬁrises are not yet
" well orgénized the conduct of this seminar is doubtless conductive to an exchange of
experience. ° .
It is necessary to priht as soon as possible the lessons read at éhe semin;r

and to send a copy ‘o each participant. Only then can the Lask posed to the seminar

te regarded as completely fulfilled.

In view of the previous experience in convening such 'seminars, the Governing

Board of the A.S.Popov Society has resolved to convene.during October-November 1957
a special seminar on the problems of popularizing the use of printed ciréuits, small
parts and ferriteé. o .

A new seminar on transistor electronics is planned ts ve convened in the next
year. The-program of that seminar should be so schedﬁled'as to reflect to a great
degree the problems of the design and computing of trangsistorized equipment and of

the omnilateral utilization of printed circuits and small parts. The proéram should

envisage a détg for the exchange of experience among the participants in the seminar

and for the organization of visits to neighboring enterprises.
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VIII“’ PLENARY ASSEMBLY OF THE INTERNATIONAL RADIO
CONSULTATIVE COMMITTEE (CCIR) IN WARSAW

August 9 - September 13, 1956

Study Group L

Study Group L is concerned with investigating the problemé of the progagation
of surface radio waves. At its first segsion the following two Subgroups have been
formed: LA, under the chairmanship of Millington (England); and AB, under the chair-
manship of uerbstreyt (USA).

The area of studies of Subgroup IVA was as follows: 1) Study prograr ard recom-
mendations on "Propagation of Surface Waves over Mixed Routes™; and 2) Study prograr
and paper on "propasation of Surface Waves over Uneven Terrain'.

The area of studies of Subgroup LB included: 1) Study program on "Influence of
Tropospheric Refraction on Frequencies Below 10 me"; 2) Study prograr on Time Var-
‘iations in the %ield Strengths of Surface daves™; 3) Resolution on "Plotiing Curves
of Propagation for Frequencies Eelow 300 ke"; L) Recommendation on "Presentation of
Data on Antenna Radiation"; and 5) A novel gquestion broached by the Czechoslovak
éelegation, npetermination of the Electrical Parameters of the Earth's Surface'.

The recommendation on "Propagation of Surface Waves Over Mixed Routes" has been

,'ﬁodified in the sense that the use of theoretical methods is currently recommended ~
in all possible cases and ,whenever this is not possible eﬁpirical methods may be em-
ploved upon congidering the limits of their suitability.

A study of the npropagation of Surface ‘Waves Over Uneven Terrain" served as the
subject for é»papér describing briefly the results of various theoretical investiga-
tions. Due note was taken of the theoretical work on the solution of the problem of

the propagation of radio waves over mixed routes. The paper'included presentation

# Continuation of report published in Hadiotékhnika, Vol.ié, No.3, 1957.
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of documents containing the solution of this problem upon taking into account e
sphericity of the Earth (Godzinskiy, Furutsu), even though this was not nresened s
vet in a form suitable for practical computations.

The paper on "Influence of Tropospheric Refraction on Frequencies lelow 10 mc"
appraised the difficulties related to applving the methods of geometrical optics to
these frequencies ard also to the influence of troposphere on fairly low frequencies.

The paper concerning the resolution on "Plotting Curves of Propagation for Fre-
quencies Below 300 kc" pointed out the necessity for a cautious approach by the CCIR
toward the usé of these curves for determining field strengths on frequencies below
300 ke, owing to the influence of the ionosphere, which is not considered in these
curves.

The recommendation on presentation of Data on Antenna Radiation' has teen conm~
pletelyr modified so as to recommend that data on antenna radiation be presented in
the form of'field strength or power relationships and also ty means of introducing

the concept of "simomotive" force.

The novel question of "Determination of the Electrical Parameters of the Zarth's

Surfaceﬁ, nresented by the Czechoslovak delegation, has met with endorsement by the
whole Stud; Group and, after evaluation, was approved.

Study drbub /. had also adopted two)proposals for new resolutions. The first
‘resolution éxpresses the wish that the Secretariate of the CCIR should complement ”
its publishea atlas of curves for the determination of field strengths of meter
waves hy adding thereto an appendix explaining the method of computing field sirength
at equivalent-radius values and soil parameters differing from those for which the
curves in the'atlas are plotted. The second resolution expresses the wish that the
Secretariate of the CCIR should draft and publish a new atlas of curves.for deter-
mining field‘strengths at higher frequencies (up to 10,000 mc) and higher antenna

heights (up to 20,000 m), which is needed by aviation services. The resolution con-

1! ,tains tentative data for the related calculations.
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Study Group 5

Study Group 5 is concerned with investigating the problems of-the tropospheric
propagation of.radio waves. At its first session these two Subgroups have been
formed: 5A., under the chairmanship of Allen (UsA), and 5B, nnder the chairmanship of
Rauden (England). ‘

The area of studies of Subgroup 2A comprised: 1) Study program on MMeasuring
the Field Strengths of Radio Signals™; 2) Problem "Measurement of Field Strength at
Direct Proximity of Obstacles'; 3) Recommendation on "Optimum Methods of Expressing
Field Strength at Pulsed Transmission"; /i) Recommendation on "Field Strength leas-
urements. Types of Receiving Antennas and Equipment for Every Frequency Band™; and
5) Recommendation on nField Strength Measurements. Influence of Local Conditions on
Interpretation and Accuracy of Field Strength Measurements'.

The area of studies of Subgroup 5B comprised: 1) Study program on "Curves of
Tropospheric Propagation for Distances Much Greater than Line-of-Sight Distances";

2) Study program on "Tropospheric Propagation of Radio “aves; 3) Problem !'Radio Have

%ropagation Data Necessary for Wide-Pand Radio Systems"; L) -Recommendation on "Data

". Presentation at Studies of the Tropospheric Propagation.of Radio Waves"; and 5) Rec-
.ommendation on "Curves of Tropospheric Propagation for Distances Much Greater than
Line-of-Sight Distances".

The sﬁudy program and recormendation on "Curves:of Tropospheric Propagation Eor
ﬁisbances Much Greater Thah Ii;e-of-Sight Distances' led to the adoption of a reso-
lution for postponing the revision of these curves until after the VIII'M session of
the CCIR, and not during that session, because of the enormous scope of the related
work. Also there was formed an international working group which should within a
—edr or a year and half complete the work on the revision of tropospher;c curves
upon utilizing all the currently available data. The revisiog of these curves will
consist in the plotting of new curves for higher frequencies and higher time percen-

tages, in determining the corrections to be introduced for propagation over sea
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surfaces, and in an appraisal of the spread of field strength values stemeing from
the diversity of climatic conditions and antenna heights.

