Declassified in Part - Sanitized Copy Approved for Releas 2013/06/04 : CIA-RDP81-01043R002000220003-8

STAT

! AR TECHNICAL INTELLIGENCE
TRANSLATION

v 2

‘ELECTRICAL COMMUNICATIONS

(ELEKTROSVYAZ?)

NO, 3, 1957
pp. 1-80
SVYAZ'IZDAT - MOSCOW

Declassified in Part - Sanitized Copy Approved for Release 2013/06/04 : CIA-RDP81-01043R002000220003-8



Declassified in Part - Sanitized Copy Approved for Release 2013/06/04 : CIA-RDP81-01043R002000220003-8

Table of Contents

The Noiseproof Feature of Recelvers with End Recovery Time,
by A.H.VASil'er 00.0.0...0.0...00.."...0..0....0.0.000.00

Generalized Analysis of Amplifier Stages, by A.ARizkin eccecccccccs

Determination of the Basic Parameters of Multichannel Radio
Relay System Apparatus, by S VeBorodich seeccoccecsscccccccs

An Investigation of the Self-Oscillating System in an Oscillator
with a Semiconductor Junction-Type Triode, by S.M.

Gerasj—m»ov .......l.......'....'..'.".l.....'...............

Frequency Band of Radiotelegraph Signal Transmissions with
Amplitude and Frequency Keying, by M.S.Gurevich ececccccecs

Contactless Switches, using a Transformer Ferroresonant
Circuit’ by Ya.G.KOplentz, D.A.Yakovenko PP Y Y X N X N ] .

Methods of Phantom Telephone Communication, by N.V.Reshetnikov eeee

A Polytonic System of Number Transmission in Long-Distance
Channels’ by VeNoeZaCheSOV eseeeccvssscccccesssccccscsccscoscos

Calculation of the Output Capacity of Telegraph Service
Equip‘nent, by P.V.Prakhov 0000000000000 00000000c000000000CS

From Foreign Journals - A Radio-Relay System for Television

Transnlission .......0..................‘.I...'..OO..OU..I..

Foreign Patents ooccoo.nooaooooocooccoooooao-ocooooo.ooooo.ooaooooo
o]

New Books ........."O......lO......9........Q..............‘..I‘..

Declassified in Part - Sanitized Copy Approved for Release 2013/06/04 : CIA-RDP81-01043R002000220003-8




Declassified in Part - Sanitized Copy Approved for Release 2013/06/04 : CIA-RDP81-01043R002000220003-8

THE NOISEPROOF FEATURE OF RECEIVERS WITH END RECOVERY TIME
by

A.M.Vasil'yev

An equation is discussed for determining the degree of
probability of signal reception at the instant of time t in a
receiver with end recovery time. With this, the given degree
of probability of appearance of a signal in the receiver in‘;aut,
is computed. A solution for the equation is found for the case

when the intensity of interference is low. This solution per-

mits a determination of the reiétion la_é—f;ﬁeen the number of
correctly received signals and the number of spurious signals

in the receiver with end recovery time.

' Introduction

—pn .

il

We will discﬁss the pulse communication line which has been subjected to the

_effects of interference. Pulse signals are transmitted along the line. To lessen

the harmful effects of interference, the receiver may be cut off at the time t after

_reception of the next pulse. If the signals are transmitted periodically, the pres-

ence of end recovery time t reduces the probability of emergent false signals during

. -.the interval between transmissions. At the same time, the probability of receiving

the transmitted signal is diminished due to the fact that the receiver being cut off
-':'Z:jaf, the instant of its arrival. In the réceiver with end recovery time, the ratio of

- the number of the received correct signals to the spurious signals is larger than

the corresponding ratio in a conventional receiver.

‘\ .
. .. If the pulse receiver is not cut off artificially, it will have end recovery

‘ . time. This time remains quite small in the vast majority of cases and can be dis-

regarded in practice. However, when using a relaxation oscillator at the receiver
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}output or when receiving strong signals which overload the receiver, the end;reco;: i
ery time must be taken into account.

‘ . It is of interest to define the probability p(t)dt of receiving a signal in the:

* _time interval from t to t + dt, considering as given the probability n(t)dt of the
_arrival of the signal at the receiver input during the time interval from‘t to t + dt.
Below, the arrival of a signal at the receiver input, during the time interval adja-
cent to t + dt, will be considered an independent event. This cor;Zonnds to an ap-
proximation when "the infinitely small" interval dt is denoted as the time interval

of the pulse duration series, and n(t)dt as the probability of the appearance of a

signal for an interval of time approaching the point t.

= rmens - [

Equation for the Degree of Probability of Signal Reception

We will now consider the equation for the degree of probability p(t) of signal

t

reception in the receiver with end recovery time t. The probability of signal re-
ception in the interval t - t + dt is equa} to the probability of signal reception
_at the receiver input in the intervaln (t)dt, multiplied by the probability that the,
receiver is in recovery condition. It is obvious that the receiver will be closed
if the signal is received at any of the instants of time £, lying in the interval

t -1 < E&<t. The probability that the signal is received for the time t - T to t

t
is equal to [ p(£)de. Therefore the probability that the receiver is in recovery

t -
T . N

_ o]
- ondition at the instant t is equal to 1 - J p(g)dé. It is obvious that the
t -7

t

1

probability p(t)dt may be represented as the product a(t)at (1 - [ ple)dsl.
‘ t -1
Equating both expressions and reducing by dt, we get the desired equation

N

t

p()==(t) [l — S

p () de l .

(2
.
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If the signal received is transmitted periodicall& at_fixed period T and inter—f

ference, then the degree of probability of signal appearance at the receiver output

‘. n(t) has the constant value n for all instants of time when the signal is not being

transmitted and is rejected during the instants of time t = kT when the signal is

i v being transmitted. These rejects correspond to the fact that, at these instants,
o
the probability of signal appearance at the receiver input increases. sharply.

If 5(t) denotes the delta function, determined by the conditions

[ =

a([)={:o I:Fg]‘i:a(t)dt=l,

then, forn (t) in the case under consideration, the following analysis may be writ-

" ten:

w(f)== —%—245 (t — &), (2)
R

'. where q is the probability of the appearance of a transmitted signal at the receiver
jnout in the presence of interference. Thus the determination of the degree of
probability of signal r;aception at the instant of time t, if a periodic pulse signal
is transmitted and the receiver is affected by a fixed interference, reduces to the
derivation of eq.(1l) when n(t) is given by eq.(2). If reception begins long before
the instant of time under coﬁsideration, the solution of eq.(l) is hardly distin-
guishable from the fixed derivation, i.e., from the veriodic solution of eq.(l),
with r(t) as given by -~ « < t < *+ =« In the following, only the periodic solution

of the equation will be considered.

Solution of the Equation for lLow-Intensity Interference

The solution of the eguation under ordinary circumstances is far from simple.

» -
. In this connection, the case below which the intensity of interference is low will

!
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. In i _ = ——
f ‘be considered. Interference may be considered low if nT « 1, i.e., if the probabil—;

ity of a false signal arriving at the time ¢ is much less than unity. It is natural
to limit the calculation to the case where the recovery time of the receiver 1 is
’ less than the period of signal transmission T, since otherwise, even without inter-

o ference, not all of the transmitted signals could be picked up by the receiver.

4o lfe will represent the degree of probability m(t) as m(t) = m + m_, where T, =

]

% q 6(t - kT), and the degree of probability p(t) represents the analysis p(t) =
v . k

i =Pyt PLt P2t ees, where p, is a member of the series n conforming to at. If

) these terms in eq.(l) are substituted and the members of one finite series equated,

. then a system of equations is obtained which permits the determination of all Py

o= ‘1.. fpo<z>d5,

{—=

m== [l— S!PO(E)dE] — o j:p,(i)de

po=—x [p®d - [P0 (3)

{ z
po=—= [ Pa@di—r [p,@c
' 7 1—= t—=
The first equation of the system (3) corresponds to zero approximation, i.e.,
! "~ to the case where T equals zero. Only at t ¥ kT n, = O does it follow that p, = O

-at t # kT, At the points t = kTrn, = q&(t - kT)t = kT and the interval

-~ kT
{ f o,(£)dg = 0, since it takes into its scope where pPo(€) = 0 (£# kt). From
kT =7
(' . _this, it is obvious ghat v, = Mo

i A studr of the second equation of the system (3) indicates clearly that it cor-

.— resvonds, in first approximation, to 7T, In following this through as p, = n,, this
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* ! ! .
" takes the form of P;(l)=1r[l — 5.110(5)45] — jpn(f)di.‘ at t # kT, = O and, conse
1—-

—<

quently,
l -
P (1)==1r[l — { n, (E)dEJ = - Eﬁq direct (
(—=- k

i kA <t intr i + (Bibl.1l), we use
vhere, in conformity with the symools introduced previously ( 1),

direct (1) =

(111]<
0>+

r . LN
For the points t = kT, we may now wriie o

AT kT
p,(kT):r:[l—— g ::O(E)dé] i (= RT)y_y Sp,(é)d&

kT--= kT—= o

i i n the ri - i rsus infinity, as the value
or, neglecting the first term on the right-hand side ve R

of the second term and considering eq. (1),

kT—- A

“r i aT—5) s
; s 2 |z 50— kT .
m (kT)=—¢q [n: —rq Y direct (_——v—-_)dc ( Vit

then,

dip)(kT) = — g [z — =q (2: = T)] = —q= [T — (2 —1)=].

Finall:- we obtain for py(t)
~
&

[),(/):n-—qud:'rld( ;_"—)—-an[T—(?q———l):]r}(l—kT). (5)

k k

The following approximations may be derived in an analogous manner. It can be
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demonstrated that, if mt < 1, then the series p(t) = P, * P1 + pp t ... CONvVErges

I
uniformly and, consequently, represents the solution of eq.(l). Ve are limiting the

calculation to the solution in first approximation which, according to the discussed

principles, has the form

ok pi=Y a (L —=[T—@q— 1]} 3¢ — 4T)+
k

t—T —
+r—9,nq dn'red’(____) .
))

The Relationship of the lumber of Correct Signals Received to the lumber of Spurious
Signals

The electronic receiver admits all signals arriving at its input. Therefore,
if the degree of probability of the arrival of signals at its input is given in
eq.(2), then the relation of the number of corre;%ly received signals to the number
of spurious signal is equal to ’?T .

Tn the receiver with end recovery time, the degree of probability of signal re-
ception, in first approximation, is described by eq.(6). The probability of recep-

tion of a transmitted signal, according to this formula, equals
q{l——x[T——(Qq——l)tn.

The mean number of spurious signals picked up by the receiver for a period T,
&

is equal to

kT—N
(o pode=rxs(l - == —9=nT[1—qF].
AT=T 40

Whence the desired relationship in the receiver with end recovery time will

equal q_‘[l—n[T—(‘.?l]—-l)tl}

rT T
=

Declassified in Part - Sanitized Copy Approved for Release 2013/06/04 : CIA-RDP81-01043R002000220003-8



Declassified in Part - Sanitized Copy Approved for Release 2013/06/04 : CIA-RDP81-01043R002000220003-8 §

and is distinguishéd from the correspondit}g rela‘t:ionéﬁip 1r1 the electronic p—éé'éi'irer‘t

d==rT=@¢—=1sll

<
l—qf.-J

by the common multiple : Lo ]
|

|
For example, if q = 0.95, T = Q48 T, and nT = 0.1, then d = 4. The mean number
of correct signals in the electronic receiver in the case under disctzssion is 95%,
whereas in the receiver with end recovery time, it is q{1 - n[T - (2q - 1)t1}, i.e.,
93%, It is clear from this that, in the given case, the end recovery time results

in practically no change in the number of correctly received signals, but leads to a

quadruple reduction in the number of spurious signals.
BIBLIOGRAPHY

1. Vudvord,F.M, — Information and Probability Theory in their Application to Radar. °

Publ. Sovetskoye Radio (1955)

Article received by the Editors 29 May 1956.

Declassified in Part - Sanitized Copy Approved for Release 2013/06/04 : CIA-RDP81-01043R002000220003-8



Declassified in Part - Sanitized Copy Approved for Release 2013/06/04 : CIA-RDP81-01043R002000220003-8

GENERALIZED ANALYSIS OF AMPLIFIER STAGES

by
A.A.Rizkin

Generalized systems and generalized matrixes for various

types of tube and semiconductor stages are presented. The ap-
plication of the theory to the analysis of equivalent systems of

semiconductor stages at high frequencies is demonstrated.

Generalized Systems and Generaligzed Matrixes

The analysis of amplifier stage§ (tubes or semiconductors) in a linear hookup

is ordiffarily made by constructing an equivalent corresponding system in the form of
o
For the analysis of complex multistage systems, the matrix method is especially well!

suited, ’ . i

a linearly operating quadripole, containing dependent sources of current or voltage.

In addition to this, it is desirable to obtain a separate stage which will be
adaptable to stages of various types. For example, in the case of stages in elsc-
tron tubes, it is desirable to have a generalized matrix, uniformly suited to stages
with a common cathode, grid, or anode; and in the case of stages in semiconductor '
triodes, to stages with a common emitter, base, or collector,

This can be easily attained if the generalized equivalent systems of amplifier -
stages with double dependent sources are introduced into the types’p¥esentedcyy the
author (Bibl.l). One of the possible variants of the generaliged equivalent éircuiq
of the tube stage is given in Fig.l, and the semiconductor stage in Fig.2. The i
transition from the generalized stage systems to the concrete types has been carried

out in conformity with the data of Tables 1 and 2.

The generalized equivalent systems permit the corresponding generalized maﬂrix@s i
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to be obtained., Thus, the system of equations for the voltage nodes of the circuit
- in Fig.l directly determines the matrix [y] of this system, whereas the system of
equations for the current circuit of the diagram in
Fig.2 is the generalized matrix [z] of a semicon-

ductor stage. The generalized matrixes of other

types are obtained from these matrixes by the known

conversion formulas (Bibl.2).

The generalized matrixes of .tube or semicon-
ductor stages obtained in this manner are given in
Tables 3 and 4. To cbtain the matrixes of the con-

creté ‘stages it is sufficient to substitute, for

the corresponding generalized matrix, the values
conforming to Tables 1 -and 2.

According to the known matrixes of the individual stages, the matrixes of the
complex systems are determined. These permit obtaining all values which character-
ize the operation of the system.

If a source with an emf of E, andean internal resistance of Z  operates at the

input of the system, while the output of

the system is closed at the resistance Zp

(Fige3), then the amplification of the sys-

' tem through the voltage K;, the amplifica-
Fig.3 tion of the system through the current Kj,
the input resistance of the system Z;, and itsloutput resistance Z,,; can easily be
found according to the formula presented in Table 5 (Bibl.2).

In compiling the Tables for positively directed currents and voltages, the di-

rections shown in the diagrams were assumed, whereas the matrix specifications cor-

respond to the following matrix equations:
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1

[ =oi o] []=w )

e =l (=] )=l

Table 1

Generalized Matrixes of the Tube Stage

¥s ¥

yag yax

Y Yog

ax
Ygx Yax + S

a) Stage denomination; b) With common cathode; c) With common grid; d) With common

anode

Table 2

Generalized Matrixes of the Semiconductor Stage

Ry Ry Ry

re—"rm ! Te

a) Stage denomination; b) With common emitter; c) With common base; d) With common

collector
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Table 3
Generalized Matrixes of the Pi-Network

. _— —— - . .-_.._._....! —atm

) l v Yy Y,4- a8 —Vy '
11 (m—n)S+V, —(Fi1+Yy)
' ” T Rntve n _
| (n—m)S—VY, Y,+Vs|-mS :
N T - — |l !
(d] I I £ !
Fit-¥Ya-bmS | 1y (m—-n)StY2 !
| T [—ms—v, 1 ' ! ‘
l lf] }'2 + ya [ D!I _yq J I
Ty C - | !
o ] YatYs !
Vo lal (m—n)S-VYy [ — Yy 4 Yy - mS ]

¥y = ¥y (Va+ Vo) 1SV, + (V3 + mS) V) =
= lyug S+ Yuu + yuA')+ Ygxyuw]°

I
1

‘ Table L

Generalized Matrix of the T-Network

Ry + Ry — Ry 4-tnry
Ryt+nrm —R,—R3+ mfm]

: —~ - ! — Ry — Ry - —
Py i 3 3t Mmrm Ry—mry
Wl [—’es—nrm Ri+ Ry

e
i<}

—I1 [ — Ry - inrpy |2] ]

" Re+Ry—mrpy 1 —Ry—nry

_ ! Ry+nrpy 12|
Il R]-g—l{-,[ ? ] Ry — mry, J

(a] ! Ry ¢ Ry —12]
Ry nrm ! Ry + Ry — mrp,

o — |2l = [Ra (Ry + R3) + R\Ry — rpp (MR + nRy)| =
- =[r (ry4r.)+ r(re —rm)l

. 1 STAT
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¢

e o - i S _‘
Table 5
s - Basic Ratios
I ’ Uy . b
iM] | Ku="E, ’\lz'[_,‘ Z.’“ Z jut
1. ZyZn Za ZyZn—l2l ZnZo+ 12
2] /A Z, — Za: Z,—Zp — Zy+2Zn
. YalZ, Yo YosZ y—1 ¥Y1Zo+1
I 7. 570 | DZ.—Pn | DiLtta
. dpl, dy Al Zntdn Zu+- dzz___
Id] Hy —dnZpt1 —dyZ, +1 —dyZ, -+ d|
E— _[nzn o In . Zpn—In 1l Za— ha
: : (f " T+ faZ, I, TmZo T
Zn ! anZ -+ a2 anZy + aig '
la] 1, unZn+ap anZ, + an | agZo+ an
) Hy= "ZaZZu+leZn+ZOZn_lzl; ,H;-lleo+Z,,+ fmZuZ"—' fw:

e~

H, -VnZo—YnZn— VI ZZnt+ [
Hy=2o+ ldlZn—dzlloZn+d12;
Hg = 0Zo + 8uZn+ 8122 n+ 12

Semiconductor Stage in the High-Frequency Field

We will demonstrate the procedure of applying the method to an analysis of the

equivalent semiconductor stage at high frequencies. For the semiconductor stage ‘

with a common emitter, the equivalent circuit, adapted for a wide range of frequen-

cies, is illustrated in Fig.L (Bibl.3; L) This system may easily be represented in

the form of Fig.5, since the latter is so designated as to be indist.ingui_shabl&--'from

the equivalent circuit of a tube stage with a common cathode. . L N

1

To find the parameters of the layout in Fig.5, all that is necessary is to set |:.
¢l N

- up the matrix [y] of this schematic and compare it with the matrix [yl of the ,Vaéﬁ;w

matic in Fig.he. This leads to the following results:
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0 Ye
= T, (V et 7,0
—_— yVI\
“e L4 r,(Yyet Yen)

v rvyvn(gm + Yy
Yan= Vet T, e 77,

Y

)I

Emn

S =
L4 ry(Yve+ Yyid)

As demonstrated above, the system in Fig.5 does not differ from the tube stage

layout with a common cathode. Neither is there any difference between the equiva-

uits of semiconductor stages with a common base and the tube stage with a

R )
.. lent circ

Ivn

=
-+

Ive

Fig.h Fig.5

common grid, or between the equivalent circuits of semiconductor stages with a com-

-; mon collector and the tube stage with a common plate.
Therefore, the generalized matrixes of the semiconductor syage at high currents
“can be obtained from Tables l’a.nd 3 by means of eq.(l), if one pears in mind the
:-'above correspondence befween tube and semiconductor stages.
If required, it is simple to convert from the schematic in Fig.5 to the usual

"

equivalent semiconductor stage T-network. The corresponding conversion formulas

have the form

whereupon
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YL = yag (S + an-{- Yan)+ yguyun'

In the indicated manner, as an example, we can define the matrix [d] of the

semiconductor stage with a common base in the high-frequency range. For this, it is

.necessary to take the common matrix [d] from' Table 3, substitute there th; numerical
values from the second line in Table 1 (since the system with a common base corre-

-‘ sponds to the one with a common grid), and then convert to the parameter of the )
- semiconductor triode according to eq.(1).

