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m The presert paper makes an attempt at defining these characteristics,

_SOME GEQMETRICAL mommgL;g (OF THE OPTIMUM C(DE
.
1

The problem is discussed of selecting the best configuration
of signal space for distributin therein the dots of the optimme
code signal (i,e,, & code ensuring the maximum entropy of the
signal at all other conditlons temaining equal), Instances are
investigated when the dots of ajsignal becoms distributed within.
an n-dimensional sphere, on tho|surface of that sphere, and

within an n-dimensional cube,

Tt can be concluded from the proof of Shannon's theorem (Bibl,1) concerning
maximn channel capacity that the ldeal c¢de ensuring such capacity is geometrically
"l characterized by the distribution of signsl dots on the surface of an n-dimensional

| sphere with a radius of VnP (where P 1s the signal power), and statistically char-

|acterized by the normal distribution cf the signal and the uniform probabllity of

“lall code combinations.

But these characteristics pertain only to the ideal cods where the number of

elementary serdings n in every code combix“xation tends toward infinity and the total
|
amplitude of the signal is uncurtailed byiarw‘bhing,
As for the analogous geometrical and|statistical characteristics of the opti-

| mum real code (hereafter referred to as optimum code), these remain unclarifiled,

Hereafter ths optimum code will be construed as referring to a uniform n=valued

| code which, at all cther corditions (suchlas equality of signal powsr or signal

scope and equality of noiseproof feature)!being equal, has the maximum entropy,

We will judge the equality of the nolseproof feature of codes by the volume of”

.
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1 space corresponding to every signal dot, afid the entropy of codes by the volume of
‘the entire space of signal, At such an approach tov}ard the problem posed, there is
no need for exploring the geometry of the distribution of signal dots within the
given volume of space#, Thus, we need merely be concerned with the best configura-
tion of that volume., At such an approach the results will be very generalized but
will stiil apply only for codes with a high entropy, in which the manner of the mu-
tual distribution of signal dots within a given volums of spacs (at_the proportional

occupation of vo;um) exerts virtually no influence on signal power,
It is assumed that a priori selected probabilities of appearancs cannot be im-

perted to code combinations and that, most generally speaking, these probabilities

should be regarded as uniform.

Volume, Power and Entropy of Signals

et us establish certain initial correlations: |

Let X3, Xp, «es, Xp be the coordinates of a signal dot in the n-dimensional
space which also express the successive voltages of the elementary sendings of a
given signal,

To establish some simplest relationships between the geométfical and energy
characteristics of the signal let us assums that it is emitted at a resistance

of 1 ohm and that it consists of elementary pulses with a duration of 1 sec.

Thersupon the value

r7==x§+x:+,.. +xi

will express the square of the distance betwesn a signal dot| from the origin of
coordinates, and at the same time it also expresses signal energy, while the value

#It is known that the optimum distribution of signal dots inside a given volume of
space is ons at which the signal dots coincide with the centers of the most denssly

aligned n-dimensional spheres.

7
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—{-form probability)s

Ition of individual dots can be replaced by integration of the volume of signal

|apace, Vi

{volume equal to the unit,

_|of signal dots, i,8,, V.= M,

e

expresses the power of the given signal,

The mean signal power for all M code|combinations is (if they all have a uni-

|
|

|

i
|
M
' i
IJ==7W 2} Pr
k=1
If the volume of signal space is filled uniformly with signal dots, and if a

sufficiently great number of signal dots 1s distributed along every direction of

signal space (L,e,, if the entropy of the |signal is sufficiently high), the summa-

I 4 . N &
| r
| P-—-*pr.f7;~dv
| v
o
For simplicity, let us assume that every signal dot is corresponded by a space
Then the volumg of signal space V will express the number
Gensequenj, the signal entropy is
; - o
| H=—-log, V.

In instances when sigpal dots become ‘distributed on the surface of a certain
figure and not within its volume, volume V in eqe,(l) and (2) should be substituted
by surface 8§, |

We shall establish the relatlonships jbetween signal power and enthropy on the

basis of expressions (1) and (2),

Normal Sipnal Distribution

Tat nm avamd
T3 =T

f 2 signal with normal distribution,. whosa

\probability density is expressed.as fnllot-,Ls :

=

STAT




|
Py (X1 Xgy sy, X”) =

(3)

(2np)?

The entropy of the signal with such a distribution reaches, as is known, its

maximum possible value equal to
H, =log, V/ 2reP. (L)

On considering distribution (3) as a function of a dot in an n-dimensional
space it can be easily concluded that py is the function of distance r between the
signal dot and the beginning of the coordinates, i.e.,

pN(x" XQ“"‘ xn): : n € (5)

@2rP)*

Thug, the probability of appearance of various signal dots depends only on the

value of the radius of » on which they are located,

From the geometrical viewpoint, the distribution PN(X), X2, «vu, Xy) can be

regarded as the volume density of the signal, Therefore, upon multiplying it by
the distribution density of the spaze volume along the radius of r, we obtain the
radial density of the signal p(r). ‘Considering that the volume of an n-dimensional

sphere with radius r equals:

density of distribution of space volume along the radius is

N
vii

composing the product of eqs.(5) and (7) we obtain
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el B

(8)

This distribution, known under the name of Xz—distribution, reaches its maximum

at the following value of radius.

= r=V(n-—1)P

and, in proportion with the increase in n, it approximates a distribution of the

follewing form: :‘""
pin
J L] _ (r _ Vﬁ)' o l_.y
P | Ve AN
l 7‘ p(r)=—=ce , (9)
wPe y =P !
’ viP % e L an ' g
" which is illustrated in Fig.l. il
e ) Fig.1l e
A ‘ From the above formula it can be con- o

cluded that at n— = all signal dots will lie on a single radius equal to | nP,

- Here they will all have a uniform probability. ]

/0 N ) S
These characteristics of normal distribution, which appears to be optimum from S

the viewpoint of utilization of the signal power, serve as a foundation for the be-

lief that all dots of a signal have to be distributed on the surface of an

n-dimensional sphere in order to obtain the optimum code (i.e., that the "surface- - fj
spherical" signal distribution is to be used), L;wf“
':ff 5 Nonetheleés, from the viewpoint of optimal utilization of signal power at a
finite n, it is preferable to fill the entire volume of the n—dimensional sphere
with signal dots (i.e., to employ the "velume-spherical® signal-distribution),

- let us investigate the basic characteristics of these distributions. s i

Spherical Signal Distributions

Let us begin by examining an instance of volume-spherical distribution which

can be expressed as follows: . STAT

~
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- V. i n
= i ;
N (—V— at 2 X‘) < R?
=l
n

pv=(x|. Xgy oo x")———' (10)
=% 0 at 2 xf > an . )
y . i=1 e
e where R is radius of the sphere confining the space volume of a signal. L
In this case, the total volume of the eignal space will be:
2 —
: :
n R%
y=—"2F_. (11)
Pz +)
‘»' The volume of the space limited by the current radius r will be S
\ " -
xlm '
¢ B v:__.__n
\ (o]
5 while its differential will be
. . . ;
PR
. T T+l>
D Consequently, in accordance with eq.(l), it can be written that
- % .
| R
. P= ETJ fn"dr‘
' whence we obtain e
R‘d
P==ry
S e or
O R=V(n+2)P. (12)
] On substituting eq.(12) into eq.(11), we obtain o
"
= | LT (13) g
: V= .
()
) 2 .
l‘" A' R
STAT
6 .
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the entropy of the signal

(14)

We proceed with our examination of the instance of surface-spherical distribu-

ticn, which can be thus expressed:

Pg(x)y X3 .. %) =

(16)

and which expresses the surface of the sphere of radius R on which the signal dots
are distributed.

,Inasmuch as in the given case r = R, in accordance with eq.(1)
R=VnP

and consequently

n =1
T T
S=—T(2n_£fr—,)‘ | an

whence, in accordance with eq.(2), we obtain the entropy of the signal,

Vﬁi
P "

Hy=logy ——.
(30

— .

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/08/16 : CIAR81-01043R00240015000-




Let us now conduct a comparison of the entropy values Hy and Hg in accordance
with egs.(14) and (18).

First of all, considering that

11‘mr(—;-+1) =y =,

n~00

we therefore obtain at n — o

H, =-Hs-_-HN.

Thus both the above-examined distributions become equivalent to each other at
their limit, and then they also become equivalent to normal distribution. This re-
sult can be attributed to the circumstance that at an increase in the number of di-
mensions the entire volume of the n-dimensional sphere becomes concentrated at its
surface,

For comparison of the entropy vaiues Hy and Hg at finite values of n, let us
express them reciprocally by eliminating P. Proceeding from eqs. (1) and (18) we

obtain

n vfi'( n 5 )l_f—
—1 1 n+
Hy="5—Hy+ <o, T

n n
i)

At high values of entropy the second term of this.fermula can be neglected,

and it can be considered that

Hox "2 H, D ¢t

From the above formula it can be concluded that the transition from volume-

spherical te surface-spherical distribution leads to the loss of —%— part of the

signal entropy, which is equivalent to the loss of one of the n dimensions of the

signal space.

STAT
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Let us investigate the geometrical senae of the loss of one spatial dimension

at the use of a surface-spherical signal distributicn.
The position of a signal dot on the surface of an n-dimensional sphere of a
known radius R can be completely dstermined by the presence of n - 1 coordinates of

that dot, since the nth coordinate can be found from the equation of the sphere
2 2 2 __
x -+ o4+ =R

However, if the radius of the sphere is not known (i,e., if the scale of the
coordinates of the dot lying on the sphere!s surfacs is not known), then it is neces-
sary to know all n of the coordinates of that dot in order to determine its position R
completely Thus, knowledge of the nth coordinate, which is redundant from the view- o

point of transmission of information at a known signal scale, becomes a prerequisite ;7,
when the signal scale ia not known.

Accordingly, when a surface-spherical signal distribution is employed, ons of
the dimensions of space is "expended" on compensating the loss of the signak‘scale.

The possibility of effecting reception of a coded signal at any (so long as
sufficiently slew) fluctuations in its level (i.e., despite the los§ of its scale) -~
is of a tremendous practical significance. The core of the matter is that long- o
distance transmission of signals invariably causes the level of these signals to be
subject to chaotic fluctuations, owing to the changes in conditions of propagation
and also owing to changes in the amplification factor of the transmission channel,
These fluctuations are, as a rule, 80 slow compared with the duration of code com-
binetions that the amplitude ratios within every code combinagion can be regarded :
as unchanged, In the case of surface-spherical distribution such fluctuations in
the signal level, which geometrically correspond only to changes in the length of

the radius-vecter of a signal dot, do not incur the appearance of any error.

STAT
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Cubic Distribution of Signal

In instances when the limiting factor in the increase in channel capacity is A

not signal power but signal scope, the distribution of signal dots is bound to take

place within an n-dimensional cube.
If the signal scope is denoted by L, then the volume of the signal space

P
s

V=L". (20) -
On further proceeding from eq.(1) the formula for mean signal power can be .
written as follows:
LoL L i
2 2 2
p=-_ \ S S(x”+x?+ 42 ydedsy. . . dx
— L" .. l 2 PR ﬁ’l ’“"l o 2 s s ¢ ﬁ.
L. L B
7772 -7
Whence, after integration, we obtain P = —ii- !
or i L=)12P. (21)
Consequently, in accordance with eq.(20) —
r
v=(12pP)? (22)
and the signal entropy beccmes : 2
HQ=log2VT2_P. (23) ,
On comparing egs.(14) and (23), we obtain U
¢
) .
H, — Hy=log, ~———— e
/'n n (2‘&) .l
-+ i) B

From the above formula it can be concluded that the difference in the entropies 4

+  of volume-spherical and cubic distributions at an increase in n (from 1 to = ) 1STAT

10
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creases from zero to logy V —%f— (which altogether amounts to about -i%. of a binary

digit),

A code with cubic (or more exactly, with volume-cubic) signal distribution dis-
plays the same shortcoming as the code with volume-spherical distribution: it re-
quires strict maintenance of the constancy of signal level.

To eliminate this shortcoming it is possible - juét as in the case of spherical
distribution - to eliminate the signal dots from the interior of the volume and to
pass over to "surface-cubic" distribution, which will likewise lead to the loss of

approximately —%— part of the entropy of the signal,

Conclusions

The above analysis demonstrated that the projection of the geometric properties
of the ideal code onto a real code is not the best solution of the problem posed.

At a limited number of sendings in a code combination, the maximum entropy is
ensured by volume.--apherical distribution.

At a limited signal scope, the maximum entropy is ensured by volume-cubic dis-
tribution. Such an entropy proves to be slightly smaller than the entropy of
volume-spherical distribution, but the realization of the optimum code can then be-
come much simpler. For instance, a pulse code with a volume-cubic signal distribu-
tion is materialized in the form of the pulse expression of the number of code com-
bination in the calchlating system, based on b (where b is number of code levels),

Volume dist»ibutions can also be employed at a variable signal scale, For this
purpose, scale pulses have to be introduced into the signal. The slower the possi-
ble fluctuations in signal scale, the rarer can be the distribution of these pulses,
and the smaller will be the reduction in entropy of the signal owing to these

pulses,
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FLUCTUATION OVERSHOOTS AND THEIR CORRELATION
1 ‘ by

S ' v.I.Tikhonov

This article cites the results of an experimonpal investigation
of the distribution of the overshoots of normal and Rayleigh

‘} fluctuations, in terms of length, and it evaluates their correlation.
!
|

Electronic relaye and lock-on circuits are widely used in various coding sys-

tems. For an analysis of the effect of random noise on an electronic relay with a

single‘ stable equilibrium position the following relay model may be used in a number
of cases: it operates whenever the noise voltage & (1) exceeds the relay operating
level a during a time of At > 10 whgre 1o 18 the time of relay operation, Here it

is possible to compute with sufficient ease the mean number of spurious operations

4
o t\_—s\ :
. A e
Fig.l Fjig.2

of the relay and to determine also the other statistical characteristics, if the

values of noise on the relay operating level, spaced by the duration of the relay
pulse, are not correlated (Bibl,1). Such a postulate holds true for the pulss
noises subject to Poisson's law, However, it may be doubtful whether this postulate
is also valid for f1luctuation. noise. '

It will be demonstrated below that fluctuation overshoots can be considered 28

to1e wmnnwmalatad aven at a relay operating level of a = o, where o2 is the
STAT
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scattering of fluctuations of #(t). Here an overshoot is cWhstrued as referring to

an event where the fluctuation voltage becomes 7 (t) > a during a time 1 termed the

pulse duration (Fig.l). The interval T between

Py

: 'f" two successive overshoots is analogously defined.

o []/ \ » A special eernt has been devised to

a ]// N\ solve the above problem., The normal fluctuation
\gr__ noise at the outputs of three amplifiers was

photographed from the screen of an O0K-17 oscillo-

)
'::F a-3 graph. The relationship between the square of
- ;f N < the amplification factor and the frequency for
a l/ \;\ pach amplifier is illustrated in Fig.2.
The numerous oscillograms taken were pro-
0 4 7 5 20

cessed and used in plotting the functions of the
Fig.3
probability density p(v) and g(T) for overshoot
durations 1t and intervals T between them on the level a = ¢ (Fig.3).

We will demonstrate that a nominal division of t and T corresponds to a time

of 0.17 usec for the first amplifier, 0.12 psec

for the second amplifier, and 0.087 sec for the

third amplifier,

Of the characteristics of the three ampli-

fiers only the fregquency characteristic of the

L second amplifier is sufficiently well approxi-

a \ meted by the following function:

0 [1] ! K*{f)=exp (—-:—n’f’ >, a=20,5 psec -2 (1)
Fig.4

Correspondingly, the correlation factor for

normal fluctuastions at the output of the second amplifier will equal
|

)=exp(—#) t=atx (2)

1




Let us now examine the fluctuations u(t} obtainable from normal fluctuations

of ®(t) by the following transform:

K1) at E(1)>a

M= at r<a. (3)

On using the expansion of the two-dimensional normal function of probability
density into a series, according to the correlation factor (Bibl.Z,B), it can be

demonstrated that the correlation function for n(t) is determined by the following

formula:

¢ o on(= 1) R+ P[0 (B RO )

n=2

where o2 is the scattering of fluctuations of t(t) and ®(x) is the probability

integral.

We obtain therefrom the equation of the correlation factor:

R =it (= 1) ROT Safe@re)

n=2

where o2 is the scattering of "limited" fluctuations of n(t), equai to

o) @

St

s

2 ___ a\
Gn——GQ{¢2 <— ;‘}T’

v

=
©

Tables of the derivatives of the probability integral (Bibl.}) were used in
computing the values of the correlation factor ﬂn(T)’ taking into consideration the
terme of the series (4) up ton =7, at four values of the operating level —2- =
=1, 2, 3, b, when the correlation factor for £(t) has the form of eq.(2). ;he re-
sults of the computations are depicted in Fig.i.

The graph in Fig.k, for a =0, shows that Rn(r) = 0,0l at t = a% t = 2, i.e.,
at 1 = 2a‘% = 0.4k 18sc, If we pass over to the nominal divisions used in Fig.3, we

STAT
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-/?ind thet, if two adjacent overshoots on the a = o level are separated by an inters |

)
s

’iulot'! > k; then such two overshoots can be conitéorod as being virtually noncor-

fr‘ahtdd, in view of the fact that the correlation facter for them equals En(-: > )<
1< 102, However, the relative mmber of intervals with T < 4 is low and does not
axceed 12‘; '

J. It follows that the overshoots of nor-

-1 mal fluctuations with a correlation fp.ct.or‘

\ having the form of eq.{2) on the a > o lev-

{ \ ol can be considered approximately nonsoer-

related,
[

An analogous experiment was conducted
Hie:s for the purpose of an approximate qualita-
‘tive appraisal of the overshoots of Raylaigh scattering obtained at the outpﬁts of
the detectors in standard radic receivers. The relationship betwsen frequency and
‘the square of the amplification factor of a channel of an IF amplifisr radio receiv-
or is depicted in Fig.5. The detector was repressnted by connecting a ¢Kh6 diode ih
serjes and a RC circuit in parallel (R = 100 kilohms, C ~ 200 uuf),

The results of the processing of 300 oscillograms, giving a picture of the dis-

 tribution of the overshoots of Rayleigh fluctuations and of the intervals between
them are given in Table 1, In the given case, a nominal division for t and T cor-
responds to a time of 10.2 usec, 'fhe bottom of eachv column givés the total number N
of overshoots (intervals), the mean value 1 of the duration of overshc;ot (interval),
end the.ucattering.

Next, out of the 300 oscillograms only those were selected w‘nich' had at least
one overshoot with & duration of 1 = 3 on the a = ¢ level (the total number of such
ovsrshoots was 333), These oscillograms were then processed to find the distrihu=
tion of the T interval following sclely the overshoot of fixed duration, 1 = 3., In

other words, the nominal function of probability density q{T/1) = q(7/3) was being

STAT
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Table 1

Distribution of Ovarshoots of Fluctuation Envelope by Duration t

and by the Intervals T betwsen Qvershoots

{ aw=0 amae a= 1,5 U™—g a=0 ama Iaul.Sc aw-—¢
: r |
K i -:l—‘-s(. Ll %% n %ﬁ% ny %'1% L] ;}x n %‘-%I"l -s-‘-x. m %’-%
§ | 11143] 6,4|4%6|25,7[190|27,2|647(30,5] 1]|144| 7,0| 19| 1,3 | 4 f0,75 0 3,48
91233 1074|260 | 234|233 33,4 | 460{ 28,1 | 2|308|14,8( 61| 4,3 | 6,13/ 85 4,30 i
31347)15°6/333] 21°1 | 170| 24,4 | 220| 13,4) 3)386|17,3| 89| 6,3 | 12 |2,28 10816,06
- 4311|139/ 181 [ 11'6| 68| 9.7|112| 68| 4|266|12,9] 108 7,4 | I3 (2,45130 7,80
5452/20°3| 133 8'4| 19| 2/7[112] 6.8| 5|262(12,7|121| 8,8 | 21°|3,98 164 9,46 \
‘‘‘‘‘ 6l197| 88| 77| 40| 8| 1.1| 37| 2,3| 6{165| 8,0( 83| 6,0 | 20 13,77 132|7,62
71171] 77| 36| 2.3 6| 09| 25| 15| 7|145| 7,0{107| 7,8 | 23 14,34/i36 7,88} -
glial 61| 16| 1°0| 11 01| 13| 0:8] 8{108] 6,2| 74/5,3 | 27 |6,001126|7,27 -
ol 63| 2.8] 15| 170 2| 03] 6| c.4f 9] 70[ 3,4| 64| 4,6 |17 13,21} 905,19
1ol 73l 3'3| 8| o8| 1| 01| 5| 0.3{10] 83| 4,0 86 6,1 | 1813,401130/7,80
il 3] 13| 3| 02| —| = | —| = [i1| 80| 2,4] 60| 4,2 | 23 14,34} 6313,64
‘ 12| 37l 17| 1| 0| —| — " |i2| 36| 18] 69| 4.0 | 24 |4,83| 888,08
- i3l 7] o8l —| = | = | | | — 13| 20| 1,0] 59| 4,2 | 14 12,64] 492,83 s
gl sl 07| = | = | = | = | ="' — |14] 15] 0;7] 48| 3,4 | 22 4,15] 422,42
5| 1ol olal —| = | =| = | = — |15 22| 11| 43| 3,020 |3,77) 452,60 x
8] 7103 —| —|=1—=|—=|— 6] 9] 0,4 3626|2138 42]242
il 4l o2l = = | =| =1=|— 17| 3| 02| 46]3,3 20 3,77 36/2,08
sl stoe| =l —|=|=|=|—=118|—]|~—2|1,8]|183,02]32|1,88
- ol 2l ol = = =] =|—=| || =] =] 16]1,1|16283/ 261580 R
N=2431| 1670 | 698 1637 Nw=2062| 1410 | 830 1733 ES
r=5,11 2,94 2,38 2,36 Tmb,I 11,1 17,8 9,3 h
=746 3,56 1,69 2,70 oj=104| 62,7 | 1235 | 40,1 ’
Table 2 .
‘ T v la s & s |6 |7 18 |8 [0 -
n, -~
% 13] 43| 63| 74| 86| 60| 7,6 63| 46| 6,1 |N=1410 :
"'7‘% 23! 50| 65| 6,4 9,2] 73| 8,4/ 69| 50/ 65| Mw=26i i
|
(conttd)
| T no| e ‘ 3 |1 (15 |16 |7 |18 |19
%% 42| 49| 42| 34| 30| 26 3,318 |11 | N=1410 :
] '%% 57| 54| 50| 38| 34| 27( 46(2,3 | 1,5 | M=l
7:“
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experimentally determined,

For comparison, Table 2 gives two laws for the distribution of intervals be-

n: m,
tween overshoots q(T) = —ﬁl- and q(1/3) = -;F; at a =1,

A survey of the above tabulated data indicates that q(T) approximately coin-
~ cides in character with q(T/3). This proves that the overshoots of the Rayleigh
fluctuations on the a » g level can be also regarded as approximately noncorrelated,
Let us note that the probability densities p(1) and q(T) for the durations of
fluctuation overshoots and of the intervals between them are satisfaétorily approxi-

mated by the so-called gamma distribution (Bibl.,):

1 8 |

. —_— _—— + =

Ve, (C)——{f(wln’“c exP( 1 :) o0 (7)
0 at (<0,

whose parameters f ard y are expressed by the mean value m and by the scattering 02

of the parameter * according to the formulas:

YE+D=m B+ 1)=0u2, (8)
For example, with reapect to the data in Table 1, pertaining to a = 0, we have

p (1)=Wg,, n (v), Bi=143, =12

qN=w, . (T) B=10; y,=565.