The study program on "Tropospheric Propagation of Radio Waves'" has heen sub-
lected to some modifications. Considering that irregularities of the troposphere
cause the forward tropospheric scatter of ultra short waves, the newly modified pro-
gram turns attention to the necessity of a broad study of these irregularities
(their intensity, form, dimensions, etc.) with the aid of special sensitive, low-
inertia radio-engineering and meteorological instruments. Attention is aiso turned
to the necessity of investigating the correlation between meteorological conditions
and the conditions of the tropospheric forward scatter of ultra short waves. Con-
sidering that at such scatter the value of field strength is substantially affected
= meteorological conditions, the program proposes Lhe compilation of charts of iso-
lines of the vertical gradient of air permittivity, based on meteorological data ob-

" tained b means of radiosondes, as the first step in the development of radioclima-
tologr.

The question of 'Wave Propagation Data Necessar& for Wide-Band Radio Srstensh
in its original version pertained only to the systems operating on the tasis of the
propagation of ultra short waves approximately within the line-of-sight limits.

On thé lasi session of Study Group 5 the United States delegation introduced a
proposal for a new, important study program and recommendation under the 6veﬁal£’

name of "Radio Transmissions Utilizing the Irregularities of the Troposphere®. The

new study program includes the investigation of problems of great practical impor-

tance to the design of communication systems utilizing the phenomena of the tropo-
spheric forward g;atter of ultra short waves; the investigation of .fading and of thev
influence of meteorological conditions, determination of the maximum band of trans- .
mitted frequenci?s, antenna efficiency and gain at the ﬁse oé Spacedlantenna recep-

tion.
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Study Group H

Study Group 6 is concerned with investigating the ionospheric propagation of
radio waves. The chairman of this Group, Dellinger, was absent, and Bailey (usa)
deputized for him.

Five Subgroups were formed at first, and afterward a sixth one was added.

Subgroup 6A (Chairman: Smith-Rose, England), was entrusted with the féllowing
issues:

i) Study program and paper on "Selection of Basic Index of Ionospheric Propaga-
tion'"; 2) Recommendation on "Forecasting the Solar Activiiy Index"; 3) Studyr pro-
gram, paper. recommendation, and resolution on "Short-Term Ionospheric Prognoses';
l.) Study program and paper on "Basic Information for Prognoses of Ionospheric Prop-
agation"; and 5) Paper on "A Centralized Organization for Rapid Exchange of Informa-
tion on Propagation'.

Subgroup 48 (Chairman: Millington, England), investigated the following proc—
lems: .

1) Study.program on "Radio Wave Propagation on Frequencies fielow 1500 kc'; 2)
Study program ;nd paper on "Ionospheric Propagation on Freéuencies of 3C - 300 mc™;
}) Study proreram on '"Pulsed Transmission Experiments at'Inclined Inéidence"; l.) Rec-
ommendation on "The Study of Absorption in the Ionosphere’; and 5) Study program on
"Non-Linear éffects in the Ionosphere. . §

Subgroup 4C (Chairman: Crichlow (USA)), reviewed a number of problems relating.
to atmospheric interference: l)‘Study program and recommendation on "Measurements of
Atmospheric Radio Interference"; 2) ReFommendation on "Review of Data on Atmospheric
Interference; and 3) Recogmendation on "Counters of lLocal Lightning Flashes".

Subgroup 6D (Chairman: Grosskopf, West Germany) was concerned with the problaﬂ
of fading at ionospheric propagation (study program).

Subgroup AE (Chairman: Roberts, International Frequency Registration Bogrd)
investigated chiefly the issues raised by the International, Frequency Registration
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hoard. and also the question of protecting the frequencies applied in radio astron-
omy .

Finally, Subgroup 6F investigated a question shared with Study Group No.7:
"The Utilization of Modulated Transmissions on Standard Frequencies for Evaluating

the Reliability of the Prognoses of Radio Wave Propagation'.

Subgroup 6A

England and New Zealand proposed that the basic index for ionospheric proénoses
should be constituted by the so-called "ionospheric number of sunspots", i.e., ty
some given numter of sunspots determined by measuring the critical frequencies of
the F2 layer (index JF2)' However, the small working group formed after discussion
(consisting of delegates of England, USA and the Soviet Union) adopted a revision
proposed by the delegate of the Soviet Union. This revision consists in that the R
index (Wolf number) should continue to he used for long-term prognoses, because it

_is the simplest and most homogeneous index in the circumstances, but the possibility
. of a future application of JF2 and other indexes should at the same tiﬁé oe explbred.

In the:revised version of the lecture paper tne index of countries and institu-
tions furnishing long-term prognoses has been expanded by‘adding the Soviet Urion
(NIZVMIR, Ministry of Communications) thereto. A like addition has also been made
with regard to short-term prognoses-and rapid exchange of information on propagat&on,

A recomﬁended method of improving ionospheric prognoses consists in the compi-

lation of world charts of critical frequencies of the F2 layer for specific hours of

the day (every 2 hours, round the clock). Study Group é should investigate the nos—

sitle advantages of such charts. PBasically no new recommendations have been made

arent the problem of short-term ionospheric prognoses.

The prohlem of solar index prognoses has been investigated chiefly by the Di-

rector of the CCIR, Professor van der Pol. However, it was stated that "the methods

explored by the Director of the CCIR and based on the technique of autocorrelation
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baave no! led to a corrletelr satﬁsfachory WOLhod of forecas.irp solar activit:".

in a Lecknical circular issued lv van der Pol, Lpe iYirector notes ‘hal Lie
short 1y exvected maximum solar activity (which perhaps will occur us soon &5 ir the
middle of 19%87) will be very pigh and will apparently exceed all hither‘.o ooserwved

maximuer limits.

Subrroun 6R

N

Sgbgroup AP investigated in detail the results of & rultilateral experimental
shudy'condncted by the Europear Broadcasting Union (With the participation of Eng-
land, France. l'ollard, Finland, Vuroslavia, and other courtries) ard concerning ke
proparation of redinm and lons waves. The ontained experirental curve of field
strenrth a! riekt is shapei mwuch lower “Fran the curve accerted on the Cairo leelirse
var it coincides satisfactorily (at Jistarces np to 20C0 vm) with +he curve accepted
r+ +re International Frequency Reristration Poard. Tne latter curve was plotted on
the Copenhagen Feeting by a study group under the chairmanship of Professor V.k.Kes-
senikin (US3R).