The matrix [d] of the common base system obtained in this way has the form

i
g
1 ) I [

d el e T —— [}
[ ] ygu + VY S ]_\l’ S + yan-“ ) (3) E
‘ i

Tt is known that the element dyo of the matrix [d] represents the input resist-:
|
ance of the stage in the short-circuit of the output, while the element dy, is the

stage amplification according to the current of this system. Therefbre,’ <}
P !
1 N !

(Zi)o= m‘s ) Y .

S+Y,.

(Ki)0= ————-—~yg"+ y[m+ S . ‘ (5)

Since the amplification according to t'he current in the short-circuit’ hoolé:up
with a common base is equal to ¢, eq.(5) represents the complex value @ for the
high-frequency range,

For example, for the triode, having the following data (Bibl.3):

ry = 200) ohm g ,e= 10 =3 ohm: g,=1+ 10~ 2meqotem
g,.= 2. 10 Tmegobmig  — 10-5 ohymn:

C"=3000 prfi C,,=30 ppf.

M +
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The Z parameters for the high-frequency field and the-hpproiiﬁatdim;;ﬁfe;si;;;“}
1
i

for a at high frequencies, in accordance with egs.(2) and (5) are as follows:

. = 750 ohm: r, = 11 ohm; '
Fn==2,26-10%ohm; r =2 2.10¢ ohm

vz Ay 0,975
fo B R A
I i

:-iul'“, '-.—10“7 ¢

In accordance with the latter expression, the limiting frequency according to o
equals

f.=22.10% cycles

APPENDIX

- Semiconductor Triode h-~Parameters

The foreign literature makes extensive use of the matrix [h] in place of the

‘ matrix accepted by us [d]

[Ur] KE
— Ik )
[, ]|Uz .

In addition, for a positive output current, counterclockwise direction is used.

Between the matrix elements [d] and [h], the following relations take place:
}In = dlz' ,hz == (1”: ’1:‘ - —— dﬂ: ’132 == — dﬂ.

Inasmch as the h-parameters of the semiconductor triode are easily measured
and have a simple physical concept, they are frequently assigned as primary parame-
ters. It is therefore useful to establish the connection between the h- and r-

. parameters of the semiconductor triode.
Frequently, the h-parameters are gaged for either the common base or the common
. emitter system, but not for the system with a common collector., In order not to du-

plicate the computation, it is convenient to use the generalized circuit in Fig.2,
- } J

15
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0
Jsubatituting here m = O, i.e., “excluding %he common collector system.

(; Expressing the matrix [z] through the elements of the matrix [h] and repreunt-
.;ing it at the same time as the generalized matrix [z] of the schematic in Fig.2

when m = O, we obtain the following matrix equation

1z1=:_'[—nz| h.,]_[R,+Ra —Ry

haa ha TlRatnr, —(Ry+ Ry

Equating the corresponding elements, we get

The transition from the generalized resistance R to r (parameters of the crys-
tal triode) is accomplished according to the data given in Table 2, with the calcu-

lation of the type of stage, in short, given as h-parameters, |

Assume, for example, that the h-parameters, calculated for the common base sys-|

tem, have the following values:

By = 40 ohem; hyg = 2,5-10=%;
hyp = —092; hyy = 1.10-6 ohm

Using the data given in Table 2 for the common base system and the formulas

presented above, we get

R] =T, =20 ohm
str = 108 ohm
Ry =r, =250 ohm

nr, =r, ::(),92-!0" ohm
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DETERMINATION OF THE BASIC PARAMETERS OF MULTICHANNEL RADIO REIAY _ _
SYSTEM APPARATUS

by
S.V.Borodich

The method for determining t‘.he optimm values for the basic
parameters of multichannel radio relay systems with frequency di-
vision multiplex and frequency modulation is discussed. The op-
timm quantitative correlations are established between the indi-

vidual noise components in the telsphone channel, o

_Introduction

In designing multichannel radio-relay systems, the designer must primarily de-
'terx‘nine its basic parameters, based on the fact that the equipment must supply the
required quality of the coupling, and that its practical execution has to be con-
nected with minimum technical difficulties. In other words, the designer must de-
termine the optijmim values of the basic parameters of the equipment, including:

power of the transmitter; antenna amplification factor; receiver noise factor; fre-
quency swing of the transmitter within the channel; maximum amplification of the
tandem office; parameters, determining the nonlinearity of the line route (linearity
of the modulator, demodulator, and the phase characteristic of the channel), Several
of these parameters may be selected on the basis of existing technical possibilities;
however, in order to make a proper choice, the designer must know how any change in’ )
‘one parameter will affect the others.

The present article is an attempt to establish the method of determining opi‘.i-

" mum values of the basic parameters of the equipment., In summary, this articlé. has

‘ been included as a supplement.to the new recormendation to the MKKR [International -
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-Consultant mendttee for Radio (Bibl.1l)], to determine the AEiGEABiG“HSEEEFEEEZhsity}
at the end of a hypothetical standard circuit for the radio-relay communications

systems. The recommendation was accepted by the Eighth Plenary Meeting of the MKKR !

in September 1956.

Initial Data for the Solution of the Problem

The basic quality factor of commnication in a telephone channel is its noise
level., All values higher than the parameter of the equipment immediately influence
the quantity of noise in the channel, whereas the remaining characteristics of the
telephone channel, such as stability of overall circuit attenuation, frequency and
amplitude characteristics, transit time of the signal, proofing against audible
crosstalk, channel stability, and so on, do not depend on these parameterse. The
noise volume in the channel depends also on the length of line, its construction,
'and the conditions of radio-wave propagation. Consequently, the allowable noise
volume serves as a guide for the designers at the end of a hypothetical standard
circuit, which possesses a deterggned length and structure.

New recommendations by the MKKR, adopted at the Eighth P}enary Meetiné, define
two hypothetical standard circuits for radio-relay systems and give the permissible
noise level at the ends of these circuits (Bibl.2).

The first hypothetical standard circuit is designated for radio-relay systems
with a capacity of 12 - 60 telephone channels. It has a length of 2500 km and con-
iains three pairs of individual, six pairs of group, and six pairs of supergroup con-
verters, as well as six pairs of radio modulators and demodulators, respectivelye.
This circuit is divided into six sections of equal length, contained between the
stations with signal demodulation.

The second hypothetical standard circuit, designated for radio-relay systems,
with a capacity of more than 60 channels,.has the same length and number of indi-

vidual and group converters, but contains nine pairs of supergroup converters and

|
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' -lnine paira of rad.io modula‘tc;rs and dcnoduiators. It is dividod into nine sections
'of equal length, contained between the sta‘.tiona with signal demodulation_and. modnh

~tion.
!

The common psophometric noise power at the relative zero level in any telephone
; :7channel, at the end of both the first and the second hypothetical standard circuits,
iis determined by the following time values (Bibl.1):
a) Average power per hour of greatest usage; in the absence of fading, this
may not exceed 5000 upuw;

b) Average power at any hour, not to exceed 7500 puw.
These values make no allowance for the noise of the multiplexing equipment

‘ whosg power, in conformity with the MKKF recommendation, does not exceed 2500 puw,

It should be mentioned that this recommendation, strictly speaking, is not ade-'g
.quate. At the time of strong signal-fading in the course of short time intervals,
‘the noise volume may grow so much that the connection is broken despite the fact
that the average noise volume per hour does not rise above the permissible values,
The recommendation, therefore, indicates that it is essential to determine the man- ;
ﬁer in which the allowable noise level should be assigned in the course of short
time intervals; however, at present, it is impossible to give a precise answer to
th_is question. ‘

The above-mentioned recommendations by the MKKR which define the hypothetical !

standard circuit and the allowable noise volume, may be used as initial data for de-|

termining the equipment parameters.

Optimum Ratios of Noise Components in Telephone Channels

It was shown in another paper (Bibl.3), that the psophometric noise magnitude
in the telephone channel of radio-relay systems (without considering the multiplex-

ing equipment noise), at the point of zero relative level, equals

1
P.=P, + Ppp;+ Popy=A4 — + Bx+ Cx? ppw,

19
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i.e., represents the total intensity of thermal noise, Ry, = A _%_ the noise power of

nonlinear crossings of the second order Rtnz = Bx, and the noise power of nonlinear
crossings of the third order Rnn3 = Cx2., The products of nonlinearity larger than
the highest order are not taken into account in view of their relative smallness,
The coefficients A, B, C are determined by the basic parameters of the equipment, and
also by the length and structure of the syqtem. The dimensionless value x is propor-
tional to the square of the frequency swing to the channel
Af, 2
x= (34, (2)
where Afy is the effective value of thé'frequency swing to the channel, when sending
in the channel at the zero relative level, a sine current of 1 mw and
800 cycles; ~
Afq is some unit frequency swing, whose selection is somewhat arbitrary (i.e.,
1 me).

The recommendation by the MKKR specifies the allowable mean value of the noise
level in the course of any hour. Besides, in conformity with this recommendation,
sections of the hypothetical standard circuit have a homogeneous form, and the entire
allowable noise power for the entire circuit can be divided equally among the parts.
-In this way, it is possible to consider only one section of the hypothetical standard
circuit, contained between two stations with signal modulation and demodulation which,
vhile not detracting from the communal feature, does somewhat simplify the problem.

Bearing this in mind, we can apply eq.(1) £o determining the average, for any
hour (including the hour of greatest charée), of the noise power in the telephone

channel of one section of a hypothetical standard circuit

1. -
Pai= Ay -4 B -Gy, ()

n

‘ The coefficients Ay, By and C1 for one section of -the circuit are determined

20
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(Bibl.3) by the following expressions:

Al:AO—S‘l W ?

4ndF k2 [ F, )2 16x1R2e2*e
ah

0= wag

where n is the coefficient of receiver noise;
Pty is the power of the transmitter (in puw)3
AFy is the bandwidth of the channel (in cycles);
kn is the psophometric coefficient;
Fi is the mean frequency of the channel in the linear spectrum;
A is the wavelength;
Gp is the antenna amplification factor (relative to the unipole);

R, is the length of one stretch of the line;

o is the transmission line fading, in nepers per unit length;
. ‘e
lo is the entire length of the feeders in one section.
Since the sections of the hypothetical standard circuit are divided into m unit

‘parts, then

S =2(—;—)h : (6)

i=1

where Vi 1s the field attenuation factor of free space in the i - M sector.

The value ( 1 ) is the mean for ome hour of accidental quantity -‘]';i—’ inas-
hr

_much as eq. (3) determines the average for one hour of noise volume,

Further,

AF kS - 100

= ") [48*9"" + (20F ) A Y] ] )

AF 100 G, - _._," . 2 .
0= ™y, (3,) l24e ”‘+(2ka)2.Af:T12'],

Declassified in Part - Sanitized Copy Approved for Release 2013/06/04 : CIA-RDP81-01043R002000220003-8



Declassified in Part - Sanitized Copy Approved for Release 2013/06/04 : CIA-RDP81-01043R002000220003-8

is Eha yidth of the line spectrum;
brean 18 the equality (in nepers) between the mean power level of all
channels and the measured level of one channel¥;

YZQ‘k), Y3Q*k) are the functional values of the distribution of spectral densi-

ty of the nonlinear products of the second and:third order at a
frequency F), of the given channelj;

are the nonlinear fading (in nepers) at double- and triple-
frequency harmonics for stations with modulation and demodula-
tion signals (the circuit consisting of modulator, demodulator,
and group amplifier), measured for unit frequency variation Afq;
are the resolution factors (for first and second degrees of
separation) of the characteristic of the group signal time in
the channel of one section of the hypothetical standard circuit,
engaging the m; station.

Equations (7) and (8) disregard the nonlinear products formed in the antenna
feeders as a consequence of the energy reflecte& from the mismatched load. If the
feeders are comparatively short, these products will mostly be nonlinear products of
the second order and may be!fonsidered as adding the following value to the right-

hand side of eq.(7):

N 2,
;\f"”k;‘ BRIV Wnern, o 4 2 .9
By =g < 2nF e 2maf Y ekl
i=1

#The Third Research Committee of the MKKF recommends that this value be considered S1A

as equal to bpean = - l.72 + -%— In N when there is a sufficient number of chan-

_ nels N, The value -1.72 neper represents the mean level (per hour of greatest
charge) of the speaking currents power in the channel at the relative zero level, de-
términed on the basis of measurements in several countries. Unfortunately, no suit-

able value has been determined for our domestic communications systems.

22
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‘where  2m; is total number of feeders;

Te1 is the group wave transit time in the i - M feeder;

Ty4,Tp4 ore the reflectance at the ends of the ith feeder.

Equation (9) is valid, . provided that

irf "™ <05, (10)

Otherwise the calculation of the nonlinear products, originating in the feeders,
in eq.(3) would become extraordinarily complicated.

It is apparent from egs.(2), (5), (7), and (8) that the values x, Ao, B3, C1
are determined by the basic parameters of the equipment, whereas the value A] = A
= A°§1 hr depends also on the radio-wa've propagation conditions. Therefore, the
problem which we presented at the beginning of this article may be defined as fol-
lows: Tt is required to determine the values Ao, By, C3, and x from the condition
that the noise volume in the channel at the end of the hypothetical standard circuit
is equal to the allowed value Ppq = 7500 pwe.

For one section of the hypothetical standard circuit, this condition corresponds

to the equation

P . 1 (11)
—nd = Pnd, = /IOSI he 7 "{— le - C,x'—’.

v

where is the number of sections in the hypothetical circuit (v=6at N=12 Y 60
end v = 9 at N > 60).

It is obvious that eq.(11l) alone is not adequate for determining the four un-
knowns Ao, B, C1, and x. We will, therefore, present a second condition, guaran-
teeing a minimum of technical difficulty in the practical construction of the equip- STAT
ment. For this, we assume that the value x, determined by the frequency variation,
is the optimum value and that the noise volume will thus be minimal, Differentiating

eq.(11) by x and adjusting the result to zero, we obtain the second equation

< I
_—_‘—.‘IOS‘ hr 3= +B(+QC|X. (12)

23
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The two equations (11) and (12) are still insufficient for solving the problem;

— however they will yield

1
thr Tx

Bix=2Pyy -- 34,5

C|x2 = :‘)AOSI hr %‘ hnd pnd,
which implies

Pon,=2Paq, — 3Py

(13a)
Pon,=2P i — Pua,

n

Apparently, in the real system, the power of nonlinear noise of the second or-
__der, as well as the power of nonlinear noise of the third order, cannot be equal to

gero and still be less than zero. Bearing this in mind, we obtain from eq.(lBa) the

third condition

I 2
T Prd <P <5 Pra,: )

. We further assume that the thermal noise volume equals

= 1 .
Py =S, pe == Ppyp

" where the value £, in conformity‘with eq.(14), lies within the limits of

d<ic . (15)

2

Then from eqs.(13) and (13a) we find the ratios between the components of the

noise in the telephone channel

(16)
(17)

(18)
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el

‘where £ satisfies the condition (15). )
The ratios (16), (17), and (18) are optimum since they are derived from the con-

dition that the minimum possible noise volume in the

! channel of the radio-relay system is determinable by
ag . B .

as the®parameters Ag, Sy prs» B1s Ci and x; squal to the
07,
g — allowable value Ppg, . .
s
a3

a2 .

0@@&5‘&56030150&62!164 as &

To illustrate the ratios obtained, the noise

L~

components are plotted in Fig.l as a function of the

value £, in which the allowable noise level is taken

Fig.1l as unity.

Determination of the Basic Parameters of the Equipment

We note that, of the four values A,, Bj, C3, X, determining the basic parameters
of the equipment, only one value, namely x, can be considered known, since the fre-
quency deviation of the channel has been fixed by the specifications established at
the Eighth Plenary Meeting of the MKKR in September 1956, To i‘nsure international

contact of the radio-relay lines, the MKKR recommends the following effective fre-

" quency va of\values of the channel Afy, for systems with 2L to 600 channels
(Bibl.K).

t

Number of Telephone Effective Value of
Channels in the System | Frequency Variation
in the channel Afy (kc)

35
50, 100, 200
50, 100, 200
200

200
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Therefore the three equations (16), (17), and (18) obtained above are entirely

adequate for determining the three unknowns A,, By, and Cqe

. From this, the following equations are obtained:

Ag= Pnd. tx

' (19)

Sl hr

B]=Pnd, (235 ' 7 ' - (20)

(21)

In these expressions, the value & is not accurately determined; it is known
only that it must satisfy the inequation (15). In selecting the value &, the de-
signer has an opportunity of changing the numerical ratio of the noise components,
i.e., to increase one of the parameters (By or C1) at the expense of the other, if
it is expected that nonlinearity of the second or third order will be predominant.