In conclusion, we will demonstrate that a'practically important inference can
be made (Bibl.5) from the fact of the noncorrelation of fluctuation overshoots at
a > o. Let the mean rumber of overshoots during unit time on the level a be equal
to m. Then, the probability P(m) that m overshoots wili occur during a time inter-

val t will be determined by Poisson!s law:

m
P(m):‘% e
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REACTIVE TRIGGER CIRCUITS: THEIR OFERATIONAL ANALYSIS
AND COMPUTING METHODS

by | “ St
A.S.Vladimirov g

The article gives the results of a theoretical analysis
of a reactive triggsr circuit with plate coupling. This analysis

iy

is used as the basis for recommendations as to the selsction o

parameters énauring the most stable mode of psrformance of the
' circuit, Further, methods of engineering somputations are
presented, together with an example of computing a circuit by

these methods,

Intreduction

A reactive trigger circuits permits under known conditions the formation of

sharply varying voltages at known corditions,

However, the reactive irigger circuit has only one steady state, An external
signal causing the circuit to depart from the steady state also causes a sharp
change in its mode of operation. After removal of the control voltage, the circuit
abandons its new stats and returns to its original (steady) state, on its own and
not owing to another external pulse. The duration of this return depends con the
circui* parameters. Thus, when the circuit is actuated by an external control sig-
nal, it may form output pulses of a definite duratioen,

Reactive trigger circuits and its modifications have becoms widely:uaed in

various radio-engineering devices, They are utilized in many radar equipment units,

reactive trigger, retarded multivibrator, single--

#This circuit is also known as:

cycle relaxator.
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_imltiplex telephore and television systemd, electronic computers, and various spe--

cial control-and-measuring pulse devices,

%
A
-

¥ N -
“jcults, are systems with a sharply expressed nonlinearity, which causes known diffi-

|
]

such circuits,

circuits the authors, intending to simplify the problem, compute Lhe basic parame-

“ters on proceeding from the assumption of the presence of some given operating con-

1
i
1
H

dition in the circuit, although that mode is not theoretically justified a priori
"'_‘ra.nd its assumed existence tends to i:npose'Specific'corxiitions on the relations
|among the parameters: the authors examine the processes theoretically without con-
- ;sidering the nonlirearity of tube characteristics, This leads to definite inac=

i

i
‘curacies in the conclusions and in the copputation results,

|
! A gereral mathematical theory of the operation of this class of circuits, tak-
|

“ling the nonlinearity of tube characteristics into consideration, has been evolved

i

Iby Academician Andronov and his school, The riporous theoretical analysis of a

i
t . sy " 3 1
;rheostatic trigger circuit and of & number of relaxation systems, conducted by

]

) 'Academician A,A,Andronov and Professor S,U,Khaykin (Bibl,1) has made it possible to
'determine the character of equilibrium states in the circuits and to examine the

peculiarities of behavior of the systems when .in the phmge plane, These investifa=
tions served to formulate a number of important gqualitative conclusions, Subsequent‘

studies revealed that these conclusions can be successfully used as the fourdation

for formulating basic qualitative relatiomships, Thus, on the basis of this regor=
|

ious method and upon considering the conditions encountered in practice, the theory
lof the symmetrical rheostatic trigger cireuit has been developed to the stape where

ibasic qualitative relationship and methods of the related engineering computations
|
‘were obtained (Bib1,2, 3).

i

i ‘ ;
_jculties in the development of mathemat,icaily rigorous general methods of analysis ofl

In many of the published works concerned with the analysis of reactive trigger :

Reactive trigger circuits, like the éntire class of electronic relaxation cir=-

!

i
i
|
|
i
|
1
|
i
|
|




The methods of amalysis indiecated in the piven paper are appliad to a reactive | B
|

tripgger circuit, and the methods of Lhe engincering computation of that circuit are

proposed on the basis of the comducted thooretical invesiipation, 1t is to be noted

. in advance that these data are Ffar from trealing cxhauslively the problem of the -

g analysis of such circuits, TIn particular, the present paper deals with the theo-

retically most simply analyzable ani rather wiiely applied plate-coupling version
of the circuit: the transient processes in the circuit are not investirated (spur-

O

ious parametors are disreparded), lHowever, the conlucted analysis and the recoms”

iended compubing melhuds are satistactorily corroborated in practice in computing

ol circuits forming pulses of a duration noticeably longer than the transit time in e

the circuit (up to 3 =Y u sec) and have proved useful in solving a number of prac-
I3 {

tical tasks,

There is some basis for assuming that ihe mwthods proposed here can be applied

,also to other versions of the reactive trigger circuit, foy

Theoretical Analysis of Circuit Performange in the Absence of Control Sigpal Action |

The reactive tripger circuit amalyzed here is depicted in Fig, 1,

let us begin our investipations of the

processes in the circuit with the case of

the absence of an external signal El*

let us compose differential equations

: of the basic links of this circuit, s

1 To simplify the analysis we will dis-
EQV)R| == 3

i ' ¥l ™= ‘ !

i ; regard the plate reaction amd the grid cur-

rents of the tubes in the circuit,
Fig,1 ;

Assuming *hat the resistance Ry is »
‘under the influence of a direct voltage By equal to the grid bias voltage of the _"7.71‘

tube L,, the followins equations can be written:
: STAT
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where

Rfy A f it 4 iR 4 Ey=E,; (1)
Rl + Ryiy + Riy =L, 2)
Considering that

,2:’:19‘“1.13 and [l =h +lul'

FR— (,‘_R;\'while i, = (11R),

al

after the necessary transformations we obtain

that

cides with the real tube characteristics

(R,+R) 14 RR 4RI GH+ & =0, (3)
dl '’ o
RE E{l +'Rch"l (lQRc) gd‘% =0. (l*)

Here

Ry=R, + R, +R.

On dstermining _%%l. from eq.(4) and substituting into eq.(3), we will have

au

iy ] . — g

z-t- - 4 R?IRCR;’ ' ' ’
c (Ra + Rc) - T | 41 (IQRc) '2“1Rc)

' (5)

Assuming that the tube characteristics have the form of curves with a steepness

decreases on both sides of the zero grid voltage, which sufficiently well coin-

at operation of the circuit in question

(Bibl.3, L), let us find the equilibrium states in the system and determine their

stability. For this purpose we will use eq.(5).

widl

3}

As can be concluded from eq.(5), an equilibrium state in the circuit (_%%2_ =0)

occur at ip = 0.
di
The equilibrium state will be stable if the current i, and dt2 will have dif-
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ferent signs at a change in i, near the squilibrium state (Bibl.1).
The circuit in question will operate as a circuit for the formatlon of pulses

only in the presence of a stable equilibrium, In the opposite case, the circuit be-

comes a self-oscillatory one. e

The requirement for equivalence of —%%2_ and 15 is met when

’ R’R R' ' "ot -
: R+ R, >t g1 (4R) 9 (1R, (6) A
: The obtained formula determines the required mode of the circuit tubes. ‘“ffgi

The equilibrium state i, = O corresponds to the abaence of a voltage drop in o
the resistor R;, i.e., to a charged capacitor C. The plate current of the tube L
is determined by the zero grid bias. This makes it possible to find the transcon-
ductance of the plate current of the tube L at the quiescent point.

The quiescent point on the characteristic of tube L, should be so selected as
to satisfy eq.(6), i.e.,

(Ra + R Ry )
’ /

"RIR.R!S, : —

§,<

‘pf‘% : where S and 37 are the transconductance of the tubes L) and Lé, respectively, at i
the quiescent points corresponding to a atable equilibrium state. B
Equation (7), which ensures the absence of a self-oscillatory process in the
circuit, is not a reliable guide to the selection of the statistical mode of the
cirecuit, If the circuit is to have a mode of operation ensuring an avalanche-like
shift of currents (trigger mode), it is necessary that an unstable state be created
in the circuit while it is acted upon by an external exciting pulss. Accordingly,
at the selected circuit elements, the effect of the signal should ensure such varia-

di
tions in the transconductances of the tubes L1 and L, as to cause i, and d*z to
L

become equivalent.

As can be concluded from eq.{5), the following formula should be satisfied in

the critical case:

13R002400150001-4
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RIR, Ry, (igg RE) va (iaRo) —1
(Ru + Rlbc)(Ra + R;)

To ensure a reliable mode of formation (avalanche-type process), the parameters

of the circuit should be selected on the condition of unconditional fulfillment of

the following equality:

RIRR.S\S; (8)

(Ra + RIbc) (Ra + R;) S

where Ky > 1,

Here S; and SZ are the transconductances of the linear segments of tube charac-

teristics in the circuit

RDbc = R() + Rc'

By andlogy with the rheostatic trigger circuit, let us term the coefficient Ky
the stability factor of the trigger circuit. Let us note that here the value of Ky,
as in a =heostatic trigger circult, characterizes the extent to which the total gain
of the circult has to exceed unity (Bibl.B). However, while the coefficient Ky in
a rheostatic trigger circuit determines the size of the area of existence of stable
gtates of equilibrium, i.e., the stability of the circuit when acted upon by spuri-
ous signals and the instabilities of its parameters, in a reactive trigger circuit
the stability depends on the selected statistical mode, whose boundary of existence
is given by satisfying eq.{7). Further, the selection of the value of the coeffi-

cient K. in the circuit in question greatly influences the process of its triggering

y
by determining the degree of stability of the fixation of the leading edges of the
formed pulses. As will be shown below, the valua of the stability factor of the

trigger circuit Ky should be selected within the limits of Ky =5~ 15,

Control of Circuit by External Pulsed Signals

Let us examine the processes occurring in the circuit when acted upon by ex~

STAT

A
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ternal control signals. In the circuit shown in Fig.l, the controlling emf Ej is
connected in series with the resistance R, in the circuit of the control grid of the
tube Lp.

On introducing the following designations:

U, =ik, (9)
Uﬂ:l’ch-*"E]—Ek, (lo)
where Ugl and Ugg are the voltages active on the control grids of the tubes L; and
Ly, while E; is the amplitude of the control pulse, and considering that, according

to egs,(9) and (10),

we obtain the following initial relations:

) | (U , U,
&4ﬂwmwm+fj§wum;#+a=@
4

(Ugg+ Ey—Ey) U E,—E
R, a2 a ‘+R?1( ‘1+R( 2+ r—E1)

+
Uga + Ey— E)

+R, ——+E,--

After simple algebraic transformations we have:
! U ] , ] ’
(Ry+ ROV +RR%: U + ¢ (Ut +RE,=ER,,

Uy RR0 (U )+ RE, — (R, +R)E=E,R,.

From these equations, we obtain

dUpy — U,y
dt 2

r tzale R '
R U .)9,((1,2;] (15)

Squation (15) is analogous to eq.(5) which was obtained for the statistical

Declassified in Part - Sanitized Copy Approved for Release



mode; this means the circuit will be in an equilibrium state at Ugl = 0, and in the
event of a proper selection of parameters [see eq.(7)] this state will be stable.
When the control pulse acts on the circuit, the grid bias voltages, and consequently
the transconductances of the tubes Ly and Lo at the quisscent points, change in
value. At a specific, critical value of a positive external pulse acting, for ex-
ample, on the grid of the tube Ly, the denominator of ed. (15) becomes equal to zero;
at a slightly higher value of the pulse (El > Elcv) the sign of the denominator will
be altered and, on the condition that eq.(8) 1is satisfied, the equilibrium state of
the circuit will prove unstable = a sharp change in the operating conditions of the
circuit will occur: tube L which previously admitted plate current will be blocked,
and tube L, will open.

Thus, for an analysis of the states of the circuit, it is necessary to examine
the behavior of the denominator of eq.(15). It can be demonstrated that the grid
voltage of the tube Ly is in a definite relationship to the grid voltage of the
tube Lo and that the denominator of 33;115) is a function of & single variable.

Therefore, to facilitate the analysis of eq.(lS) et us establish a relationship

between changes in Ugl and changes in Ug

On making use of eq.(13) and assuming that the capacitor voltage

Yl
4 [

remains unchanged during the action of the momentary external pulse, we obtain

U __ RRnUp)
0= T TR 4R (16)

Then, eq.(15) will assume the form

Uy
dt

e
R“R R, 1 RaRe , \'
{(R +R)—"R. W RD+R2W(U“) '?z(U“)’

tized Co — e T B L e
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Let us determine the critical value of the exciting pulse Bqi.. at which the

circuit will not yet operate.

The external emf Ey = Ejcp, 18 correlated by equating the denominator of eq.(17)

to zero, 1.e., the following formula should hold:

RoR: . 1
R +E% (Uﬁhl):R R R_R’ : (18)
a ¢ a’'c ‘P'l \_‘ a ET ¥ (Ugy,\)
Ry R,+ R,

Here U_o = ngkl is the grid veltage of the tube Lp corresponding to the criti-

g
cal value of the external pulse’,

Inasmuch as voltage Ungl determines the value of Ejqps it is necessary to de-

rive eq.(18) in relation to Ug2kl in order to determine the value of the excitation

pulse of the circuit.

At the given tube characteristics, this egquation ig conveniently derived by

graphical means. During the plotting of the graphs of the functions

__R(IRL"

Ry+ R; 9 Up)=1g)

= (U,

it is necegsary to take account of eq.(7), i.e., to keep in mind that, in a statisti-

cal state, the tube Ly is open and the tube Ly is closed.

Figure 2 depicts the graphical derivation of eq.(18) for a circuit with tubes

with circuit parameters corresponding to the following

of the 6N15P and 688 type,

stability factors:

id voltage of the tube Ly will be correspondingly determined by the

#Here the gr

. formula
Up=Uga
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Ky='5, Ky::lO, K =15.

y
The plotting of the curves\ul(Ugg) aﬂd‘ug(ugz) was conducted with a preliminary
use of the graphs of the grid and transconductance characteristics for various val-

de~

ues of grid voltage. The intersection points of the curves Wl(UgZ) and\uz(ng),

termining Ugg = Ug2kl’ are the derivatives of eq.(18).
To determine Eq.. we will use eq.(14) which, in the given case, should be

written as follows;

E,R, R,R; R, + Ry
V=1, — E,— Ry P (UgmH‘ TRy E
On designating N
E.R R,R,
’Z’f —E— HRn 91 (U i) = Egmer (19)

where Eg2kl is the resulting control-grid bias corresponding to-the operating mode

of the circuit, we obtain

R+ R

b
Ug?kl - Egm + Ry ~Ejerr

Consequently,

 Waen — Eeam) Ry ‘
El cr — ('Ru _1:’[{]")"_‘ . (20)

It is of interest to analyze the character of the curves determining the deri-

vation of eq.(18). As indicated by the curves and o, their points of intersec=

tion vary in position at various parameters of the circuit, When the circult is
ability factor Ky, the inter-

- pased on parameters determined by low values of the st

gection of the curves takes place at nigh transconductance of the tube Lo (at-low

negative values of Ugg), i,e., the trige~ring of the system occurs at relatively

high control gignals, At low values of Ky, the 1

the area with lower values of transconductance = the circuit is controlled by

0
2 : STAT

ntersection point is displaced into
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smaller exciting pulses. Thus, the level of the threshold of operation of the cir-
cult depends both on the form of the characteristics of the tubes used and on the
circuit parameters selected.

An examination of Fig.3, which shows the area of derivation of eq.(18) on a rel-

-0 - N i U N4
R N ) O D)

Fig.3

a) Tube éN8; b) Tube 6N15P

atively larger scale, indicates that the instability of the circuit parameters (the

cross-hatched area in the drawing refers to the range of variations in the opera-

tional threshold at a 15% change in resistance Ry) at low K, values leads to a sub-

stantial (compared with high Ky values) change in the operational threshold. The
same conclusion can be drawn upon investigating the influence of the shift in the
ive to aging and re-
placement of the tubes and also due to the background noise of the alternating cur-
rent of the power supply. Therefore, considering the finiteress of the steepness of
the leading edge of the starting pulse and, especially, of the discharge curve of

the capacitor C, it can be concluded that the mode of operation at a low Ky is not

STAT
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suitable from the viewpoint of ensuring the stability of the leading edge of the

forméd pulse and the reliability of operation of the ciroult. It is to be noted,
B J’honvvor, that at extremely high Ky the oircuit begins to operate in the extreme non- T
‘linear segment of the response curve, which is not sufficiently stable,
o A comparison of the curves in Fig.3, plotted for tubes of the 6N& and 6N15F
types, indicates that the presence of an ¢xtensive sloping segment ("tail") in the
response curve of the tube 6N15P also

| - ‘,m ‘ leads to an extension of the operation-
. Jube §H8 ”_ dm al threshold of the circuit, and
I"M) 324 i causes the circuit to be noticeably
. Yon# affected by changes in paramsters and
_ by replacement of tubes and, finally,
2 ! causes the fixation of pulse leading
, : i | ' | edges to be less explicit,
A | 8 % Therefore, in practical computa~
- , 4 : tions of the circuit, it is necessary
. */_ 1= _’-_—j—i—‘—m to select a value of Ky ranging from 5
| -:_f!,,,.* E'_.{ . to 15 and to avoid using tubes ﬂth
tajled grid characteristics,
K Fig.h

In order to compute the circuit
elaments it is also nscessary to define the selection of the parameters of R} and G,
determining the duration of the pulses shaped by the eircuit, As indicated by ex- '
periments, an accuracy fully sufficient in practice is obtainad when uiing the for-

malas furnished by N.V,Semakov (Bibl.S). At a duration of the shaped pulse Tpul”

Ao

occasioned by the operating conditione, and at a selected capacitance C, the resist-
ance R:: is determined by the following formula:

R' — ‘pulse
¢ Uo L4

23Cig T (21)

u
gik

32
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i1

it
1

1
1

: Horo U:;lk is ths ‘Z‘rid. voltl'.go‘ot the tube L, at the instant of flip-flop of the
circuit during the discharge of the uptciﬁor ]
Uout 18 the amplitude of the pulse formed by the circult.

* The above umm:\o of the trigger circuit makes it possible to compute its pa-

f}rmfetera and to determine the pulse valus ensuring its operation; however, for this

. .'purpose it is necessary to conduct certain plotting operations. This inveolves known

e i . inconvenicnces when the above formulas are
| Tube 4 used in engineering practice and thus
A "I'm v necessitates a search for reasonably sim-
wesQU 1 1 s plified computing methods that would not -
_1::7 e . violate the rigorousness of the conclusion
ﬁ § made, One of the ways to such a simplifi-
cation, which has been fairly widely
Yo ¢ adopted (Bibl.3, 6) is the substitution of
2 a real grid characteristic by a rectified
| characteristic consisting of three recti-
| R , 7 . g linear wegwents, Flgure 4 deplcts a real
%m !I - 'L and a rectified cimracteriatie of a
. 6N8 type tube,
Fig.5

A derivation of eq.(18) for rectified

tube-grid characteristics ie depicted in Fig.5. In the given case, we have

Uam =|E

|
g i
30 that eq.(19) azsumes the follcwing form:

E R R,R
;?E" - ;ﬂc ' (O)fEkﬂEgo'v

where E o is the resultant initial centrol-grid bias of the tube L.

Therefore, ‘ (E; — E o) Ry

Elcr=~'§:+kb (22)

33
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B i s formia the ";,;ﬁ;.;;*af'ag‘“;;i“ﬁ;;Taoaia bo substivuted together with the |
* | corresponding signs, .| T
,}: ' Equation (21) for computing the resigtance Ré assumes the following form: ~
- | K= e
o - | _. 2.ac“ WE ; 23) :
| Yethods of Computing a Reactive Trigger Cirouit |
e 16: In practical applications of reactive trigger circuits it is usually necessary ‘
o 18: to so select the circuit tubes and parameters that the circuit will eﬁsure the shap- m-‘
20: ing of pulses of definite duration ard of the required amplifudé. Moreover, it is ffi‘. o
99 _|necessary to know the value of the externdl control pulse effecting a reliable operat
f 5, |tion of the clrcuit, "
26: The following data are usually givem! the necessary value of the output pulse
, 78: voltage Ug,ys the duration of the shaped pulses Tpulse5 and the voltage of the plate
J0_|power supply E,.
— ‘
32:1. Selection of Tubes and of Their Operating Conditions "
B 34 : i
‘ P 36: The selection of the tube type to be sed in the circuit is largsly determined
: m:by a given amplitude of the pulse formed, | In order to obtair’\ output pulses of largs ’
40:amplitudé urder given conditions of bube cperation, and to insure stability of lead- S
~\ 4o |ing edges of the shaped pulses (with abruétly discontiming characteristics), it is ~

'1-4_: necessary to select tubes with relatively ihigh values of plate current at zero grid

119

SN . blas, Considerations of compactness dictate the use of dual tubes, The tubes most

M:suitable for pulse-shaping networks gsneraj‘ting pulses of short duration sre prefer-
] |
o_lably pentodes with a high transcomductance and low capacitances,

59 Let us determins the mode of cperatid"n of the network tubes, ‘ }

¢4 | As can be seep from Fig,1, the value of the plate voitage for an open tube Iy .

cs Will be determined by the equality
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AL vatues of Uy and By known [rom the riven munﬂihions of the prmhlgm, itois
‘merelv necessary Lo study the A, which is lhe voltage drop at Lhe plate load from
Lhe bleeder current R, Kq, and the voltare sciing on the cathode resistance by

To eliminale the excess vollape drop at lhe plate load from tLhe bleeder cur-

rent, A, is selected within the range of

AF ==(0,054-0,15)E

a a'
The voltage drop al the calhode resistance usually equals
E,==30 +6Uv.

Tn accordance with the determined U, the grid characterislic of the tube is

_rectified, and the value of the cutoff voltage EP ig determined,

is can be concluded from eq.(7), at zero grid bias of Lhe tube Ly, the tube Lp
“should be blocked by the bias takun from the resistance Ry. For thi

initial grid bias voltage Ego of the tube Lo should be 15 - 20% higher than the volti-

age corresponding to the blocking of Lhe tube,

2, Computing the Circuilt Parametsrs

a) The computation of circuit parameters is conveniently begun by selecting the

parameters determining the duration of the shaped pulses. As pointed out in the

literature (Bibl.7), for eliminating any deviation of the shape of these pulses from
the Peétaﬁgular, the capacitance C should be of the lLow order of 50 - 100y f,. while
the resistance R; should be, as in ordinary amplifying cireunits, no greater than
1-1.5 megohms. In the case of the shaping of pulses of censiderable duration, the
capacitance C should be taken at 100 and more micromicrofarads.