The principal questions investigated by Subgroup 61 pe?tained to t%e long-
distance propagation of meter waves - especially by means of tneir lorward scavter-
ing from ionospheric irregularities. The study program points out Lhat the scatter
is successfully used for radio communications at distances of 1000 - 200C Jm, espec-

’ : - r

jally in the arctic and subarctic areas. The program posiulates future investira-

tion of the mechanism of such scatter - the seasonal,'diurﬁal and momentar; cnanrges

in field strength, the influence of solar and geomagnetic activity, the most suit-

vle types of modulation, etc.
The Chairman of Study Group 6, Bailey, who leads studiés on forward scaiter of

radio waves in the USA, delivered a special lecture on this subiect, on the confer-

ence. He pointed out the special importance of this form of communicatgon in polar

areas, and he emphasized that the

v worse are the conditions of ordinary- propagation
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of radio waves in the polar aurora zone, the better are the conditions for effectirp
communication Ly means of the wholly reliable forward scatter of meter waves. kail-
ey noted that this kind of radio communication, which extends over dis%ances of Lhe
order of many thousands of kilometers, has a pood perspective of development, ard

ke pointed out the actual existence of an experimental line between America and Eng-
land via Iceland. The paper of the Czechoslovak delegation mentioned the.possihbil-
ity of super-long-distarce radio communication on f{requencies muchH higher than <he
minimum applicatrle frequencies, by propapating radio waves bhetween the lower tound-
ary and the ﬁaximum ionization level of a single ionized layer.

The program of research on return-inclined sounding (M'return scatter') actually
constitutes a new study program containing a number of interesting proposals: inves-
tigation of divers forms of scatier (from the Earth, from the E layer); determina-
tion of the scatter coefficient as a function of frequency;.nature.of the scattering
surface and the angle of incidence of the ra;; and investigation of the change in

antenra radiation pattern at consideratle distances from the trarnsmizter, e-c.

- Subgroup 4C

On tre VIIth Plenary Assembly of the CCIR in London the Soviet Deiegation did
not accept any of the resolutions pertaining to atmospheric radio interference, in
view of the negative Soviet attitude toward the Americ§n.charts of atmospheric in<
terference. g. - ’

In the.inberval of time between the vIIth ang virzth Assemblies a ;pecial study

group consisting of representatives of England and USA compiled new charts of atmos—

pheric interferences based on a greater number of measurements, although with a

broad application of interpolation. The Soviet aelegation made the motion that

these new charts "can be used, with great reservations™. “In the accepted compro~

mise phrase the words "with great reservations' were changed to "with some reser-

'

'y ., vations",
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Subproun 0D

This Subgroup issued a paper describing the studies conducted with regard to
+he topic, including also the studies conducted by the Soviet Union, and supplying

a brief resume of the law of the distribution of field strength variations.

Subgroup 6E

Subgroup SE has veen principally conéerned with questions posed by the IFRB to
the CCiR. The first question was whether it is feasible to use the curves of maxi-
mum applicatle frequencies plotted in Mexico City on the basis of Paper No.:62 of
+he Bureau of Standards.

The delegate of the Soviet Union transmitted to Subgroup 6E a report furnishing
a comparative analysis ol some results of the computatioﬁs of the IFRE as made by
the American, Czechoslovak, and Soviet methods, and demonstrating that the novel

version of the American method yields, as a rule, lower Tesults. The firs: question

posed by the IFRE remains pending.

The second problem was that of selectinf a rethod of cemputing field strength.
On the motior of the delegate of /the Soviet Union, Subgroup 6E adopted vnanimousl:
. a resolution - later ratified oy the Plenum - for organizing a special study group
consisting of representatives of six powers. including phe USSR, Rumania, and Czegr-
oslovakia, for investigating all the existing methods of cqmputing field strength.

The labors of the CCIR and. especially, of the three study éroups concerned

with radio wave propagation, manifest tangibly the -spirit of international coopera-

tion (which in a number of cases was violated by the représentatives of the United

States alone /sic/). A preponderant majority of problems was solved cooperatively.

which makes the Warsaw Conf{erence much different from the london one. Naturally,

this was largely owing to the active position of the Soviet delegation, which sub-

mitted a great

,

number of papers and introduced a number of valuable resolubiohs.
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The labors of Study Gréup 7, which is concerned with tﬁe organization of the
world service of séandarq-frequencies and time.signnls and the techniques of the
t ransmission and reception of these signals. have been sgmewhat advanced a%t the
VIIT'" Plenary Assemblr.

The paper compiled on basis of the data on Question Ko.87 includes a {aﬁnlabién

of the characteristics of the stations transmititing standard frequencies and time

* signals, which comprises also data on the Moscow station. Tre number of tre sta-

“ions transmitiing standard frequencies and tire sienals has risen from six to ten
during the irterval between the VII'N and vIryth Plenary Assemblies. In addition,

four stations are in the project state and should be set into operation setweer ihe

.

end of 1956 and ithe spring of 1937. There are also four other stations vransmitting
standard frequencies and time signals with a high degree of svability and accuracy,

but not operating on the frequencies set aside for this kind - of transmission.

.

A new study program and two novel questions have consi&erably expaniéd’ <re pro-

fran of laba;s in this field. :

The studr program concerns the investigation of the poséihilities for improving
tre transnission of standard frequencies and time signals for tne purpose of reduc-
inz mutual integference among stardard-frequency transmitfers. Tris prograﬁ under-

. . . - . -
tqkes a study of the possibility of reducing interference by means of utilizing
special forms of trﬁnsmission sucﬁ as single sideband with suppressed carrier or

two sidebands with suppressed carrier,
A novel question has also been posed: the investigation of the causes of the
decrease in the stability and accuracy of the reception of standard frequencies and

time signals. It is also recommended that research be initiated on determining the

s

optimum formg of time signals and receiving-equipment characteristics that would en—

sure maximum accuracy of reception. . - .

From the engineering viewpoint an ihteresbing bit of information supplied by
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3w Oroup T oconcerned the frequency standard haged on the utilization of Lne
N . P 2 . . s -
a‘omic resonance of ceslium, whicr was developed in the USk. According to '.te adver
: 1] 16710 in tre
-ised data, this s-Landard ensures & astabilitv of no less than 5 . Lhe

course of the entire 1life of device.
S-wdv Group 8

Stud: Group 8 is concerned with protlems of Lhe methodology ani tecunical cnar-
acteristics of weasurinrg equinment of tre stations of -he irterrdtional Control 3Ser-
vice. The fundamental trerd of the labors of uhis Group is dictated ;- ire reeds of
.. e IFRF purvorting to facilitate its work tr perfec.ing t-e con-rol of “re starilii;”

frequencies. occupation of vre fregiency soectrum, ani wiish of radiation bLana.