As can be seen from eq.(19), the parameter A, also depends on the nonlinearity
of the value §1 hrs expressing the conditions of the crossing signal for all my
parts of one section of a hypothetical standard circuit. It is known that the at-
tenuation factor Vq, in every part of the system, is an accidental value. Thus,

-"the sum

is also a determinant of the volume of thermal noise and likewise is an accidental
value., In order to find the probability distribution for Sy, it is necessary to
know not only the laws of distribution probability for all Vi, but also the ratio
_of these accidental values, since they are not independent. This is obviously a
very complicated task.

However, the allowable noise volume is given as an average per hour. Conse-
quently, as already mentioned, we must consider the mean value of the sum El hr Per

hour, w,hich is also an accidental value.

26
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Treating the problem in this manner greatly simplifies the task, since the nea;ﬂf

value of the sum is equal only to the sum of the mean values of the’individual .

-
- =

. components e
v
5w =Y)( _n>
] L =1 V: he
e and it is nct required to know the correlations between Vi in the various parts.

Nevertheless, to determine the probability distribution of the value —él hr the laws

of distribution for the values ( 3’? ) in all sections must be known. It should be
- hr

‘mentioned that the statistical probability distribution curves for the values of V3

in the various sections, published in numerous papers, camot be used for determin-

V2 .
i 'hr

i long period of time. Thus, a corresponding statistical revision of existing materi-

' ing( 1 ‘} , since they do not present the statistics on an hour basis and for a

al and a compilation of new experimental data is needed on the probability distribu-

. “tion of the value ( Viz .) or, directly, the values of mean thermal noise volume in

hr

. . the channels of various sections of the system.

The problem may be solved by approximation, if the probability distribution of

the value( 1
V2

) for some average or even for the less efficient part of the sys-
i 'hr

tem is known. In this case, the wanted value of the sum

— /1
S =m ( -———) , (22)
- he \Vm2 hr
where the value 1 , 1s so selected that the accidental value 1 in
V2 V2
mean ‘hr A i hr STA

‘the given part may exceed the one selected in the course of a fixed but small per-

centage of the time.
. . The recommendation by the MKKR specifies the allowable mean noise volume in the

27 ' i
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channel in the course of any hour. The optimum correlations listed above egs.(16),
(17), and (18) between the noise components and the basic parameters of the equip-
“ment (19), (20), (21), whose calculation is based on these correlation-t-s, refer to
the hour of greatest load, when the nonlinear noise level is at its highest. There-~
fore, the value 51 hr? esse.ntial for the computation, must be specified for the day-
-light hours, when, as experience shows, the signal fading is usually not great. At
night and in the early morning when the fading is usually %reater, the line load is

small, nonlinear noise is almost absent and the rise in thermal noise above the op-

timum value is completely permissible.

The supplements to the recommendation by the MKKR contains examples for typical
probability distribution curves of thermal noise in the sections of the system, and

also examples of the reckoning from which it follows that, even under adverse condi-

tions, the value is (-%T—) =2 -3 (3 -~ 5) db, on the average, in each part of
mean hr

a line of 2500 km.

These considerations are also contained in the same recommendation so that a
comparison of two suggested values will give the permissible noise volume: for an
-hour of greatest load in the absence of fading, and for any given hour.

Actually, if fading is absent, then §1 hp = M and eq.(11), determining the
noise level, may be written as

Inde —p, = Agm L4 Bix+Cy22

3

where Pndo = 5000 upw, in accordance with the recommendation.

If eqs.(16), (17), and (18) are substituted here, bearing eq.(22) in mind, then

it is possible to obtain quite readily

S hr .
n
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With a change of £ in the interval (15), the value ( ;2 ) will vary from 3
“hr

Pndo 5000 mean
if = .
R v 77 .
. However, this does not infer that the value Sj py should be chosen in all cases

to be equal to 57 ppr = (2 - 3)mp. It is obvious that the value Sy, depends on the
usable wave range and has to be determined by the principles of statistical measure-
ment by various means. | -

Computing the values Ao, By, and Cj according to eas.(19), (20), and (21) it is
easy to determine the basic parameters of the equipment from egs.(5), (7), (8),
and (9). Then the designer still has some freedom in choosing the values of the re-

" maining parameters.

Thus, eqe.(5) will yield the value which can be called the equivalent power

P, G 4)F,k,'~:16n1R3(F,‘ 2 (23)

R i)

€ peh T 2

The designer has the choice of selecting the values of the individual parame-
* - ters n, P, Gp, resulting from the existing technical possibilities of their reali-

zation under the condition that the value of Py, which is determined by eq.(23), re-

mains unchanged.

Exactly in the same way, the values byy and Y3, b3y and vy, determinir-xg the al-
“lowable nonlinearity of the route, cannot be found in a simple operation from egs.(7)
‘:and (8), using the computed values Bi and Cll. However, by fixing the values of byy
and b31 it is possible to find Y1 and Yo, respectively. In the proce»ss of drafting
“the equipment further, in the basic computation of the characteristics of the indi-
“vidual junctures, a change may be required in any of the selected values; however
there must also be a corresponding change in its dependent values such that the
values Bl and Cj remain constant.

To simplify the calculations, it is racomer}ded to plot the functions of v;

. on bzl and vy on b31, for the found values of By and Cj.

29
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.c,I

i As examples, figs.2, 3, and 4 show the graphs, calculated according to the for-:'

i mulas given, by means of which the basic parameters of the equipment can be deter-

’ mined.,

hijoses -
. Bydb : 2o ]
; ) &‘ N-29|
- 5 E.’“ i
4 s —
__E_,mn-zf.a 3 { . ;W’/
[ i WPz =i
o W S uElir4 S
; ¥ 35 &F &5 -7 -1 &t
|__Nereg il
é‘.-&gg Fig.3
VT 3y E
These graphs are calculated for two radio-relay
(‘E)_ systems with 120 and 240 telephone channels, having
L1
550 1 2 34 56 78 db the following data:
Fig.2 AFk = 3,1 ke3 kn = 0,753 Afk = 200 ke Afl =
. ’ = 707 ke (amplitude equals 1 me); v = 9; mp = 63 Ry =
@, - e = 43.6 km; A = 7.5 om; byegy = 1.72 + — In N
—
. ;2 [r%@ — 1) The system with 120 channels: N = 120; Fy =
e
9 N-20
A, = = 552 kej AF = 492 ke; yp(0)) = y3(0x) = 0.45; bpean =
/ ] ;
Z 7 // 5;\‘55 i = 0,67 nepers;
) e system v channels: = : =
; I/ // 2) The system with 240 channels: N = 240; Fy
= syl ,
ST = 1052 ke; AF = 992 ke; yolay) = y3(ok) = 0.55 bpean =
L
; | s |20 = 1.02 neper.
= , ’ J/
IRV b In Fig.2, the functions of the equivalent power
35 &0 6 W W &t STAT
Pe are shown, reflected in decibels proportional to
Fig.l
1 watt, dependent on the mean value of signal fading
" in each section( 1 o In Figs.3 and 4, the functions of Y; at by and Yy
- mean hr i

‘ at b3) are shown, from which it becomes quite clear that an increase in attenuation
J

30
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of the nonlinearities by, and b3y above the determined values is of no meaning, ‘

since y; and v, remain practically constant. _ i
If the nonlinear products, arising in the feeders, increase further, then the

value y!, determinable from the graph in Fig.3, will equal
Y1

) o] C - -
‘/ 'i’r*m,-: r,r, - =
1 = .
)2("14)

This expression, derived from oqs.(?) and (9), is correct for calculating the
_ inequation (10). o -
The values yj and vy are the coefficients of the group time characteristics of |
the signal transit over the track of ‘the entire section of the system, consisting
of my stations. To find the corresponding coefficients Yjy and Y4 for one station,.

it is necessary to know the combination law of these coefficients. This problem is

considered in some detail in a previous paper (Bibl.3).

Maximum Amplification of the Tandem Office

The maximum amplification of the tandem office is determined primarily by the
need for stability of the connection. If, as the result of deep fading, the signal
level at the receiver input of any station drops“below the threshold of the ampli-
tude limiter, a drop in the power of the signal at the station output will result,
accompanied by a ‘sharp rise in noise, which may result in a disruption of the
connection. .

If we assume that an interruption of this type in connection in a(’line consist-
ing of m parts represents 6% of the time, then a nonsimultaneous deep fé.ding in the; - STAT
various parts, will lead to disruptions —?T% of the time. ! Cn

Iet us assume that in —%—% of the time the fading factor V in the" section of ‘
the system must be smaller than a value Vi ; . Then the total attenuatfion in the

. section of the connection will be S
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lGn?R(";e"”“

during (100 - %)% of the time.
Obviously then, to insure a stable connection over (100 - %)% of the time,
the maximum ampiification of £he intermediary station should be equal to that fading

- ap? tYal, .
1Cn2R e (2h)

P max =———————-—-——7202 7
“HAY min

The value Vpin is derived from the statistical probability distribution curve

of fading in the various sections of the system,
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AN INVESTIGATION OF THE SELF-OSCILIATING SYSTEM IN AN OSCILLATOR WITH
A *SEMICONDUCTOR JUNCTION-TYPE TRIODE
by
S.M.Gerasimov

Phase relations are examined in the semiconductor junction;'
type triocds, and a conclusion is drawn as to phase balance in the
self-oscillator. It is shown that phase balance failure may pre-
vent the generation of self-oscillation at higher frequencies.
Systems are proposed with phase correction, psrmitting a ubstan.
tial boost in the critical frequency. An analysis is given of!

oscillation characteristics and recommendations are advanced, re-

lating to the selection of the optimum system of self-oscillation.

'

An Investigation of Phase Relations

In self-oscillators, not only the energy indexes have a decisive significance
but also the phase relationships. In the investigation of oscillators with indepen-

dent excitation and semiconductor junction-type triodes, the phase relations were not

considered (Bibl.1l).
In the steadily working system of the self-oscillator both phase and amplitude

balance are attained. It is known from the theory of self-oscillation that the con-

dition for phase balance is
s ' w«"l !pﬂ=2ﬂl1, ' (l)

where @g is the phase shift in the triode (the phase angle of average transconduc-

tance);

‘ ?y is the phase shift in the feedback circuit;
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®a 1s the phase shift in the circuit (in the load);

n=1,2,3.,., where n is a natural number series.,

. The phase shift in the semiconductor triode (or tetrode) differs basically from
: the phase shift in an eiectron tube, In the semiconductor triode (in the following,
the tetrode can be substituted everywhere too) the phase shift is det.ennined by the
- effect of the current flowing through the base and the Junctions between emitter and
base and base and collector,
— oom If the investigation is restricted “to no-volthge anyl critical operation, the c -

low permeability of semiconductor triodes will make it permissible to neglect the

cqllector voltage response, in first approxima- e

N tion,
£ 0 X Under these conditions, the equivalent tri-
@ @]_‘@» ) ode system must be derived from an analysis of
,f'—__ - P ? _\"i the currents in the system shown in Fig,1,
. :.I ; ;: % :: . ; Under the effect of the excitation voltage u,
: | m“ - ':fl”" ;' in the circuit, the current begins to flow, A
R .i_ ______ /,= E:i ‘‘‘‘‘‘‘ 'Il voltage drop occurs in the pedestal resiétance,
=£ as we]% as in the electric wires (this is denoted
! Piel ’ as the resistance r;). The remainder of the vol-
) e tage will operate at the emitter-base junction.
Assume that, under the voltage effect at the emitter-base junction
7 u,,=U, sin ot
STAT
the following current begins to flow in this circuit:

loo':[eu sinwf.

Then, the following current begins to flow in the base-collector circuit;

‘ [ox = [ux SiIl (m[ o ‘?dr )

34
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The phase angle q’ is determined by the drift time of the minority ca.rriors
(from the emitter-base junction to the base-collector junction) and by the rrequoncyf

Pdre™— w’dr'

The current in the base circuit, generated by the excitation source, will be

equal to the differencs in currents at the junction (Fig.1)

(= — 1, -.=:I,o sinwl — 1, sin (of — ¢, ).

In the general case,

]m :‘: ,ru( *

However, at a known error it can be permitted that I, = I, = I} if the recom-

bination of the minority carrier with the base
is neglected; besides, it is assumed that the

*izy, Upy _slope of the curve of both currents is the same.

.l Thus, if it is allowed that Iy, = Igy = I,

then eg.(2) will yield

i,=2I smg“fcos( t—- q—,‘}),

i,=1,5in g4 cos ot + 2I, sin? ¥ sin wr, )

The equivalent system, shown in Fig.2, corresponds to the existence of these

-two currents,
The equivalent resistances are determined by the conditions
Ue

21, sin =~ Yar
2 D

. U,
I sing = —.2°
x.o

35

Declassified in Part - Sanitized Copy Approved for Release 2013/06/04 : CIA-RDP81-01043R002000220003-8




Declassified in Part - Sanitized Copy Approved for Release 2013/06/04 : CIA-RDP81-01043R002000220003-8

Ve Y-

- ~ From the conditions of the equivalent circuit of Fig.2 it follows that
{

'
en

2, sin® 'd"'

v, ]
--x '

e /;.—sill Fdr

(6)

The ratio represents the mean transconductance for the variable component
eo
of the collector current Iy = Spmean Ueoe At the very lowest frequencies, the vol-

tage at the junction Ueo is practically equal to the voltage of the excitation source

uge Therefore, the value of Spean Should be determined at the lowest frequencies -

as Spean = ‘Illé . In Class A operation, the value Spegp is equal to the steepness of
' . the spatistical characteristic S = dlk when

0
Ey = const.

On computation of the stated values, ws

| (7)
e TSy

AL 0 £ 94, =T,y the reactive component will

be xgo < 03 under the conditions assumed by us this implies that this has the charac-

ter of capacitance.

This case is well illustrated by the discussed vector diagram (Fig.3). The
ok corresponds to the vector leading by the phase cur-

lagging vector of the current I
rent ffo.
Tt is easy to show that the angle of ‘drift m < ggp < 20 corresponds to the re-

active resistance of an inductive character (xeo > 0)e The resistance is reo ” 0

at 0 < @gp < 2n. The general character of change in the functions rggs Xeo © ?(P4r)

is shown in Fig.lL.

. Let us determine the equivalent input capacitance Ceoe Since, in this case,

36
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—_ - 1
0] Ceo

, then from eq.(6) we obtain

Equation (8) may be presented as

‘o

I.sin%
. iw dr
Cev - U‘nn : (8)
oo lde S Ede  Q Sinvgy (9)
t .fn 7 dr‘ t .Gn ;dl' ' - i

-where Q = Ipty,. is the charge of the minority carriers of the current in the base of

the triode.

o

The capacitive nature of the triode input resistance is well illustrated by

XooTeo

eq.(9). The co-factor % testifies
to the fact that the value of the equiva-
lent capacitance depends on the angle of
drift (Fig.5). The equivalent inductance

may be found from eq.(6) under -the condi-

Xuo

o Figel

Turning again to the system in Fig.2, we find the correlation between the vol-

tage at the junction Ueo and the voltage of the excitation source Uo. The voltage

. at the junction equals

‘- where

tion that i xgo = iw Leg or

L, =— Jz%'uﬁ . (10)
It should not be forgotten that, when
T < By 2, the co-factor of the denomi-
ﬁator is sin g4 < O and, .consequently, in
€q.(10) Ly, > O is obtained,

. STAT|

. g_n { xeore, y I ¥en
Uln =7 =UyKe ’

Teot1%en

i xgurlo

Z=r —_
0 rent ixe,

37
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™

(

After several transformations, the following equation is obtained: :

? K= ! ' (11)

. - ’/f‘iT'i:T‘:
.~ -and
. By == 111C th': , (12)
s ¢ ©
where
([ '
i =i’ (13)
- v__ "o -- " eo
=t ()
: Equations {11) and (12), at drift angles of O = Pgr < ™ and irrespective of the
active resistance rey (rec » ro), yield the pre-
p Sin Yye
b 0 Fae viously known fuctions (Bibl.l): '
®
® S S (15)
V1 (0C,r)
@ A
. and
. 74, == — AIC lngwr”_ (16)
0 ] 30 180 Ty

. It is important to establish how K and 94
Figo5
change on any variation in 9gy within the limits

of O to 2. Using egs.(7), (13), and (14) we get

3= = -, S Sin Gy, a7

- *en STAT]
T Ten v1ee?2 Tadr
§= ..._.r_.'__ =11 28 r,sin? =" . (18)

The values of interest to us are listed in Table 1.

The greatest interest is represented by the deduction that the angle ¢,, changes

L

within the limits of i —%-, since, as indicated in Table 1, - 1 < (_%-)m.&r <+ 1

38
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eq.(12)1.

o
p Teo

! 1] 1]
ryS TS mean
1 4 r4Smean — e | —arety [ S - e vl o )
Vet ToSmen 1 LoSman| V(11 FoSaad? 4 (FoSud”
!
1427 S mean 1] U 0 .'r,,s—:;
rosnnn l',,S”“"‘ !

1} 7S, q arcty N —————
F 7o man V765 muin Vb 10S mun |F (1 7, ST (FoSad?
1 0 0 H

Typical slopes of the curves ®q, = @ (Pgy) and K = ?@4r)

are illustrated in

Fig.s6e . -
At the beginning of the investigation, it was mentioned that the current in the:
. base-collector circuit lags in phase behind

the current in the emitter-base circuit by

!%:...,'07475777%?;_‘:“ an angle of ? gr =W tdr. Consequently, the
1

overall phase shift between the voltage of
the excitation source fJo and the current

in the collector circuit I equals

O =", Py (19)

In principle, the angle of drift can

be found analytically. In the given case,’ STAT
we discovered a method for cie{;ezf:miningighe; :

- angle g4 by experimental means. To calculate g4r, the schematic depi(c.t.e_ic_l inFig.7 . ’

can be used, In this diagram, under the condition that Ry>» Zgo, the qixrferit ‘of.:.tﬁg

@ emitter will be in phase with the source voltage; the alternating voltage in the col- T

1
P
i

39
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lector will be exactly in antiphase with the current Iy.

If, the horizontal plates of the oscillotron, are fed with the voltage U, and
the vertical plates with the voltage Uy, = I, Ry,
then the phase shift 93, may be determined by
the slope of the axis of an ellipse,

The results of the measurement of ¥y, =9 ()
for the triode PZB are presented in Fig.8.