The resistance R; ie computed by eq.123).
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Considering the operating zonditions of the tubes of a reactive trigger circuit

Ugut
R == Lot ,
a Iao

where 1, 13 the plate current of the tubs at gzero grid bias and at the plate voltage
determined from eq,(24).
Further we determine the values of the bleeders Hb and R,, As it can be con-

cluded from Fig.l,

R, (E, ~AE
[ Ko (£ ul

(26)

On the basis of eq,(8) we compute the minimum allowable value of the resist-

ance R,, ensuring the trigger mode at a given K&:

A (Rt R Ky

¢ minT" 25,7
RIR.S?

R, =Ry, —R..

4

Here S is the transconductance of the rectified tube characteristic,

¢) Next we compute the cathode resistor Ry,

The voltage E, taken from this resistor and blocking the tube L, when in the

static state, equals

= ,go-—E”.

The positive polarity voltage Eg+, supplied to the grid of the tube Ly by the

divider, is determined by the explicit formula

" \ 'y
Lo 0B — Uy

thc

On determining Ey, we find that

Ek
R"—‘—_—r.o~

36

py ggroved@r Release @ 50-Yr 2013/08/16 : C



In concluding, we compute the value of the control pulse.

The critical value of the signal is computed from eq.(22), For reliable opera-
tion of the circuit, the obtained value of the control signal should be increased

by 15 - 208, .

Example of Computation

Compute a pulse-shaping network ensuring the shaping of output pulses with a
duration of pulse = 10 psec and an amplitude of Ugyt = 70 v. The voltage of the
plate supply is E; = 250 v,

1. According to the conditions of the problem the network should shape pulses
of low duration; therefore, we select a tube of the 6NIP type with small interelec-
trode capacitances,

. Assuming that AE, = 0,1E; = 25 v and B = 40 v, we obtain

U,=115y.

On rectifying the grid characteristic of the tube, we have

Lm, ‘ Eg=—~4 v, 150=5m«m;;‘3=3,2_m7m:n

2. Given a capacitance of the shaping network: C = 100 uLf, Then, according o
to eq.(23) we obtain R, = 35 x 103 ohms.

3. On the basis of eq.(25) we find ’
Ry = 4.7 x 10% ohms, Let Ry = 5.1 x 107 ohns,

L. let us determine the values of tne bleeders Ry and R,. On using eq.(26),

- we obtain

} R, =45.10% ohm.

Bbe
Taking K, = 15, we obtain Ry pyp = 3.5 x 103 ohns,
Let us take Re = 5.1 x 103 ohms., We compute the resistance Ry, and select Ry =

L= 39 x 103 ohms,

STAT
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5., We compute the value of the cathode resistor Ry. From eq.(38) we find the pre-
liminary value
Eg+==17v.
Proceeding from the grid characteristic of the tube we select Ego =15 v,
Then, B = <32 v and Ry = 2.1 x 10 ohms.
6. Let us determine the value of the pulse which has to be fed to the input of t.he
circuit in order to control the circuit.
According to eq.(22), we have
E,  =12v.

For reliable operation of the circuit we will assume that
Eekc:'f. =15v.

Experimental investigations of circuils with parameters chosen in accordance
with the above computations showed gatisfactory agreement of experimental and cal-

,culated values.

In concluding, I wish t~ express my gratitude to 3.V, Novakovskiy for the advice

gave while reviewing the manugcript,
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Polt alD dsulTisTog YAVES OVER RUUGH SURERGE OF THe waltTl

by

D, Jyroevich

P propapabivr. of radio waves over uneven surfaces of the
carth (in particular over a surface that is simsoldal in ome
planc) is examired from tha viewpoint of lawe foverning {eo=
melrical optics; a transcendental equation was derived whoge
graphical selution determines the coordirates of the reflec-
tion pointe, Forther, the article furnishes a formja for
determining the differcnce in bhe travel of dircct anl re-
flected raye, The limits of applicabllity of the propescd
computing method are appralsed, i comparison of the resulls
of this method with the wore rigorous L, 4, Bre khovskikh dif-
Craction method anl with U)ip(‘t]”il:i}ﬂt/{l,l data reveales satis=

factory aprecnent,

The existing sethod for computing tho fleld strenpths of ultrashort radio waves,
vwhich presupposes an ideally swooth varth's surface, cannot always satisfy the de-
sifners of commnicalion lines,

vost radio cowiuiilcation lines pass over terrain whose surface can in no way be
considered ideally smooth, i conparison of the mpasured values ol field atrenpbi
with the analepous values computod for an ideally smooth surface inlicates that
v-ul@sg values (iverge considerably,. with Llio diverpence somctimes reaching 5C0
to L0004 and more, Therefors, the possibil ity of cowputing the field strenth by
taking the terrain features into consideration is an absolvtely recessary require-
nent,,

in approxinate methoed for computing field strenglhs in line-of=sight zones is




‘presented below. This method makes it possible to take account of the terrain fea-
tures and is useful for the range of meter and decimeter waves but does not apply to
the centimeter-wave range because there, as is known, the reflection from the earth

has a scattering character.

Let us assume that the profile of the
earth's surface can be given by the follow-
ing equation (see Fig.1):

y=1(), (1)

where x is distance along the path of wave

propagation, as read from the origin of
Fig.l
the coordinates. The transmitting an-

tenna hy is located at the origin of the coordinates, while the receiving antenna h,

be determined is the field strength at the locus of the receiving antenna,
The coordinates of the reflection points can be located in the following manner:

On determining the equations for the rays AC and CB as equations of straight lines

intersecting a given point in a given direction

f(x)—“h]=k|x ter ray AC

and
f(x)—hy=ky(x—r) forray CB,
where ki=tgy,
ky=1g Yy,

and considering that the angle of incidence at the reflection point equals the angle

of reflection, i.e. (see Fig.2),

180_'\:{_,!_3:72'"5,

tg [180 — (1, — Bl =tg (. — B), (2)

it i ’ in an equation whose derivation will be furnished by the co-

ordinates of the reflection point.

The angle fi is the angle between the tangent and the x-axis at the reflection




point

tgp=F"(x).

The angles Y1 and yp are determined by the following formulas:

- 4
lgTI::LLQ;—lh, (&)

tgy,=LE=h, (5)

X—1T

On substituting egs.(3), (4), and (5) in eq.(2) and carrying out some simplifi-

cations [considering that x> f(x) - h], the following necessary equation can be

obtained:

(r — 26)F (x) 4 (x — 1) 20 (1) = rht; — (- o) 5.

This transcendental equation is easily derived by graphical means.
The difference in travel between a direct ray and a ray reflected from the

earth can be determined in the following manner (see Fig.3):

=V R4V R[5 ()] +
| 2 r
hgr

'Fﬁ[ +‘7<%>1‘“f:=3m;.

or, using the designations in Fig.1l,

hir (7

A,:Q_———X(/—X)'

Simple geometrical relationships (see Fig.3) can be used for readily cbtaining

42
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where

* Ttds known [ef, for example (Bivi.l, )} that, at refiection from the surthee
of a sphere, the formula delermining the field strenglh of a ray reflected from e
earth is complemented Ly the so-called "divergence" factor G, which Jdetermines the
7;1 scatter of electromapnetic energy compared with reflection from a plane sarface,  In
‘ this case, Lhe G factor for a spherical surface is determined Ly tLhe Tollowing for-
o mila {cf, Bibl,?)
- G2 - | (\J))
B 2x (r - x)
e
N where | is Lhe radius of curvature of the surface at the point of reflection,
T It is obvious that an irregular convex surface will also scatter eleclromagnelic
energy, so Lhat Lhe "divergence" faclor should te included in the computalions. This
. factor, at a sufficiently sloping surface, can be determined by eq.(9), and in this
- «

case o will have Lhe following value:

p :~V1H?Xii., ‘ (10)

Such a representation serves also to delermine the G factor for concavities,

but Lhen this will be a factor of "convergence" and not of "divergence".
] Tt is known that the value of the field strength of a direct ray is determined

as follows:

m
’A’m /

o 245V PN <m>
Lo== e COS Wi s

where P is lLhe power radiated, in kw;
D is the directivity factor of the transmitting antenna compared with an iso-

tropic radiator,

For the ith peflected ray we have



assified in Part

. »4,‘/[1/) o ‘..’RA \ S
L[ T R(iLOS(m( ) R f},

* where “i is the angle of phase loss at the reflection

surface;
» Ry is the reflection factor of the ith ray;
; A 1s length of the radio wave

At horizontal polarization of the radio wave, the resultant field strength at E

the reception point will be delermined by the following formula:

[: P 043‘/[“ {COSM—}— ER( LOS((U, "U *"‘"Af )]

(=1
where N is number of reflected rays. -

On determining the modulus of this equation and discarding the phase as of no )

interest, it is not difficult to obtain the following formula for determining the

resultant field strength at the reception point

i

. g1 VED

A =7 1+2TER,G, °°S(04+2T"A'1)+[$]R101 cos(ﬁ,-&-%\%n)]’,{_ {
, +[2 RG sin <U4 + Z{f A’l>j2' (1)

For a single reflected ray, this formula becomes the ordinary reflection

formula

="2yrD i/ I 4 (RGY*+-2RG cos (0+-- Ar) ‘ 5

For two reflected rays, the expression changes into another known (cf. Bibl.2)
formula:

£=2yPD ‘/ |+ (RO (ROH2R G cos (1 + 5 ar,) +

+ 2R,0, cos (UQ 4 Arz) 1 2R,GyR,G cos Vo, — 1) 42T (87, — Ar,) |
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All above statements apply to any rough sloping surface which can be approxi-

mated by the function f(x), In particular, this applies, for example, to the case of
f(x)=Asinox,

where A is amplitude of the irregularity;
w = _%l’_;
L is the spatial wavelength of the local relief.
In this case, egs.(6), (8) and (10) will correspondingly assume the following
form:
(r—2x)sinwx+(x—r)2-mxcoswx:,i:(%jh—’)'r. (61)
’lo=(/’l“‘h2)r—,—x+’l2“h" (1)

where h' = A sin wx;

L 10t
P—_-(Qn)l A sl ox (101)

The calculated formulas (7), (9) and (11) will remain unchanged.
With respect to the nature of this method, the following remark can be added:
It may happen that a reflected ray will be shielded by the crest of an irregu-

larity and will thus, naturally, fail to create a field at the reception point,

Therefore, it is always necess;ry to examine any reflected ray as to its "shadow",

especially the rays raflected from concavities, The criterion for determining the

"shadow" for a normal sinusoidal surface can be the following inequality (see Fig.l)

}

tga; <tgay,
from which it obviously follows that

hg—h' ng— A
r—x < 4n + |
=3

L

where n = X + AL,
1 :
Al is a value below unity, complementing the fraction up to the first prime
number,

The formulation and solution of this problem invelved a number of assumptions
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which have to be justified,

First, it was assumed that the character of the local relief in a direction

transverse to the path is of negligible importance. Generally speaking, this asser-

3 E.f_:nL

"

L

L

P —
TN,

S w5

2 S
10° ‘\\\\a V.

) N~

3 A

0 05 10 15Km

1 | AT
A
> | "

30
"’»,ﬂr
Joe
0 05 10 1,5xm
Fig.h

f = 95 mes vertical polariassic:;

—— measured value of the field
strength;

—eo —e — value of the field
strength coinputed by the quadratic
formula on the agsumption of a
plane earth's surface;

°o——o value of the field
strength computed by the above
method (earth's surface approxi-
mated by segment of sinusoid)

tion is not correct., It is correct cnly when
the change in local relief in that direction
has a smooth character. Actually, as is known
(see Bibl,1) the area important to reflection
is constituted by ellipses extended along the
path (aleong the x-axis); the dimensions of these
ellipses in the transverse direction (along the
y-axis) are hundreds and thousands of times
smaller than their dimensions longitudinally to
the path; insofar as meter and decimeter waves
are concerned. Thus, the problem can be fairly
correctly regarded as pertaining to a plane
surface, if the changes of relief in the trans-
verse direction are disregarded. Naturally, in
the event of a sharp fluctuation in relief, for
example, in a steep ravine etc., these consid-
erations will cease to apply.

Secondly, it was agssumed that reflection
from a sufficiently slanted uneven surface pro-
ceeds similarly as from a plane surfacé of the -

earth, i.e,, that the reflection point is ex-

treme and that the angle of incidence at that point equals the angle of reflection,

The correctness of this postulate is readily proved (see Bibl.1, pp.219 - 223), if

‘the uneven surface is restricted by the following limitation which always holds true

at a sufficlently slanted surface:

L6
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where + ! is Lhe complex permittivity of the soll,

Third, the segment of uneven surface near the reflection point is replaced by a

Iy

q}rcle'wltu a radius of , [ses eqs,(10) and (104)7.
be negligitle, since such a replacement. is made near the reflection point, where tle
'arentést inflnencé is exerted on the resultant value of the field strength; the 1in-
fluence of points spaced apart from the reflection point decreases at an increase in
thelr distance from thal point. Morecover, the changes in ¢ do not greally affect
the field strength so that the value of . enters under the sign of the radical,

In the particular case when the dimensions of an uneven surface are consider-
ably smaller than Fresnel's [irst zone computed for a plane reflecting surface, Lhe
results of the computation based on the proposed method compare favorably with Lhe
more rigorous diffraction method by L.M.Brekhovskikh (Bibl.3).

Table 1 gives the results of these computations for the case of hy = hy, = 100 m,

r = 30 km, dnd_length of the uneven square D = 5 Km. - The obtained maximum deviation

e

of 30% can be considered satisfactory.

Table 1

a) D) c) d)

- X-_O.VG n_) T hefi o ) Am0,6 m A=G m -

Am g g g gm A=0,8 m Aet m

m m m m
| 4,4 4,3 4,2 5,28 b 19
3 3,6 3,7 4,3 5,28 16 30
5 4,0 4,0 4,4 5,9 : 9 M
8 4,4 46 4.6 5,28 B I
5 5.8 4,9 5.5 5,28 5 8
90 8.3 4,9 6,3 5,99 18 [}
10 6,5 | 5,0 5,2 5,30 2% 8
1

a) Amplitude of irregularity; b) Proposed method of computing; ¢) L.M.Brekhovskikh's

method; d) Deviatien in &

L7 STAT




" a terrain whose relief is easily approximated by a sinusoid, with the analogous val-

ues computed by the above method., Satisfactory agreement is obtained (Fig.l) between
the experimental curve and the theoretical curve, plotted on the assumption of a si-
nusoidal character of the surface, Figure 1 contrasts the experimental data with

the computed values,
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'CALCULATION OF MULTISTAGE AMPLIFIERS WITH JUNCTION TRANSISTOR

by
I.N.Migulin

On the basis of a generalization of the theory of
transistor and vacuum-tube amplifiers, the article furnishes
an analysis and computing methods for amplifier circuits

with junction-type triodes.

The analysis and calculation of amplifying circuits with junction-transistors
can be considerably simplified by using the general theory of vacuum-tube amplifiers,
Upon selecting a set of static characteristics, an equivalent circuit and a system
of parameters for the transistors, analogous to the theory of vacuum-tube amplifiers
(Bibl.1l, 2) it is possible to carryy out calculations by using the computing methods
employed for vacuum-tube circuits.

Figure 1 depicts an equivalent Pi-network for a semiconductor triode, Accord-

ingly, its parameters (Bibl,2):

. l__ _&ro -+ jwt
To 1 + it

;o ot
Yie =85 Thiae
=S

Tl 4wt

¥,=(14Sr)¥, 4V,

determine the amplifying properties at both high and low frequencies.

In most radio-engineeér.ng computations, which admit an error of several‘ per-
cent, the set of parameters (1) can be considerably simplified, In practice, the
time constant 1, of the circuit of internal feedback through capacitance and con-
ductance between collector and base, i1s of the same order as the time constant of

the semiconductor tricde t. This fact permits the approximate assumption that

49
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YJ“’ *—gfb

1 o CorSiry
R,

I+ lwrc

+ il !‘

- where G, 1s the output collector capacitance of the triode
t of the approximate equations (2), the complete set of equivalent

parameters > semiconductor triode

includes four LF parameters g, 8 Sgs

and Ry, a base resistance ry, a time con-

I'-(Sl+9!b)l'4ﬁ stant 1, and an output capacitance Cy.
The LF parameters are easily determined
from static characteristic, The three

other parameters are also determined with relative ease. The resistance ro, equals

the input resistance at sufficiently high frequencies#*, The time constant t is de-

termined by the frequency characteristic of the collector current during shorted

operation at the output:

The output capacitance C is measured by conventional methods. The values of
all these parameters for the Soviet-produced Pl-series Junction transistors are ap-

proximately as follows:

Se=40+150 ma ; R,=20-+ 200 xohm
L =900+ 1000 ohm;  —— = 0,5+ 5 Mohm
g £ b

1==0,5-+5 psec ; r,=40 -+ 200 ohm;

Cox =20 +40 ppf

Considering that Lhe circuit in Fig.l is snalogous to the equivalent circuit of

————
*In practice, the resistance ros With an accuracy not less than 5%, can be measured

rat
0,6 +1
-—

k4

50
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aovachu tube, 1L can be related Lo the basic formulas used in tie theory of vacuum-
tube amplifiers. For this purpose, the symbols Y., Y., 7., wd S o these basic
formulas need merely be correspondingly replaced by ¥ = Ypy o Yy, Yy = Ypp, and 5

+ Yeh. A8 a result of this replacement, the following formulas are obtained for three

circuits witn transistor connection.

The common-emit.Ler circuit:

The common-bage circuit:

Y

ouf =
The common-colleglor circuit:
§+Y . S+¥
S+P+¥,—Yp +¥,  §4+V 47,
'~KW—4w)zhb+u~an (10)

K=

- “wﬁ_
Py +S+7) o f o)

In these formulas Y, is the load conductance and Y. is the internal conductance
of the signal source (or output conductance of the preceding stage).
Equations (3) - (11) permit a computation and analysis of various amplifying

circuits with junction transistors.

Multistage Amplifier with Direct Connection between Stages

The circuit of this amplifier is depicted in Fig,2. If the resistances R,

and Rj are much greater than the input resistance of a KT, triode (which usualiy

ol T N T R R : IS g o :
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happens in practice), then it can be fairly reliably assumed that the load of the

first stage is constituted by the input conductance of the second. Considering that,

at direct stage connection, the amplification factor is not high and that |Ypp| <. Y],

it can be assumed that

=7, (12)

in
On carrying out a corresponding re-

placement in eq.(3), and on taking account

of the smallness of %i compared with i, we

will ultimately obtain

(=—3 -
==%

8ro+lws ’
At low frequencies, the amplification factor of a stage equals

s
Ko=-2-. (14)

From eq.(13) it is easy to determine the cutoff frequency of the passband, as

from the level of _7%5,

,0l7=£_‘:l' (15)

where gry < 1 for all triodes. Equation (15) yields the value of the cutoff frequen-
cy of a stage. The overall passband of several stages can be found by the same pro-
cedure as that used for vacuum-tube resistance-coupled amplifiers, :

The efficiency of an amplifier, as evaluated by the product of the amplifica-

tion factor and the upper cutoff frequency, at direct connection between stages,

will be equal to
o o S..rﬁ s
Rofo.r = s 18

Calculations demonstrate that the same formula determines the cutoff frequency

for which amplification is generally possible, An expansion of the passband beyond

be attained by applying negative feedback and by
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tolerating & reduction in gain, However, some increase in the efficiency of the am-
plifier can be achieved by using various corrective networks.

At first glance, eq.(16) leads to the conclusion that the efficiency of a triode
is proportional to the base resistance r,. This conclusion is erroneous, since,

actually, the transconductance S° and the time conatant 1 depend in turn on r,

(Bibl.2)
S A

ot 2nCm- !

o1
where A = s ®_ is the conductance of the emitter transit in the rectilinear direc-
u:
1
tion and Cqy is the diffusion capacitance, If it is considered that the diffusion

capacitance is

!

Ces

= Av (1)
2

then, ultimately, the efficiency of the transistor triode

®

by | (18)

Kofor= o

. is determined by the base thickness w and is numerically equal to the critical fre-
ey — ,
quency fcr(D denotes the diffusion factor of the inserted carriers). As for the
power gain{ we have, owing to the equality of the input resistance of the stage to
the load resistance
Kp =K. (19)
Equations (13), (1), (15), (16), and (18) can be used in computing the pre-

amplification stages in resistors of audio-frequency voltage amplifiers, in video
amplifiers, and in pulse amplifiers. In a conventional determination of the pass-
band of a stage it is necessary, in accordance with eq. (18), to select a triode
with a critical frequency exceeding at least several times the required band, If

the required band is wider t! { then negative feedback has to

- be applied,

The load resistance in the collector circuit should be chosen on the basis of




the following condition:
10
RQ=R~>' y ]

since, at lower values of R, the stage gain will decrease and the band will not un-

dergo any notable expansi ltimate value

The selection of the operating conditions of a semiconductor triode can be con-
ducted graphically by means of static characteristics, The methods used are similar
to those used in the selection of 'the operating conditions of a vacuum tube.

Figures 3 and 4 depict sets of static characteristics of a semiconductor triode,

These diagrams illustrate the plotting of a load line for R, = 4 kilohms and supply

i
PiA

-0

Fig.3 Fig.h

the methods for determining the initial mode. On knowing the initial base cur-

rent iy page it 1s easy to determine the value of the leakage resistance:

E
R;=R3%ﬁ.

In computations of separating capacitors it is alsc possibls to a

ogous formula derived for vacuum-tube amplifiers, upon substituting the leakage re-

sistance in that formula by the input resistance Rj, = .L., After corresponding
g

tranaformations we obtain
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Phie amplification factor will b !
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At low frequencies, Lhe maximun possitie amplific
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preferasl:

Matohing is
fhe atapge pail.

Accordingly, it is of interest to
can still be effected under conditions

for high frequencies,

REREE.
R,
and
out
e condition of matching will be
/'
.=/
op! V

On substituting this formula 1nto

for the modulns

rax

i } mie oA the +
Construing the cuboff frequency as Lot

Lion factor becomes unily,

S

of interstage matching.

Ceonthionor

fuped amplifiers where it notably increases
uanedl Ampoa s LS EC

‘ et whiel pal
determine the cutofl frequency at. which galn

Considering that,

’ ( 25 )
‘Si‘;t)k:(Jx
._.R "ﬂA ( o, )
/.‘) oued

; ba NP . olor
eq.(??) we obtain the amplification faclo

1 SyV R

o~
N
-3

~—

out

frequency value at which the amplifica-

we will find
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On equating this formula with eq.(16) it can be easily seen that the cutoff fre-

quency exceeds the critical frequency.~§a§;€__ t,imes, which confirms’the possibility
of gain at frequencies higher than the critical,
The methods of computing interstage-matching tuned amplifiers wi
Lransistors is analogous to Lhe methods of computing vacuum-tube SHF amplifiers.
For example, when computing an amplifier with a circuit as shown in Fig.6, it 1is

necessary to start from the requirement of ensuring the specified band and maximum

gain, On determining the necessary value of equivalent attenuation

24
;a__lﬁl
fo

in accordance with the equivalént circuit in Fig.7, we obtain the following rating

formulas:
p= = B R ot
%

9)

| K,
1= ak 1= C : (30)

Rﬂp—nﬂ
Lo

1 S‘JVE;;RHKA}- ht’—'bx

K:'———::::::‘—:
T T %

(31)

Tn these formulas, fy denotes the attenuation without taking account of inser-
tion losses, ; is the characleristic impedance, P is the coupling factor from the
collector side, wgy is the resonant f‘equency, Cy is the malching capacitance, Ry,
and Gy are the input resistance and input capacitance as determined from the formu-
la for ¥, Rgyy = Ri and Re = —— -

The characteristic impedance . should be so selected as to obtain a positive .
value of Cp.