“ne activities of Stuir Group & durire Lhe 4I1t" Plenir- assenrly were expressed

two stud: prorrams and Lwo questions.

The activities of Stud) dGroup 2 during the yIIIvn Plenary Asser-ly were con-
4ucted ty two Stuwdy Surgroups: £\, whose larors were ceniered on the question ol
"Automatic Control of the Radiation Spectrum® ard on the study program or " easure-
mer-5 of Radiation Spectra Lr Control Stations', and €+, whic: examined “re rrotlers
reiasing to tne siuiy program on "rhe Accuracy of Field Sirernsth Measurements T
Control Stations" and '"Measurements of Freguencies Over ;O rec by Control Stations™.

Figvteen documents were presernted on the above prorlers - 3-udy Group £. The
lacors of tre Group rave Becoﬁe somewhat advanced, and a result of whe ".‘IIIE'.n Plen;
Lary Assémhly was the issuance of 10 documenis including a modification of <'e recor-
mendation on "The Accurapy of Field Strensgth Measurements by Control Stations".
which contains a table of the values of the accuracy of measuremenis whichk ;Eould e

-satisfiéd bty the control devices used for measuring frequency.
The repommendatiQn that was formulated concerhiné the automatic control of the

occupancy of the radio frequency spectrum cites tentative technical features of au-

toratic control equipment corresponding Lo the features recomnmended Ly Soviet organ-
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jzations (State lnspectorate of E]ecnroconmunicaﬁioﬁs and Lhe Sc%gntifjc kesears:
lnstitute of the kMinistry of Jommunications). \

A complemert to the study program on "'requency leasurements b7 Control Sia-
*ions" refers to the necessity of comparins the stabior radintiOﬁ spectra reasures
directly on trarsmitters with tlose ~hat are measured ty lorg distarce or a control
station, developins new equipment for control of wide radiavion hands (anout 10 me
in a range o! over 30 ne), ard comincting a ~relininary exarination of ihe possihl
measu;ements o wave-forr characleristics on control stations for s;stems for wrich

Lris is of'rasic imrortance (for instance. for television).
3ui- Group @

Stud: Grour ¢ is concernel witn stul-ine the protlems pertaining to radio
iines. Tre oCIR has terun is lators in tnis field comparativelyr recently and
recorrendatiors were adopted untili tre y11vn Assertly. Tre Croup invesiiated
~ro*lers ard ore researcr rrofrar. The Group was divided inito four Subgroups ard,
roreover, eack 3r~rroup crearel two or inree worl'ine rrovns for drafiirg tre proecus
ol recormemiations a=n repceris. The Commission nrerared 3/ new documenis., incluwiinr:
23 recormenidatiors, ~ reporis. 1 resolution. 2 rew questiors. ard 2 new researcr

pro-rams.

The principal cortents of these 7ocurents are s'wmed ur as follows:

Interrational lirrage of freguency-multiplex raldio relay lires and stardardiza-

iion of tleir *asic features: This involved the determination of the characteristics
of fudlo relar lines which should e stardardized én the divers forms of interna-
tional cornection. Considering that such standardizatiop has ceen deemed Lo ve as )
e, premature, there have heen adopted ?ecommendations determining the advisatle
parareters of the basic characteristics of the following three forms of radio'reluy

svsters: group—channel, intermediate-frequency, and radio-frequency. These recor-

renldations corcern such characteristics as the rumler of chanrels, values of inter-

w2l [ t112
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neiiate fregiercr. rrequency deviation, frequere; iivision or siz Lrurks ornrarinr
simltaneousl:s on ore lire, And so foril. There wis A]so alopted a reconmernliat,ion
for deberminins the allowable frequency insstatilis; on ~he trarsmitters of ridio
rela;r lines.

Jialisy of commurications on raiio relay lines: The adopted recommen-a’.ion de-
‘erm{nes the so—called standard hypothetical circnits for raiio relay lires. These
circui*s (for lines with a 12 - “C channel capaci®y and for lires with capacitr of
cver +C c~1nrels), which have a tefirite lenrth and struc-ure. should provide r.id-
1nce ‘o “re fesirrers o“ raaio rela; systems.

Arotter recorrrer:atior o ‘e alopted eswa'listei Lre allowarle roise level in
salen~one clarrel 1% the end of a 2500-kr stariard circtit. Tais recommendacion ie-
serrines e rear roise rewer per peur, ari it aprears Lo re ‘.eronorar;, .ecause L e
1liowatle noise power rer stor-2= irins ol “lre ras not ye' teen determined, ard zre
investigatior of tiis proziem snculd re corirniel.

All inese recormer.iations are corsorart wittr tle prorosai preseried cr ‘ne 3o-
vie-, ielegatior. Ire recommenia:ior Jdetermininr the allowable noise level incluaes
an aprenlix descritine a 3ovieil-prorcsea metroi of computing <he rasic parareters of

equirment.

anwiliary equipment for radio relay lires: the ailoptei recorwendatiors ieverni

partien

ne

‘“e rethois of ersuring reserve eguipment on raiio relay lines, the applica%ion of

-7

spezial conirol currents af iransmissior of television signals and 600 teleptone

conversatiors, ard a rethoi for measuring the quality of radio relay line charnels.
A rew questior ras teen approved for investigation, for the purpose of drafiing

a recormendation on the methois of effecting service communications and on ‘tre re-

g:irements poserd Lo service channels.

Time-division-multiplex (pulse-modulation) radio relay lines: No arreenent

could Le reached about the related protlems and thus no recommendations on “he basic

¢raracteristics of such lines conld be qdrafted. Lven the rough drarts of recormen-
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dations which were prepared ab a weeting of Study Group 9 in Septethr of 19Y. were
not approved ‘either. lowever, the Group did compile a list of basic characleristics
which should oe standardized at international linkage of pulsed radio relay lines.
1t was proposed that at such international linkage the recommendation to ‘e ardonsed

shonld specify that the receiving pariy should accept the terms of the trarsritting

Study Groun 10

The latrors of Lhis Group were oriented toward two “asic irends: radio-frequercy
~roadcasting and sound recoriins for internaional exchange of programs. Accordire-
1y, the followins documents perwainine o raiio-frequercy trowdcasting nave reen ex-
armined ard approved. .