The changes are realized in the linear am-

Fig.7 .
plification system with a collector current

a) Horizontal; b) To the o
Tgo = 30 ma. The resistance Ry (Fig.7) will

oscillograph; c) Vertical
have a value of 1 k-ohm and the resistance R, =

= 300 ohms. The driving voltages and the loads from the terminals were fed -directly

to the plates of the oscillotrons (oscillograph EO-4). The specific arrangement of

r28 ' 1//,,—””/" |

*E>

¥

300 607 Frg a) Vertical; b) To the oscillograph;

Fig.8 ) c) Horizontal

... the ellipses permitted determination of four frequencies at which the angles of
.. phase shift (p4,) were equal to O, 45, 90, 135, and 180°, An oscillator of the type

I-100 served as the oscillating source,

The total angle pg =% oo + P qr can be determined from the diagram in Fig.9. In

this diagram, the overall phase shift ¢g =@ o, * ?4qr is equal to the shift in phase
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between the excitation voltage ﬁo and the current of the collector Iy (or the vol%ééb
under load Uy = TRp).

This phase shift is easily determined by means of the oscillotrons (see the

. test for calculating wdr), or the voltages are given directly at the vertical and
horizontal tube plates, passing through the amplifier. | :

The result of the variations in the angie 94 for the triode PZB are given in
Fig.10. The measurements are made by the very same method used in the previous ex-
periment. It is significant to compare the measured angles 94, and 95 at a frequency
of approx. 170 kc (Figs.8 and 10). Here we have the angle Par = 90° and the angle
pg = 1359, which, generally, agrees quite well with the theoretical conclusions (see

' Fig.6, where gc, < 45° when gg,. = 90°).
At the lowest frequencies, the_angle Pao 18 quite smali, and consequently the

values of the angles 94, and ¢4 converge

r'-
ol (see Figs.8 and 10, for f < 50 ke)o
Fz8
. R n/[/ At the highest frequencies (f >
//////, > LOO kc) the angle 9o, is greatly re-
90
///7 duced (Fig.8) and the values of the an-
45 gles 94, and ®g again converge (Figs.8
0 7 200 30 wae  d 10). 4
The total phase shift Pg = Pgo +
Fig.10

+ 94, is the shift in phase between the
voltage of the excitation source U, and the first harmonic of the collector current

Ix1. Applicable to the self-oscillator layout, this phase shift is depicted in

In the known systems of vacuum-tube self-oscillators, the phase shift between

the currents I,y and the voltage under load (circuit) U usually tends toward zero.

. This indicates that the frequency of the generated oscillations and the natural -

‘ frequency of the circuit practically coincide, From the view-point of the requiriél- f_": -

4l *
L Swl e

L1
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N

frequency stability and energy indexes, this system is optimal, However, it is
known that, if the sum of the phase angles of the triode 94 and the feedback @) do
not equal zero, a separation between the natural and oscillating frequencies will

occur, The sign and value of the separation are determined by the equation

(20)

=t P

where Py is the load phase angle,
In principle, the angle 9a may vary within the limits of +90°; however, in prac-

Tt T -~ tice by virtue of a considerable reduction

of the equivalent resistance of the cir-

cuit outside of the limits of its zone of

passage, the angle ?, changes within con-

siderably smaller limits., In other words,

if it is required to satisfy the phase
Fig.11 -
balance at greater P45 then the oscilla-
tion collapses due to a disrupted amplitude balance,

It follows from this that the sum of the angles ?g and 9y must also be close to
zero [see eq.(20)]. The variations in the angle ¢ o for the semiconductor triode
were already examined,

In the known systems of single-circuit self-oscillators, the phase angle of the
feedback factor can be made to approach 0° or 180°, In two-circuit and three-circuit
self-oscillators, the phase of the feedback factor, at loose coupling between the
circuits, may vary within wider limits due to a variation in natural frequency of
one of the circuits (in the two-circuit system) or of two of the circuits (in the
three-circuit setup).

From the above statement it follows that the values gg + ¢y approaching 90° are

more disadvantageous, since it is hardly possible to compensate for such a shift in

phase [see eq.(20)] in the common self-oscillator. Consequently, in self-oscillators
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[

with a semiconductor triode, one may expect oscillation failure at frequencies to

!
1
)
i

which 94 + ¢ = 90° corresponds.
As mentioned above, in ordinary self-oscillation systems, the value gp = 0 can

be considered as the first approximation. Then, the approach of g4 to 90° denotes

the limiting frequency of self-oscillation, if the characteristic ¢4 = ¢ (f) is used.’
Obviously, an oscillation failure may oc-

cur due to an amplitude -imbala.nc-e. How-

ever, we will disregard this point for the:
time beingo
To put ail the above material to a

practical test, a self-oscillator was se-

lected with an inductive Hartley circuit
(Fig.12) in a triode of the PZB type. For
this, the earlier characteristic 9,6 =9 (r)
[ . (Fig.10) was taken. s S
: Careful measuring showed that the highest cutoff frequency of the oscillator fnp
13 90 ke, A study of the curve ®4 = @ (f) shows that the angle ¢4 = 90°, is corre-
lated by a frequency of, for example, 70 kc. The coincidence of the results should
be considered satisfactory, if the error in measuring the phase ? 4 is taken into con-
sideration according to our accepted method (by placing the large elliptical axis at
the tube grid). Besides this, the capacitance C, of the separating capacitor (see

below) could affect the result.

Investigation of Phase Correction Systems

For phase relation changes in the self-oscillation system, some reactance should

* be included in the base circuit (Fig.13).

If the following designates
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then it is not difficult to obtain the following expression for the phase angle:

’ ToyTen ™ Xe
'?e , = arc tu: —— l.—‘_‘_;- - » (21>
euxu E “¢u ru -+ .\’e ' rtu

where ro, Teos Xos Xeo» See Fig.l13.

'
Let us examine the variation limits of the angle Peo in the case where 0 < 945 <

< no In this case, we have Xeo < O (of a capacitive nature). The nature of the val-

ue changes Xgo = ¢(odr)s Teo = ?(9gr) is
shown in Fig.h.
Let there be some auxiliary capaci-

tance included in the base circuit, i.e.,

let x5 < O. Then, the denominator in
Fig.13

eq.(21) will always be less than zero. The

subtrahend in the numerator of eq.(21) will be greater than zero (x,Xeo > 0). There-

fore, at
rr,, X, X, >0 (22)

o en

the phase angle 9, will be optimal, i.e.,

Uy will lag in phase behind Up; and at

L r XX, < O

[ 1]

the phase angle W;o will be positive, i.e.,
deo will lead do in phase. The first case

corresponds to the large capacitance C,

(Fig.12), and the second to the small ca-

pacitance., The best results are obtained
Fig.1lh4
with a low capacitance C,.
Actually, in this case, x, will be large, and Xeo will also be greatly in-

creased, inasmuch as, at the higher frequencies, we have ¢gr ~ =« (sge Eig.h). The
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value rgo, on the other hand, will tend toward the minimum.

Therefore, the fractional numerator in eqs.(21) will increase rapidly, while
the denominator will rise more slowly. The absolute value of the fraction will in-
crease with decreasing C,, and a boost in frequency (increase in ¢dr), i.e., an ad-

vance in ﬁeo relative to ﬁo, will also increase the value., In Fig.ly the possibili-

ty of maintaining phase balance (¢q < 90°), even at angles 94, approaching-180°, is

demonstrated. As a consequence, a considerably more favorable phase balance can be
expected in the system with a low capacitance Cg. As a result, higher frequencies
can be generated.

Actually, with a capacitor of Co = 1000 puf at the triode PZB, steady self-
oscillations took place, going as low as a frequency of 300 kc. This limit frequency
trebled tﬁe cutoff frequency of 90 kc, obtained with the separation capacitor Co =
= 5y f when the condition of phase correction was not satisfied.

It would be quite interesting to analyze the experimental data given-in Table 2;
This Table lists the self-oscillating frequencies and the smallest corresponding
feedback factors, insuring operation of the system close to oscillation decay. Be-
sides this, the Table gives the values of the capacitance Co, supplying the required
phase correction. The values of Co are not critical. A reduction in Co is a condi-

tion for raising the cutoff frequency of self-oscillations.

Table 2
Triode PZB

- Ull/n ) -
,‘nr : ’{‘lm CO' "Pt

0,0023 10000
(1,033 10000
0,006 5000
0,015 1 000
0,03 1 QU0

a) Frequency of Self-Oscillation, in ke
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A frequency of 205 kc should be considered a limit in this respect for Co =
= 10,000 uuf; a frequency of 238 kc, for Co = 5000 yuf; and a frequency of 300 ke,
 for Co = 1000 uuf. As preliminary data, a further decrease in C, does not permit an
~ increase in the cutoff frequency of self-oscillation.
The voltages Uyy and Up are measured by vacuum-tube voltmeters VKS-:7b, installed
as shown in Fig,12., Lower values of the feedback factor, at C, = 5 uf and Cy = 1 uf,

~and also the corresponding cutoff frequencies are shown in Table 3.

Table 3
Triode PZB

l ey .
Coo pt

{ it

0,17
0,050
0, 14
0,007
0053
0,125

.» a) Frequency of self-oscillation, in kc; b) Remarks; c) Cutoff frequency

In addition to its usefulness as a phase correction circuit, working with a low-
capacitance capacitor in the base circuit C,, the phase correction system can be op-
“erated by means of inductance, and, consequently, e‘;. large capacitance Co can be con-
tained in the capacitor. Equation (21), derived above for (p;o, indicates that in
this case (and even at 0 < Pgr < n) the products XxoXeo < O and the fractional numera-
“tor (21) can be converted to zero, if the change x, = WL, (assuming wgo - 0) re-
sults in the conditions rgrgy - XoXeo = O The fractional denominator (21) may be
-equated to zero when ro, X, = Xeo I'o * Xeo reo are larger or less than zero. At
large enough a value of X, the numerator of the fraction (21) will be smaller than
_ zero, and the denominator larger than zero. Thus the fraction will be smaller than

.—, zero and the phase angle Plao will be less than zero. er will lag in phase behind Ug.
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The corresponding vector diagram is shown in Fig.l5. From this may be inferred

that, in the large zone of the angles ?¢,,., phase balance may be obtained in the solf}

|
oscillator, constructed as an "inverted" circuit.

Such a hookup (Fig.l6) was tested and showed
good results. In the absence of resonance

(roreo - XoXeo 7 0), with inductance in the base

circuit L,, a frequency of self—oscillationﬁ of
320 ke (with a PZB triode) was reached. In the
presence of "resonance" (roreo - XoXeo = 0), &

frequency of 500 kc was obtained. The required

information is presented in Table 4.

Table 4
Triode PZB

o062 d)

a) Frequency of self-oscillation, in kc; b) Remarks; c) Lowest value of feedback

coefficient; d) "resonance™; e) Limit frequency

At the conclusion of the experiment with the system in Fig.l6, the triode P1V.
was tested with which self-oscillations of a frequency of 1.4 mc were obtained. At

this, the inductance, corresponding to the "resonance', was equal to 2 microhenry.

. Oscillation Characteristics

. In installing a self-oscillating system it is essential to satisfy the require-

L7
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ments not only as to phase balance but also as to amplitude. General directives in

this relation can be obtained fram the previously discussed oscillatory characteris—

tics Iy = ¢(Uop). Since the voltage at the terminals of the collective load (cir-

cuit) is proportional only to the harmonic (Uk = Iy Re), the oscillatory character-

Fig.16

istics were assumed as Uy = ®(Ugp) for Re,
B., Eo = const,.

The characteristics for the triode PZB
were also taken at a frequency of 23.4°kc,
for the different voltage displacements at
the hdse (E, = 0; +0.2; -0.2 v, cf.

- Fig.17).

Attention should be paid to the fact

that soft self-excitation is possible only when there is a small emission with nega-

tive bias in the base.

1 F=234 ke

This result could have been foreseen, since the characteris-

tics I = 9(E,), at Ex = const start
at E5 = O and are distributed in the
negatively charged area in the base,
Greater steepness of the characteristic
= *l,‘;l', necessary for self-
excitation, corresponds to a negative

value of Eg.

For this reason, the systems of

Figel7

self-oscillation presented above always

contain a preliminary negative bias at

the base, This is naturally fed from the common source E.

Conclusions

. ' 1, In self-oscillators with semiconductor junction-type triodes, a disruption
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in phase balance may be the cause of oscillation decay at high supercritical fre-
quencies, even leading to an upsetting of the amplitude balance as a result of the

power drop of the amplification factor.
2, The use of self-oscillator systems with phase correction in the feedback cir-

cuit permits an increase by several times in the cutoff frequencies:of self-"
oscillation., For example, in the self-oscillator with a low-frequency triode PZB,
steady oscillations at frequencies up to 500 k¢ can be obtained, whereas without cor-
rection, the cutoff frequency of self-oscillation equals 90 kc.

3, To improve self-excitation conditions in receiving soft self-excitations, it
is necessary to feed the base of the triode with some small preliminary negative

biase.
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FREQUENCY BAND OF RADIOTELEGRAPH SIGNAL TRANSMISSICNS WITH AMPLITUDE
AND FREQUENCY KEYING
by
MeS;FﬂTﬁVich

The frequency bandwidth is defined which is assigned to
radiotelegraph transmissions, with amplitude and frequency keying

. by rectangular and rounding-off signals,
Introduction

The frequency bandwidth of transmission is important in characterizing the sys-
tem of radio communication and in indicating the effectiveness of the use of the
'frequency spectrum, The bandwidth assigned to transmissions is called the frequoncy.
band, containing 99% of the transmission power and including any discrete frequency
whose power consists of not less than 0.25% of the common transmitted output (Bibl.l
and 2).

The examination presented below is based on the spectra of signal transmissions
("telegraph points"®), This method, corresponding to the requirement for "regulation
of radio communications" (Bibl.1), easily permits theoretical computations and cor-
fesponding measurements., It is known that the spectra of "télegraph points® and the
actﬁal commnications are closely adjacent. The establishing of closer relations
bet&een assigned bandwidth with the transmissions of "telegraph points" and the ac-
tual communications demands a special study and is beyond the scope of the present

article,

Bandwidths Assigned to Transmissions with Amplitude Keying

It is known that the distribution of energy in amplitude-keyed oscillations is

the “very’same as in the low-frequency keyed signal, excluding the constant multi-
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' iple 1/2 which is kept in relation ”tb'th;"i:c;yhd oscillations. In the following, the

spectra of low-frequency signals will be. considered as their equivalent, . . _____ | .
Square-wave signals. When keying by

'square-wave signals (Fig.l)

at 0<1<T/2, )

|
’(‘)={o st TR<t<T[" |

Expanding eq.(1) into a Fourier series

f(1)=-,_£— -!—%lsinpt»«ﬂ %sin 3pt 4+ %sin Spl- ...+

+2,-1—l__-, sin(2n — l)pt + l (2)

i
$
i
i
|
i
1

The power corresponding to the component found in the transmission band, calcu-:
lated by eq.(2), will equal

. ’ /)=."‘l".!)'"j--'/l"{' .:._,'{'..-,‘.," T 7. (3)

A

We find from eq.(3) that nj = 21,
If B denotes the keying rate, expressed in bauds, then the bandwidth assigned to

N

r ¢

Fig.2
-transmission will be equal to

Af,=21B. o C

Rounding-wave signals. Let us examine the signal, depicted in Fig.2 and ropre-.é
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sented by the functions

0 within the limis = —~0to =)

(5)

fin=1{l--¢ "
l ==z » {=fox

Signals of such form may be received through the simplest circuit model, con-
sisting of a resistance R and a capacitance C, as shown in Fig,3,
The constant of the circuit time, specified by the rate of signal rounding,

equals
)= RC. (6)

o
Under practical conditions, 6 is selected small enough relative to the signal
duration that the relation g/t will be of the order of 1/5 - 1/40.
Let the periodic voltage of the square-wave form, represented by the series (2) ,
‘be coupled to the terminals 1, 2 of the circuit (Fig.3), and assume that from these
terminals 1" and 2" of the circuit the rounding voltage is taken off. The form of

the periodic signals at the circuit output approximates Fig.2; however, for graphic

purposes Fig,2 is exaggerated. This signal in actuality subject to much less round-

ing in the majority of cases.

Let us determine the mean value of power for a period of frequency keying T, If

8/t 1is sufficiently small, then

{—z

(l 4 cn"-)ac_g " adl, ‘(7)

o 1)

p= J(l/‘ ()t =, ’):( T s {

|
"

N

After integration, we get

(8)
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If w = np, where

the basic angle of keying frequency is formed, so that

G a

Ly I j- n2ptge”

If a square-wave signal (1) is applied to the input of the bend in the circuit, !

then the following voltage will appear at the circuit output

Uy (1) =

| [ 1 .
+ 3 ViE “o‘—sm 3pt - 5V - B sindhpi 4. ... (12)

The phase ratiocs of the individual voltage components in the given case are oi: o

‘no interest. The power is determined by the root-mean-square values of this voltage"

oz

L R | [ ! R '
P=, S[/ (OFdi = ; + ;.-2 T4 n2pf02n - (1)
n ' E

.
n 1

If we assume -S—- = —215-’ then eq.(8) will yield

19

P"——_—:r“.

The power in the transmission band, calculated according to eq.(13), is equal
to 99% of the common power, determined by eq.(8), i.e.,

' r;*;f‘aE N1 "27,262 m 2.0,99 = 0,470.
nel

*
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From eq.(15) we find that, to detemi%xe the frequency band containing 99% of the
power, it is necessary to assume for ca.lcuia.tion the firast, third, and fifth_harmon-_

‘ ies, i.e., the bandwidth will be equal to

-

- Af=35B.
o v
Producing analogous computations for the other values, we derive the following

values for the frequency band assigned to transmission:

st L1406  af=38)
' (17)

at Ox=1/0  Af=TB

Equations (4), (16), and (17) indicate that the utilization of even the simplest

shaping circuit lowers the transmission bandwidth by several times. For practical

purposes, more complex versions of shaping circuits are employed. The transmission

bandwidth, obtained by their use, can be determined by similar methods in each indi- ;

vidual case,

Bandwidth Assigned to Transmissions with Frequency Keying

Square-wave signals. As is known (Bibl.3), for keying without an interruption .
of phase by rectangular dotting, the signal may be represented by the series

2 . ‘ ”
f()y= ,—{;’:i sin (-5 m)cos of i

L m

(T JNgT

cns,/;-- m) [cos{w — p) t —cos(w-=p)i]-—

— m_si_'j'?_)? sin (—g m) [cos(w -—2p){ L-cos (w-L 2p) 1] —

L. 3% €0S (—’; m) [cos (w-—3p) ¢t — cos (w4 3p) t]+. .. } )

T mt—

where p is the keying frequency;
m = 2D/B is the modulation index; §

s ’ D is the frequency deviation (half the difference of the operating frequoncies).