Congidering that Lhe matching condition (30) depends on u, it is to be satis-

fied on a higher subband frequency. lere the amplificalion factor kg will depend
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. less on the resonant frequency,

Amplifier with Alternate Stages Connected According Lo Common-Base and the Common-
Collector Circuits

The circuit of an amplifier with alternale stages is depicted in Fig.8. In

S this diagram. the load of the common-emitter stage is constituted by the input re-

Pk

Fig.7 Fig.8

sistance of Lhe common-collector stage, and vice versa, Considering the above and

{f'( substituting the value §n = ¥ into eq.(9), let us find the amplification factor and .
the input conductance of the second stape of this amplifier (Fig.8).
v $+7y -
o =577 (32) :
= - and, according to eq.(10),
. ; . r (33)
- . . =(l — Y=‘——“-— 7 -
s Via = (1 —K) Stor - ;
: Koo :
s - fiven if we negleclL the conductance ?j compared with ?in 21, the amplification ey
. sfactor of Lhe first stage will equal : .
- S
; K~ —
Yieo E
- The Lotal gain of a pair of alternate stages equals
N AU (31) -
KmmzK!Kﬂz(\'Y'T +-)T- : 7
) Equation (34) indicates that the gain of a pair of alternate stages practically ,ff:
V ’ does not, differ from the gain of a pair of stages with identical connection. Con-

gequently, the circuit with alternate stages offers no advantages in Lhe sense of an

58 o
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increase in tolal pain and efficiency.

Conclusions i

.o T

e generalization of Lhe theory of vacuum-tube and Lransistor amplifiers ‘;
rreally facilitates the analvsis and calculation of the latter type of amplifiers, \
As a result, the rating formulas are obtained in a sufficiently simple and convenient
e form. In addition, radio engineers working with transistor amplifiers have lo deal
with coriventional concepts horrowed from the vacuum-tube amplifier iheory.
2, 1n the cases encountered by the author, the discrepancy between computed R
and actual data was negligible,
3. When using parameters adopted for concrete specimens, the errors do not ex- ;}

seal ceed a few percent, When using averaged-oul paramelers, the error will be chiefly

determined by the extent of the spread of parameters in various specimens.
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CALCULATION OF THE BROAD~BAND GRID TRANSFORMER ACCORDING TO A FIXED
INPUT RESISTANCE CHARACTERISTIC

by

Ya,L,Alt'terman

The article furnishes a method of computing the optimum
parameters of a broad-band grid transformer on the basis of an
analysis of a fixed input resistance characteristic. It was
assumed that the required input resistance of the transformer
is ensured by a shunt consisting of an active resistance con-
nected to the secondary circuit and equal to the internal re-
sistance of the generator, Rsh“2 = R;h = Ry. Using the ob-
tained simplé formulas -it is possible to determine the maxi-

mum transformation ratio for a fixéd value of the reflection

g . e ]

factor, ! L

Introduction

In computations of a grid transformer for measuring equipment, the requirements M

made on the frequency characteristic of the transformer are supplemented by the .con-|

dition that its input resistance Zi; should equal a definite value throughout the
entire frequency spectrum and should be matched with the internal resistance Ry of e
the generator. Deviations from such matching in the operating frequency band are

estimated by the reflection factor

R! - Zl'n

= 1 o ]
p—'RI+ZI'n ) ( ) SR

As a rule, the required input impedance of a transformer is ensured by a shunt
consisting of a resistance connected to its primary or secondary circuit.

operating frequency

N - T
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‘band to have a definite value and to prevent the deviations from that value from ex-
ceeding the set limits, let us calculate the optimum parameters of the transformer

on the basis of an analysis of the input resistance characteristic.

For the sake of greater clarity of the basic formu-

- . 5%4 . _ las, we will ignore the resistance in the windings.
- Cz'sc,n'l o)
' M Determining the Maximum Transformation Ratic

e s o S ‘{:7
The equivalent circuit of a transformer with a s
 Fig.l :

shunt connected to its secondary with regard to the

form depicted in Fig.l, relative to the upper frequencies of the spectrum.

For this circuit, we have

[ .

1o CyntR} Ry 2)

2, =lval,— :
in O T CRT 1wl ContiRE

Let us designate

© RCn = x, (3)
oL] _ \ )
- C'H'R:_u' — (h} . aj
_— Then, -

R 1
Z.',.=T".f.‘_x1+i"Rt(“"r-T-—ﬁ) (5)

and the reflection factor will be

p=1/ 2x“-§:2(ax‘+a—l)'l .
V (7+x)+(ax2+a_1)e

~

o~

~—
t

Figure 2 depicts the curves of p = f(x) for various values of a.

Let us represent the graph (Fig.2) of p = £(x) for various values of a in the

~%=,7 ‘form of a graph of x = f(a) for various values of p (Fig.3). i
As can be seen from the graph in Fig,3, a maximum value of x can be found for

every given value of p.

N Declassified in Part - Sanitized Copy Aproved fr



Let us conduct an analysis of eq.{6) to find the optimum relationships. From

‘¢‘ eq.(6) it can be found that

' ) g%t___ 2 da—1) (24 1) ; ; (7)

dax(axi+u—l)+2x—m;f—_:—lj

To determine the maximum x we equate the derivative to zero, so that

o ‘ ax?4o—1=0
‘ and
=y 5 @)
On substituting the above value of x into eq.(6), we find oy
| —a -
) P=1ra (9)
I — .
: a=‘—_Tz, (10)
N
x=‘/r_21’;;- (11)

Using these simple formulas it is possible to determine the maximum value of x

vy TR e ‘ Eomen
I P O
AT A
A"

7 18 16 18 20z : S

Fig.2

according to a given value of the reflection factor p and, consequently, in accord-

ance with eq.(3), to determine the maximum transformation ratio at a given upper

62
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frequency vy.

f i ~ime pivalent circuil of the trans~
) If the shunt is connected to the primary, Lhe equive ‘ |

former for Lhe upper frequencies will have the form de-

~ =
b——-‘.
|
i
:_..
|

picted in Fig.h.

Y N : For this circuit, we have

b
JiVA
/

- .
TR LIS _RUekG)
T» /')1 il ‘t_ . | ’ Zu‘n = Uit—‘t:)gcld\Cul," + i LR
o ' a | '

0 B I T Tf S
v "In accordance with egs.(3) and (L)

Flg.j . 1 as?
Zl'n = Rl i —axd + ix
A}%Q —t and the reflection factor

X
Rk " = e,
a * P P4l —axi)r4 82

4

Figure 5 depicts the curves of p = f(x) for vari-

Fig.’{ )
s , ous values of a.

A comparison of the two versions of shunt comnection (Figs.2 and 5) shows tha§

¢ eannection to the secondary - on the qondition that the value of p remalns

fi . : -
o TN F 27

0BT ‘ VR VZE vdl . \v.‘ d=f)

R S R B R I

Fig.5

within ghe range of 0.1 - 0.2 - is moré favorable for obtaining the highest»va}u§

63
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of x.

_ For example, at p = 0,2 and a = 0.5, we have:
at a shunt connection to the primery, x = 0.4;

| at a shunt connection to the secondary, x = 0.68.

Appralaal of Frequency Dlstortions in the Calculation of a Tranaforger Accqrding to -

a Fixed Input: Reeiatance

The frequency distorticn factor is determined

Formulas for Upper Frequencies.

| for thé shunt transformer (Bibl.l) according to t he following formula'

M—-__é;/(nm-aéxj,)wx;, , )

Considering that, in our -case,
'
Rsh"-';Rl‘ k

Therefore, R L . Coe
| = W)
and v "
R ‘20 .

= At (14)

'Taking‘aqs.(lO) and (ll)’intd cohsideration, we obtain

,/ (15)
(1-p')(l1-p)

an=———2—£.
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* Substituting the values of eqgs. (15) and (16) into eq. (12), we obtain the rela- -

tionship betwaen the reflection factor and the frequency diatortion factor for the

transformar: _ o ‘
L M= - ooan
| - Figure 6'dapicta’the_cﬁrvé for M = £(p).

FormuLas for Lower Frequencies.

e T 2 I T B A : |
Fig.6 ‘ Fig.7

for lower frequencies would have the form depicted in Fig.7.
For this circuit, Zi, = —
L U 5

On introducing the designation
A (18)

ﬁe obtain

and

. ‘ o

Whence

' 2 P S ‘(20) “
I=vi—s _ ‘ . '
- It is knoﬁn that the inductance of the primary winding of a transformeriwith=

N

R'h = R, 1is determined by the following formula:
sh . ’ ’

R

! Qw"VM‘-—l

Then, taking eq.(18) into consideration, we obtain

65
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=2V =1.

On equating eqs.(20) and (21), we obtain

o]
M=y=

]

Thus, the relationship between the reflection factor and the frequency distor-
tion factor in a shunt transformer is the same for both\lower-.and upper—f?quency
circuits,

Detérmining the Highest'Value of the Bandwidth in Computing a Tranafdrmer\Accordigg
~to a Fixed Input Resistance_ ‘ v . ‘

In accordance with egs.(3), (4), and (18), we have
'

Then, considering eqs.(10), (11), and (20)

3
()
o, L+p
5;'— ¢

MBI
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CALCULATION OF QUENCH CIRCULTS .
by |

- , ' F.F.Zhdanov

The article develops further the method of computing
quench circuits, previously proposed by the author. Special
attention is devoted to determining the limits of applica-

bility of the related rating formulas.

The metlod ofyéomputiné‘quench‘cirpuits‘deyeloped by tﬁe author has..come into

' w1de use (Bibl, 2 -6). In this connection, it shoﬁld be noted that the absence of
any indication as to the limits of appllcabillty of the rating formulas, derlved

from this method, often causes difficulties in the’use of the formulas and in the

; blnterpretatlon of their spe01f1c results, |
| This leads to the necessity of supplementing the prev1ously proposed method of

computing quench clrcu*ts by a definition of the limits of apollcablllty of the
rating formulas, as was first noted by Cand. Eng. Sci, A.B.Vlasov {Bibi.5). The

present article is devoted to resolving this problem and also to further developing

“the method.
: 3 3

It 1s known that the mentioned method of computlng quench clrcults 15 based on
the requlrement for complete ellmlnatlon of any form of electrlc dlschdrges on the

contacts.
- The llmlting ratios of current to voltage on the contlcts, whlcn determine the
condition for the appearance (or disappearance) of electric dlscharges on contacts
- .at the opening of the 1&tu8r are easily ed bliahed by‘observation. For silverad
contacts these ratlos are given in a general form in Fig. 1 (curve abcd) E
The curve abed, with an accuracy suff1c1ent for the calculatlons, can be ana~-

lytically represented in the form of the'follow1ng equatlons: '

67
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“Fromu =0tou=1U) _
| (==l o ' . ‘ (15
From u="U) tou=Up ‘ | ,'
d=hgtg o (2)
The voltages u on the contacts, ranging from Uy to Uy, are greater than U,, as
can be seen from Fig.l; consequently,‘eq.(Z) does not yield any indefinite or nega~
tive values for the currents i, | ‘ | |
In accordance with eqs.(1) and (2), the area of no-discharge on the cbntactﬁ is
encomﬁasséd by the following conditioné: : ) | -
at i <1y . | |
u‘<Ua;' - = (3)
at u < Uy o
i<y (4)
at Uy < u< Uy ‘ |
i<lgg (5)
where Uy, I, I] are constants for a given contact pair, depending on the material,
form, and machining of the contacté;
Uz = 306<v is a value constant for'any contact;
Uy and I, are determined by the known derivations of eqs.(l) and (2); u = Uy,

and (2), which yield the following values:
U,mUo—ﬁf{Tandmlg#.lo—g;g_‘m—»

The conditions (3) - (5)‘re§resent tﬁe basic formulas forfcoﬁbﬁting'Qﬁench»éir—'
cuits, It is quite obvioua_thét-tﬁese.forﬁulas“dc not‘depend on concrete‘fbrm$ of
‘the circuit and, hence, are applicable to the'cbmputing of any quench circuit, in- . -

‘ ciﬁding circuits cdnsisting of nonlinear elements. |

In solving specific problems, the known values are usually: voltage U cf;the :

- eurrent sonrce. resistance B. and inductance L of the relay winding or bfAsoma other - E“;
68

e

B Declassified in Part - Sanitized Copy Approved for elease @ﬂr 2.

-RDP81-01043R002400150001-4 |



'VI‘D‘ecIas‘sflgdv in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/08/16 : CIA-RDP81-01043R002400150001-4 -

’:f.eléctromagnetic device.

Conaidoring tho above, the. wanted pars,mutors of qudnoh circuits and thg limits

"The reaults of the aolutiona for the moat
frequently used circuits, as baaed on the

1oaaic rating formulas (3) - (5) and on tha

% 7 /R asSumption that the current in the cir-
R : % 3)“ ‘ | cuits bOcomsa fixed at ‘the moment of con-
‘ ""'  B 'If,, : ; ' S tact opening, are cited in the Table of
'formulaa, given below.
‘ uet us examine in more detall some |

considerations as to the calculation of a

§ el

quench circuit consisting of'resistance

Figgl, . ’ :
and capacitance (Circuit 3 in the Table).

" a) Discharge area; b) No-discharge area ‘
- : S As is known, the contact voltage in
such a circuit at any‘inatant of time after opening of the contacts is determined by

the following equation (Bibl.1):

s

! | ’u,==U +U°—M[<"F—' 1)&..»@%(-0'“ ! ;R )sinwt]

- n=,="—_f§-,£~; 0=;/¢-'E—-n9

If it is assumed that re R ‘E%T »’nz, and- that the oscillatorv process of .

hmngé in voltage is weakly damped (e"nt ] 1) then the equat*on for the maximum

Acontact voltage will have the form
. . ‘ . mf' R V' o ‘
where o | - c _r ’
: : ’ w=.VC;Z--
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Quench Circuits

Table of Forﬁulas for Computing of

' Limits of Appluabnmy
Clrcuidt ‘ ; Form'mlas of the Formulas '

uly | 1<y
1< u<Uy

h<u<lls

Fovany evrcuit

u
‘< Iou"—Uo

r<-g~!R"

UU,
|U<UR> R0 —T)

. ilU‘,
Up LU LU1andR > 707 =)

U,<Uj<U,andR>m

U
U< UpandR > -

u . )
U<U1"_IT<R<_I_, or

U]<:L]<:L“‘&ﬂd
Ui
T —uly <R<T,

K=0+3

Ke=0+3

S U
U<U.AhdR>——

- Uy Ug-—Ul
U< \I——m‘ <=

v ..U
7T<K47; or

' Uy—eUy
Uy U<U,;l;q>—?urlaﬁ

v’n/~U RR(I 'q)R.

U
%<R<T; or
T ' Uy ~ Ui
5 <U<LUi 1< gp

U .
I, _1|)<R<'7:— _:

STAT
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N ‘ <. Limifs of Applicability
B Cireutt Tormulas "ol e Fovmuias

ﬂ{_{ il e .. I

. U
U < UgandR > T

U < U, and

Fixed Data

For silvered contact pairs:

Ug =12 vy Uy = 17.5 v; Up = 300 v; Io = 0.25 amp; I = 0.8 amp; Ip = 0.26 amp

For double silvered contacts:

Ug = 12 vy Uy = 17.5 v Un 300 vy 15 = 0,5 amp; Iy = 1.6 amp; Ip = 0.52 amp

Considering that no air gap can be spanned by a voltage smaller than 300 v, the
electrical strength of the gap in separated contacts can be represented by tﬁe fol-

lowing formula:

= (1K) 300, )

where K = O -31s a cnefflcient dependlng on the speed of contact separation,
The condltlon of the absence of dlscharges at separated contacts is expressed

in accordance w1Lh eqs. (6) and (7) in_the form of Lhe 1nsqua11ty U < UD, whence

. LUt o
c>- ROFRa0—oF - (8)

As 1ndlcaued by experlsdce, the ﬁlnlsum capacitance of the capacitor dspends
only'to a‘Very small extent on the value of resis@ancévin the quench circuit. There-
fore, eq.(8) can be used not only at r.ﬂ‘R but also at‘aﬁy.oﬁhsr salue of the re-
sistance of fhe quench circuit.

When a quench circult is computed accoralng to Clrcult h in the lable, the
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slowly alapeing diccharge ‘of the capacitor at the closing of the contacts should be "

taken into account. If, during the time of open state of the contacta, the capaci— ' L

.tor is charged to a voltage U of the current source, and during the time of the

closed etate is discharged to a_.value of AU ‘then the residual voltage in the capaci~ ..

ftor at the moment of contact opening will equal U - AU

"In this case, the voltage on the contacts at the moment of their opening can be .

repreeented in the form
=" r AU =),
where:‘n f _%Ea is the utilizction factor of the capacitor of the'quench circuit;
‘rg ig the total reeietance‘of’the quench circuit in the direction of 2
iconductance at a current ¢fl-%., the valve-element resistance which
is pert of this totcl resistance is determined according to the
voli-ampere characteristic at the same current.
Subsequently, the procedure for the solution of problems pertaining to c1rcuits
iwith valve elements is analogous to the procedure used for circuits with ordinary
. epark—quenches.
Here it is necessary to congider, whenever required (when determining the lim-

its of applicability of the obtained formulas) that the value of resistance Tn

cannot be negative.

The advantages or shcrtcomings of a givcn quenct: circuit can be appraised only B

during the eolution of specific pﬁcblemsa The principal factors in the selection of

Sa quench circuit .are: the vcltage of the circuit'e power eupply source, the cur-' |

rent 1 flowing in the w1nding of the relay (eiectromdgiuc , and the value of the re— "'

»sietance r(ry) of the quench circuit to the extent ‘to which it affecte the rapidity
of operation of the relay (electromagnet)
Moreover, in compering and selecting quench circuits, it 1s necessary to con-
sider their economic current consumption, simplicity of design, operati al deperdaé:

bility of circuit elements, cost, and also simplicity of the circuit wiring and the

”
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pment if these dimensions

' influence of theae circuita on ths'¢1mansions of the equi

o are important to a'givqn design.
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AN ELECTRONIC TELEGRAPH APPARATUS
by

.- | a B,P.Terent'yevr

 The article describes an electronic‘printing telegraph
in which all the basic operations (formation of code sendings
at transm1351on, synchronization, decoding of sendings upon ‘
reception. etc,) are realized by means of electron. tubes.
The diagram of the electronic part of the apparatue is depicted
and a brief description of the mechanice\l part of the mockup

of the equipment 1s furniehede

Introduction

Modern mechanical telegraph equipment is very complicated and requireevconstant“

daily attendance and adjustment and cannot operate at high speeds.

The achievements of pulse engineering in the last few years and, in particular,
the newly developed pulse telephony systems open wide perspectives for their applica-
tion in telegraphy. n fact, a study of pulse telephony gystems readily shows that -
they consist in transm1531on of teiephore conversation by telegraph signals. How-
ever, the signals of any pulse telephony system differ substantially from telegraphr_

ic signals While the. transmission of telegraphic signals occurs at a speed of

150 - 300 signs per minute, the transmission of PM (pulse modulation) signals in BRC

telephony occurs at a speed of 8000 - 10,000 signs per second 1. e. .y the epeed of
PM transmission is approximately 2000 times higher.

o It is obvious that obtaining signals of such a high frequency by means.of me- -

pulse signals and to decode them on the receiving end are handled by electronic de-

Th
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’chanical devices is‘totally impossible. Therefore, all operations serving to create o

vices. The handling of telegraph messages by electronic circuits involves no diffi— @




culties, since hev can produce - complex 31pnwl at, hlph speedd.

By now, electronics is applled in telegraph equ)pment 4lthough mostly in
frequeney d ,;_ division mu]tlplex devices (Bibl. 1) and in retréhsmithingecir,
>cuits hibl.?). |

Wheh designing e'telegraph circuit, all'operations of coding, deeeding, syn-
"chrenizatieh, distribution, etc, can be ad: pted to electronlc circuitry. The me-

chanical part of the equipment is left only with the task ofrprintlng marks on paper

- and moving the paper.

At present, the following three methods are chiefly used for sign printing:

Lype wheel, type lever and the coordlqate method.

* The. two latter methods may have’ thelr advantagea w1th respect'to qhelity of
printing etc., btt ‘they require relatlvely more power, because they involve a Te~-.
ciprocal motion of comparatively large masses.s Moreover, telegraph equipment oper-
ating on these two methods inclpdes relatively complex mechanical devices., |

Tn a telegraph apparatus with a continuously rotating type wheel, the motor
horsepower can be Very low and, if an asynchronoﬁs notor and good'ball bearinge are
used, such aniapparatms will require practically no attendance. \

To facilitate the telegraph operator!'s work we have‘adopted the start-stop

pr1n01ple of transm1351on. At a speed of 382 signs per minute thie apparatus can

h operdte in conJunvtlon with the wmdely employed CcT-35 apparatus.

Block Diagram-of'ah Flectronic Telegraph Apparatue '

Flgure 1 deplcts the block diagram of an electronlc telegraph apparatus during
transm1551on.v The formatlon of coded pulses at transm1551on is’ performed exclusive—
bjly by the electronlc par* of the circuit;"lf tape centrol 1s‘not requlved the
mot.or of the apparatus can be shut off | o

| mhe tapping of a key results in: cl031ng of the worklng contacts (1) ( ), (3)

(L),:(5)'(Figwl)’porrespondlng to the sendings of a glven SLgn, When the key ceases

] Dcssfiedin
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to be tapped it causes closing of the contact Kj which connecps the startfatop

device,

B . The start-stop device produces brief pulses spaced 22,5 msec apart (at an op~

erating speed of 382 rpm) (Fig.2). The pulses trigger the stages of the time commu-.

o

, » ' oL
a) : L - e) M J—'
v | | b)ké lo

- L
f. 7T AR
- Ky d) — 1
* by 1 2 3 4 5 €)
4
B} 7 9

Fig.1
- a) Start-stop device; b) Start; c) Stop; d) Time commutator; e) Relay control cir-

v cuity f) Transmission relay; g) Delay circuit; h) Control device; i) Electromagnet

for blocking of keyboard

tator, so that a single pulse is obtained at each output of the commutator (start 1,

5 ... stop, Fig.2), where also these pulses are spaced 22.5 msec apart. In accord—

T : ance with the position of the contacts (1),

,Q!:{" . I I I ‘n I I I .V ! (2), +.., the pulses are cdnﬁeyed to the

=] a} . rf—};—i T o 44-’v transmigsicn relay contfol,girQUit; -Aévah
ui " r_‘}f_j',': '_ ‘v' l¢s result, séndings corresponding to ﬁﬁgv
i - lm_lr::.1 : ‘::i  given sigq are obtained at the egtput of :
- — | : the pulse shaper. These sendings. are

b= T2 T4 s[B |
. either directed toward a line or act on.