1. Recommendation on ulira short wave Fl. troadcasting. The discussion ranged
arout the documents presented ty the Germa~ Feleral Perutlic, France and Zngland,
corcerning the frequency deviation. protective ratios ard minimum fieid strengih
t-a- are necessar; for satisfactory reception. The parers rresentei b” tve a*ove-
rared courtries prorosed a freqrercy deviation of * 75 kc. This value ras also ceen
sunrorted b;- tﬁe 15 delegation. The Soviet Jelegation Jdemonsirated the pertinegcy
ard some aiQantaqes of zhg aprlication of a frequewcy'deviati;n of + 5C ?c; and +his
value has veen n;nimous;y apnroved bogether Qi:h the deviation of * 75 ke,

Also adop:ed were the Soviet-recommended field strengil standards for low—naise

* zones - 250 rw; for towns - 1 mw; and for large cities -.3 mw.

2. The Polish administration proposei an antenna which makes it possitle to

reduce spurious radiation. At a session of the Group the agtenna was approved ard
. a report was drafted to recommend that this antenna be listed in the CCIR antenra
-ook. Also, a program on practical research in spurious radiation of classic direc-

tional antennas had been formnlated and vnanimously aprroved.

3. Ilnvestipalion of the pro!lem of ensuring the reception zone wit!l the nec-

F-TS-92,8/V 11
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essary field strensth by ﬁeans of antennas operatine at some anpie Lo riACT oLrer,.
Such an antenna system makes possible a more uniform covering of the reception zone
owing to the expansion of the enerry radiation‘lohe in the main direction, provided
that the said zone have considerable scope and width. Also, this system makes it’
rossible to obtain a more uniform field at the use of a single freguercy.

With regard to sound recording for international exchange of programs, the fol-
lowing resolutions were examined aéd adopted: 1) adoption of the types of magnetic
tape adapters proposed by the European Union and supported ty the Soviet delegation;
2) during the examination of -he problems of sound recording on magretic tape, there
was ajopted a Soviet proposal that tape dala te recorded on the side of the record
represernting the contirnuation of the unused part of tape.

The Group reached no specific asreement about the standards for the width and
tolerances of rmagnetic tape.

As for movie-tape recording for exchanre of television programs. the Group
ajopted a prorosal made ty the Europ=ar Union that sound ari imare te totk recorded

or a single tape h- means of magnetic or or*ical track.

Study Grouo 11

el s =

This Group (chairman: Esping, Sweder) was concerred exclusively withr television

pro-lems.

.

Its oasic labors were conducted by five Subproups, concerned with ine following

problems: 11A - color television ‘standards; 11 - formulation of requirements for
long-distance transmissior of television sipnals on commurication channels; 11C -
tlack-and-write television sLanda}ds; 11D - quality of television imares; and 11E - -

protective ratios at planning the distrihution of television stations and frequercy

channel division.

. FTS-9248/V
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Jolor Television

i . The sessions of the Group at the v131th Plqury Assemr1r of the CCIi in darsaw
were preceded by demonstrations of various color television srstems in the ISA. Zrp-
e lani, Hollani ani Frarce ir “he spring of 19%6.

The results of these demonstrations were cited in the crairrman's -report. It
hai been supposed that an All-ruropean color LelGViSiOE.S?SLeW woul4 be settled upor
in Jarsaw. The Jdiscussion revealed that, at research or the developrent of a color
. ‘ television system, most countries rave prefererce to an adartation of the RTSC sys-
*em to ZSuropean conditiors.

The Soviet delegation advised that al present ir tre USSR principal a‘tention
is turred to ievelopines a fully comtined color “elevision sr'st.em with a sinrle snt-
carrier and quadratic components, recause tris systemr appears ‘o ‘e tle rost tror-
onrhlr tested ore.

The Enzlisr and French delegations were catesoricallyr onposed to “re selection
of any specific *elevision system on the presen. Plenary dAsser~Ir., tasire wteir or-

i nosition or tne insufficiercy ot “re hitherio coni.cted reéearcr in this fieidi. The

* French delera*ion insisted on the coniucht of corparisors of ihe WTSC s;'s~er wi-- ~-e
s;'st.ems developen ir France.

. The 1iscnussion continuine throughout the three sessions of the Subrroup ;ieldec

ro definite resvits and was haltel in view of the iifficulties involved ir a corpar-
ison of the gualitative and technical indices of the NTSC system, which is alread:r

in operation. wi*h analogous indices of the French-developed systems which are séillV
\ in the laboratory-experiment stage. The United States delegation didinot partici-

) . pate actively in the discussion, upon alvising that the USA does not propose to al-

| ter iLs viewpoint as to the selected NTSC system. It was pointed out that ir this

-

| rear several rundred thousand television sets will te manufactured, and tra+t Lhei

< output will continuvally increase.

‘ ’ In view of the absence of sufficiert data for the adoption of definite color
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television standards, and also in view of the atsence of an unanimitl of opinion on
this problem, the viaath Plenary Assemt.ly of the CCIR adopled no definite resol:-
zions as to an European color televisiorn system. It was merely resolved thai “nis
protlem should be re-examined on the sutsequent session of the Commission.

t is assumed that, after that session, and before 17:€ is over, there will hLe
convened the second European conference on a revision of the Stockholm nlan for the
diivision of frequency channels for television and ultra short wave FM troadcasvirg
in the I, II ard III rands. This conference should arrive at a new plan for fre-
quency division in the IV and V bands. At that time, Study Group.5 of the CCIR
should have ready some more precise data on radio wave propapation in these tands.

Requirements Posed to Communication Cnarnels for Long-Distance Television
Transmission. An evaluation of these requirements, conducted by Subgroup 11F, was
vased on the set of standards drafted in 1955 in Frussels, upon taking into account
Ltre new proposals presented ty England, Folland, Switzerland. and the German Federal
Republic. This included the formulation of new requirements as ‘o the qualitative

indices of tre television channels of radio relay and caple lires. Tiis document

also included methods for measurement of non-linearity. of the arplitude characteris-

tic, amplification factor of communication channel, and transient-responge toler-
ances in the range of low and medium video frequencies, and so forth, All ilese in-
dices were eétablished only with regard to transmission of blackaand—whigé televis-
ion signals.

Upon a proposal by the Soviet delegation and the rep}esentabibes of the CCiF,,
there was adopted a resolution for regarding the above fequi;ements as a desiratle
aim and not as standards which should be maintained on the existing or projected
communication systems. The possibility of adopting these requiremenés as stardards

for a hypothetical control line should, in accordance with that resolution, be in-

vestigated by a combined CCIR-CCIT team.