- For ell values of m, eq.(18) may be written more compactly in the form
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4<o

n m’ m2

f(t)= 2 2_M__sin(n 4 m)—cos [(w+'lﬂ)1 + (n + ’") ) ] “ (19) “

'}

_|is equal to g

i —— e~

om | 5" (n+ln).'25 l ' ‘ (20) \ K
= m—mt | :
l N .
Let us determine the mean value of pc?wer “for a period of frequency keying:' If
|

- P=1 Y FO)Rdt =4 U cos? 2xDtdl - 5‘ cos? (— 2rD) tdt =
24 J.

T2

is a whole number or a half-integer then

_ = 5 cos 2xDidl =+ .

Q0
|
i

On the other ’

T -+00 ) x 2
sin(n -+ m)—
l 2m 2 == 1
T S[f (1)] = Il..zog [T o F;—m:_—] !
' ol
4 oo . R 42
sin (i 4- m) = )
=%{Lsin? " 4ome Y] ~.___..” {

m* n* — m3
-1 1

(22)

The power computed according to eg.(22) must be equal to 99% of the power de-
llh_f%ormined by eq.(21), i.e.,

_ ) ) LY
sin —
;élnllzsmzm L% 122 {-. _'_(";'")_2] =0.99-%.

ne — me
ne=] !

th

From eq.(23) it is possible to determine the n;“" component of the spectrum, at S

which this equation is satisfied.

I

'The above discussion does not take into consideration the m.tura.l round:lng of .

e —— At = Lm0 2 St bk 3 i a PR memas
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\~ 'signals in the circuits of the transmitter, which takes place even in cases where no!

|  special rounding circuits are used. To determine the bandwidth assigned to tra.nsmis-,
o
~a— sions in consecutive level and square frequency-keyed signals, the MKKR recommends
R \ (Bibl.2) the following formula for calculating the natural rounding signals in the

1
' circuits of the transmitter

M_FBD+4BB af2j<h<8}

~l2,.2D-+3.28B at 8=m<20 (24)

—

v i where Af is the bandwidth assigned to transmissions;
T D is the frequency deviation (halll.i" the difference of the operating frequen-
cies);
B is the rate of keying, expressed in bauds;
m = 2D/B is the frequency modulation index;
. Equation (24) is more conveniently represented, in a form slightlyw different
| :!from that used by the MKKR: Expressing the bandwidth through the frequency modula- ’

"~ tion index in units of keying speed B; we then obtain

(25)

Af—{4/3(1+m)3 at 25 m=<8
(3,2-4-1,1m)B at &sm<20,'

Rounding signals. We will examine the case of frequency médulation of a single

" - frequency, corresponding to the greatest rounding which can be obtained by means of

; ” shaping signals. Such a transmission, with an accura,cy up to the constant of ampli-

tude factor, corresponds to the function \

f(£) =sin (v -} ¢o 4 m sin pt), - (26)

;(hore t is the time, and w, ¥,, P, and m are any real and positive constants, whereas
~m is the modulation index.
It is-known that the function (26) may be expanded into a converging series of

56
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sine functions of time, i.e., may be repr&aenteﬂdﬁ. as a discrete infinite ébectrum )

ae S

- ae +w - H d
=Y} Jo(msin(@~+np)t+ol, (27)

Ps R

where n is a whole number and J,(m) denot’os a Bessel function of the first kind,

with the series n and the argument m.
Thus the mean power, corresponding t(:> each frequency, is equal to the square of|

the amplitude Jn(m) , correct to the constant factor, independent of n; the com.m

power, corresponding to the series (27) is expressed, correct to within the same

constant amplitude factor, by

0

Em+2 Y ),

n=l

. J_,(m)= (-.— 1)_':.}; (mi._ “ .-

\‘ - i

The series (28) convérges for any value m, and its sum, independent of m, al- | *
ways (Bibl.h, p.40) has the simple form '

0

H(m+2 YL m=1. 5.1‘29) | y

£ \

ne=l

At
T IRA,
7 B Tat e

The bandwidth, fixed in conformity with the specifications in "Regula mgfiaaio .
’ ‘ T R
Communication®, will therefore be determined by the smallest whole values of n, posi- .-, ~
v i tive or equal to gzero, which satisfy the following two conditions

oo .
E J (m) <<0,005,
p=ntl
2,, (m)<25.10-4

Jnyq (M) < 0,05,

S
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" where q is any whole positive number,

Equation (31) contains an infinite number of conditions, since q is an arbitrary
positive number. Therefore we will replace its two conditions, which do not already
contain this indeterminate quantity. For this purpose, we will use the known results

:-pertaining to the function variations Jn(m), dependent on n for a co;stant value of m
(Bibl.5).

These results infer that any function Jp(m), for which m is an arbitrary con-
stant and n is a variable, attain their maximum amplitude when n = ny (after which,
as this value oscillates* somewhat, the amplitude and pseudoperiod of these is
boosted), this maximum amplitude becomes positive, whereupon ny - m. For nj, the

correctly approximated equation is

! (32)

my = m-— 08086 m "

Furthermore this function, remaining positive, decreases with an increase in n
and rapidly converges toward gzero.

The maximum amplitude diminishes with a rise in m:

£, () = 06719 (33)

"t

Thus, if n +1 > n; and In +1(m) < 0.05, then by that much more Jn + q(m) < 0,05,

. \ }
Consequently, ed.(31) may be substituted by the two inequations

Ty J, () < 005, (34)

Besides, if Jnl(m) < 0.05, both conditions (34) will disappear and n may be as-
sumed to be equal to zero, since |J,(m)| < 0,05 for any limits of n.

It follows from eq.(33) that the case where both conditions vanish, takes place
when n > 2160, Naturally, eq.(30) still retains its validity in the face of all

this.

*The number of these oscillations grows with an increase in m.
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Let us discuss first the inequations (34). The Tables by Yanke - Emde (Bibl.6)

for 0 < m £ 29 directly give solutions for whole values of m.

Another problem is that of solving the inequations (30), First, we will ex-

- press every left-hand term of this equation as a Neumann series (Bibl.l, p.43)

- ” pi e var(=7)" - (35)

‘ s= () A w0 e e

In this way we have represented the left-hand side of eq. (30) in the form of a
" series of positive terms of an absolutely convergent series. Further, the terms
containing m may be grouped together in a single step. As the result of such a

grouping, we obtain

=

- ©

(2n ¢ 2q 1) (« l:

\ me\ #
pe MHJI' () = <-‘l.> g 0 ‘/'.(.-”-“! ‘/ﬂ v ' [(n - ‘_/.’_lm"‘ =

<m'_-’> nel
4 2043 m? (2 -4) (20 ¢ D) [ m*, ]
Iy ... =0 - AR S - |
’ 2= - 1P L@ 4 T2 g (4 RN (36)

This expression represents the diminishing function of its index n + 1 and con-
verges toward zero with a rise in n.

The sign-variable series (36) is convenient for use only fromm = O to m = 4.
~ At higher values of m, its use becomes difficult, and hence the series converges
slowly. |

To solve the inequation (30), we proceed in the following way with the rela-
tions of the value m:

l, we use the sign-variable series (36);

1) for 0 < m ¢
2) for 5 < m < 29 the Yanke ~ Emnde Table can be used.
‘ " In conclusion there remains only the simultaneous computation of the inequa-

tions (30) and (34). For low values of m, eq.(34) is somewhat more limited than

. -eq. (30). For greater values of m, eq.(30) is determined by n.
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i

! i
Thus we have determined the bandwidth of frequency keying transmission with dot-

ting and rounding signals. Figure L gives a comparison of the results of all three

\

ratings presented, where curve 1 corre-

aftforUnityB) !
34

sponds to the sine signals, curve 2 refers

2
30 to the square-wave signals, and curve 3 is

28 : :
2 calculated according to eq.(25).
%
2
20 g Rounding Signals with Amplitude and Fre-
quency Keyving

As indicated by the graph in Fig.h,

the quantitative results of the roﬁnding

of signals with frequency keying are less

8 10 12 % 16 182022 Mm
substantial than with amplitude keying,

Fig.[;.
where, obviously, the rounding of signals

reduces the bandwidth by several times.

However, with amplitude keying in the common transﬁitter it is not easy to ar-
;ivg at a convenient measure. Keying is commonly produced by master stages, operat-
ing in class C; which renders rounding immediately after the keying stage ineffec-

tive. The inclusion of the rounding circuit between the?transmitter and antenna en-

‘-
P
Yoo
‘

counters considerable difficulty in practice.

. 4
+ should be stated that there is another fact rendering the use of the round-

ing circuit with amplitude keying difficult. With considerable signal rounding, a

pulse with sharp peaking is obtained. Such a pulse is unsuitable for operating con-
ditions, since with the change in signal level, which occurs in fading, the length
of signals received will be altered. This entails predominance of error. If we take
this into consideration, then only small rouhding signals can be used with amplitude
kering, within the limits shown in the first section.

Honlinear amplification of the transmitter does not build up side frequencies
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. _at its output, which are absent at the input voltage. Consequently, there is no need

to emit considerable side frequency to obtain flat-top pulses.

Hence frequency keying makes it easier to produce signal rounding than does am-

‘ plitude keying.

N Comparison of the Bands for Both Tvpes of Keying

Using the correlations presented above, the numerical correspondence between
" the bandwidths assigned to transmissions with amplitude and frequency keying can be
established. It is easiest to carry out this comparison for signals of square-wave
shape. As indicated by eq.(L), the bandwidth assigned to transmissions with ampli-
tude keying is equal toAf, = 21 B, From curve 2 in Fig.4 it is apparent that such
; bandwidth with frequency keying transmission corresponds to a modulation index of
m= 1,

With this eritical value of the modulation index, the bandwidths assigned in
both cases are equal. At m < 14, the transmission with frequency keying takes up
less band than with amplitude and, conversely, at m < 14, amplitude keying transmis-
sion offers better use of the frequency band.

In radio communication, a considerable scattering of the frequency swing D =

= 500 cycles takes place. At m = 1,

Thus, at D = 500 cycles, the frequency keying has the advantage of using the

- assigned frequency band at speeds exceeding 71l.5 bauds.
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A 1
]

__T.._»-_*_oormcnms_sm'cns,.usnn-xMmm;mmaxsonn:_pmcﬁr}ff’f -
“Ya.G.Koblents, | D.A.Yakovenko

Trigger and counter circuits, forming the basis of the trn.nl- -
former ferroresonant circuit, g&uutod by the authors, are dio- ; L
cussed, These give an inprmditrmuiuion factor and permit the
use of inexpensive ferrite cores. The systems developed can be

utilized for ATS (dial office) éontrol devices and in other branches

of technology. : ©
!

) - ] Introduction

' The use of electronic and contactlos;l facilities opens significant perspectives o
‘in automatic telephon: station tochnology; since the new switching elements cu‘x be ‘
._; constructed anywhere with high speed, low. ,bulk, and incomparably longor life than -
! electromechanical devices., The search for new switching means was ca.rriod out in
'"several parallel directions (Bibl.1), of which the application of auniconductors and . ’
ferromagnetic elements are of special interest, The present article develops one of: F

" the methods of magnetic switching, namely the construction of forrorcsonmt devices |

of automatic control.

The jumps in Qurrent or voltage, due to ferroresonance can be utilised in sot— '
ting up the relay systems, with two steady conditions (Bibl.1l). The earlier known
'system of Isborn-Rutiskhauzer contains as its basis a series circuit IC (forroruo-::
nance of voltages). The system by Dvinker (Bibl.2) published in 1955, is gchartcton-

‘ ized by its not using the basic ferroresonancs process in a series circu’i;. consist- ::
ing of a capacitor and a ferromagnetic coil but, ra.ther, by using nonli.near oacill&-:i',“--

‘ tions, generated in the same circuit by the combined activity at its -corod of thc m._.j

feeding AC and magnetizing DC. i ) ..._...M_.;:,,_;...M Ry
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: \ “ _ The investigation of magnetic switching methods, conducted the laboratory of

\ " the new ATS systems NIITS (formerly, LONIIS) of the Ministry for Communications of

.the USSR, have shown the possibility of constructing a series of systems and sta-

tions of automatic control as a basis for the transformer ferroresonant circuit

I(Bibl.l) proposed by the authors. In this, nickel-ginc and manganese-zinc ferrite
T ring cores were used with a surface diameter of 4 and 7 mm, being fed altemating
M : - current with a frequency of about 100 kc. In comparison with the previously known

- systems, this arrangement significantly raised the transmission factor¥.

b

A% *1 ‘The Transformer Ferroresonant Circuit

Figure la shows the basic element used in constructing the ferroresonant switch-

:t( i ing systems described below. The primary winding of the saturation transformer is
' ‘ fed by a sinusoidal current. The secondary

:.::' ‘-éi o Cy , G, . winding is charged with capacitance, form-'
S € ) 1,
. ’ WML W, ing a closed ferroresonant circuit I  Cpe
/ I, "\ .
o 3 L' Wi Ty The primary winding can be replaced by one
g: |~ H
) - ' mloop", a wire piercing the core, as shown
; Fig.l
i, ; in Fig.lb. This permits a convenient feed-
% 1) Generator
i i { ing of a row of cores from a common oscil-
g A -

iator, with a minimum of connections between the cores through an oscillator cir-
' cuit, The transformer ferroresonant circuit shown may be inserted into an equiva-

-lent parallel circuit hocikup (Fig.1lc) and the generated oscillations can be regarded

.%#The transmission factor of the contactless binary element will be called by us
(Bibl,1) the ratio of the current or voltage in the operating condition of the sys-
. tem (condition ™1") to the corresponding value in the initial state (condition nom)

~

-~

(1 Ly

k / k-
o i e

~
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£

‘as ferroresonant currents. The graph mlyaia and vector diagram are pruontcd in

Fig.2, and the ferroresonance loop in Fige.3. The plotting -or_sinila_.rﬁmpha_‘inﬁm_-; -
sented in greater detail in (Bibl.1)," '

Figure 3 ‘testifies as’ to tho pru-

I-fr)- &) i o
/Ic-ww. U o) ence of sudden voltcgo, chl.ngu (in< I

ek—a? ! :
't ; ' | dicated by arrows) with constu'rb
]

I~—" %~k | amplitude in the ruding altomt- ,

ing current Il' Points B and F cm )

/ .
(i AN '
r} L] . be regarded as the conditions O

vy

Ik and 1.of the binary switching ele- | -

s

pr—t=—1 7]

- 11 n
GR NN B2 16 1S90 82 422 40 LB A0 020N A 100 &4 R U(uﬂ') ‘

ment, and the intermediate point D,|.

located in the descending branch of}-

Fig.2 PANS .
the volt-ampere characteristic, is ;

a) Ij = £(U) - Equivalent data in 15! harmonic; R

' proportional to the unsteady :field:!

b) Vector diagram \ NPT

‘ which instantanecusly runs over th’_o E
system as soon as the switching unit operates. - ¢

In Fig.l ferroresonance loops, obtained experimentally for the ferrite coro af(

a frequ-ncy of 60 kc, are plottod.,

} )
Boost the Surge Factor
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luporp.mlloy, and othors) mod a.t k= ? - 10, Qiiich is ‘also Moq;astoin thoa;t- :
.Jorityuot cases. _Imstiption._raml_thaLthc_trm-inim.nctoz_m_hJipiﬁ. L f
cantly raised, if instead of the' ‘funda-

. mental frequency higher harmonics made up .

of ferroresonant onoina.tions are used.

Iet us take a look at the nature of

the current and voltage ooc:uhtiom :Ln

| the various parts of the system. In Fig.h’

oscillograms are depicted: In these,
a) is the current I3 in the primary wind-|
! .-

,9.’41 o : X Loyt (amp) ing; b) is the voltage in the circuit Up;
k1l

N

i ¢) is the current in the ferroresonant

4
°6_]a.) Sinusoidal current in primary winding;

—

| circuit I, for both steady states of the
system, conventionally termed winitial®
| (left) and "™working® (right). It is ap-

!
—b) Core dpean = 0+6 cm; c) Ferrite l
|

‘__! NTS-1000

-* —.]prima.ry winding, the voltage in the circuit varies in sudden starts, The anplitude

£,

then changes, for example by doubling itself. This conforms to the data on the ex-

parent that, at constant current in the

.36
——.perimontal ferroresonant loops, presented .in Fig... The current in the circuit WGy

8:113 subject to even more abrupt variations: The amplitude I in the working state .
: :gj.nér'eases more than 10 times.’ |
= If, in the initial state, the oscillations Uy and Iy approach the sinusoidal
‘f'orm, ‘l;he presence of fgi'roreaonance will cause a considerable distortion of the

form of current and voltagé due to the appearance of higher (odd) harmonics. The

according to resulta of experiments in the working state, the amplitude of the cur- |

'rent of the third harmonic exceeds the amplitude of the first harnonic by 3.2 times;

. o —— e |

‘that of the fifth hgrmonic, by 3.3 times, that of tho scwnth, by 3.0 times, etc.

e e e e - e —— —

i

PSSV

!

e 66
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0

[ B If the first harmonic is excluded azd only the higher ones, begliming with the

]

¥ D

Fig.5
1) nInitial" state; 2) "Working" state

third, are used for switching, then the transmission factor sharply increases and

may be raduced to k = 50 - 100,
Let us examine how a boosted transmission factor can be obtained in the lylt-J

at the expense of excluding or partially suppressing the first harmonic. If the .
load is directly ewitched into the circuit WC, (Fig.6s), a transmission factor of |
@ x - 6 - 10 can be cbtained. However, the use of such & switching-of the-losd-ie-— &

I3

~ - - . —— — re——ts oo

67

— e

Declassified in Part - Sanitized Copy Approved for Release 2013/06/04 : CIA—RDP81—O1043R00200022003—8




Declassified in Part - Sniti;ed Coby Approved for Release 2013/06/04 : CIA-RDP8101043R002000220003-8

R ——

clways l.imited. By means of an auxiliary transformer (Fig.éb) a mich better match- }
y ning of the ].oa.d with the circuit can be attained. A considerable increase in the . i
transmission factor is obtained by sup-

pressing the first ha.nnonic by means of !
the system shown in Fig.6c, where two fer-!
Iroreaox'w.n’t, transformers are used; the

first (A) is controlled by the starting

|
|

‘winding, while the second (B) has setup ins
which no nonlinear oscillations can a.rise.i

. .The output windings of both transformers

' '‘are inserted opposite to each other and |

Figo6
consequently to the load Zpe When both

1) Starting winding
’ ferroresonant circuits are in the initial .