Fig.2 | '
the transmission relay.

Start; b) Sto ‘ |
a) ’ ) P The last stage of the time commutator A

emits not only a pulse going into fhe wire b but also another pulse going into, the

o - start-stop device (wire d, Fig.1) and blocks it (places it on "stop"). The duration | g




.motor, in an electronic telegraph apparatus is
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' . . arki apparat « determined by rpm of the ) . .;:
£ the pulsea which, in ordinary telegraph apparatug is dete a5 ° S
o determined by the;period,of oscilla~
ted b another .
ions of the el ectron-tube oscillator by LC, whoae circuit is shun y
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=) Decoder-control c1rcu1t, )'Prlnt,electromagnet
tion of service comblnanloua, m) Decod

great that the oscillator is 1nact1vated A start smgnal o -

o

ghunting ction is so

£ s out of -
th huntlng tube and the subsequent tube then produces brle puLse
closes the 8

tiationvv
the recelved osclllatlons by means of limltation and differen
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- sign, and thus to avert a distortion of the aignal, a keyboand;blocking‘QiectromagnetW
is provided which is connected by the start pulse (wire e) through the control de-
vice. This mngnet is disconnected by the "stop" sending through the delay dev1ce
which determlnes the minimum length of the "stop" sanding.

| On receiv1ng, the start 31gnal arriving from the line (Fig 3) connecté the
start-stop device which switches the tlme commutafor, just as in the transmitiing
: operation. But unlike in transmnssmon, the pulses used in reception are  brief and
are obtained by dlfferenniatlon of the leading edges of the pulses leaving the com= .
mutator,.‘These pulses are conveyed to a "selector" to whlch ‘also the signals com= -

ing from the line'are fed.

The selector con31sts of five DGTs diodes s, closed by some bias voltage. The

~ signals incoming from the 11ne are simultaneously fed to all these diodes. The work-
ing pulees from each commutator ﬂLccessively strike each dlode of the selector. The
closing voltage of the diodes of the selector is higher than the signal and pulse
voltages from the commutator, taken separately, but is lower than the total voltage
of the latter.v If a sending arrlves at the instant of appearance of a pulse on

stage of the commutatcr, the voltages of the sending and the pulse will ccmbine and

a current pulse will pass through a given gelector diode and arrive at the firsc
»tank The appearance of only one‘pulse from the commutator or the line does not
| - cause the seleﬂtor to operate. Bhe tank consiste ef five unre1atad triggers with
two stable equillbrlum positlons each ‘At the 1n1t1al moment , they are all in the
1n1t1a1 positlon (left—hand triode- closed) ‘ The pulses passed by the selector dlS- ;
place the correspondlng ges the tank to their other stab1e poaition. Thus, :
the recelved combination 13, as it were, ”recordedﬁ or "remembered" on- uh_ irst
:tank. In order to select the optimum "phase" of pnlsés coming from the commutator, -
‘a delayed mult1v1brator 18 introduced between the snart—stnp device and the commut@—
tor, in receiving opewa+ion, for the purpo hixtina th°v pulses Qith*n"the iim-.n

its of an entire sending. “The poasibility of auch shifting and also the shortness

eclassified in Part - Sanitized Copy Approved for Release 50-Yr 2013/08/16 : DP1-01043R002015001 u
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of the soundlzg pulqe, which is of the order of 10 sec, as well as the high stabili-

Ly of Lhe oscillator frequency of Lhe start-stop device, impart Lo this apparatus a

' hlghlv satisfactory correcting ability.
The fifth working pulse of the commutator neb only deLPrmlnea the quality of

‘the gsending bul also places all stages of the first tanlk in their ”initlal,pOS}Llon”.
llere, the stages of the %irst tank, displaced by the pre?iously received sendings

EJnto their other stable pOSLLlOﬂ, will emit from Lhelr outputs vo]Lage pulses which\'
w131 ”displace” the corresponding stages of the second Ldnk Thps; after the fifth

‘working sending, the accepled combination will already be recorded on the second

B

e NN I O R L
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) L A
3 I H | I
| n
: S

tank, while the first tank is by then‘ready to receive new signals. ‘Hence it 1is
obvious that the electrdnic telegraph poses no requirements’as to the length of the

"gtop" sending.

The second tank serves to prevent any relationship;between the rpm of the type

-01043R002400150001-4 |
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‘This is achieved in the following manner:

wheel and the speed of transmissiong

A toothed stesl wheel 1s mounted to the shaft fotating the type wheei. “The
'_number and distribution of the testh corraspond to the’ distribution of type faces on.
the type wheel, When the teeth pass in front of the electromagnet a variable enf,
arises iﬁ the winding of the electromagnet. The_pulse»shaper uses this emf to pro-

duce (“counting"jnpulﬁes. rThe phase of the ppisearis‘selected.by 80 displacing thel
elec‘tromagnet that the appeai'ance oi‘ the pulses would cof‘re‘qund to the instant of
| | N . ‘pasaage of the type faces in front of the
- printing dev1ce. . |
In addition, the emf of the pickup’ i
; serves to puoduce another pulae This .
pulse_("initial" NI in Fig.4) continuea
until the appearance of the counting |
pulses (SI in Fig.4). The pulse shaper
géneratas the ihitial pulse and directs it

to the second tank. vThen, information

from the second tank is fed to the de- '

coder (II 1 to II 5 in Fig.h).

Figos ) . -

: The decoder represents a fiﬁe-stage
binary translating. circuit i, e., five tiigger stages with two stable equilibrium
pOSitions, If it is. conditionally assumed Lhat the first equilibrium position, for ,‘
'example, with the leftAhand tube open ‘and the right-hand tube closed, corresponda

to zero, and the second equilibrium pqsition corresponds to unity, any numbér can/ e

be "recﬁrded" oﬁ these stéues accofding to théibinary"systeﬁ.“

. Here the first stage will designate the number of ones in uhe 1umber, uhe

second will designate the number of twos, the third - uﬁe number of fours, the i'
,seqond —~the number of eights, and so forth, In. th way, a aign corresponding to ah;i

combination of sendings equal'tb 10101, where the current sending is nominally de-
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‘noted by unity and the

_ pulees) arrive at the input of the decoder. Whe

bwill record 00000. Then a pulse arises a

'tc

\-aigns, since only one sign can be printed- durln

 of register,
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no-current gending by zero, will correspond to the number of
Yhor16=2

The oambination “recorded"'in the second tank is conveyed to the decoder in

stages, i,8,, the decoder, as it were, nremenbers! the number‘denoting the ordinal

nmmber of "the algn (dl - dg, Fig. L), After recor

tha decodor, pulses formed from the emf of the electromagnetic pickup (counting

n the sum total of the number con-

veyed from the tank and of the pulsea erriving from the. electromagnetic pickup

reaches 32, the deeuder assumes 'itg initial position, i.e., the position in which it

t the output of the decoder and prcCeeds

the decoder control circuit The control circuit tra

key circult and blocks it thus the decoder ia inactive until the arrival of a new

code eomhinationL Furthermore; the decoder control circuit transmits the output

-

pulse (VI in Fig. L) to the print electromagnet. The electromagnet presse

es a paper

r

tape against the type wheel and prints the sign.

As can be geen from these explanations, normal reception and decoding of sig-

nals will be &l ffected when the frequencies of the osc;llators of the start-stop de-

vices at the. transmitting and receiving ends are mutually matched, totally independ-

ent of the rpm of the type wheel. The latter determines merely the gpeed of

ncounting” the.signals from the decoder. The gole requirement made on the rpm of

the type wheel 1is that it should, be higher than the speed of transm1351on of the

meane._
_ Aa
coder tp the circuit for 1dent1flcation of serv1ce rombinatlons, Whlch con31sts of

geveral circuits of five lock-ons. On recept;o

814' Co ;. o ©o. . STAT
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ding of the accepted conbination in

nsmits ‘that pulse to thevl“

g any single revo;ution of the wheel L

The switching of registere in the appara tus is also effected by purely electronic - -

can be .seen from the block diagram,. the code combinatlon is fed from the de—f

n-of a ser v1ce comblnation (switchlng;‘

.bell, and others) the approprlate lock-on 01rcuit emlts a pulee at the -
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output, »

In'particular,‘on receiving a registeréswitching signal,‘the pulse'emitted at
the output of the circuit travels toward the register—sWitching'cirouit.‘.As noted
‘before, the electromagnetic pickub prodnces a numbe:s of pulses equal to the number
of type faces on;the type wheel, with the even pulses COrresponding to the signs of N
the alphabet register and the odd pulses corresnondlng to the signs of the numeral

“register, Depending on:the received combination, the ‘circuit for identification of

. | service combinations,connects the registéry
switching cironitrin such a way that the
pnlse-shaping device would feed eithef odd
or even‘pulses to the key‘oircui£ from the 
pickup,.depending on whether the alphabet-
“or the numefal-register signs are to be

" printed.

At the same time, the circuit for
identification of service combinations
Fig.6 \
blocks the stage of the decoder control

circuit controlling the print electromagnet, so that there is no printing of the
sign, : oo
The first version of this electronic telegraph was aséembled for checking the :
correctness of operation of the electron—tube clrcuit ‘the test model contained |
»37 dual triodes and one low-power thyratron for controlling the prlnt elec*romagnet*
(Fig.5) | | | |
Figure 6 gives a front view of the mechan*ca1 part cf the moc&up. Individual R

units of various telegraph apparatuses_werevused here. In particuldr, a type wheelr

from a Baudot’telegrephbwas used in the peceiving part. The print magnet is located:f

#A valuable contribution to the‘developmont'and perfecting of the electronic tele-

_ graph has been made by E,D,Demin,
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'OBTAINING HIGH HARMONIC NUMBERS BY MEANS OF A MAGNETIC

HARMONIC OSCILLATOR
by
L.T.Kim

. The article describes several circuits for achisving high
harmonlc nunbers by means of a. ccmpleXrloaded magnetic oscillahor. L

With these,circuits it is fairly easy ‘to obtain one or two

fundamentalnfrequency harmonics and to greatly suppre ss the

oLher harmonlca.

Magnstic harmonic oscillaters are widely used in telecommunication engineering
as carrier-frequency sources for multiplex traffic systems, The principal wiring
diagram of the harmonic oscillator is depicted in Fig,l; its operation has occasion-

ally been described in the literature [for example,

l. - L&iﬂwt ﬂc
| A T 1 (Rib1,1,2)]. ey
;NC R Uoul' . . '
l Depending on the mutual ratio of the parame-
‘ters Lg, R, and C of the discharge circuit (Lg de-
Fig.l - ‘ ] ‘

notes the inductance of the nonlineaf coil NC in the
saturated staﬁé),;itiis.pﬁssiblé to obtain,several‘bésic‘versions of’the spécﬁrum '

| distribution for the hérmdnids Qf the oscillator éutpﬁt vdltage;‘deﬁicpedlin Fig;Z,

_ AS'indiratéd in Fig~2, é-harmonic oscillat&r designed acbording'to,the.ciréuit'iﬁ‘
Flg 1 can yleld a fairly unlform spectrum distribution of harmonlcs. o ‘~l, L

Sometimes it is necessary to obtain one or two fundamental frequency harﬁoni»s.

‘In’this case, several frequancy—multiplying stages are usually employed .use of a

' harmonlc osc1llator, deslgned on the basis of the CerULt in Fig.l, would be inef-

* fectd ive here since only a small part of the expended power is converted into useful

power; furthermore, filtering of the required harmonic ;s hampered here. However,

8L
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stage multiplication cannot be applied if the number of the harmonic is a prime num-

_ ber; in this case direct use of the fundamental_frequency harmonic is necesagry. We
hava conducted experiments to obtain high »
numbers of harmonics by means of a complex

- loaded magnetic harmonic oscillator.

Figure 5 uhnws three versions )

apeétrum characteristics of the oscillator

6utput voltagé,.all obtained at the same

fundamental—frequency input power. The

Fig.2
first -curve corresponds to the c1rcuit in

a) Amplitude of the nth harmonic; ]
Fig.l. The gecond curve was obtained on |

b) Harmonic number ; ‘ . ,
. replacing the registance R by a parallel-

connected oscillatory subcircuit tuned for the 33rd fundamental—frequency harmonic

with a quality factor of Q = 50. If the parallel—connected circuit is replaced by a -

geries—-connected one, W obtain curve 3. Thus, the replacement of the active load

l U . by a parallel—connected oscillatory circuit or
‘th S
tank permits obtaining a more than twentyfold

gain in the necessary-harmonic voltage. More-

over, while in the case of the active load, ad=

Jjacent harmonics have approx1ma*ely the same am-

plltude as the necessary harmonlc, in the case

of oscillabory_01rqu1t load these adjacent har— i;b

monits.have much 8 ller amplitudes, which facil-
itates filtering.

Fig.3 , ,

If a circuit with an even higher quality
factor ig used, the adjacent harmonics can be suppreased still more. Sometimes such

filtering suffices and the circuit voltage can be utilized directly. At. other timésj

when it is necessary to effect a higher fllterlng, more compllcated circuihs have to
. c)
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be employed. Figure ly depicts a circuit for obteining the 218t harmonic of lé-kc

. 7frequency.
Figure 5 shows a cxrcuit for obtaining two Békc frequencyvharmonios: bthe,h15t'
" and p3rd,
In these 01rcu1ts the complex loads consist of band filtere The spectrum dis—
tribution of harmonics at the iants of the filters is analogous to curve. 2 in Fig.35
- at the output of the filters, the amplitudes of ths unused narmonlcs are at least
7 nepers below the amplitudes of the'useful harmonics., The characteristlcs of the
:yeffective attenuation of the filters PF-328, 336 and 3&& ke are given in Fig.k.
| On a 2—ohm load a useiul—harmonlc voltage of no less than 2 v is obtained. blfn
it is possible to operate on a high-ohmic load (amplifier, oscillograph), then the
output voltage can be increased to 2.8 = 3 v by eliminating a 2-ohm load resistance
‘from the circuit. At lower load-resistances, the voltage decreases and the filter—i
ing deteriorates.
The circuit in Fig.5 differs from that in Fig.k by the fact that the
fundamental-frequency amplifier “fas a balanc
also balanced.
nS can be seen from Figs.h and 5, the harmonic filters have Pi-type endings;
_tne frequency characteristics of their input reSistance are analogous to. the frequen—
: ey characteristics of h—type filters (Blbl 3) S— . R R
| The input impedance of a given fllter has a reactive.character when opersting:_-f»
: ondthe mean frequency of “the passband of an adjacent - Iiltsp and, in terms:ol abso—A
lute value, amounts to lO - lL% of the charaoteristic impedance. As a result the.“ V
fllters v1rtually do not affect each other.
The required 16-ke frequency power needed by the oscillator for obtaining the‘
218ty harmonic (Fig.4) amounts to 130 mw. The 0501llator in Fig 5 rsquiros 150 mw.‘d
The nonlinear coils of the hdrmonic oscillators are built up from ferrite rings‘

with a rectangular hysteresis loop, if thin toroidal plates of 78% molybdenum—

86
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a) 8-kc amplifier; b) Generator of the 4180 and l§3f‘d harmonics

Tt.1is known that even harmonics are obtained from the magnetic oscillator by

" using full-wave rectification of the oscillator ollltput. vollage. When the even and
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odd harmonic outputs are loaded with resistances, the spectrum characteristics of

both output volbéges will have a uniform character, If the active loads are re-

’-; placad by complex loads it is impossible to achieve a deflnite predominénce of some

over others, 1ich is possible in circult (?) in F]g 3 Therefpra, it is'
nnre convenient to obtain frequenoles corresponding to even harmonics as the odd har-
| moni.cs of some obher frequency.r For example, in Fig.h, the 336~kc fraquency which
is. the 42"d harmonic of theAkac,fréquency ig generated-as thé'215t'hafmqnic of tne 
vlé—Ké frequenéy. Thevlatter_ffequency is easily obtained from tne‘fofmer‘by means . |
of full-wave rectif‘iclation.,v | |

The above-reviewsd circuits‘fbr obtaining hign harmonic numbefa by means nf-,

magnetic oscillators can be designed for various powers and frequenéies, have small

dimensions, and are very stable in performance.
BIBLIOGRAPHY

1. Peterson,C., Manley,dJ M., and Wrathall,l.R, - Méﬁggyic Generation of a Group of
Harmonice. Bell Syst. Techn, J., Vol.XVI, No.k (1937)
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* CHANNEL LOADIDURING ON-DUTY TAIK BY THE TELEPHONE OPERATOR :

by

V.M,Belous

The article points out the unsatisfactory technical openatlon

of _group systems with respect to prevention of overloads, It

descrlbes a method for prohectlng group channels from the high.

voltages arising durlng on-duty talk by telephone operators.

The present article is part of a larger study of group-channel load in high=

freQuency multiplex telephone systems. Unfortunately, guch loads in such'sysﬁems is
a problem that has been little explored. The available data indicate that the formu—

lation of measures for a more ratlonal groupachannel load is one.of the major ways

. of increasing the lengths of repeater sections and, consequently, of reducing the

construction and operating costs of long-distance intertoll trunks.

In connection with the above, the problem of "hannel loads due to on-duty talk.

by telephone operafors acquires great lmportance.

As ev1denced by the data taken, on-duty talk by Le]ephone operators inv

can be dangerous from the v1ewpolnt of p0351blekoverloadlng B

eonslderable power which

| ‘of a system.

Observatlons establlshed tﬁat the -power developed during onmduty talk by tele-

. phone. operators using 1dentlcal *alklng sets depends on many factors.

. The pr1n01pal such factors are: the manner and conduct of Lalk characterlsnjc

of a glven operator; matchlng with ‘the Lelephone operator of the otwer station; num—‘

“ber of channels serv1ced bj the operahor, duration of connlnuous on—theespot duby. -
The firsﬁ factor, whlch'affeets the magnitude of the power developed, is self-

evident and requires no explanation.

‘The three other factors require an explanation,

g9
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If the work of a telepﬁone operator‘in one station is matched with the work of
a telephone operator in another station, the on-duty talk is conducted without in-
creasing the tone, At urmatched work of operators, vhe normal tone is viﬁlated dur-
ing on-duty talk and there even occur isolated nghrieks", The less channels are ser-
viced by an operator the calmer will be the tone of her speech, At the beginning of
her daily shift, the operator talks with a raised voice for some time before achiev- -
ing a rhythm in her work. When the end of the shift approaches the operators be-
come fatigued,vand most of them also become somewhat irritable, which affects the

volume of speech,

‘A1l the above=described peculiarities of the work of telephone operators haﬁe

Lo be taken into account when investigating the channel load during on_duty‘talk.

For the purpose of determining the probable values of the voltages arising dur-
ing on-duty talks by a telephone operator, the curves of the voltages arising during
the work bfvfive operators were photographed,

The voltage curves on the photographs differ by a small value (0.2 - 0.1 neper),

which justifiés citing only a few characteristic curves.

.The photographing of the voltage curves was cohductéd at poirnits with évleéel of
measurement equal to.-1.3 neper¥, The comparison of the curves was effeéted.by. ‘
juxtaposing-them to the scale’curve shown in Fig.l (voltage with a frequencj of

8 cycles and a level of 1.6 neper).

P

#dhich corresponds>to the locus of connection of the limiter.

G0
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Figures 2 and 3 depicl photographs of the curves ol Lhe vollages arising al
by several different Lele-

measuring-level points of 1.3 neper’ during. on-duty Lalks

phoné operatiors on a single'staLion. The peakbvalue of the voltage levels for the

curves in Figs.2 and 3 equals approximatelyA~O.05 neper. ‘ o L.

a voltapge with a level of -~ = {‘j;T

Obviously, during guch on-duby talk by an operator,
. ' {1
-0.25 neper will arrive at the input of an 1nd1v1du¢1 converter in the F-Rh and V=25 = H“

svstems, A voltage with such a: level on. the input of an 1nd1VLdual converter'is

rloadlng the system and. incre

!
1
_ dangefous from the viewpoint. of ove aoing the‘nonlihear \

distortions.
Tn the K24 and V-12 syshems,‘the‘amplitude ]imiter should ideally be repre-
asurements, this is a poor l

sented by an individual converter; as indicated by past me

amplitude limiter. C v ‘ ,

Figure 4 shows the amplitude characteristic of an indiv ridual V 12 converter. ;

The -curve is appr011matelv lJnear up to a level of —0.3 -0 nepef‘at the inpui of
: hhe’gonvertef, which does not suffice for limiting the ampl:tudes of»ﬁhe voltages

arfiving at the input of the group channel
At present, the Soviet: Industry for channel—separating equipment-is manufactur-

ing amplitude limiters of»atquality sufficient for total protection of groub chénu’/“
nels from overload. | - |
The dmplitude‘limitef is installed in the circuit at phe‘poihtg with a measur-
ing 1evel of -1,3 neper. | | o | | |
The on-duty talk of the operator in the other'stétibn (Fig;B)-Qas tape~récordédA
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‘and was then fed from the tapevrecordér, at a‘levél of -0,05 neper, to the amplitude

limiter, The curve of the voltage arising at the output of the amplitude limiter 18

depicted in Fig.5.
mplitude 1imitar

The peak value of the voltage curve at the output of the am

equals approximAtely -1. 25 neper.

Photographlng the curves of the voltages aris-

d that thu

: level at the points with a relative Zero level var<.:

" ies approximately from -l.l to -2.5 neperit, Conse~

quently, the maximum value of the level at the in-

put of the limiter will be approximately_—2}h neper.

Therefore, the voltages arising during transmission

‘Fig.h : ,
of subscriber talk are not limited and the limiter

does not, introduce nonlinear distortions..

Tn view of the existing standard for the number of channels to be serviced by

s

one telephone operator, simultaneous on~duty talk by three operators can be expected
p 10 Xpe

for a twelve—channel system,. simu]taneous on-duty talk by six operators can be ex- ‘
pected for a twenty-four channel system, etc.
Accordlng to statlstlcal data, the number of conversations. passed by a singlél

channel at peak load is 31x, and the standard for the duratlon of -on-duty talk by v

the opera*or is nine seconds.

;_______._—--———-—-

#The voltages were photographed durlng tran9m1531on of speech by ten different sub—

séribers,
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Thus, when a telephone operator services four channels, the duration of on-duty

. talk by the operator will be:
9 x 6 x L, 2216 sec = 3.6 min

=t

1 ARy whatmiizae

n =ervicing 12 channels, the duration of on-duty talk will be 10.8 min and on
servicing the 2A channels of the K-2i system, this duration will be 21.6 min.
As can be seen, the performance of a telephone systém worsens during a cpnside;e
able interval of time. | ’
‘The amplitude limiter may serve as an effective protection of group systems .
from overload during on-duty talk, However, insufflclent attention has been paid to
v.the‘protection of group systems from overload,
At the present, no amplituce limiters are used in toll telephohe offices, with
a considerable number of group systems and wifh a total number of channels amounting
to 300 and more. This indicates that the struggle against noise and crosstalk in
group systems is not waged efficiently, and that the technical operation of tele-

phone sygtems is not satisfactory.