F-TS-92\8/V
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Rlack-and~White Television Standamis

Suberoup 11C examined a report including information or the black-and-white
television standards estabtlished in various countries. This also included evalua-
tion of the basic parameters of the OIR, and the Subcommisgion adopted a resolution
for including these parameters in the CCIR's report. on ‘black-and-white television
standards. Also, this Subcommission drafted a paper complementing the recommenda-
tion (on television standards) by the point on the gamma-characteristic coefficient
of televisio~ transmitters which, on iaking intg account the modulation characteris-
tic of the receiving tube, should he below unit

The new research program envisages an investigation of problems relating to
correction of the distortions of television signals at single sideband transrission

(guadratic distortions. phase distortions in transmitters and receivers, etc.).

uality of Tz2levision Images

Subgroup 11D appraised the da%a presented by various countries wih regard to
evaluatirg the quality of televisior irages. The Sutgroup approved the resolution
of the Soviet lelegation that this pro*lem bte reviewed inew on considering trat the
methods of evalnating the qualit: of television 1mayes should not deperd on the ;el—
evision suandards used. ' *

As for the protective ratios at planning‘of the distrikution of television sta-
tions and frequency chanéel division, Subgroup 11E examined a report on protectiveA
ratios in television. It adopted the proposal that fhe standards specified in this
report can be applied only at planning the distribution of black-and—;hite televis-~
ion stationsi lioreover, "it was pointed out that the determination of pPOteCulVe
ratios should take into account the frequencb responses of television recelvers, ve-
cause the curve of protective ratios cited in the report was plotted without consid-

ering these responses.

The new research program enVisages the ihvestigation of” problems relating to
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determining the gain in protective ratios at the use of the system emploving the
offsetting of the carrier frequencies of television transmitters at a considerab)]

difference between the carrier frequencies of offsetting stations.

Study_Group 12

Study Group 12, which is concerned with tropical-zone broadcasting, and whid
has Mr. Balig (India) as its chairman, reviewed Recommendation No.87 (London, 194
and established new power limits for transmitters operating on tropical broadcast
freqlléncies (below 5050 kc): not over 10 kwt for distances of up to O km, and not|

over 30 kwt for distances of up to 800 km.

For transmitters operating in the tropical zone on frequencies of over 5040
(i.e,, in the customary radio-frequency broadcasting bands), the Group cancelled

power limitation and recormended that the power applied there be the same as that

established on the Mexico-City conference on radio-frequency broadcasbing.

i . Furthermore, the Group approved three reports on: roise in radio broadcastin

bands; improved methods of computing the field intensity of the space wave on

! tropical-zone broadcast transmitters; and the design of recéiving antennas for
tropical-zone broadcasting. The Group also approved the study of the .new problem

of feeding“tolerances in tropical-zone broadcasting.

Study Group 13

The problems investigated by this Group include: -
1. Publication of service codes for the inherna‘bi‘qnal telegraph service. 2

Identification of radio stations. 3. Marine equipment for identification. L

Classification of bearings for short wave and ultra short wave radio-direotion fij

ing. 5. Technical characteristics of marine ultra short wave FM ei;uii:ment. 6.

Testing ¢f an emergency radio-telegraph 500-kc receiver on marine vessels. 7.

‘ " speaker equipment for ship and coastal stations. 8. Preventing of noilse in radi
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determining the pain in protective ratios at the use of the system emploving the
offsetting of the carrier frequencies of television transmitters at a considerable

difference between the carrier frequencies of offsetting stations.

Studv Group 12

Study Group 12, which is concerned with tropical-zone broadcasting, and which
has Mr. Balig (India) as its chairman, reviewed Recommendation No.87 (London, 1953)
and established new power limits for transmitters operating on tropical broadcasting
frequéncies (bélow 5050 kc): not over 10 kwt for distances of up to O km, and not
over 30 kwt for disfances of up to 800 km.,

For transmitters operating in the tropical zone on frequencies of over 5060 kc
(i.e., in the customary radio-frequency broadcasting bands), the Group cancelled the
power limitation and recormended that the power applied there be the same as that
established on the Mexico-City conference on radio-frequency broadcasting.

Furthermqré, the Group approved three reports on: roise in radié‘groadcasting
bands; improved methods of computing the field intensity of the space wave on
tropical-zone broadcast transmitters; and the design of recéiving antennas for
tropical-zone broad;asting. The Group also approved the study of the .new problem

of feeding*tolerances in tropical-zone broadcasting.

Study Group 13

[N

The problems investigated by this Géoup include:: )

1. Publication of service codes for the international telegraph service. 2.

Identification of radio stations. 3. Marine equipment for identificatdion. L.

Clagsification of bearlngs for short wave and ultra short wave radlo-dlreotlon find-

ing. 5. Technical characterlstlcs of marine ultra short, wavé FM equipment. 6.

Testing of an emergency radio-telegraph 500-kc¢ receiver on marine vessels. 7. Loud-

' speaker equlpmeqt for ship and coastal stations. 8. Preventlng of noise in radio
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reception on ships. 9. Radio-telephone observation of the 2182-kc distress fre-
quency. and equipment for that frequency. 10. Alarm signal for use on the 2182-kc
distress frequency.

Five Study Subgroups were formed. The Soviet delegation was able to participate
in the work of only tﬁo of these Subgroups.

1. With regard to the problem of identification of radio stations, fivc docu-

ments were presented at the session. The Soviet delegation attempted to reject the

documents recommending the methods of identification not acceptable to the USSR,
without opposing the problem itself. The Soviet proposal was not seconded, and the
Soviet delegation reserved its opinion as to three of the documents while voicing in
advance its positive attitude as to the question of further research.

2. With regard to the problem of the equipment and classification of short
wave and ultra short wave radio-direction finding, these two reports were approved:
"Short Wave and Ultra Short Wave Direction Finders", and "™Marine Identification De-
vices". The nature of the issued documents (reports).speaks for itself: the session
could not develoo any concrete recommendations on the given problem, because the

documents presented differ in their appraisals of the accuracy of radio direction

finding, their observations were not based on unified'methods. and the-results they

obtained are not identical.

Group 13 examined and adopted the following: recommendation on common technical

characteristics of ultra short wave FM marine equipment,.and the new question of

spurious radiations of ultra short wave FM equipment. “Document No.761 introduced

the new question of investigating the degree of necessity of applying the interna-

tional selective-call system in mobile marine stations using. the ultra shor: wave

band, and the advantages of this system.