’ )
the ~eurrent in the load will be MJLJ.E&I sirice the first harmonics of the vol- i

tage in both ‘output coils, as an example, 'are equal in amplitude and are in anti- |
fphue. Ii' the core A ,were excited by a starting pu].u and intenso ferroresonant os- i
. cillations were generated in it by higher har-
monics, then the oscillations would not 'be i
compensated by the second cozjlo:« this will
c‘ause a current to flow in the load which is |

only partially excited by the first harmonic

: " and is mainly excited by higher harmonics at
’ ) A the. output winding of the core A. By this
-'a) .Operating principle; b) Conven- :
‘ - ' means, a high transmission factor may be ob-

*8--/tional representation of the systems; :
1 : ' tained: k = 50 and more. The use of a second
¢) Starting winding oo o Cob

ferroresonant circuit, analogous to the i'-:i.rs'lat

-~

m.n.ku it pouiblo to get even closer rhase angloa with componution. Another mothod

= of suppreuing tho first hannonic is ahmm in Fig.éd. The circuit of tho output ‘
- |

’i
-
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swinding of the ferroreaonant transformor, phcod 1n4-;p

_extremely simple. futer_chf set_up in th firat_hnmopic-

K
“r
<.'
{

L_NE 2

_1 factor (Fig.?). . The rerroruonmt trmufrmr core comilts of two cn'
\

-‘)':{ put winding is composed of two parts and-is coilcd saparitoly at boih "_

10—

4he number of turns on one of the end: is
12
! other, Then the coilrs ars put togcthcr 11_;

14 )
?u:lnding are opposite the connected onu,; "

_lin frequency, sharply raiaing the’ uyn.t:'y of tho‘ autﬁxt w:l.nding

state of the system, the first ha.monic :ls comidmbly wukcncd.
condition (with generation of nonlinesr rorrorcoomnt oaomlt#ona), t
monics in both output windings are ccnaidbubly ln& ceq:ma‘a.fban .
current will‘r-flow in the load. By this

may be ob_taixied in practice. -

The Conatr'uction. of Several Control Systems

"

The switching of loads into the transfornr torroruomnt circuits

B

the preceding portion of the system a.ppea.rs as si.mplc torroroaomnt rohy ;» inary
elements). From these elements noro complex units’ cm bo built.

We will show the construction of the; ccnputor-aterm circuit.
d:l.tion, with the second pulse, the ucondiolmnt, and so0 on. thi means .
—?nunbor of ‘cells ‘converted to working condit‘ion is equal to tho
t:‘éivotf, This principlo can be app]iod to control ‘Frocedures, for

register controllor. Figuro 8 givos 'y dis;m of onl of ‘the veriantl ofia
nant computor storago cirsuit. It is notfdifricult to uo that th:l hookup: onli

‘—4 o; ;1mnta aimilar tc;th; clom-uiﬁ in F1¢.6c, whorou r.otiﬁ.ora are inty

Y4
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(selenium or other kinds) in the circuit connections between neighboring cells. In f
each connecting circuit between two neighboring cells, the rectifiers are inserted

facing each other and, in the initial stage, do not conduct alternating current.

The control pulses displace the valves in the direction of the flow, thus ensuring

conductivity for alternating current between adjacent transformers.

The system is built on a two-cycle principle. Let us assume that the pulée

Fig.8

a) Start; b) Key; c) Oscillator

emitter, conventionally called a key and represented in the system as a switch con-
tact, sends out a negative pulse along the lead I. Then the valves are closed in
all noncomputer connections. If all ferroresonant circuits are in the initial state,
no current will flow in the connecting circuit, since as the windings are connected
" in opposition and the first harmonics emf are compensated. If this system would
first be excited by any circuit, for example, with the initial core H by means of
its starting winding, then the higher harmonics, induced in the circuit winding,
“would not be compensated and would generate current by means of which the adjacent
cell would be switched. The process cannot extend any farther, since the next cir-
cuit is closed. By switching the "key', the pulse is sent to the wire II and, in
-the working state, is fed to the next cell.

In this manner, with each pulse the number of switched cells will increase by
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one unit. The given hookup can work equally from nleft to right" or from "right to

left", depending on which side gives the initial starting pulse. From any of the
transformers, the result may be considered one of the methods presented in Figs.6
and 7. The diagram in Fig.8 shows the switching of a performing device - a relay at
the output of the following (seen from the right-hand side) element. For this cir-
cuit, an auxiliary ferroresonant transformer K was used, hooked up like the tp&n&;
former B in Fig.6c. When using ferrite cores with an outside diameter of 7 mm, this

arrangement ensures the expected performance of a normal telephone relay.

In constructing the nodes of the apparatus, it is very important to have the

so~-called trigger system, repre-
sented by two elements whose form
is always inverse, The trigger

must allow suitable switching from

one form to the other., For ferro-

resonance systems, this last re- -

quirement is one of the most diffi-
cult to satisfy. In contrast to
(Bibl.2), we set the task of con-

a) Input 1; b) Input 2; c) Connection winding
: structing a trigger ferroresonant

system with ferrite cores using fundamental ferroresonant oscillations of greater in-
tensity. The transformer setup allowed this to be done., The schematic of the in-
vestfgated trigger is shown in Fig.9.
Two cells were used here, as illustrated in Fig.7, since the circuit with the
) low cell is connected with the upper one by means of an auxiliary winding in the up-
per core (connecting coil). The interconnected windings of the different cores are
switched relative to the current I, common to both, facing each other. This system
~ has the following important advantage: In switching on the feeding current I, fer-

roresonance is generated in one of the transformers (usually in the upper one, be-
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"y, In the outlet winding, at the expense of the higher harmonics,

:a current is generated which is rectified by the bridge and flows through the out-

put (1) into the load. In sending the primary starting pulse to the input (2) fer-
roresonance is excited in the lower transformer. The intensive oscillations, gener-

ated in the circuit W;Cﬁ and activating the upper core through the connection coils,

. disrupt the ferroresonance in the upper transformer. In the output winding of the

upper transformer, the higher harmonics disappear and the current at the output (1)

_ decays. On the other hand, at the output (2), the transition to the working state

of the lower circuit causes a current to flow into the load. If a pulse now is sup-

. plied to the upper winding, then the upper circuit changes to a working condition,

'ﬂhile the lower returns to the initial state, etc., Chokes serve to separate the di-

rect component entering the load and impede penetration by means of a high-frequency

_ current. The given system may be used as a contactless relay with a holding device

“and cutoff. This hookup has an amplifying effect: For starting at the input, a

smaller current is needed than is being fed at the output. For example, with a core
diameter of 7 mm for starting, about 5 ma are enough, while at the output 20 - 30 ma
are picked up, In this manner from the output of one trigger (relay), it is possible

to start several other analogous systems.

At the base of the ferroresonant relay (Fig.9), the system for dividing the fre-

) qaency in Mhalf" (trigger with a common counter input) is depicted in Fig.10. In

the initial state, the output resistance of the upper circuit has a constant vol-
tage U3 which is applied to the upper diode D7, displacing its working point in the
cutoff region, When the input pulses arrive, the amplitude of their voltage picks
up less cutoff voltage Uz, the diode Dy is closed, and the counter pulses no longer

flow through the input winding of the upper circuit (input 1). At the same time,

) the blocking voltage U3 of the lower diode D1 becomes equal to zero, and the arriv-

ing pulse flows through the input winding of the lower circuit, causing it to switch

‘ into the condition "1%, and the upper circuit into "O", For ordinary functioning,

72
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it is necessary that the duration of the input pulses be equal to the trigger switch=

ing time; therefore, they are conducted across the differentiating circuit R;C.

When the following pulse enters the

lower diode Dy it will turn out as the

blocked voltage U3, and the entering

pulse proceeds through the input wind-

ing of the upper circuit, changing it

Output2

into condition 1 and the lower cir-
cuit into "0O", and so on. With the ar-

rival of the continuous series of coun-

ter pulses at the input of this trigger,

the pulses will emerge from the output

with half the frequency. The operating
diagram of the trigger with a common
counter input is shown in Fig.lOb. The

chokes (Fig.l0a) serve to remove the in-

a) Hookup; b) Operating diagram; c) Main
fluence of the input windings on the

input; d) Input 1; e) Input 2; f) Ui, =
diodes and on the differentiating cir-

Voltage of input pulses; g) I;{ = Current
cuit.

at output I; h) I; = Current at output II -
At the base of the trigger with a

double input, a distributing counter syste:m was constructed (Fig.1l).’ The counter
pulses are conducted parallel to both cells inputs, since the input circuit of each
cell consists of the diode Dy connected in series, the input winding of the lower
circuit, the choke Drp, and the output resistance Ry of the preceding cell.:

In the initial condition, all upper circuits are in condition "1" and, conse-

quently, all resistances Ry will have a voltage U3 s blocking the diodes D of the

input windings of the lower circuits. On arrival of the counter pulses, whose vol-

' tage amplitude is lower than U3 , current no longer flows in the input winding, and
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the system remains in its former state. If one of the upper circuits (for exé.mplg; f
cell I) is in the condition WO" and, as a consequence, the lower circuit is in the

._ state "1", then the voltage .03 in the upper output of the first cell will be equal to

a) =

a) From the following cell (Quencher); b) From the previous cell; c) Cell I;
d) Cell II; e) Cell III; f) Counter input; g) Output 1; h) Output 2; i) Output 3;

j) To the following cell

. zero., In this case, the diode D, of the second cell is not closed during this time,

while all the other diodes Dy are closed. The first arriving counter pulse, passing

—through the inlet winding of the lower circuit of the second cell, changes it to con-

Fig.l12

a) Counter input; b) To next trigger

dition "1" and the upper circuit to "O", At the output of the lower circuit of the
second cell, a constant voltage appears which passes to the input winding of the up-
per circuit (*quencher' circuit) of the first cell., As a result, the upper circuit

" of the first cell switches to condition "1", and the lower circuit to "O". In this
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v

'way, the first counter pulse turns the lower circuit of the first cell to "O", and 1

1

the lower circuit of the second cell to nin, by this same "displacement® shifting

the stored information one step to the right along the counter circuit. The dotted

lines in Fig.ll show the connections required for operating this system as a ring

counter,
The base of the triggers with a common counter input‘(Fig.lO), connected in

stages, carries the binary counter system shown in Fig.l2. The voltage coming from

Fig.13

th; resistance output R, of the first trigger is differentiated by means of the cir-
cuit R1C; and is transmitted for starting the second trigger, while the voltage from
the resistance R, of the second trigger is used for the starting of the third trig-

gt;r, and so forth.

In supplying an uninterrupted series of pulses to the input of such a system,
the frequency of the pulse sequence at the output of the next trigger will be half
tbat at the input, where n is the number of stages., Figure 13 gives an oscillogram,
iliustrating the splitting "in half" after each trigger cell, Curves, 1, 2, 3, and 4
represent the trigger currents T3, T, T 3 Th’ while in curve 5 the current pulses

.‘ -at the input of the system is given. .

Laboratory tests of the described systems indicate their efficiency with a fre-
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,m-éﬁency of control pulse sequence of about a thousand per second.

R
y

‘Structural Elements and Units

\ The above results were obtained with the use of ferrite ring cores, having an
! outside diameter of 7 or L mm, ceramic capacitors, and semlconductor rectifiers.
These semifinished parts are extremely inexpensive. In Fig.l,, the basic semifin-

ished pieces are shown (from right to left: ferrite cores, ceramic disk capacitors,

Nj- selenium and copper-oxide valves).

The following basic reguirements are made on the ferrite cores: Low power fac-
tor, relatively high inductance, stable magnetic
proﬁérties with a temperature raised up to 759C.
Satisfactory results were obtained by using
Sickel-zinc ferrite of the NTs-1000 type (Bibl.3)
having, at a frequency of 10 kc and a field
strength of 2 erg, a dynamic power factor of the
order of 0.35 erg and an inductance of By =
= 21,00 gauss., For the quality factor of a valve
for the ferroresonant system, selenium and copper-

Qxide disks with a diameter of about 7 mm proved suitable, For chokes in the by-

‘passing circuits, ferrite cores were also utilized.

The cells and the small units of the systems were mounted with individual small-
" gize structural members. The conventional shape of one of these structural elements
- (the tablet), mounted according to the diagram of Fig.1l0, is shown in Fig.1l5. Each
‘member is supplied with lugs for connecting other parts of the system. Alternating
current passes through the leads (slide wires), funning through the cores., Figure 16
shows the ofdinary form of the counter-system model, mounted with 10 counter cells.
- 'The model consists of 10 members, 1ike those shown in Fig.l5, several performing re-~

‘ -1ays inserted into the various outputs of the counter circuit, and a dial by means
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of which information can be obtained.

Conclusions

The merits of the devices considered include: the relatively high operating
speed, negligible bulk, high trans-
mission factor, long service life,
use of simple and inexpensive semi-
finished products.

The disadvantages include:
the need of feeding alternating )
current of high frequency and the

relatively large energy consumption compared to the energy use in ordinary relay sys-

tems of telephoning. The power consumption may be cut down in the future by devel-

Fig.16

oping ferrites with a lower dynamic power factor.

In comparison with other methods of contactless switching, ferroresonant de-

‘ vices are highly responsive to frequency variations in the feeding current; however,

in the systems built at the base of the doubled ferroresonant transformer circuit
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0

“:(Figs.9, 10, 11, and 12), an adequate range of frequency oscillations for practical

" tuse was attained, as well as feeding voltages of alternating current. For example,
'the frequency deviation from the norm was + 20%; if the frequency is maintained withiﬁ
the limits of + 5%, a variation in the feeding voltage of +15% is permitted.

The quick-action response of ferrorescnant systems is lower tha; that of tube,
semiconductor, and pulse magnetic (with a rectangular hysteresis loop) devices and is
determined by the frequency of the feeding current. For ATS processes and a series
of other branches of automatic devices, the response attained is quite adequate. The
elements of the developed systems are run by direct current and, at their outputs, .
still give a direct current with sufficient power to trigger a common telephone re-
lay. These characteristics make it easy to combine the described systems with con-
ventional ATS (toll office) relay systems and other branches of automatic apparatus

vwhich are rendered useful by gradually introducing contactless elements into exist-

ing systems.,
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METHODS OF PHANTOM TELEPHONE COMMUNICATION

by
N.V.Reshetnikov

Methods of experimental determination of traffic-carrying capacity

and loss for completely available and partially available bands are

discussed. An appraisal of the examined methods of phantom telephone

communication is given.

Introduction

It is generally known that any theorem requires experimental verification under
actual conditions or under conditions near to actual. In many branches of science
-and technology, experimental verification of the theoretical findings presents no

great difficulty. However, the theory of telephone commnication does not belong
into this category. The theor& of telephone communication is a science in which any
experimental check of the theoretically obtained results meets with numerous great
difficulties which are sometimes almost insurmountable.

At first glance it may appear that the validity of several theorems, obtained
by means of the theory of probability, may be easily verified at the operating tele-
phone stations. In actuality this is not feasible for the following reasons:

1) At present, our telephone stations are not yet equipped with apparatus for
adequate measurement of the magnitude of telephone load and loss. It is true that
there are methods of "manually" or semiautomatically measuring telephone loads, but
such measurements are crude and demand a large staff of workers. As a result, we do
not know the exact values of the load entering the office, nor the value of the load
‘being sent through.

2) The telephone load in the operating offices does not remain constant, but
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_ ‘changes in quantity from day to day. Therefore, we can never reach the desired load

) ‘intensity required in conducting tests.

3) Tests conducted at the operating telephone offices should be executed at a

high level of maintenance, i.e., with low losses. This is a drawback in conducting

. experiments with increased loss, i.e., losses of 10 and more. s

L) There is no full guarantee that, in the investigated trunk group, all the
- equipment is correct and that during the time of the investigation no damage has

i. been inflicted on the office apparatus.

These considerations indicate the great difficulties in conductiné check tests
L ) .
__and measurements in operating offices, but of course do not mean that, in general,

Lo
o i

- 2 testing under service conditions should. be completely abandoned. On the contrary, to

_ secure a clear concept of the values of the load and loss, of the nature of the loads
i “: and of the work of the office in general, it is essential to introduce automatic

" .measuring devices as soon as possible.

oy The investigation of a given system of connecting lines, with the purpose of de-

. o termining the traffic capacity of the system and its loss, is possible by means of

!-.- the so-called methods of phantom telephone communication,
1
N The widest application has been made of two methods of phantom telephone com-

 munication: a) the method with constant holding time and b) the method with exponen-

" tial distribution of the holding time.

Both methods are examined below.

.+ . The Method of Phantom Telephone Communication with Constant Holding Time

Yo

The prir;ciples of the method was propounded by the British scientist O'Dell in

“his time. The method was introduced into practice by Berkley (Bibl.1) and developed

. "-sby G.L.Grigor'yev (Bibl.2).

e The nature of this method of artificial load is basically as follows: The

?“a"teSting time, for example, extended to 1 hour, is split into 10,000 équal parts.

80
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.

Then, the duration of one of these parts consists of

3600 =
5000 sec . = 0,35 sec.

After that, by means of the tables of random numbers (Bibl.3) or by means of

the telephone reference book, a four-value combination of random figures is prepared.
We suggest that these four-value combinations determine the ten-thousandth

parts of an hour at the beglnnlng of which the call is started. Then, arranging the

finished random four-value comblnatlons of numbers in series . of their rise in quan—
tity, we obtain a complete chart of the moments of incoming calls. But since this

method presupposes a continuous duration of calls, we know the moment of completion
of each call., There now remains only the "passing through" of the desired load on

the investigated trunk.

To obtain the determined values of artificial load, the holding time should be
assigned. This may be assumed, for example, as equal to 200 or 300 ten-thousandths
of an hour: 200 x 0,36 sec = 72 sec or 300 X 0.36 = 108 sec, To determine the re-
quired number of four-value combinations, the amount of the load should be divided
into holding seconds which we must obtain as holding time. For example, to get a
load to 4 holding numbers per hour, at typo1q = 7R sec, it 1s necessary to prepare
L % 3600:72 = 200 accidental four-value combinations.