When there is no amplitude limiter, it is expedient to connect an attenuator to

the opsrator's talking set.
Observatlons conducted by the author indicate that' on connection of a 0,5-neper v
attenuator to the talking set of the telephone hperator the latter voxced no com-

-pla nt bout any deterloration in the quaTity of audlblllty

Artiéle received by the Editor-ZS Sepiember'l956.
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; lNTERNATIONAL TELEPHONE AND TELEGRAPH CONSULTATIV.E COMMITTEE (CCITT)

P.A.Frolov

The. artlcle describes uhe structure of the unified CCITT and
the princlpal resolutions on questlone of telephony and telegraphy , o E
adopted by the 18th Plenary Assembly of the CCIF and the Bth Plenary ‘

Assembly of the CCIT.

~ In December of 1956 in Geneva (Switzerland), tneiléth Plenary-Aseenoly of the

International Telephone Consultative Commlttee (CCIF) and the Bth Plenary Assembly-

of the International Telegraph Consultative Committee‘(CCIT) were held, These were . E_j

the last to be convened separately by both organizations gince, in accordance with a |

resolution of the International Telecommunications Union (ITU), they merged into a i

single International Telephone and Telegraph Gonsultative Committee (CCITT). The !

merger was decided after unanimous epprovdl by the partiesmconcerned - the members

of the International Telecommunications Union. This unification of the CCIF and ?',
o the CCIT into a single CCITT will no doubt facilltate furthe" progress in wire com- |

Amunlcations engineerlng The development of an internatlonal network of voicen', |

’f equency telegraphv, eubscriber telegraphy (Telex service)z and hototelegraphy

necessltates a masximum correlatlon of the technlcal cts ef'telephone,and tele- ;ll
graph channels, espec1ally w1th respect to standardizatlon of equipment.. Enperlenee
shows that lately much of the work of the 1nvestigating comm1331ons of the CCIF was
dupllcated by the 1nvest1gating commisslone of the CLIT, and vice versa.

During he period from 15 to 20 December 1956 the First Plenary Aseembly of the‘
new CCITT convened in Geneva where it elected a new director, adopted the new }
statutes of the CCITT, elected chalrmen and vice chaivmen of 1nvestigating commis-

gions, examined and approved the questione to be 1nvestigated in the next few years,

o
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mapped oul a study program for the investigating commissions, and reviewed Lhe ques-

tion of‘providtng technical assistance Lo countries with underdeveloped communica=-- .

« tions, .
The newly elecped director of the CCLTT was ‘M,Rouvier (France),'uirectbr
‘General of the French PTT.

Considerable dlscu551on was evoked by the guestion of the structure of the new

CCITT: after examination of several proposals, the structure depicted schematically

- in Fig.l was finally adopted.
This flow sheei indicates that the CCITT will consist of only 12 inveshigating

COmmissions (the structure of the CGIF ‘and the r‘ClT contained 22 suchvcomniissionsjJ

one commission for the development of an lnternatlonal telegraph network, and one

telephone laboratory.

~The flow sheet also shows that the commissions are preferably set up in a

mmixed" form, i.e., they will investigate problems pertaining to both telephone and

telegraph engineering.

The most important among Lhe anestlgatlng commissions are: Commission No.l,

concerned with general problems of transmission (telephone, telegraph radio broad-

casting and televxslon); Commlsslon No.2, concerned with the general problems of

operatlon and rabe~schedullng of w1re communlcatiens, Comm1531on No.3, ccnce”nod

**** ct¢15 raﬂln—relav 11nes to wire 11nes, Comm.sqlon No. A,

~ . concerned w1th the problems of the technlcal operation of wire communlcatlon zac111— :'

" ties; Commission No. 8 concerned w1th the problems of telegraph equipment and of

" facsimile ahd phototelegraphy; and Comm1351on No,11l, concerned w1th the problems ef(

4 telephone commutatlon.

The new structure of the CCITT requires a more careful and'coordineted prepara- -

. tion of data by the Soviet sciehtific-research organizations,'but on the other hand

it will accelerate the solving of the problems posed for study.
The following Sov1et delegates are among the governlng members of the investi-

.8
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gating commissions .of the CCITT:

S,V.Borodich, senior researcher at the Seientific~Research Institute of the

Ministry of Communications, Vice-Chairman of Investigating Commission No.3, concerned

'Fig.l - Structure of the CCITT

a) Telephbnc'commiasioﬁs; b) Mixed
commissions; ¢) Telegraph
‘ commissions;

" 1, General problems.of transmis-
gion (1/1 - Specifications of
long-distance lines; 1/2 - U1ili--
gation of lines for. telephony;
1/3 - Utilization of lines for
telegraphy; 1/L = Utilization of
lines for broadcasting and tele-
vision); 2. Operation and rate-
scheduling (2/1 - Telegraph ‘
' ‘ operation and rate~scheduling;
2/2 - Telephone operation and rate-scheduling; 2/3 - Net costs of communication
gervices; 2/h4 - Semiautomation and automation, operation); 3, Radio-relay communicas
tions; L. Technical operaticn of electrocommnications services; 5. Noise and inter-
ference prevention (5/1 - Review of directives); 6. Corrosion prevention (6/1 - Re-
view of recommendations); 7, Terminclogys symbols; 8. 'Telegraph equipment, facsimile,
phototelegraphy; MP - Radiophototelegraphy; 9, Quality of telegraph transmission,
channel operation; 10, Telegraph commutation and telex; 11. Telephone commutation
and signaling; 12. Quality of tgkephone transmission; #* laboratory; 3% Plan for the
' development of international network '

with the problems of connecting radio-relay lines to wire lines.

M.I;Mikhaylov, Professér, Chief(of the Laboratory‘of the All-Union Scientific :
Reéeéich Iﬁstitute for Qomm@nicétibns,in.ihe Miﬁistry of Communications, Vice- ’
Chai‘x'_rmm'of‘4Ilnve‘stiga;r,ing'Commiss*\/'m‘1\1975‘»j conﬁerned with the'probléms bfvprotecting‘
communicatioh instaiiationé freﬁ noise<and f?omrdangefous éffects‘bf"high—ﬁoltage_ :
1lines. | | | ' | |
V,NéAmafan£ov{ Chigf_Eﬁgineef of the Scieﬁtifié-Research Instiﬁute.of‘ﬂhé
Ministry of Radio-Engineering Industry, Vice-Chairman of Investigating Commission

No.8, concerned with‘the problems of terminal telegraph equipmeht and facaimile

telegraphy.

S.A.Vasiltyev, Head of the Laboratory of the Al1l-Union Scientific-ﬁesearch

STAT
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Institute for Communicatione in the Ministry of Communicetions, Vice—Chairmen of

,vicommission No.1l; concerned with the problems of telephone commutation and signaling.
. “The First Plenary Assembly of the CCITT ectively discussed the q estion of pro- -
;“éviding teohnical assistence to countries with underdeveloped communications systems.ﬂ

' iThd delegetea noted that 80 far the assistance extended to such countries proved in—b

“ tlsufficient, this requires better familiarization with the needs of these countries.

4 :;;Further, the delegates oointed out that it would be expedient to publish technical
ihformstion on verious engineering problems and practical directions on design, con—
Estruction; and operation of communications media, they noted the inadequacy of the
funds allotted for this purpose by the International Telecommunications Union (ITU)
The First Plenary Assembly of the CCITT approved a document drafted by a study

group on the principal forms of the realization of technical as51etence Further,
the Assembly acelaimed the resolution of the Plenary Assembly of the International
Radio Consultative Committee (CCIR) concerning the organization of a provisional
commission which would explore this question more thoroughly and draft concrete pro-
posals and reCommendations for submission to the Administrative Council of the ITU
atvits‘next-session.' 7 o

" The First Plenary Assembl" of the tCITT was preceded by meetings of” all investi—

gating commieslons of the CCIF and the CCIT, and also by the 11 ary

of the CCLF and the CCIT which examined and approved the reports of the 1nvest1gat—

ing‘comm1351ons end of the budgetary sections.

The delegates of the final plenary assemblies of the CCIF and the‘CCIT commenmo- ‘
rated by a solemn ceremony the long, active, and useful labors of their directors,
Meesieurs Valenci and Townsend who retired because of age.

| In all, the. gessions of the 22 investigating commissione 01 ‘the COIF and the i
CCIT took care of about 300 queotions on the»agenda; however, no’ conclu51ve reports

were prepared on nost of these questions and they were deferred for further study.

The purpoee of the activ1t1es of the CCITT ooneiste in drefting standards and |
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recommendations for communication systems so that these systems, developed and con-
gtructed in various countries, could be easily and without obstructions connected to -

! nal telephone and telegraph network., In addition, the CCITT is

a.gener&l internatio
concerned with developing standard rules for general and technical operation of var-

1ous communication systems.

any question which has been fully studied ghould be decided upon-

in a resolution speclfying concrete -

Accordingly,

unan,ans1v by the delegates of all countries,

cation channels and equipment or technical direc~

electrical standards for communi

ives and recommendations.

The 300 questions examined during the sessions of the investigating commissions.

hould be classified into groups pertaining, respectively,

of the CCIF and the CCIT 8

to general and technical operation of telephone and telegraph communications, rates
and net costs of communication services, qualitative indexes of all forms of com-

munication and radio brosdcasting, methods of protecting communication 1nstallations

iization of new communication systems,

from various sources of interference, standardi

of telephone, telegraph, phototelegraph, radio,
kY

definition of the characteristics
and television channels, organization of & Pan-Furopean network of semiautomatic

disllng, and also of a dlrect—llnk telegraph network
A brlef description of certain questions which are most 1mportant from our

.\

,vieWp01nt and'cf the adopted recommendations 12

New Coaxial System with a Frequency Band to 12 Me

The frequency spectrum standardized by the CCIF for the 960-channel gystem

(with an upper frequency of 4,028 kc) will not be- altnred and the channels for fur— :

ther multiplex;ng will be located in the bands above 4,028 ke.
the basic group will be represented by a tertiary group of

requency band from 812 to 2044 kc and consists

In the new system,
T 300 nhannels each, which occuples a f

of h, 5, 6 7, ‘and 8 secondary groups.
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Altogether, it is ihtended Lo -apply gix Leftiary groups 5paeed at 88ekc intér‘if‘
vals in the freeuency band above 4048 kc;
' The frequency ihtervai eebween‘the léhh secondary end the 15U tertiary groups
is to be SOA ke, ALl cerriee frequencies ef the Lertiary groups are L40-ke multiples.
The new system should provide fer'the possibility of simultaneaus‘trensmission of -

television programs and telephone conversations.

x 3

The‘frequency allotment for this new system, as recommended by»the CCIF, differs.
from the frequency allotment adopted in the Soviet Union for the. 8‘54mC coaxial Sys- -

tem, However, joint operatlon of L]ese svstems 1%.feasnble at tertxary groups, bv ' I

transfer to the 812 = 20L4 ke tertiary group.

During the examination of Lhis-system there arose the question of the‘pertie
ﬁency of altering the equipment types of radio—relay lines and, in particular, of ~
altering their capacity from 240 to 300 (and multiple 300) channels so as to-cause
them to correspond to the basic tertiary group of the coaxial system,

The other questions to come under study were calculation of wideband systems on
_“the basis of nominal standard circuits.and a more precise postulation of these nomi=-

nal standard circuits. It was resolved to aesume»that the primary or secondary
channel groups connect with each other on the ends of a xomoseneo . segment accord-
1ng to the random—fllght law. o ,.‘ _ R
W1th respect to stendard coax1a1 and balanced line cable c1rcu1Ls the general
rule should be observed bhat the mean psophometrlcbpower of n01se \aurlné “y hogr)! :
for any homogeneous«segment c1rcu1t should not exceed 3 UHW/<m: proceedlng from theuf
- agsumption that the absolute power-level of the mean 51gnal (speech cur”ents plus

.signaling currents ) dUring that hour equals -15 db at the p01nt of the relatlve zero '

level.

Standardization of Coaxial Cables

The pulse method was recommended as the basic method for determining the degree

_ STAT.
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~of the nonhomogeneity of factory lengths of ccaxial cables and of the aesembled re-

peeter sections.

The ‘shape of the pulse for euch cages is square of sine with a width of no more‘

| than 0,1 pnsec at ceeting of factory lengths and no ‘more than 0,2 psec at teating of

‘jcables on assembled aectiona.

- The echo attenuation (logarithm of the ratio of the amplitude of. the basic
pulee to the amplitude of the reflected pulse) was assuned equal to:
: a) For factory length - 50 db for lOQ% measurements and Sh db for 95%
measurements,
b) For repeater seotions - 54 db,

During a session of the GCIF investigating Commission No.3, the‘Soviet delega~

‘tion described a new method for evaluating the nonhomogeneity of coaxial cables by

measuring the frequency-weighted energy of-reflected signals, and as a result the
Commission posed for study the following new question: 'Which Methods of Transient-
Mode Measurements are most Descriptive of the Homogeneity of Factory Lengths and

Repeater Sectione of Coaxial Lir fﬂe eeeigned for Transmission of Television?".

'New Three-Channel Aerial Line Multiplexing System

The CCIF adopted as the baSic threemchannel system, a system operating in the
frequency spectrum of L =31 kc with a cnannel oanuwid h of “.3 ; B.A:kcd(;fl Green
Book VOlIII, ppth-lOé) o I E

| During a session of the CCIF Investigating Commission No. j, it was found that

the recommended system does not. satisfy the requirements of a number of countries

(including the USSR), since the frequency band up to 6 ke is allocated fo other puru
poses (s;ng n-channel systems, official communications, superacoustic telegraphy)

In this ccnnection, the follcwing new queetlon has been posed' "What Should be

the Characteristics of a Three-Channel System that would Satisfy the Requirements of S

Government Administrations Rejecting as Inapplicable the Originally Recommended-

STAT
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: fSyatém?" .

'3Apprais&l of Quality of Transmlssion in the Presence of Noise

that the so-called method of

The CCIF Investigatinz Commission No.h recommands

Z"Qpinions" be used for appraising *he quality of tranamiasion in the presence of

8 to the quality of

the subscribers themselves are polled a

,noise. In this method,

The attenuation of circuits connected.

transmisaion by the five-ball polling system.

level of line noise are taken into account., ‘SpeciAI:

between subscriber sels and he

‘Tables have been drafted for transmission.

omatic Telephone Network in Europe

Plan for‘Semiaut

emiautomatic telephone network

The CCIF has approved a plan for organizing a 8

dance with the proposals of various Government

in Burope, which was drafted in accor

This plan should be materialized by the year 1960,

v administrations.
5 ve set up by 1960 in the £ollowing

Through-switching centers are expected” T
eight Furopean cities: Belgrade, Stock-

holm, Frankfurt/Main, Copenhagen,fMilan,
Prague, Vienna, and Zurich. '
The plan envisages the organization‘

of direct semiautomatic connections be-

o :
‘ t\\j/ : o tween Moscow and the following cities:
R ' Sofia, Helsinki, Warsaw, Bucharést, Buda—r
Fig.2 | | | ,
o ‘ - : pest, Prague, Belgrade, Tirana and Berlin."
a) London; b) Brussels; ¢) Amsterdam;
< 1t alsoc provides for the organizatlon of

d) Stockholm; e) Frankfurt/Main; ‘ “
through-switching connection with Vlenna*'

£) Zurich; g) Paris; h) Berne; i) Milan
: ‘ via Warsaw and with Athens via Belgrade

Simplified GCIF-standardized 31ngle-1requency semlautomatic dialing equlpment -
of the S type can be installed on all direct-connection offices, and the C“lF-
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of circuits for compensating frequenoy shlfte up to

standardized two-frequency equipment of'tne oF type can be installed on all through

offices.

To materiallze this plan the ministries of communications and of,radior‘

engineerlng industry should accelerate the development of simplified international

eemieutomatic equipment.

. It is pertinent to note that eemlautomatic dialing has begun to be developed in

Europe. ‘Figure 2 gives a schematic layout of . the international automatic dlallng

gyste

mittees on telephone and telegraph was conducted.

Standardization of the FM Voice~Frequency Telegranhy System

The discussion of this question indicated that the delegates of several coun-
tries had previously voiced their opposition to the FM system on the grounds that,

compared with AM, it is more complicated and, principally, that it causes the volce-

frequency telegraphy channels to be more gensitive to shifts in carrier frequencies.'
At present, this prll pal obstacle has been overcome. Several methods for in-
P RESBG -