Study Group

1. The principal labors of this Group were centered on compiling a vocabulary
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of radio engineering terms in accordance with a recommendation of the CCIit (l.ondon)
Assemblv. The chairman of the Commission,-Professor TPullio Gorio, sutmitted to it a
draft. of the vocabulary he  compiled, which contained both the definitions formulated
by tﬁe CCIR and the definitions formulated by the International Electrical Eng;neer-
ing Commission, and also definitions taken from the dictionaries ;f various national
organizations. After examination, the Qommissioh resolved, on basing itself on the
draft of ;ocabnlary compiled by Professor Gorio, to divide all terms into the fol-
lowing four groups: Group B - terms requiring no definition; Group C - terms whose
definitions are cited in the draft of the dictionary of the International Electrical
Engineering Commission; Group D - terms whose definitions are taken from the diction-
aries of various national organizations; and Group R - terms whose definitions will
e supplied by the CCIR (that is to say, by the CCIR's vocabulary).

For purrose of information, tre terms in Groups C and D will te published in
the form of an appendix to the CCIR's vocarulary. All investigating commissions of
the CCIR have been enlisted in the work on compiling éhe definitions of the CCIR vo-
carulary. The completion of the work of ‘the vocatulary was undertaken Yy, the "ra-
tional correspondent’ of the French Administration, who.w%ll enlist 'mational cor-
respondents™ of England or the USA for the purpose of ha;tening the English-language

version. The Group approved the repoft on this matter.

With regard to the adoption of the universal decimal classifiéation for the
standard'§léssification of décuments and articles concerning radio, the Group com-
posed and ‘approved a new report which pointed out that yhere is not enough related
data for aﬁproving this system at the present Plenary Assembly, but thé matter
should be resolved. at the next Plenary Assembly of the.CéIR. |

Commission for Technical Assistance to Technologically Underdeveloped Countries

The Administrative Council of the International Telecomrunications Union pro-

1! posed at its x1P Session (Geneva, 1956) that the next Plenary Assembly of the GCI
1 s M '
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should explore the ways and means for providing technical assistance to countries in

which communications engineering is poorly developed.

In compliance with the proposal of that Administrative Council and the letter

i

of the CCIR Director, the vIIIED Plenary Assembly set up a temporary commission for
provision of techrical assistance. The leader of the Soviet delegation, Z.V.Topur-
iya, was elected as the Commission's chairman. The Commissidn includes representa-
tives of the delegations of 23 countries.

‘The agenda of the Cormmission includes, in accordance with the resolutions of
the XIYP Session of.the Administrative Council of the International Electrocommuni-
cations Union, examination of the ways and means of providing technical assistance.
to technologically underdeveloped countries for the purpose of a harmonious devel-
opment of the internal and international electrocommunications of these countries,
and compilation of resolutions on this problem.

A1l work on provision of technical assistance is organized by the Secretariate
-General of the Irternational Electro-Communications Union. The Secretariate of the
CCIR (and giso of the CCIT and CCIF) corfines itself only to consultation and in-
quiries posed to organizers, who are members of the Administrative Council of the
Internatiopé} Telecommunications Union. The role of the International Telecommuni-
cations Union in he work of providing technical assisﬁadce~is a purely consultative
one. . ) )

The Soviet.delegatiop drafted and submitted to the Commission for Technical
Assistance several proposalé on the forms and organization of technical assistarce
within the framework of the CCIR. |

The Soviet delegation recommended that a permanent committee be set up and at-
’ .

. tached to the International Telecommunications Union for the purpose of coordinating

the work on the provisién of technical assistance. In making this proposal the.Sov_

iet delegation proceeded from the assumption that the character of tﬁe-participation
of the ITU in the work on provision of technical assistance is an unsatisfactory one

e,
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btecause tﬁe CCIR has been making consultations only after all hasic resolutions rad
already been approved by the committees of the Ull.

During discussion of the problems of providing technical assistance, the Com-
mission approved the proposals of the Soviet delegation with regard to the forms of
technical assistance which can be provided by the CCIR. However, there arose a dif-
-ference in opinions as to the organization of technical assistance work in the sys-
tem of the International Telecommunications Union, and no agreement could be reached

in this respect. The Soviet delegation agreed with the opinion of a numter of other

delegations that. in view of the inadequacy of data on-this problem submitted to the
Commission for examinatioh, further investigations are necessary. The Commissiorn
unanimously” entrusted its revision group with the task of drafting a resolution on
the provision of technical assistanrce upon conSidering:.a) necessity of establishing
a temporary joint CCIR-CCIT cogmission for investigating the pr;blems of providing
technical assistance within the framework of the Irternational Telecommunications

." Union; and b) formulation of a program for study of thié problem by the said tempo-
rary joint commission.

The revision group has drafted the resolution of the Commission for Technical

’

Assistance ‘and the program for study of the problems of provision of technical as-

" sistance by the IEU.

-

As drafted by the revision group and.apprdved on ghe Plenary session of the
Commission.Tor Technical Aséistance, the resolution céhtains proposals on the estab-
lishment of a temporary committee consisting of seven;nanberé of the CéIR and CCIT
for the purpose of exploring the ways and means of providing technical assistance
and drafting, for the benefit of the Administrative Cougcil, a recoﬁmendation on im-
proving this assistance Qith regard to eleqtrocommunications. A cémplé&ent to this

resolution descrites the related study program.

The VII'P Plenary Assembly of. the CCIR adopted the resolution on ghe formation

of a temporary ‘oint commission consisting of four representatives of the CCIR and
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CCIT and two directors, with the aim of continuing the studies of the ways ard means

\J-(‘ of improving the technical assistance of the ITU. The Assembly also had confirmed

the program for the study of the problems of providing technical assistance as hbaged

Al on the proposals of the Soviet delegation concerning the forms of technical assis-

tance within the framework of the CCIR.

Final Plenary Sessions

The work of the CCIR sessions reached its apogee at the period when ihe mass of

! docﬁments drafted by the study groups was submitted for examination to the Assembly.

LD A part of the documents was not totally approved by the study groups themselves, and
L 3

the differences ir opinions were reviewed by the Assembly.

Altogether, over 1000 documents were presented to the Assembly. The great ex-

| tent of activities of the studr groups and the increased number of documents and the

’ related considerable overburdening of the work of the Secretariate during the con-

- vention of the Assembly, have necessitated the raising of the question of reorganiz-

ing the activities of the CCIR. In this connection, the resolutions adopted propose

gg' a system of work similar to that applied by the committees of the CCIF and CCIT,

where the study groups ply their activities uniformly thfouphout the three-vear in-

tervals between plenary assemblies instead of concentrating their activities in the

period directly preceding a plenary assembly.