To simplify the operation during passage of a load, one hour must be parceled
into 100 intervals numbering from 00 to 99, and then each interval into 100 parts.
Theﬁ, selecting the holding time as 2 or 3 intervals, it is possible to simplify the
process of load passage.

This method may be illustrated by an example. Let the moments of incoming calls
be determined by the following four-value combinations: 0068; 0093; 0255; 0317;
0499; 0516. Then the moments of completion of the holdings, at tpo1q = 72 sec, will

‘ be equal to: 0268; 0293; OL55; 0517; 0699; 0716, respectively.
If the trunks investigated are completely accessible and the lines maintained
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iin a strictly determined order, starting from the first, then the changes in the

. -~

, ‘state of the trunk may be illustrated by Table 1.

1

‘ A detailed examination of this method for investigating systems of step-byastep,
switching has been done in a previous paper (Bibl.2).

Table 1

Moment of time Occurrence

0068 of the 13% trunk line

0093 " 1" 2nd " "
" n 3rd n "
0268 Freeing of the 15t trunk line
0293 " n ond u "
0317 | Holding of the 13 trunk line
0455 Freeing of the 374 trunk line
OL99 Holding of the 2Nd trunk line
0516 Holding of the 374 trunk line

0517 Freeing of the 13 trunk line

L] o [ ] L ] L ] L] L] L] L] L] L ] [ ] ® 9 L ® o L] [ ] L L[] L] L]

.
] |
AT U
ST '
»

Method of Phantom Telephone Conmu.nlcation with Exponential Distribution of Holding
~ Time

-

1=

. ’.-’\r-

RA The assumption of continuous holding time as the simplest-method is made since,

.

) ;““~~¥ith different holding times, the conducting of experiments becomes extremely com-~

*-plicated. However, there does exist a simple enough method of phantom loading, with

“"an axponentlal dlstribution of holding time. This method is known under the name of

. . mqonte.c:arlon method (Bibl.k).

Lo e o fr
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In making up the artificial load, it!is acceptable not to know the starting and

A
finishing instants of each holding, as was required in the method.with.continuous .»[

— o — P

o
kholding time. It is sufficient to know simply the sequence of all moments of begin-

i
|
f

!

If, at a determined moment of time, the X trunk line is busy, then with exponen-
1

-ning and finishing the holdings; with this, the holding tiﬁo c&n BQ noncontihuous.

-~

-

-tial distribution of holding time the probability that one of the holdings in the

~.éfollowing interval At is concluded does not depend on the time of the holding alread}
. 'elapsed. This can be demonstrated as follows: Let fo be the probability that the

iwholding, having lasted a sec, continues for not less than t sec, so that, at the in-i

ydicated distribution, we have
P

fo()= e

Therefore, it apparently always follows that

fola -0y =[.(a)], (),
since, at the demonstrated distribution,

e—?(ﬂ 1) — (:"'3’ fa(t)’

whence

) =¥

This means that, at the indicated distribution of holding time, the law of dis-

tribution of the remaining parts of holding does not depend on its "growth", i.e., on
the glapsed time, Consequently, all lines will be in equal conditions relative to

tﬁéir being free,
Let the load of several trunk lines be denoted by Y. Then, at an average hold-
ing time T, the probability of new calls coming in during the time At is determined

Y
7.3!.
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.

+

1 l [ The probability of freeing oné of the held lines in the time At is A;;

“; Then the relation of the probability of new incoming calls to the probability of

Al =1 l.

Since all trunk lines are in equal conditions W1th respect to-their being

acleared the relation of the probability of freeing the first, second, third; ...,

th trunk line and the coming in of new calls will be equal to 1l:1:lieee:l:¥Y, On

% .:7

this basis, we can compile an exact chart of the occurrences in the trunk line, de-

torminingp the condition changes by sorting. With sorting, the freeing of each of

‘the - heid' lines has equal probabillty, and the probability of a new call coming in

is;Y-tim@s larger.

To serve as an example, we will bring in a completely accessible trunk with

e

7 lines .on whlch a load Y =
”;E/in conditi.on of the trunk is estimated by means of a so-called M"determinant' number.

3 holding numbers per hour is being carried. The change

Let the yield number 1 correspond to the freeing of line 1, if it was busy; yield

wj
|number 2 to the freeing of the second line if it was held; yield number 3 to the

!
'free:.ng of the third line, if it was busy; yield numbers "8, 9, or O" to the arrival

Blad -
. ‘of a new call. The determinant numbers may be taken from the Tables of random fig-

qures (Bib1.3) or other sources.,

IfY +V > 10, then it is necessary to set up two-value combinations of random

5{ "N-.x‘

N )figures. From: the two-value figures, one hundred possible combinations can be set

-

up, i.e., 100 determining numbers.

If Y is a fraction, it will be possible to start as follows: lLet Y = 2.5 hene;

V=27 As determinant numbers, we use 00 to 18, With this, the numbers

. OL and 11 designate the freeing of the lst line, if it was busy

62 and 12 " " moow o omond e wow owow

bova'e o e b o

8l
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03 and 13 designate the freeing of the 3rd line, if it was busy
while the numbers 00, 08, 09, 10, 18 designate the arrival of new calls, With two- .
value tables. of random numbers, one should proceed accordingly. ‘If the number from l
the Table is less than or equal to 18, then it is considered a determinant }mmber.

If this number from the Table is more than 18, then it must be divided by 18 and the

Femainder consideéred-as-a determinant number. T -

let us examine the case where Y = 3 h.n.; V = 7, and the lines of the trunk are
held m the sequence of the line number increase, beginning from the first,

Given that, at first, lines 1.2 and 5 were already examined.

The testing may proceed using Table 2.

Table 2

Occurrence Iines held

New call

New call

New call

New call

Lost call

Freeing of line No.5
Freeing of line No.l
Freeing of line No.l
Freeing of third line
New call

s OWRHFEUVNOROVDONBOI® I

In this way the duration of each holding is a random value.
In this example, 40O holdings were cai"ried. The results of the invesi:igations
were broken down into four parts with 100 holdings in each. The number of holdings ,

~ was determined, carried by each line in hth hundred;, and the number of calls which

. were not satisfied by the 15t; 15t and 2nd; 1%%,°2nd, and 374 lines, ete.
- A\ ' N
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~

The re:sults of these investigations are shown in Tables 3 and L.

Table 3 gives the distribution of calls on the lines of the trunk, while Table 4

g

" shows the number of calls, not satisfied by the 13%; 13t and 27d lines, etc.

4
.

\
!
.
i
!

Table 3

o
-

N L e W -

(o]
~

a) Nos. of lines; b) Number in hundreds; ¢) Lost calls

As Tables 3 and 4 show, regardless of the relatively small number of tests, the
’ results obtained by the method of phantom loading coincide well with the theoretical

"data.

Table 4

e)

d)
‘ 0,7553&0,0:;3 0,750
; 47 59 0,54040,0 .

l1“_-."4:? 27 3; 28 35 0.343F0,040 0,345
1--4 16 35 14 17 0,20540,045 0,205
15 8 23 7 6 0,110%0,035 0,110
16 3 14 3 1 0,053%0,025 0,062
147 0 9 2 0 0,028%0,019 0,022

a) Nos. of the line; b) Number in hundreds; c) Probability of loss;

d) Experimental; e) Theoretical

.‘"‘ -‘ This same method can be applied to testing the systems of step switching. For

- ’emmple, 4f the switching system has three loading groups, then the following can be

86
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| from the determinant numbora_:‘ _ !
corresponds to a call in the 13t group;
corresponds to a call in the 2nd ‘group;

corresponds to a call in the 3™ group;

the freeing of the individual line of the first subgroup, if this had been
I
busy;

the freeing of the individual line of the 2nd subgroup, if this had been

busy;.

ngn the freeing of the individual line of the 3¥d subgroup, if this had been

busy;
nm the freeing of one of both lines, if such was held, etc.
After selecting the determinant numbers for the change in trunk condition, the :

operations in testing remain just as described above for the case where this method

was applied for a completely accessible trunk.

. . Evaluation of the Methods of Phantom Telephone Communication

_ The described methods for phantom loading may be used for investigating the pas-
sage capacities of various switching systems and for determining losses.
) However, several essential shortcomings of the method of phantom telephone com-
;mmication with constant holding time should be noted, namely: A
1) The method supposes a constant holding time, which never conforms to actual-
ity. Observation shows that the holding time is distributed according to a quasi-
exponential law; .
2) The method presupposes that the number of hourly calls is exactly equal to
Y/tpo1qe This too does not conform to actuality. In examining a large number of
holding hours, the number of calls in two successive hours may be more than Y/thol d
. é.nd less than Y/thold; j
. B 3) The method is extraordinarily hborious.- It requires a constant recording
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-‘of all call conditions.

=

\ = The use of the method of phantom telephone communication with exponential dis-

AP 'tribution of the holding time largely frees the testing process of the mentioned de-

_ = fects. However, the complexity of these tests remains perceptible even with this
LS

. \« method. Nevertheless, the exponential distribution method requires much less written
Clde

. | .work than the method with constant holding time.

PR
A complete elimination of the mentioned defects is possible only by using a

.| phantom loading device.

(R A
{o
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A POLYTONIC SYSTEM OF NUMBER TRANSMISSION 1N TONG-DISTANCE CHANNELS
by

V.N.Zachesov

Comments on the article by C.A.Iovell, J sH.McGuigan,
0.J Murphy; An Experimental Polytonic Signaling System.

BSTJ, Vol.3k, No.k (1955)

The extensive development of long-distance automatic telephone connections in
the USA raised the logical question of shortening the time of setting up a call be-
tween offices. Step by step switches, not satisfying the increased technical de~
mands, due to st;uqtural peculiarities, were replaced by the quick-action connecting
device of the crossbar type which had the same great switching potentialities. In
its turn, the transition to the crossbar connector demanded a revision of the system’
of number transmission on long-distance channels, since the pulse-nuﬁber code by
which each figure is transmitted by the corresponding number of current pulses is not
receivable because of the large time loss in its transmission.

A reduction in time was achieved by using coded number transmissions; the sig-
nal system was based on the use of several distinguishing signs or several meanings

of one distinguishing feature. The parameter of the signal was designated as the

ndistinguishing sign" used for differentiating one signal from another in any signal-

ing system.

The frequency method of encoding is in widest use, since it is relatively easy
to learn and apﬁly in the decoding of coded messages. The use of the frequency
method is based on the ability of band filters to separate frequencies with the pur-
pose of developing the frequencies present in code transmission., The methods of
frequency number coding may be diverse. Together with the coding of the various

number signs and separate transmission in time, there may be simultaneous coding of

89
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'aevernl signa (groups of signu) or of tho«wholc number..

~n

w.‘ In the USA the subscriber number is transmitted in the channel by -encoding each:

\
PR S

sign separately, by using the frequency code of Wtwo from five" (Cz2 = 10). This
) 5

~code permits the development of a unit error in the form of a third frequency appear~

‘ “Jing in combination, or the absence of one of the required two frequencies as a result
40

of the superimposition of interferenca.
Operation of the quick-action connectors and use of number coding transmissions
“are made possible by interoffice equipment. The holding time of this equipment and,
| : 9onsequent1y, its use in maintaining a large number of calls is directly dependent |
,on the time of setting up the call, and on the method of coding the subscriber num-
) ber (on the time of transmitting the code).
The paper discussed here is devoted to the question of lessening the time in
‘transmitting the number code. The use, in place of the usual frequency transmission

_.—“of attenuating sinusoidal oscillations of brief duration and the use, at the trans- '

RS PR

. ‘'mitting and receiving ends, of circuits adjusted to the oscillation at the specified
. frequency shortens the fime of code transmission by 25 - 30%, which permits increased
., ~use of the apparatus or, ‘which comes to the same, a reduction in the number of ap-
L pliances in the office of the same capacity.

In the Bell Telephone laboratories, a multifrequency sysfem of number coding
;{was worked out and tested under laboratory conditions, which, in contrast to the or-
,;)”'dgnary multifrequency system, is called polytonic (polytonic signaling system).

The polytonic .signaling system is based on the principle of orthogonality used

4» for a specific class of mathematical functions. Numerous time functions %;(t),

\.—.4

T <I>2(t) eesy &.(t), are orthogonal in the time interval T, if

T . o
j%(t)cb,(t)d:,—_{o » i)
P ] at [=j.

Sixlnusoidal functions may serve as an example of this sort of function.
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I

The-;ropé}ty 8Ewo;£ﬂ;gbnality may bafused for the separation, at tye receiving

- iend,. of signals consisting of a combinatién of sinusoidal functions, without using
Jd i
-.1ordinary band filters for this. l

! If coding is done by voice-frequency pulses in the quality of ‘code elements,

Bl
'

y-‘then the separation of signals may be realized by means of generators switched into

-_tthe receiving end, whose frequencies are identical with the frequencies used in cod-

- l
'ing (each generator should be connected to its integrator). The received signal, a !

mixture of several frequencies, "is multiplied" by means of the corresponding cir-

!
t
|
i

cuits in oscillations of the generators "receivers", and the result is integrated

;J'i. into the limits of the period T. As a result either "zero" or "one" is received at :

:._;the outputs of the various integrators,' "Zero" voltage is generated at the integra-f

; tor output if the received signal contains no frequency to which the gene;'ator has
been adjusted, while a voltage "one", is produced if such frequency is present.

An analogous effect may be obtained by connecting passive electric ci;cuits in~-

stead of generators into the receiving end. These circuits are composed of resist-

ance, inductance, and capacitance and are adjusted each to one of the frequencies
used in coding.

The integral

0 at i7) (1)

T
= A)0 (T —A)di =
V= {0,601~y faz

is the orthogonal condition of a multitude of normalizing functions 6y(t), 02(t) «.s,
8,(t) during the time interval T, and describes the circuit response to the effect
6;(t) under the condition that the pulse reaction of the circuit is 6,(t). The re-

~ action of the passive electric circuit is due to the signal action; accordingly, it
is easy to judge whether there are components in the signal to which the 'circuit is
tuned. In this way, the passive electric circuit, composed as above, may fulfill

. the functions of oscillating, multiplying, and inf;egrating.

This is mathematically proved in the following manner: If, as code elements,
STAT
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~’! attenuating sinusoidal oscillations (Fig.la) are used which are characterized by the'

.’ expression
al

- T
L, =C[Le "sinmz =,

(33
[ 522 SR,

\~’and at the receiving end a circuit is connected whose characteristic is expressed by

at

G,(t)=K e T sin nx’

t= T, we obtain:

for m=£%n V(t.)'=0,

—a

for m=n V(t)=KE, (—1)"" L™,

The voltage in the capacitor of the receiving circuit, excited by the sinusoidal

L ?3—attenuating wave (Fig.la) to whose frequency the circuit is tuned, reaches its maxi-

'.r .Mnmm at the instant of time T (Fig.lb). The oscillations in the circuit, excited by
Soe oL

*2..the wave to whose frequency the circuit is not tuned, will begin at zero tilt and

c - zero amplitude, reach maximum amplitude, and return to zero tilt and zero amplitude

i,
-1 &~ at the instant T (Fig.lc).

L The instants T, transferred to the time axes (Fig.l), appear as points at which
""’{":éthe oscillations in all circuits, not tuned to the frequency of signal oscillation,
c A :~,a.re simultaneously equal to zero in both amplitude and tilt., If a signal arriving
\ ‘.:'at the receiver input consists of several quantities of attenuating oscillations of

"“'-:‘equal frequency, then the oscillations in-the circuit receiver take on a more com-

. =+ - plex form,.

Ll The presence or absence of voltage may be established by instantaneous measure-

e &

.. L:~‘=‘“““:men’c. at the capacitors of the circuit, at the moment of time T. The instantaneous

._‘t»_.&_;;?measuroment of voltages permits determining which of the frequencies are present in

"y

Tensd

92
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the given signal, i.e., it becomes possible to decode.

The above circumstances serve as the basis for designing and manufacturing a

model of this rapid-action signaling system,

However, in practice it is always difficult to note the right moment for meas-

.2

S

Wﬂnn
ik

DS = .

——

2

!

i

e — e
i
i

NAn
TR

!
|
|
|
1
1
!
1|
i
|
—d

Fig.l

uring the voltage. The difficulty is due to the interruption of signal transmissions,
when the transmitting device has an unknown delay time and an unlimited transmission
-band. It is suggested by the aﬁthors that.sir'msoidal attenuating oscillations of a
determined duration (Fig.1d) be used in the experimental arrangement as signals;
. "this facilitates the choice of the moment for measuring the voltage,
} From an examination of the oscillations (Fig.lb, c) excited by the frequency,
to which one of the circuits is tuned and the other not tuned, the following deduc-
7‘ tion may be made: The voltage in the capacitor of the first of the circuits is peri-
) N‘odical, having throughout the time T a finite value different from zero at the time
‘ when it is equal to zero in the capacitor of the other circuit, Moreover, there is

no energy stored in the coils of either circuit at the same moment. If at the end

93
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L S

{or the {nriod 'r, “the signal is "intercepted”, then, the oscillations in the tuned

jcircuit w11l continue (Fig.le), while thes" will stop in'the untuned circuit therea.i’-.l

_»ltor remaining equal to zero (Fig.1f). Thus, the presence or absence of voltage in 1

— .the capacitors of the circuits may be fixed without rigidity at the moment T, and

_isome while thereafter, during which time the measuring may proceed without being in-'
10 -~
_stantaneous. The time reading at the moment of measuring (from O to T + At) proceeds
1
with relative ease, since the emissions havs a sufficiently steep wave front from the

R

: ~ . beginning determining the starting time. The effect: “of Mintercepting? the signal is
obtained by disrupting the attenuating oscillations of the generators from the trans:-

mitting circuits.
In the polytonic system of signaling, emissions are recejived for a duration of
. 5 msec, with pauses of 5 msec. For coding every number, combinations of two frequen-

bR B
.. cies out of five are used. The code ntwo out of five" permits formation of the re-

‘quired number of combinations for sending all numbers and is easy to handle. This

‘~— arrangement obviously is used in the system because of the fact that the further au-

- [ ]

) - tomatic connections, employed in the USA, use the very same code. The number signs
are transmitted in time sequence. For coding it is recommended that frequencies

of 500, 700 900, 1100, and 1300 ke be used. When selecting a transmission period

,‘;'"“xof 1 sec, it is possible to transmit 100 decimal numbers.
Figure 2 gives the principal diagram of the test transmitter. The sending of

LT signa.ls proceeds as follows: After the number is fixed in the recorder, consisting

{*of recording devices of various number signs (Py, Py, P3 ees), the multivibrator

“'"sw:ltches on. Each recorder must have one input for every ten outputs. Each recorder

~output includes two oscillating circuits, tuned to the frequency corresponding to
”“""combinations of one determinant number. The multivibrator emits square pulses du-
- . :;iration, 5 msec) for successive shifting of the distributor from one position to the
- next. In the next circuit, these pulses are shortened by the differentiating cir-

. ' ‘cuit. The electronic distributor forms the circuit from the differentiating circuit

94
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i

0.___.__ —_— S

ito the recorder.- Tﬁe voltage pulse, genef&ted by the differéntiﬁting circuit when -}
2 : l i
i

¥the.SQQAre pulses of the miltivibrator begin to enter, passing into the.resonance

i

Fige.2

a) Multivibrator; b) Differentia."cing‘ circuit; c) Distributor; d) Recorder;

e) Resonance circuits; f) Output circuit

circuits, excite oscillations there. These oscillations are disrupted by voltage
pulses of the differentiating circuit, generated by the latter at the termination of

the multivibrator pulsing. Simlta-

%F neously, the distributor switches to

the following recorder and once again

oscillations are excited in the cir-
Fig.3

cuits, corresponding to the figure
a) Amplifier; b) Receiving circuit; c) Detec-

established in the recorder. Oscil-
tor; d) Register; e) Starting circuit;

lations in the circuits are fed to_a

£) Time circuit; g) Marker ,

common resistor, from where they en-—

!