creasing the channel gtability have been developed. These methods are: application

~~~~~ by eppl ation of a control channel on a 300—cyc1e fre-

qeeney, which 1e transmltted along r-f channels together w1th telegrapn—channel f“e=\"

quencies and, upon reoeptlon, is equated to the frequency of the local 3DOacyele“

osc111ator,

The dlscu591on ended in the adoption of a recommendation on'the standandization‘ -

of a 2h~charnAl FM v01ce—frequency telegraphy system, operating at a velocity of -

50 bauds and a 120—cycle interval between mean frequencies.

On motion by the Sov1et delegation, the following new queetionq were posed for

ing phase correction of telephone channel= and by applying unbalanceetype transmis=
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m employed 1n Switzerland where thé work of the 1nternatlonal consultatlve com~

£30 cycles,. to be effected indif'“

‘*udy; poseibillty of 1ncreasing the speed of phototelegraph transmleelon by apply—(
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gsion of a slngle frequencv sideband; question of Qhe methods and equipment for anto—
matic LhrOUgh—handllng of pnoto,eiebrems. ‘ The drseu531on of the Ldbter question re-
vealed Lhal a number of countries tend Le employ. & broad variety of "facsimile!
equipmeﬁt (simplified phototeleprapl equipmenL installed'directly in-the premises‘of
vsubscribers_ahd serving to obtain photocoples of newspaJer and perlodlcdl artlclee,
informationvmaterial, announcements,‘etc ) for the trdnSmlSSlon of ordinary relegrams
: and documents.

This - questlon was posed for st udv.

iggganization of a Direct-Connection European Telegraph Network

In compliance with the proposals of various nationai administretions, the CCIF
drafted a plan for the organization of a European direct-connection telegraph net-
work and compiled a roster of the institutions in:European countries to be ineluded
in that network. The European telegraph network will‘consist oﬁ both national sys-
tems and of systems especially igolated for this purpose.

olved that this new,aervice be called "Gentex'.

F

Investigation of the Stability of Residual Attenuation in Telephone Channels of
~the Luropean Network -

The'CCIF Investigating Cpmmission‘No,Q analyzed the result= of alJ flve series
of experlments on varying the feéid~a annel 14~nuadlo n- the European notwork
~_‘conducted in the years l9+9 - 1956 'i‘he Commission esnabiished that’ the stabilipy
of this attsngahlon in the European network had 1ncreased And the number of indiy?d—
val fluctuetions in this attenuatlon had decreased

Tt waeidemonstrated‘tha these fluctuatlons do not., as a rule,,oecﬁrﬁat eigﬁ£
. pf during lunch or supper hours when the staffing'of telephone oFflces is greatlv

reduced.

The sixth consecutive series of tests on the stability of residual attenuetioﬁ‘

in telephone channels 1s scheduled for_l957Q




e Declassified in Part - Sanitized pr pprve for Rel

@ 50-Yr 2013/08/16 : CIA-RDP81-01043R002400150001-4 ™

" During their sessions, the investigating commissions formilated new questions
‘which uhgu_d be explored in the next few yeare.>
| The CCIF Investigating Commission No.3 posed only one queetlon concerning'the
tendency to a decrease in the established O. 8-neper value oI residual attenuation in
telephone channele, in the event of a positive reply, this woulo be aupplemented by
"bthe queetion of what ehould be the new plan of the European and worldwide network
from the viewpoint of transmiasion. . , AR n
The CCIF Investigating Commission No.5 posed for study only one new question . | ‘i .
- concerning a rational distribution of the frequency epecwum, the nuznber of channels, - ‘
end the aree of.application'of the multichannel ‘radio system, baeed on tropeepheric 7
‘and ionospheric nadio—wave prooagation. ] _ o | -
The following new questions posed for etudybaiso deaerve'mentiont charectenis—'
tics of the international dial telephone gystems; automation of the measurements of
residual channelvattenuation, utillzetion of "facsimile" eervice for transmission of
ﬁelegrams and business documentg; objective methods of appraising the quality of
telephone transmieeion; chareceggiet;ggwof channels for the transmission of comput—
" ing data (in connection with the widespread developnent of automatic-computer planfs.
. in the USA and Europe )} proteciion of r-f channela from radio etetion interference; .
. replacement of lead sheethlng of cables and wires by thermoplaetics, revision. of
elegraph ru;ee' and many others. | |

In concludlng, it should be pointed out that the work of the inveetig‘fi ng com—/ 1
‘missions and plenary assemblies' of the CCIF, CIT, and CCITT wae conducted i : ,-Q | ‘-
.businesslike nanner: all questions were resolved without dispute, and uhe resalu-
~ tions were adopted unanimously. This is further enhanced by the good. organization
of the meetlngs w1th respect to equipnent and sedting errangements, rapid mu;ti—
| graphing of documents, and good servic:mg of the delegates. The activities of the 77777

commissions and assemblies were shared by 500 delegates repreeenting 50 countries--/

members of the Internationel;Telecommunlcatione Union,
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The activities of the Soviet delegation have ine?aaeaa considerably. In thg.'

i'kiiaet few years, numerous expert replies and expositions °°“°°r"1n5 the qﬂQBtions-"‘

the Soviet radio and electric

;etudied were ﬁfaaenued. It "culd be: deeirable to have’

u‘;_egengineering induetriee participate even more actively in this important work in the

f ut.ure .

! E The sessions of the inveetinat ng commiseions of the CCIF and CCIT, held in

d!eENovember - December of 1956 in Geneva, are of great technological 1ntarest, and their

ioutput of certain data, documente, ‘and reoommendations will be of use in the practi-_"

cal work of the‘Soviet Union with respect to the development of,an,international

" telephone and’telegraph network. -

" In view of the great number of alteratione‘and corrections introduced by the |

‘Einveutigeting commissions, the Plenary Assembly of the CCITT adopted the resolution

n Book (Vols. I, II,‘and III, new edition) in 1957.

of issuing new volumes of the Gree

5y ‘ Article received by the Editors 26 February 1957.

Ay




1ETTER TO THE EDITOR
ficiency. of various forms of communica-

Con31dering that a comparison of the ef

tion is'of great practical 1nterest I reqpest that you print the following remarks

relative to the comparlson of some forms of communication conducted by Professor

AA, Kharkevich in his "Outline of General Communications Theory" (GITTL Moscow, 1955, |
Section 18, pp.51 - 55). |

The calculation of approximate data on the amount of information that can be

conveyed during unit time by means of various forms of communication has been pre-

sented by Professor.A.A.Kharkevich in three Tables. In the first Table, the inltial'

transmission parameters are selected and the following value is computed:

!

-T—=2Flog,m,

@
where F 15 the width of the signal frequency gpectrum;

m is the number of discernlble gradations of the signal strength.

TP RERIR

T The second Table calculates the gpecific content of a si ignal, i.e., the amount

of information per unit volume
| _T
YEV

1

where the volume of the signal is

;:l.u -

V= FTH =FT10g;

‘Here, .‘and P, are the gignal power and noise power, respectively; the dynamicpj

range H for the ‘case of transm1331on by the APM mode (under the condition that the

rference in the form of white noise will be approx— ”

probability of error due to inte
imately 1073) will equal -

Hu mg,—— loga? (m—1)@m—1).
Finally, the third Table computes the signal content as expressed in the num-

ber of wor ds per minute in relation to the 81gnal "olumo, i, eg, the following value' 'f_
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Awds/mic
Q== FH' rl

Noteworthy is the negligible ef ficlency of phototelegraph transmission 1ndicated

in the last column of that Table, as compared with the efficiency of’ teiagraph‘trans- o

mission, considering that

i, 033
phfuhl 000]9

=175,
The above numerical result is in strong contrast to the customary repregenta-
‘tlons about the efficiency of phototelegraph transm1531ons of text, not to speak of :
the transmission of more complex images, For instance, the number of words that
would be needed for the transm1351on of the entire information contained in a chart
with a great number of convolute curves, superscripte, eic.,, to a recipient who is
totally unfamiliar withothé chart would nardly coincide with tne.low content of such
tranamission as deducible from that first Table,
Let us examine some corrections which should be introduced into the calﬂul&-
tions done acco:dlng to that first Table, confining oureelves to’égchaee exnmined

' by Professor Kharkevich If a phototelegraph blank is filled with small typewritten '

ugh a single interval, the width of a letter, considering the spac- f~

1

characters thro

_ings between the letters, equals (2. 6 - 2.85) mm, ﬂhile the height of the iatter, :if
considering the spacing between. the 1ines, ‘equals approximately h 3 m, end the »~“; .

spacing between

. 7.9 letters eacn can be placed per 1 square decimeter ufvthcAare , f the blank

A part of the blank (10 - 20%) is unproductively wasted since the mergins arej'f

stapled together, used for off_,ial‘notations, and so forth. _lg t&ke thig into |
account by introducing the coefficient a ;. The transmission occ\n‘s':nith vpjau‘ses for
the replacement of blanks. Tne'duration of‘these‘pauses doss mot gxeéee'i to - |
1 5 min, which, enen for small-size blanks, reduces the productivitftby np to lsﬁ;pyg‘
(ao = 0,85), With such data and at a 1linear velocity of scanning of vlin '

= 0,33 m/sec and a feed rate of 6 = 0,266 mm, the operating speed of. transmission

, 107 _ e ; 'STA:I;
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3
{
: .
S
H
i

: Ur

Faw . Wnﬁ"() :ycles

?
}

'I“')dbll l, Jhat Fm 3 x 103 cycles, the speed of trans-

loggﬂ "'Ivl'!"' H | FH words/min| a

80 | 4o |1.8x 102[ 045 60 |0.33

‘ ;6 g.zxio“ 10,7 [3.2 x 104 | 0,68{ 60 |0,0019

For example, radio transmission is sometimes ef-

SHERRL W

'r-35 typo tolograph at F= 22 gyclea (b bauds) It is known that the following
. tandardo for npead o!' tra.mmiuion have been established for a first-discharge te‘Le—

..,Amgr#ph eperatcr &t a cmmieations load of over 75% and at work with a monitor also

. -éﬁétulfi].ling amd.liary operations? for a Baudot telegraph - 1150 words/hr per simplex,

.108
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7-35 telegraph - 1600 words/hr, which yiﬁlds

and for C

and A = 27 worde/nin for CT-35. (We have ‘tho%h Lt,

opsrators are high-grade oxpertq,
nd-and third—dischar#c ep-ratcrsz

teliegraph

is conducted by seco

of transmission will be still lowaﬁ.)

speeds o
s done according to s@ch correctcd d@

The calculation

Form of F 1.1 1 ° e
Commnication | cycles| m Eggggf -11' H | F s

Baudot Telegraph| 2 | 2| 1 48 |loeh V:L,gs,zlo? 0.45 |
¢T-35 Telegraph 2 2] 1 lely L.h‘ 0,97 x 102 0:h5
Phototelegraph 620 | 21 1 1240 h;h 27.3 % 102 9.&5‘

last colum in Table 2 that

It can be concluded from the

Qtetegr(Bauddh 0.36‘ 20
_ B ptotel =goiz =
3 a 0.28
i ftlegr(CT-%) - DL - m
; B ohototel. 0,012

BEEETERRR

the following simplé ratios

This result is well known and ‘is obtained from

8 totegr _ FattA tetegn
Bppatott Freopphoate

s not ytt{beeh realisid*

e

uch a considerable excess ha

g to the standards of the Comite Conaultatit International, B -

n taking account of the intervax for channel , R
R ’E!
ph'transmilsiop{’ '

1t is also well known that 8

For example, accordin

telegraph channel occupies (o

The allowable speeds for singleband phonotelegra

a 120-cycle band.

the order of 0.7 - 0.8 n/sec. At these dhta,'wﬁ have: |-

P

by a telephone channel are of

O _ (270030038 , | )
O 120770 - B

ize smaller than typescript, or in the event qr’f{ff.%

In the event of & letter 8
ommunication channel, this ratio'bocomss-~?,\u

singleband transmission by a corrected ¢
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even. smaller (of the order of 4 - 6).
In evaluatlng the aboveaobtained results, ;t is pertinént to explore further -

the following two questions:

1. Table 2 indlcates that the specmfic content ‘v) isridentical for any trans—‘k

miseion.

This result is by no means unexpected, since at the agcepted definition of

©_2Tiogm_ htam | o
Ve Y =T FTH H :
2 logy m
m—p
‘ —
ogs P,

“the coefficient v is a function of the levels only and cannot characterize the com=

‘parative informatlon value of various transm1351ons if these transm1331ons are all
effected on identical levels. Therefore, the footnote to Table 2 (p. 53) in Profes—
sor Knarkevich's vook: "we should have obtained the highest speclfic content for
telegraphy, but we didvnot, since Qe cited practical figures for the spectrum widthh

put computed the excess of the signal by theoretical formulas" is not a sufficiently

precise footnote.

2. The pogsibility of conGHElIng calculations according to Table 1 becomes

according‘to the num“-* of words but according to some other standards.- Even at
black—and-white transm1331on it is possible to identlfy on the blank the character-
' istics of ind1v1dual handwritlng and of other notatlons on diagrams, ‘sketches, com-

formation on brightness resultlng ;n the creation of a visuaL 1mage which somatimes

MM tent of phototelegraph transm1391on" has to be further evolvad and more precisely

defined, if only by analogy to the fact that the concept of speech transmission dif-

. ferentiates between gemantic content, voice characteristics, etc.
;i‘ , o B.Kisel!gof
: . o Cand. Engl.Sci.
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g quite doubtful when the value of phototelegraph information is to be calculated not

- plex cix‘cuit schematics, etc. At halftone ansmission this is supplemented by in= - |

= " is almost imposaiole to be deqcribed by words. Apparently the concept of the "coﬁa ’
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REGARDING THE LETTER BY B.Z.KISEL!GOF

The tentative figures I cited were not designed for practical engineering calcu~

jations. It may be that the figures cited by the author of the letter are more exact

and detailed than mine. However, my qualitative conclusions remain unaffected. One

. ; of these conclusions is that the possibilities of ‘phototelegraphy are very poorly

exploited in the transmission of printed text, I do not think that this quite ex-

%%; plioiﬁ postulate‘could be contested, and it is hardly worthwhile to examine (as was
done by the author of the letter) black-and-white phototelegraphy for“the purpose of
weakening the effect of the comparison with ordinary telegraphy, considering that
_f _‘ the actually used phototelegraph gystems are of the halftone type.

Neither should the matter be obscured by the mention of "a visual image which

gometimes is almost impossible to be described by words"., This may perhaps be a

1 problem to a poet@but not to the communicatiens engineer who, on the basis of the

e will say that the amount of informa-.

fundamental concepts of the information theory,

tion in an image does net eiceed n log m, where n is number of elements of dissocia-

tion and m is number of brightness gradations.

A.Kharkevich

BOOKS IN 1957

ture scheduled for publication in
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1957 which, in the Editors! opinion, is of interest to Elektrosvyaz! readers,
Svyaz'iidat Publishing House

Smirnov,V.A,: Foundations of Ultrashort Wave Radio Communications. Edition:

15,000 copies.
Ayzenberg,G.Z.: Ultrashort Wave Antennas., Edition: 17,000 copies.
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Orlovskiy,E.L.: Theoretical Foundations of Phototelegraphy. Edition: 5,000 copies.

Chistyakov,N,I., Sidorov,V.M., and Meltnikov,V.3.: Radio-Receiving Devices. |
Editiont 25,000 copies. |

Todko,Ye.K.: The Economics and Organization of Rﬁdio Communication and Broadcasting
Enterprises, Edition: 10,00C coples.

Koshcheyev,I.A.: Foundations df the Theory of Electrocommunications._ part 11I,
"Nonlinear Systems", Edition: 15,000 copies.

Krize,S.N.: Audio-Frequency Aﬁplifiers‘ Edition: 25,000 copies.

Solov'yeva,A.G;: Foundations of Telephony and Attended Telephone Offices, Edition:
15,000 copies. |

Kristaltnyy, V.3., Falunin,A.F.; and Ivanova,A.A.: Toll Telephone Offices.
Edition: 10,000 copies.

Klykov,S.I.: Telegraphy. Part ILI, Phototelegraph Communications. ‘Edition:
10,000 copies. |

Kpmarov,B.S.: The Power Supply of Wire Communication Enterp:ises. 4Edition:
15,000 copies.

v
Team of Aythors: Engineering—Technical Manual on Electrocommunications.

Radiosvyaz', Issue No.8. Edition: 20,000 copies.
Efimkin,V.I., Minenko,Yu.G., et al: Color Television. Edition: 2000 copies.
T1¢ina,N.N,, and Yulovskiy,P.V.:

2000 copies.

Tarakanova,M.S., Amarantov,V.N,, et al: Supersonic Telegraphy Equipment NT-ChM=4 .

, Edition: 6000 copies. |
Polyak;M.U.: The KRR-30/60 Short-Distance High-Frequency Telephone System.
Edition: 5000 copies.
Voznesenskiy,B.N., and Zaynchkovakiy,Ye.A., et al: Semiautomatic Toll Telephone
Communications Equipment. Edition: 6000 copies.

Communications Engineering Abroad. Translations of Articles on Radio Rélay Antennas
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and Masts., Edition: hOOO copies. B

» ‘ totelegraph Com- )
Communications Engineering Abroad. Translations of Articles on Photote.leg g

munications., Edition: 5000 copies.
s in the lLand of Socialism (in hon

lution). Edition: 20,000

or of the 4OEN

. Authors Collective: Communication
anniversafy of the Great October Socialist Revo

copies.
FRRATUM

nThe Investigation of the Self-Oscillatory Mode

In S .M, Gerasimov's article on

1 = i az!, the author
. Junction Transistor Oscillator" s published in No.3 of Elektrosvy Az’ , " |
in 8 JuI - 1T E
t = : | ] T
of curve Xgo in Fig.h (p.26). Actually, at @dr e =

" ghowed incorrectly the slope -
' VAL e
1 - _.é;n.L_ and at 0y = —— the Xeo should eqal 5o

the Xgq should equa
Figure

are all correct,

I—
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From_the Foreign Press
Brief Notes

A COMMUNICATION LINE WITH LONG-DISTANCE

ULTRASHORT WAVES

CALCULATION OF
TROPOSPHERIC SCATTERING OF

<]

The utilization of long-distance tropospheric gcattering of ultrashort waves,
d with the use of high-power yransmitters, gensitive receivers, and spaced

es it possible to realize

combine
t, large

receiving antennas, mak wideband communication a

x ’.distances petween stations.
The aim of the calculétion of such a communication line is to consider the
) “characteristics of long-distance scattering for the purpose of selecting equipment
» s of a type that will ensure 2 certain reliability of communication.

parameter
f the

o take account of the magnitude of attenuation o

Here it is necessary bt
gignal power during gropagation in free spaceé and beyond the 1ine of sight, the
total gain of transmitting and receiving antennas, the 1oss of antenna gain due to S
scéiiﬁ?ﬁhg, power losses in feeders and in connecting wirines of transmitter and re- L;v 
ceiver, the noise factor of the receiver, the established signal—to—noise ratio, etc. ’
(in decibels per watt) is

On considering a1l these data the following power
g communication on & route with a length of d during 504 of the B

n

necessary for ensurin
@

time:
’ ; Pm:LH+%h—or+h+LF+h+' ’ (1)
+ (s/n) + 101g B — 204, |

the signal attenuation in free space;

= 22 + 20 log (d/\) is

Lop is mean value of attenuation be

wnere Lgg
yond the line of sight}

Gg 1is total gain of the transmitting and receiving antennas;
| &
Lg is the antenna-gain decrement determinable from a graph, depending on the
. @ o
angular distance .

relationship to the width of the antenna lobes and the

petween stations, at an effective_earth's radius of 8000 kmj

onnections, approximately eqﬁal to

. ia the total loss in fesders and ¢




5 log £ me - 105
F, is the noise factor of the receliver, approximately equal to 3,6 log f mc -
- 1.9 (for £ > 100 mec);

s/n is the excess of the signal over the noisevlevel, at a given form of com~
munication (from 10 db for a printing telegraph to 40 db for high-quality
television);

10 log B - 204 (where B is the intermediate frequency band of the_receiver in
cyclea) takes account of the power of the thermal noise of the antenna at
the reeeiver input for T = 2899 (+15°C).

Equation (1) takes the mean values of signal attenuation beyond the line of

sight Lop and computes the power values ensuring communication during 504 of the

time.

To ensure communication during larger time intervals (90%, 99%, and more) it is
necessary to compensate the interference of slow and rapid fading by using greater
power. Statistics on slow fadings makes 1t possible to determine the depth of such
fading for different distances in relétion to the mean signal level, depending on

S
the percentage of tlﬁm.ﬁ; the signal excess. The depth of slow fading decréﬁ%@%ﬁab
an increase in length of the path, For example at 99% reliability, 11 db should be
added to the mean attenuation for 300 km and only 5 db should he added for 650 km.
The interference induced by slow fading usually does not decrease at spaced recep~
tion,

Rapid fading is éonsidered in an analogous manner, but here the value of the
compensating power depends on the speciflc method of spaced receptione

To ensure reliability of communicatlon during q® of
power is necessary:

P, = Py + MLg+ MS,,

where Pp 18 determined from eq.(1);

MLg is the power for compensating the slow fading;
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The values of Mmq and MSq are determined from the graph

taking account of the specific method .of spaced r

is the power for compensating the rapid fading;
s of fading distribution,

eception used.

Determination of the mean value of attenuation beyond the line of sight, Lgh is

preferably to be done according to empirical formulas of the following type:

Ly=A+Bd—dy) (3)

where A is the abtenuation beyond the line of sight at d = dg (dg is usually

. 100 miles), and B is the rate of attenuation, |

The B constant depends on the mean refracting propefiies of the atmosphere
along a givén path. |

Measurements indicate that a value of B = 0,13 db/mile is typical for overland

routes in the northern part of the USA and in Southern Canada. In the subtropics

and on overseas routes, the value is

B = 0,11 db/mile under dry arctic conditions:

" B = 0,15 db/mile.
- At B = 0,13 db/mile, A = 57 db. For other B values, the magnitude of A must
‘m@%ill be precisely defined. :
IR AR . '

Equations (1) and (2) can be applied not only to a determination of the re-

quired power but also to a determination of communication-line parameters (at a

n transmitter power} such as antenna gain, receiver‘sensitivity, or some other

give

appropriate combination of parameters of designed or applied equipment.

The same article also tabulates the equipment pavaméters for frequencies of 4,00

and 2000 mc and distances from 100 to 600 miles at various degrees of communication
reliability.
(Electronics, Buyers Guide IsSue,gl956, R = 18).

. . P N - ey ‘ ' ¥ — . h i . ;
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A TRANSISTORIZED SINGLE-CHANNEL HIGH-FREQUENCY SYSTEM

The "Telettra" Co, has recently completed the development and started series

production of equipment for single-channel systems for multiplexing of cable and

o

1 aerial lines of the TP system.
This equipment makes use of the conventional methods of frequency conversion;

the currents of one of the sidebands are transmitted to a line. The terminal equip~

ment was so designed as to realize either reception of the upper gideband and trans-

mission of the lower sideband, or vice versa, The effectively pransmitted frequency

band of a single channel ranges from 200 to 2000 cycles, There are five versions of
the distribution of the line spectrum of the system in a band of 4.5 to 2§.5 ke, so

== that up to five single-channel TP-sysiem sets can independently opsrate on a single
circuit. The values of the virtual carrier frequencies of the equipment are: 7, 12,
17, 22, and 27 kc,

The equipment uses semiconductor triodes, which makes it possible to reduce the

power demand to 1ts minimum and to reduce the dimensions of the equipment, The mag-

Plocicoasd

: e
nitude of the current consumed by a single terminal equipment set has been success-
fully reduced to 10 ma(at a voltage of 24 v). The gain of transmitting and receiv-

ing amplifiers amounts to approximately 30 db which ensures compensation of the at-

— ‘ tenuation on an aerial-line segment of 100 to 150 km length (depending on the vari-
ant of line spectrum). Ax,:BC% fluctuations in the feed voltages, the magnitude of
= the amplifier gain remains nearly unchanged. The stability of the carrier frequen-.
cies amounts to approximately 20 x 106 (per 10C), which is achieved by‘using‘qUartz
stabilization of the oscillator frequency (in every single-channel get), The di=
vergence of the carrier frequencies at the terminal stations does not exceed 2 cy-
‘cles. ’ g
The residual attenuation of the channels of the system at 800-cycle frequency

wag assumed equal to 6 db. The increase in the residual attenuation at 200-cycle
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Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/08/16 : CIA—RDPS'I—O‘IO43R00240015000.1—4 N




/T

T

i De | -
Cass'f'ed 0 Par‘ “Sanitized Copy Approved for Release @ 50-Yr 2013/08/16 : CIA-RDPG1-01043R002400 15000 -4 _—

frequency relative to that value does not exceed 2.5 db; and at 2000-cycle frequency

this difference is below or equal to 1.5 db., At variations in temperature within

- the range of (~=20°C) to (+4,5°C) the order of fluctuations in the value of residval

attenuation equals several tenths of a decibel.

. The value of transient attenuation on the near and far ends is not less than i -

,; 65 dbo, The transmission of dialing pulses is effected by a relay system. Consider-

ing that the system can operate on cable lines as well as on aerial lines, the di- |

rectional filters are designed for load resistances of 600 or 150 ohms.
With respect to design, a gingle-channel set ig constructed in the form of a
hermetically closed box measuring 390 X 280 x 120 mm; the box has a removable lid

covering a face panel; a pointer indicator and a few switching elements are located

on the panel.
The use of this TP-type equipment is particularly interesting under field con-
ditions and in cases where several telephone connections must be rapidly organized

for a comparatively short period of time, if the requirements made on the qualita-

tive indexes of the channels are not too high, R

DEVELOPMENT OF ELECTROCOMMUNICATIONS IN ITALY

Becaugse of the events of World War II, the Italian long-distance communication
system, consisting of underground cables with an overgll length of 3500 km and a
number of multiplex aerial main lines, was almost totally destroyéd.

During the years 1949 and 1950vand the first half of 1951, considerable work -

124

was done on restoring the long-distance line gystem on & modern technological basis.

The backbone of the newly created cable network wés a main line intersecting the

Italian Peninsula from north to south and extending toward Sicily. Several other K
main lines branched off from this backbone in the dense-traffic areas of northern |

Italy. The aerlal 1ine network differed from the cable network by its greater den-

sity, especially in the northern and central regions of the Peninsula. In these
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g regions, the majority of the main lines miltiplexed by multichannel systems (systems
with more than 12 channels) was concentrated. | \ - -