. .‘ ) For the purpose of greater economy in expenditures, it was proposed that the

. study groups should convene their meetings not separately but Jointly, to comprise

mutual problems. The proposal recommended that the following experimentai order of

presentation of documents should be introduced: the contributions of the' partici-

pants of the study group should be sent to the chairman of the corresponding study

group interested in examining them (one copy), and to the Director of the CCIR for

translation, printing and transmission to the interested members of the study group

(three copies). The result of this experiment is to be communicated at the next

F-T3-92/,8/V
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IXLh Plénarx Assembly of Lhe CClR. Hencelorth, the plenary sessions of tie CCIR
would be concerned only with the reports of the representativés of investipating
commissions, while all preliminary documentation should be dealt with on intermedi-
ate sessions of the commissions and distributed only by participants in these com-
missions. Therefore, to obtain all documents, it is necessary to inform the CCIR of
the commissions in which a given national administration will:participate.

Also, there was adopted a special resolution on reducing preliminary documenta-
“ion and size of all documents.

Trie documents that are of theoretical interest only and bear no direct relation
to ihe undertaken problems and research programs, and the papers containing det;iled
original material, should not be submitted to the CCIR. Instead, only btrief annota-
tions of such materials should be sent to the CCIR forlpurposgs of translation and
publication. Original-language copies of such documents can be distrituted directly
by a given administration to those expressing a desire to receive them. Trese docu-~
ments should contain a minimum amount of special mathematical formulas or designa-
tions and experimental data. }Most of the documents approved at the vIIIth Plenary
Assemtly were also approved by the Soviet delegation, which has reserved its opinion .
only with'regard to several documents that were not acceptable to it for various
reasons.

On the concluding plenary session the head of the United States delegation in-

vited the 1xth Plenary Assembly to convene its sessions in the USA.

The head of the Soviet delegation invited the Xlth Plenary Assembly:,which is

-

to pe held in 1958, to convene in the Soviet Union. . .

.
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NEW ROOKS

Arenberg,A.G. - Propagation of Decimetric and Mjcro vaves. Sovetskoye Radio

Publishine House. Moscow. 1957. 30, pages. Price 17 r. €0 k.

This took surveys in a quite accessible form the fundamental protlems re-
lating to the propagation of decimetric and micro waves in various condi-
tions, and it also cites some formulas and information of préctical nature.

The book sheds light on the~latest explorations of this field. The expla-
nations are made without any complex mathematical procedures.

The book is chiefly designed for readers who are actually working with
decimetric and micro wave equipment. It will be also useful for students
and instructors in the rroper institutions of learning.

Grodiyev,I.I., Lakernik,i.M., and Sharle,D.L. - Foundations of the Theory of
Communication Cables and Their Production. Gosenergoizdét Publishing House, Moscow-

Leningrad, 1956. 48C pages.  Price 10 r. 25 k.

A survey of the problems of computing, design and production of coaxial

and balanced-line cables. Separate chapters are devoted to a popular expos-

ition of the theory of the transmission of energy along cables and %o an ex-
planation of the electrical processes occurring in catle circuits.
. Tty

Kulikovskiy,A.A., Eoloshin,I.A., and Potryasay,V.F..- Fundamentals of the De-

.signing of Radio Receivers by Students. Edited by A.A.Kulikovskiy. Gosenergoizdat,

’ J%oscow~Leningr5d, 1956. 328 pages. Price 7 r. L5 k.
An exposition of the ‘fundamentals of the design of radio receiving devices

for various wave bands. The book is approved as a student manual for higher

[y

schobls and faculties.-

Diffraction of Electromagnetic Waves on Some Rotating Bodies. A collection of

articles. Sovetskoye Radio Publishing House, Moscow, 1957. 176 pages. Price L r.
T 85k
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The collection contains following articles:

1. Fok,V.A. - Theory of Diffraction from a Rotating Parakolloii; 4.
Belkina,M.G., and Vaynshteyn,l.A. - fladiation Cbaracteristics of Spherical
Antenna Surfaces; 3. Belkina,M.G. - Radiation Characteristics of a Stretched
Rotating Ellipsoid; /. BRelkina,M.G. - Diffraction of Electromapgnetic ¥Waves
on a Disk.

Thege articles are corcerned with the riporous tneory of the diffraction
of electromagnetic waves on conducting hodies.

The book is designed for radio physicists and radio engineers concerned
with superhigh frequencies.

Zvorykin,V.E., and Morton,D.A. - Television: Electronic Problems of the Trans-
mission of Color and Monochrome Images. Translated from the English; edited by
Professor S.I.Katarev. Foreign Literature Publishing House, Moscow, 1956. 780
pages, + 1 inset. Price 46 r. 10 k.

An exposition of the physical foundations of television, including the
description of the principal units and circuits‘of television equipment; a
survey of the pro?lems of the theory and practice of color television and of
the éptimum utilization of television set-ups. .o )

Some Problems of the Theory and Computing of the Elements of Radib Reception

Circuitse A collection of articles edited by A.P.Beloyusov. Oborongiz Publishing

House, Moscow, 1956. Transactions of the Sergo Ordzhonikidze Order;of—Lenin lMoscow
" Institute of Aviation. Bulletin 5. Pricé 7 r.
This collection contains articles by:
Beloyusov;A.P. - Sorting Out the High Frequency Signal and Noise at Detec-
tion; and The Calculation of the Complete Ultra Short Wave Autotransformer
Input Circuit; Protopopov,A.S. - Eneréy Relatiénshibs At Combined Detection

of Signal and Noise; and The Calculation of a Single Amplifier Circuit Under'

liatched Line Load; and Vol'pyan,V.G. - A Diagram of the Input, Cireuit of a
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-Receiver.
Fradin,A.S. - Superhigh Frequency Antennas. Sovetskoye Radio Publishing House,
Moscow, 1957. 6h8 pages. Price 17 r.

This book surveys wireless diffraction antennas of the horn, lens, rirror,
slot, and dielectric types. A description of the design of such antennas,
and an explanati;n of the principles of their operation, as well as of tne
theory and methods of their computing. There is also an appended ritlio-

graph; which can he useful for antenna designine.

€

The book is desigred for students of higher schools, degree cardiaates
.

and radio engineers.
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