. In this connection, a plan for creating a new wideband long-distance network,

formed by coaxial and radio-relay lines, was drafted. The overall length of the new K

f; ‘ coaxial network exceeds 4500 km and 1ts cost is‘55 billion Lira, The construction
work of this network was gcheduled for completion by 1957: by the middle of 1956, S
{ main lines with an overall length of 1000 km were ready for operation. The plan.en- ;;;;

visages the construction of two long-distance main lines running from north to south };v‘r
l<_ ‘ (along the Tyrrhenian and Adriatic seacoasts) and four transverse main lines. fe j
Several other such lines are being constructed in Sicily. The new main-line network
e will have cutlets toward the main-line networks of France, Switzerland, Austria,

Yugoslavia, and Tunis. 3

1t is also intended to take a number of measures for medernization and develop-
3o ment of telephone communications; ¢n particular, proad development of subscriber
N telegraphy 1is scheduled. R

A NEW TRAVELING-WAVE TUBE

4
3 R A

The German firm Telefunken has developed and iﬂitiated the series production«of
| traveling-wave tubes of the TL4 and TL6 type,
designed for power amplification within the
2000 - 4000 mc range at a bandwidth of up to

30 mc. These tubes are used in fadio relay
equipment for transmission of up to 600 tele-
phons conversations or one television program in

a single trunk.

Traveling-wave tubes can also be used in
e measurement engineering for power amplification within a wide frequency band; for

example, in the terminal stage of a variéble-tuned transmitter, for qualitative
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ter passbands, controlling the tuning of antennas, and the like.
A traveling-wave tube (TWT) amplifier (Fig.l) consists of a traveling-wave tube,
a tube base, and the colls of an electromagnet for focusing the electron beam, The
base contains, in addltion, a wavegulde input and output and tube leads. The con-
a magnetic field. The evacuated glass enve-

lope of the TWT contains an electron gun, & helix, and a collector.

Specifications of TWT of the 7L, and TL6 Types

The external parameters of both tube types are identical.

265 mm, and diameter of the glass envelope 18 27 mm,

vOperational parameters of the Tubes

Tube TL4 Tube TL6
Frequency « « » o ¢+ o ¢ ° 2000 me 4,000 me
Voltage at plate . . . . . - -80 - +80 v
Plate voltage » « « + + . 650 v
Voltage alongﬁ;ﬁgyhelix . 1250 - 1150 v

: pr—

Voltage on the collector - . 1300 v
Collector current . . .« o _ - 20 ma
Magnetic field . . . « . -
Maximum power at the output
Gain .+ o o0 o e o0

Noise factor . » ¢ ¢ ¢ o ¢

Bandwidth (matching m 0.97) 35 - 45 me

(Radioschau, No.10, 1956, p.268).




AUTHORS! CERTIFICATES

Class 2lal, 323 No.l0k456. Yu.V.Ivanov and 5,1.katayev, Single-Beam Color

Television Picture Tube. ‘
Class 21al, 33 - No.1OW25, G.V.Braude. Method of Correcting the Aperture

Distortions Induced in Television Signals by Camera Tubes and Picture Tubes.

Class 2131.43235. No.10u426. K.A.Fedorova. Electron-Beam Camera Tube.,

Class 21a1,<§235. No.1l0k424. G.V.Braude. Television Camera Tube.

Clags 21al, 3247 . No.104588. A,G.lapuk. Signal Plate for Camera Tubes.

Class 2lal, 3431. No.10:592. V.V,0dnol'ko. pevice for Reproduction of Color-

Television Images.
Proposal for a device for reproducing color-television images with dotwise

color switching and with a graticulated—scfeen tube; the tube screen receives pro-

from a conductor together with vertical strips of different—colored lumi-
nophores, thus forming a projected raster serving for the recephion of voltage
’pulses; these pulses, on being mixed with the video signal, ensure the opening of
the beam during the time interfals when they coincide with the luminophore, corre-.
ﬁﬁmﬁgonding to the color of-the transmitted rig1d; the pulses shut off the beam during
transverse transit over the vertical strips of luminophores of other colors.

Class 21al, 3hs3. No.10459%. V.I.Peskovskiy. A Method of Illustrated Radio

Broadcasting.

Proposal for a method of illustrated radio broadcasting involving the transmis=
aion of fixed images by electronic~television methods with a number of frames per
second high enough to ensure the possibility of operation in the medium- and‘loﬁgA
wave rahges, with the images received on a cathode-ray tube with long afterglow.
Accordingly, for the purposé of reducing the number of radio transmitters used and

the frequency band occupied, and also for the purpcse of ensuring the possibility of

using the existing radio receivers for reception, the transmission of the audio part

eclassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/08/16 : C DPS 1



of a program and of illustratlons ja effected consecutively by a single radisc trans-
mitter on a single carrier frequency. To eliminate mutuval interference between au- .
dio and video channels, the video recepticn channel is automatically disconnected by
control signals from the transmitter during transmission of the audio part of the
program, and the audio reception channel is analogously disconnected during trans-
mission of the video part of the program.

1t is proposed that video ‘synchronization signals be used in the capacity of
gignals for disconnectlng the audio reception channel.,

To disconnect the video reception channel after the transmitted image frame is
completed,'it‘is proposed tp close with a beam the circuit of the supplementary
electrode of the cathode-ray tube of the receiver, used for switching to the audio

‘ chamnel.

{lass Zlal,AQQOA. No.105255. G.N.Bogorodskiy, T.M,Baynberg, I.L.delents,
A.D.Kirpicheva, R.A Kudryavtsev, Phototelegraph Transmitter with Junction-Type
Scanning.

Class 21&11_101. No.105187. P.G.Tager. Trigger Device.

Glass 21&1,;32;1. No.iO§l82. P.G.Tager. Method for Through-Handling of

Phototelegrams. . .

1+ is proposed that, in through-handling of phototelegrams by magnetic record-

ing, such magnetic recording of the received phototelegrams be utilized for indirect

control (i.e., without converting the phototelegrams into images) of the transmit-

ting device, for the purpose of reducing distortions.

Class Zlgll 3235. No.105014. S.B.Gurevich and R.Ys.Bykov. Method for Insertf
ing the Level of Black into the Signal Formed by th 1
the Mean Component of the Signal.

Class 21&1, 33).0° No.105090. G.V,Braude. Method of Correcting Aperture

Distortions.

Class 21319433h0' No,105181. G.V.Braude, Device for Correction of Apérture
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Distortions in Television Receivers,

Class 2183, 16 . No.104372. V.N.Arapov. Monopolar Push-Button Dial.

~ Class 2la3, 1632. No.104586. G.I.Zernov and A.V.Lebedev. Device for Suppres-

gion of Radic Noise Arising in the Pulse Contact of 2 Telephone~Receiver Dial.

Class 21a2, 1750 No.104593. A.V.Lebedev. Relay Pulse Oscillator. fiﬁi}

g the charge of the capacitor with voltage ..

A relay pulse oscillator utilizin

pulses for obtaining a greater duration of intervals petween pulses and greater de- %;*“
i
I

gree of control is based on a circuit utilizing a method of delaying the relay op-

eration by means of the pulse charge of the capacitor.

Clags 21a3, 66 . No.104371. M.A.Pimenov. Check Point for the Step-by-Step

Dial System.

For the purpose of automating the efficiency testing of multiple fields it is

proposed to use three relays connected in series to cable conductors a, b, and ¢

ors whose brushes automatically traverse all

through intermediate decade-step select

decades of a field and are triggered at the disruption of any of these conductors or

of the connection between them or between them and the main unit.

RS
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FOREIGN PATENTS

S From the Editors: With respect to the concise information published nere on
some foreign patents ithhe field of &ntenna‘engineering the readers can obtain

 photostatis (in the original languages, with aketches) of these patente on applying

in person or gending a money'order to the All-Union Patent Enginesring Library of

~the Committee for Inventions and Discoveries at the Council of Ministers of the USSR.

Address of the Library: Hoskva—Tsentr Proyezd Serova ks Podtyezd Ta.

~ Phone: B8-64-52.

Photostats of patents can also be obtained through the purchasing office of the

o A11-Union Institute of Scientific and Technical Information gerving the USSR Academy’

o . of Sciences and the Gostekhnika.

Address of the Institute: Moskva D-219, Baltiyskiy Pos. d. hZb.

e Phone: D7-00-10; dob.51. .
o . US Patent, Class 250-33, No.2 T2 052, 15.11,55. J.M.Boyer (Douglas pireraft | -
- . ./
Company ). Wideband Radio Antennas. “ B
=
The invention describes & wideband antenna consisting of & ro otating body de- =

51gned for the radiation of waves of lower frequencies and having a circular radia- y%\;
tion pattern in the horizontal plane. To prevent major changes in the radiation v
pattern in the horizontal plane during transition to higher frequencies, the surface
the antenna 18 topped with 2 quarter-wave groove, bisecting ihe surface into two
parts with mutual synphase excitation thus ylelding a vertlcal pattern that differs

1ittle from the pattern at -lower frequencies. Diagrams of several va"iants of the

'{nvention are ineluded.

Patent German Federal Republic, ¢lass 21abk, Th, No.936811, 22,12.55. H.lLarsen

(Siemens and Halske A.=G.) A Hornm, pevice for the Excitation and Reception of Elec-

‘tromagnetic Waves Propagating ilong Surface-Wave Lines.
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The diameter of the tranaition horna should be twice as large as the radius of -
the surface-wave field, Field-concentrating transient devices are applied to reduce
the dimensions of the horn, These devices are {nstalled tetween the horn ard the .
line and are represehted by dielectrickbodies of streamlined form., The form and
crosstectional‘area of these bodies and of the adjacent segmentg of the conductor

are so selected as to obtain at the same time a matching of the §haracteristic im-

pedance of the horn and of the single line, 'Diagrams of several variants of the in-

vention are included.

Canadian Patent No.512143, 19.04.55. W;E.Kock (Western Electric Company,'USA).’
Aperture Antennas, |
| Descripti@ﬁ of a horn antenna whose input aperture is divided into cells by
metal partitions. The size of the cells is much below ) /2. The partitions are so
distribuﬁed that greater energies are dirscted toward the peripheral cells than
toward the central cells., Phase shifters are installed in some cells to control the

form of the radiation pattern.

Patent German Federal Republic, Class 2la“, 4602. No.936400, 15.12.55.

and Horn Radiator Arrays for Short and

e

-

nne
Very Short Electromagnetic Waves,

Description of several variants exponential horns of circular cross section,
fed by waveguides or coaxial lines. An equation is given for the conatruction of =
the longitudinal profile of the horn and for determination of its basic parameters.
Horn versions with a ‘dieleé%tric rod insert, forming an extension of the internal
cpnductor of a coaxial line, are described.

Canadian Patent No.516922, 27.09.55. F.V.Gosline (Pioneer Specialty Company, -

USA). Retractable Aerial,

Description of a retractable bayonet antenna for radio broadcasting consisting
of telescoping hollow rods. The antenna can be placed in operating condition by

means of a flexible rotary coupling.

i Declassified in Part - Sanitized Gopy Approved for Release @ 50-Yr 2013/08/16 : CIA-RDP81-01043R002400150001-4
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US Patent, Class 250-33, 65, No.2 Tl 659, 02,08,55. E.Johnson and R.F.Kolar |
. i N

(Radio Corporation of America) Broad-Band Unidirectional Antenna.

Description of an antenna system consisting of a corner reflector formed by a

number of metal rods and a broad-band biconical dipole, with its axis directed par-
allel to the rods of the reflector. |

US Patent, Class 343-843, No,2 732 551, 2l,,01,56. dJ.D.Kraus (Battelle Develop-

ment Corp.), Spherical Cage Antenna.

Description of an ultrashort-wave antenna system consisting of metal rings

JL—) in a uniform array similar to the meridians of the terfb

I
&

globe about an axis constituted by a coaxial feeder

(with a diameter of ~
restrial line and its extension.'

Half of the rings, in the lower part of this arrangement, are attached to the ex- “

ternal conductor of the coaxial line, while the other half are attached to the in--

ternal conductor which projects upward by a length of ~ ;%-. The first group of

rings is isolated from the internal conductor and the second group, {rom the exter-

This antenna is characterized by its small

nal conductor of the coaxial line,

linear dimensions (~ —%_), considerable bandwidth (up to 10%), uniform radiation

S

pattern in the horizontal plane approximating a circle (in view of the absence of
radiation in a vertical direction), some gain over the quarter-wave rod (1 - 2 db),

the possibility of varying the value of input resistance of the antenna by varying %1‘1
| -

the number and diameters of the rings, and the poss bil

ning its axis relative to the horizontal plane.

144
11y O

pattern of the antenna by incli

US Patent, Class 250-33, No.2 719 919, 04.10,55. K. Enslein (Stromberg—Carlson

Company). Built-In Antenna System.

Description of the antenna system of a television set designed for reception of

transmissions on two channels with bands of 54 - 88 and 174 ~ 216 mc, respectively.q

The antenna is formed by a sysiem of U-shape dipoles located above the chasais‘of

the television set and capable of rotating in the horizontal plane. The dipoles .

" are connected to the input of the receiver by a flexible two-wire line. The‘eleé

12

D I ) .
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ments of the antenna and of 1in
switching when tuning

poles and o

e length are 80 selected as to eliminate antenna

to another channel. The description includes diagrams of di-

£ their connectlon and an overall view of the television get with antenna.
Also described are all parts of the antenna and the dimensions of the dipoles.

‘1oei1ampenfabrieken).

‘Australian Patent No.165043, 22,09.52. (N.V.Philips‘ G

Antenna with Loop and Ferrite Rod.

Description of a radio receiver antenna consisting of a small loop placed in-
gide the radlo receiver and a r=f transformer with ferrite-rod core. The axis of

the core rod forms a right angle with the plane of the loop

US Patent, Class 250-33, No. 2715 18L4. E,C.Cork (Electric and Musical Tndus=

tries, Ltd., Greab Britain). Aerials.

Description of a rod antenna, with several nodes along the rod, constituted by

the capacitive 1oad of the antenna. The laxgest pulge is in the middle of the rod.

One end of the antenna 1is connected to a receiver. By varying the position of the

nodes it 1is possible to vary the input resistance of the antenna. The passband of

the antenna is 8% of its working frequency.
Canadian Patent No.516559, 13.02.55. W.A,Cummings (National Research Council).

Non-Resonant Antenna,
d ste%wise

f an antenna consisting of two zigzag conductors arrange

Description o
along the antemnd axis in such a manner that the angle of one conductor is included

petween two angles of t the other.

US Patent, Class 250-33, No. 2 712 602, 05. 07. 25 E.G.Hallen (Telefonaktlebol- » -

Reflectlon—free Antenna.

aget L.M Ericsson, Sweden ).
Description of a device consisting of set of capacitances and serving to reduce

reflection from the ends of a clamp-driven antenna. The device suppresses the re-

" flected wave interfering with the current wave forming in the antenna. ‘ .

US Patent, Class 250433, 67, No.2 719 G22, 04,10;22. R.S.Johnson (Zenith Radio

Corp. ). Core-Tuned Loop-
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| Doscription of a 1oop with Gonvenienﬁ conﬁféiwa?iﬁguﬁaghiﬁuﬂirof'inductaﬁgég'“

‘1‘tbu3 faoilitating the. coupling between anxenna circuits &
urns lying in parallel plares. The

“”‘uound with insulated wire, with the adjac¢nt £

B '* fa rectangxe 1nd i3 8o shaped a8 t0 t

‘Hiloop circult has the form o orm & cylindrical

‘2W;@depresaion. The corresponding part of ev¢r¥ turn has a form pernitting & nearly

7t icomp1dte,encompasaing of the transverse croas-sectional area of the cylinder. In-

7 Ti side the.reiultant cavity a complete cylipder is placed, in which the tuned ferro-

1  'magnetic core is free to move.

O : | :
-~ Patent German Democratic Republic, Claae 21&“, b6, _No.10503, 08,10.57.

; " W.Kriebel. Exciters for Meter- and Decimeter-Range Antennas (Antennas in the Form

" of a Concave Spherical Reflector or Rectangular Horn).

Description of exciter antennas consisting of metal spirals wound on & radial

frame or stretched rubber cords. The spirals form a grid with cells whose dimen-

jb . sions are determined by the wavelength. Antennas of this type can be easlly dis-

assembled, which facilitates their transport.

Canadianaggfpnx No,51198k, 19.04.55. J.R.Winegard. TV Antenna Array and

CBRIEG

Director Therefor.

e Description of 2 wideband TV receiving antenna of the director type containing

two dual active vibrators for the maximum and minimum frequencies of the band and

jrectors for these two extreme frequencies.

N several alternately-arrayed passive d
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BIBLIOGRAPHICAL AND'ABSTRACT mmIAL ON ELEC'I'F.QCOWNICATIONS e s
T The present era 1s churaoterized by the coloa:aal'atri_deu of science and engi-

d ", peering which, in particular, is manifeated in the tremendons increase in the quan~ :

I ‘;{,ity of the published scientific and technioal literature. ' R ?’

As of the present, no expert 18 physically able to even skim over the entire

\ mass of the literature being published on his own specialty, Howsver, our scientif- .

i

! ic_ressarch workers must keep abreast of all new developments in their particular Lo _f§<

gpecialties.

The only way out of this situation appa.rently is a regular examination of bib- '

1iographical and reference publications on these specialties. . e

‘Vj\ ' The present article supplies a brief survey of Soviet and foreign bibliographiai '

cal and reference gources oI electrocommunicani01s. : 1

Public Records._or State Bibli oggaghx

Bibliographical information on newly published Soviet literature on any 8pe-

cialty and, in particular, on probigﬁgmﬁ? eledtrocommunications, is published in the

]ffi weekly issues‘of all All-Union Book Board's "Knizhnaya Letopis" (Book Annals) and

nletopis Zhurnal?nykh Statey" (Annals of Periodical Literature). o

= ' Books, brochures, catalogs, test and measurement standards; patents, p;bgrams,

instructions, methodological werks, and other 1iterature on problems of'communicaé

tions, are included in Chapter XIX ("Communications") of "Knizhnaya Letopis". It is

also advisable to peruse the literature listings included in Chapter XVI on "Engi-

neering Industry", and Chapter X7 on nphysical and Mathematical Sciences".

1t is worthwhile to peruse the weekly mass bibliographical pulletin of the

A11-Union Book Board, "Novye Knigi" (New Books) which contains systematic 1ists of
new bcoks for all branches of knowledge (inclusive of belletristic literature).

The articles and documentary materials published in Russian=language journals,  |m
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the USSR are listed in

transactions, proceedings, and periodic anthologies issued in

“Letopis'Zhurnal'nykh Statey".
Once every three months supplements to these annals are published: a mname

’ index (authors, editors, {1lustrations), and a geographical index.

= Reference Information. The publications'of the All-Union Book Board comprise

r, no annotations are provided, 1i.e.,

only the literature jgsued in the USSR; moreove

n the literature.

there are no brief explanatory notes ©

s issued by the All-Union Institute for Scientific and

The reference journal

Technical Information of the USSR, Gostekhnika, and USSR Academy of Sciences differ [N

from the above-mentioned bibliographical publications in that they selectively com~

prise not only Soviet but also foreign literature and, as a rule, furnish annota- :

aside from secondary materials.

tions or a brief abstract for every title,

"Elektrotekhnika! Reference Journal, Literature on electrocommunications ig -

nglektrosvyaz'" of the Elektrotekhnika e

cited in the Sections mRadiotekhnika" and

reference journal,

7 The "Radiotekhnika" Section comprises literature on the following group of

problems : theoretical radio engineeﬁing; technology of radio parts and equipment; .

radio stations and radio transmitters; radio broadcasting; antennas and radio-wave

propagation; radio recsivers and amplifiers; pulse engineering; television; radar

and radio navigation; ultrashort-wave and SHF engineering; ultrasonic engineering oy

and hydrolocation; electroacoustics and sound recording.

The "Elektrosvyaz'" Section classifies material on the following topics: in-

formation theory; long-distance communications; telephony;‘telegraphy; communication

1ines and cables; nocise and its prevention.

t¢, are reviewed in the

Electron tubes, electron-beam devices, transistors, ©
nElektronika Section.

The literature on primary elements and accumulators ig surveyed in the second

Section, "Chemical Sources of Energy", of this journal, The Section "Electrotechni-
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cal Materials" surveys the 1iterature on magnetic and electricinsulating materials,

conductors, semiconductors, and capacitors.

A1l forms of remote control and telemetering have a theoretical basis in common

? with electrocomminications, gince they are based on the transmission and reception

of various kinds of electric signals. Therefore, electrocommunication workers may

be directly interested in the literature surveyed in the Section "Automation and

ure on automation and

- Telemechanics" and also in the Subsections surveying literat

telemechanics,

Reference Journals npigika" and nMatematika". The theoretical literature dis-

cussing the physical and mathematical foundations of electrocommunicat ions is corre-

I spondingly collated in the reference journals nFigika" and "Matematika", Aside from

e papers of a general nature that are of interest in the solving of electrocommunica=

e tion problems, these journals list annotated periodical literature relating to the

- _ theory and practice of electrocommunications: for instance, information theory,

algebra of relay systems, computers, etc.

Bibliographical Journals and Bulletins. Less extensive but more topically

oriented are the bibliographical journals and gdides to the literature published by

- various scientific-research institutes and institutions of higher education.

of considerable interest is the nAnnotated Guide to Radioelectronics Literature"

years ago by the Sovetskoye Radio Publishing

whose publication was started twelve

House. This guide is jgsued twice a month. As of 1957, it will comprise not only

foreign but also domestic literature.

& | |
L The Bureau of Scientific and Technical Information of the Ministry of the Radio

Engineering Industry publishes a guide to technical literature which has the spe-

f including data on departmental publications.

ER cial value o

A guide to technical literature is also published by the Central Bureau of

' Technical Information of the Ministry of the Electrical Industry.

As of 1954, the State Science Library has begun to publish quarterly a Biblio-
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e series of this Index surveys

graphical Index of Current Literature. One of th

Soviet literature on problems of energetics and power industry.

In particular, an alectrocommunication specialist will find, in this Inde%,

' material on the follaw1ng problews: history of radio engineering and wire communica-

tions; radio systems and lines; broadcast engirsering; radio networks; applied acous-

tics; image transmission; wire communications; general and theoretical problems;

_ 'aerial and cable lines and wire~communicétion networks; telegraph equipment and of-

ficss, telephone equipment and offices; high—freqnency, multichannel, and wire com-

municationa' long-distance communications; power sources for communication media

1
[N

yvuiilizatien of new sources and forms of energy. » ,

Aiiiyoreigg Sources of Current Bibliggggggx{

R

A briefl survey of Soviet sources of current bibliography was given above. Lst

oS

us enumerate briefly the foreign sources of current bibliography.

| m[ Polaﬁd issues quarterly a "Survey of Polish Technical Literature" which in-

cientific literature as well as critical reports

mjcludoa not only technical but also 8

;mon articles and books published outside Peland.

rj: In Hungary there is th quarterly “%urvey of the Hunnarian Technlcal Press',

_hich contains a special Section on WElectrical Engineering and Communication Engi-

‘ ‘noering" including in particular, listing of the tables of contents of the

Hungarian journal "Communication Engineering" (Magyar Hiradastechniks).

S|
s Psoehoalovakia issues a bibliographical guide to periodical and book literature.

bt
aft The German Demoeratic Republic iasnes a monthly reference journal "Technisches

"‘erontralblatt. Abteilung Elektrotechnik". ' The principal topics of the journal con-

cal engineering, but radio-eloctronic literature is also surveyed.

"'cern electri

~In the Gapitalist cOﬁntriea, the 1oli ﬂing technicel Jnurnals with extensive

ibibliqgraphical sections on radio—engineeﬁing and electrocommunication literature

Jare of interest: the. Britiah journal "Wireless Engineer" (as of 1957, "Electronics
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) 4 gy is w e 5 e " .
and Ra American journal "Procesdlng® of tie Ingtitute of Radio
a \

o o, : ,“\j‘_ ] E" 4‘. 4 i 'A 1889
Engineers" (FIRE, which once a month reprints the biliiography cited in "irel

hj ' mmuniaationz", which surveys mueh
Engineer", the French journal "Annales des Teleco , g

' i ' Lo COMMUrL cabi and finally
periodical literature on long-distance, wire, and radio COmRLI. catlons, and finally

the West German journal "ETZ2",

The following are outstanding ameon the foreign raference and oibliographical

. N . ] 2 amt “ 4wt s G
journals on electric enginesring, radio engineerlng ard electrocommurdcations

Abatracts” and

(]

i ineering At : . of Sciene
British, "Blectrical Englneering Abstracts. Section E. of Sclenc

‘ ikali ' tronische Rundscnau®,
German, nPhysikalische Berichte, Electronische ,

Retrospective Bibliography

R 011 e & i py g PR S 5 AT Qe
Beside current bibliography there exiats the 7-salled retrospective or cumuia

‘ ich i nencver it i necessary Lo survey litera-
tive biblicgraphy, whlph is very ussful whenuver it 38 D sary Lo survey 1

1 3 <4
ture publishec over 2 long period of tims.

ct
3
&,
(=R
[+:]

The foreign scurces of retrospective bibliography include the subjes

in March by the British journal "Electronics and Radic Engireer”
#
: "Index t ] Refererces”, which is reprinted an-
. ("Wireless Engineer"):; "Index to Abstracts and R , whic priz

published annually

nually in April by the American journal PIRE.

Up to 1954, the April issues of PIRE contained & general annual supwey of
radio-engineering literature. - The pibliographical yearboox "Enginesring Index",
igsued in June - July, is also of interest.

Such bibliography is also contained in the book and periodical biblisgraphies

/ ) . “ ‘
. cited in the Great Soviet Encyclopedia, and in the surveys published in jeurnalskqnd
: igsued in the form of separate bouiks (for example: Scientific Literaturs on Trate
Lo

gistors. DBi-liography 1929 - 195%. Moscow - Leningrau, USSR Academy of Sciences

_Press, 195/, 631 pages).

.
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