H

STAT
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\

sary only for carrying out the laboratory experiments,
Tn the article referred to, where the circuits of the transmitter and receiver

-\are descri

2 bed in sufficient detail, the difficulties in designing the system are dis-
-{cussed. The problem of sending 300 decimal signs per second is mentioned. The

. l'.j ot
“.shortening of the sending time requires a lengthening of the interval between fre-

*éauencies ﬁséd for coding. The transmission of 300 signals per secoﬁd can be realized

-Jin channels with wider pass bands. THis Tate of number transmission, apparently,

Article received by the Editors, 26 August 1956.
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CALCULATION OF THE OUTPUT CAPACITY OF TELEGRAPH SERVICE EQUIPMENT

by
P.V.Prakhov

The basic factors are determined which influence the volume
of producing power of telegraph equipment. Existing calculation
methods of a number of telegraph sets are critjcally evaluated,
new formulas are presented for calculating a number of devices
in telegraph service with manual and automatic telegram reception,
depending on the volume and character of the irregularity and
variability of the load at the connections, the traffic capacity

‘ of telegraph sets, and the.length of the service periods in trans-

mitting telegrams.

. General Principles

Calculation of the output capacity of the apparatus in telegraph systems is
necessary in the following cases: a) in continuous usage (especially in revising
the routing systems for telegrams); b) in intraproduction planning of telegraph en-
ferprises and other communications facilities Qhere telegraph is an independent de-
p;rtment or service; c) in designing telegraph connections for a specified prospec-
tive period. In all these cases, there is a need for verifying the usefulness of
existing equipment for the incoming load, at given quality factors for thé telegram
transmission period, and for determining the requirements in new equipmenf.

The equipment output capacity in an individual telegraph link is determined by

the product of the number S of instruments operating in the link (or of multiples -

for multiplex instruments) with the traffic capacity of a single instrument (or ml-

tiple) N; T-mm/hr, i.e., by the magnitude . . .
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-% The calculation of the production capacity of the equipment in the link should

9

!
i
i . .eonsider- the load volume in the link, the character and extent of irregularity and
bR

5 [

" - variability of the load, the norms of trafﬁc capacity of the instruments, and the

*  magnitude of the service periods in sending telegrams.

i The formula, now used for calculating the number of devices in the link, con-
siders the irregularity of the load acderding to hours of the day, days of thé week,
and months of the year (Bibl.,1). But this formula does not consider acc;l.denta.l load

. variations within the limits of an hour or smaller divisions of time and does not

éive the dire‘ct relation of the productive capacity of telegraph equipment to the
magnitude of service time in transmitting telegrams; this is its basic shortcoming. .

- Meanwhile, as observations indicate, the load variability exerts a harmful influence

on the ordinary magnitude of the equipment output capacity in telegraph links, not to

mention irregularity.

Figure 1 gives a concept of the character of irregularity and variability of

b~

10 10 12 13 H 15 16 17 18 19 20 21 22 23 2% b)

Fig.l

a) Load in telegrams; b) Hour of day

* ° load, according to the individual hours of the day. The solid line in Fig.l shows
it y " the change in the average load for each hour in the course of a day; the dots around

“'the solid line show load variation or scattering.

i
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0 e _ e e e
2 The productivo capacity of the tolograph equipment in the link should guarante%
%tho transmission of telegrams during an earlier -fixed service period,--regardless of-

’

B As it is known, on one hand, the service period

. load irregularity and variability. |

_ - represents the guaranteed period of telegram transmission whose broakdown as a qual4
,‘.‘itative norm factor is inadmissible; on the other hand, the service period represent?
‘~ _some division of time during the course of which one can expect telegrams to be senj;
. - this allows a leveling out of the load during this period of time. The shorter the
service period and the greater the load fluctuations involved, the greater should be
the reserves of productive capacity of the equipment, in order to ensure telegram '
_ transmission without breakdown in the service period. In this way, the service
'~'period of telegram transmission represents one of the important factors determining
the magnitude of output capacity of the link equipment.

Ye.N.Bukhman (Bibl.2) raised the question for the first time of calculating the
productive capacity of equipment in telegraph links from its dependence on the mag-
nitude of the service period. The-calculation method suggested by him derives from
a combined examination of hourly load during the course of days and assumes that ‘
there is only one apparatus in the circuit. The method is characterized by extreme
complexity of calculation and, by its nature, excludes the use of nomographs, since
it is derived from the individual graph of hourly load in the link., The calculatlon
method recommended by Ye.N,Bukhman offers only some theoretical interest.

The method developed by P.P.Fayngluz and M.A.Vlasov (Bibl.3) of calcﬁlating the
éwitchboard positions in telegraph systems as a function of the service period is
due to an obvious misunderstanding and is erroneous for telegraph link conditions.

The method of computing the output capacity of equipment in telegraph circuits
is. determined by various means, depending on the method of telegram pickup (manual,
automatic - with or without tearing of the tape) and depending on whether]the cig—
cuit is coupled to a capacitor. Below, the method of calculating the pro&uctive

cgpacity of telegraph equipment will be considered for manual and automatic recep-
STAT
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(AN

--'tion with tape tearing, for the case when the circuit is not connected to a capacitore.

-1

_ \ ‘Method of Calculating the Output Capacity of Telegraph Equipment with a Continuous
.\ ;Inflow of Telegrams

\ The method of calculating the output capacity of equipment in telegraph links
—\: does not only vary with the amount of service time but also as a function of this,

1l ».either supplying or not supplying an uninterrupted flow of telegrams from the active

g

telegram reception points straight to the transmission apparatus. In the practice of
u.L.

°1b -using telegraph equipment, an even flow of telegrams within the telegraph network is

..-u

ﬂguara.nteed by the use of tape conveyers and by the distribution of switchboard posi-

* qumftions in the processing of telegrams. However, frequently tape conveyers are used
i

- only for moving the telegrams from the receiving station to the central sorting sec—

, 29.

’ 53“‘“‘ tion; from this central sorting to the switchboard position of the sets, the tele-

EELE gra.ms are distributed by hand. Meanwhile, as the ‘test transmission from Moscow TsT

: '-_-3--— has shown, it is absolutely possible to supply a steady flow of telegrams from the

.wﬁcentral sorting to the awxiliary sorting points. From these sorting points to the

O O

O
O

O s

Fig.2

a) Sorting-machine operator's position; b) Belt conveyer

operator's position at the sending apparatus, a steady flow can possibly be organized

if ari allocation of work stations is applied, as shown in Fig.2.
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(Here PM N2 is the work station of the telegraph operator No.2; ULT is the n;r:.i'
row tape conveyer; P is the telegram receiver). |

With an uninterrupted flow of telegrams from the work stations of telegram re-
ception to the sending apparatus, the method of calculating the output c;.pacity of
‘the equipment is as follows:

At a given.telegraph link, telegrams from all other links and telegram recep-

" tion switchboards (banks, telephone) arrive. With an uninterrupted flow of tele-
grams, at any instant of time, one telegram may come through the link or two, three,
and more telegrams may arrive simultaneously. If the transmittal of each telegram .
immediately after its arrival at the link is a prerequisite, as many sending sets as.
“the maximum number of telegrams that can enter during the sending time of one tele- |
gram are required. It is obvious that a large number of sets would be needed in
this case, a requirement difficult to meet.

Therefore, the number of sets must be limited so that delay in transmitting the’
telegrams is unavoidable. When the number of telegrams entering the Il_:mk at the
same time is larger than the number of sending sets, a determined number of tele-
,'g}‘ams (equal to the number of free sets) will be passed on, and the remaining tele-
grams will await transmission. It is obvious that the maximum permissible waiting
time must not be larger than the station (intrinsic) control period, established for
transmitting telegrams. Under these circumstances, the optimum capacity 6f the equip-
mer_xt in the link mst be defined, so that the necessary quality of processed tele~

grams can be supplied during the périod and so that no excess reserve above the ac-

" tual required minimum need be maintained. The solution of this problem, in the final

analysis, consists in a determination of the probability of some allowable waiting
time, duz;ing which a breakdown in the given service period for telegram :tra.nsmission
is excluded. Hence, the permissible waiting time of telegrams 1 and the‘ station
service period for sending telegrams ty, are correlated by the formula

-c=t,“— t. (2)
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=

Here, Y is the inetantaneoue sending ltime “of the telegram in the equipment.

Equation (2) results from the conditions of telegraph links where the time of _

inetantaneoue transmission of the telegram on the equipment is included in the ser-
y v:!.ce period. : o o I

i

Derivation of the formula for the waiting probability, beyond the above period 5
P (< 1), involves a large amount of work. The most general form of this equation, as
derived for telephone link conditions, was given by Ye.N Bukhman (Bibl.2). Our in- "
vestigations showed that this formula (under specific conditions) may also be used
. for telegraph links.

The equation has the form
P>y=P>0 T, | )

Applicable to telegraph link conditions, the values introduced into eq.(3) will

be denoted as: S, the wanted number of sending devices in the circuit; ¥, the load
‘,_ in the given circuit while sending (in hours held); T, the permissible waiting time

for telegrams on the link before sending; 6, the mean waiting time for completion of

+ & started transmission of a telegram; while

P(>0)=r

S—1
-
—.4s the probability of holding all equipment in the given circuit at the instant the
~..telegram arrives; in equal measure, P (> 0) represents the probability of expectation
for a telegram irrespective of any period. The load y in the circuit is defined in

- eho.lding hours according to the formula

p— Cdu
V= Qb Hyl = C T = ~gk.

‘dis - T
: e
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]

""0 .I I §

) j Here QW is the mean daily (for a yur) load in the link while sending; kbusy it;i'
2

_.\the.coefficient of busy hour concentration; Hy is the coefficient of .seasonal irregu-

‘4 ”‘larity of load in the circuit; Hy is the c:oefficient of daily irregularity of the
“L'load, N} is the standard used for the traffic capacity of the apparatus (telegrams

- —-—1per hour); © is the mean sending time for a single telegram (in parts of an hour).

}014 If, within one hour, Ne telegrams are transmitted on

12. !
' gram is sent on the average of t = Nl; hours. In determining Cy34 = ankbusyHde’ ;

the apparatus, then one tele-

the mean daily telegram load in the 1ink Qm is present only in sending. The number

16 _
i determined by this, must be doubled in the final computation!
}

{q-—llof sets in the circuit,

-E(considering the exchange process in the‘reception). The mean expectancy time for

]
--the completion of telegram transmission is determined by the formula !

na

e g L0 VI (6)
2t

r

Here Vi, is the coefficient of V'ariation,'{, i.e,, the mean time for transmitting,
| —
‘ ~ a single telegram. The time variation factor for the sending of a telegram depends -

~ on the variation in telegram length according to the number of words and the varia-

- -
!

tion in the number of signs in the words of the telegram. Under these conditions,

the common time variation factor for the transmission of a telegram is contained in

_ the formula
V2 =Vj,+ Vi , 7

Here V, is the time variation factor in sending the telegram;

Vgm is the length variation factor of the telegram, depending on 1l:.he number

of words;

V4c is the length variation factor of a word, depending on the number of

-

letters.
The length variation factor of a word, according to the number of signs V.,

- has a stable value and is equal to O.4. The length variation factor for the tele-

103
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R mé;a;n, according to the word- number Vg, fluctuates in various links (chiefly as a
\  function of the structure of the telegraph exchange, according to the telegram cate-
gorles) within the limits of 0.3 - 0.7 and may be taken in practice to be equal

) " 0 0.5. Then the quantity 6 may be assumed as equal to O. 7t.
) The time T of the maximum permissible expectancy of telegram transmission in
x B the 1ink is determined by eq.(2). With this, the station service period in the
transmisslon of the telegram t; 4 should be determined as a mean suspended value in
;,cons:Ldermg the dimensions of the service periods and the structure of the telegraph
Aexchange according tc the various categories of telegrams.

;)
8
'{, ! To determine the norm Ne of the trafi‘lc capacity used, the following formula

may ordinarily be recommended

¢t 160 felegqrams (8)
Nt—NmTI—‘ am VR

Here Nﬂl is the technical norm of traffic capacity of the apparatus; n is the
‘ ‘ ___‘ l:n'xmber of revolutions per minute of the distributor brushes of the apparatus; a is
. %ﬂ:}'the mean number of éigns in the words of the telegram; m is the average telegram

ga: length in words;n 1is the utilization coefficient of the technical norm (n < 1) of
., ,the apparatus traffic capacity.
Despite the apparent simplicity, the calculation of N; by means of eq. (8) is

iy lvery complex in practice, since it is difficult to determine the coefficient 0.

S d

A !

:—"'";Therefore, back in 1951 the author published a new formula (Bibl.k) which considera-
.. bly facilitated determination of Ng, as a function of the various operating condi-
' ]

u: tions in the telegraph link. In part, the‘equation for determining N; in start-stop

i gf sttems has the form

Vo ’
. .J(L...: N' _K [60— (‘Pz + ‘nn)] hlfgwns (9)
: ‘—-J;_, ¢ am - Ka he *

5y

-1
1

‘.,_. . Here K is the working speed of the telegraph operators (clicks of the tapper

per minute), a is the mean number of signs in a word in a telegram (assumed to
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be 8.5 for ST-35 api)aratus and 9.0 for manual sets); m is the mean wor&_length of a :

telegram, including the words used in the hea.d‘ (as an estimate, one can assume this

as equal to 25); « is the time of auxiliary work (W—) spent on one telegram;

tpz * tnp is the time (in minutes) for preparing and completing the work and for nor-

mal breaks deducted from the work hour (assuming this to be 2 - 3 min); the time x
depends on the operating conditions in the apparatus and

varies from 0.12 to 0.8, depending on whether work ar-

rives at the apparatus operated by an assistant operator,

or whether it arrives by automatic visual control or by

addition of a control tape to the text of the -telegram

to be sent.

If the norm used for the traffic capacity of the

set is determined in words per hour, then the coeffi-

cient m will appear in the numerator of eq.(9), denoting’

the mean telegram length according to words.

For automatic telegram reception, with both broken

-

and transferred tapes and with automatic direct trans-

4 & 8
mission of telegrams, even if some operations'of an aux-
Fig-3

jliary nature are still done by hand (insert:mg tape in-
to the transmitter, tapping out acknowledgement, mqulries, information, etc.), the
norm used for the apparatus traffic ‘capacity may be determined by the following for-
mula, analogous fco eqa.(9), |
. (10)

N: _ n {60 — (t’z + ’,.p)] teeqrams
e am + na hr

Here the quantity K, introduced in eq.(9), is substituted by n which denotes
the rpm of the distributor brushes of the apparatus. The remaining denotations are
same as in eq.(9).

According to the chronometric findings in the Leningrad TsT, the time o of sup-
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plemcntary work, taken from the reckoning ?n one teleg;ém.;{iﬁ.ﬁutéﬁatié fransmissid%,
consists of 0.2 min. In automatic transmission, it is necessary to send the signs a§
the end of a telegram and to separate the individual telegrams, which increases the
‘wlength of the telegram by about one worde In this use of the norm for teletype appa-
ratus with automatic pickup, about 7, telegrams are averaged per hour. This is about
32% higher than the officially assumed norm used for the traffic capacity of ‘start-
stop systems at 56 telegrams per hour (1400 words per hour) with manual operation.
t A direct calculation of the number of devices in the link from eq.(3) is always

Idifficult, so that nomograms should be used. One of these charts is shown in Fig.3.

In this nomogram, the abscissa gives the ratio —%- and the ordinate, the load y in

‘holding hours. The individual curves of the nomogram show the necessary number of

isets with a different ratio —é— and a load y.

Field of Application of Equation (3) for Telegraph Links

If both sides of eq.(3) are expressed in logarithms, we obtain the following ex-~

bression after a slight transformation,

. 6, P(>0) _ QuyFounllallm o P(>0)
S=y+Ipsy =" w, Gn—D PG - (11)

The expression obtained for S has an implicit form: The value P ( > 0) is a
‘function of S and y. However, it clearly shows that the number of sets S is numeri-
cally equal to y only at a very large i, 4, when using eq.(3). In fact, the hourly

. change in load in the course of a day shows that, at a rise in tyg, the number of
sets S may be smaller than y in busy hours at the expense of a possible leveling of
the load.

Tt is of interest to define the value at which the service period eq.(3) no

longer satisfies the primary conditions under which it was derived and to determine

) .» whether it must be substituted by another formula.

STAT
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The most important premise in the derivation of eq.(3) is the condiﬁiéﬁwghézﬂzgg

distribution of the number of simultaneously incoming telegrams in the circuit is a :

In the Poisson distribution, the mean value of x, the mean-

Poisson distribution.

square deviation o, and the coefficient of variation V = —§5 are interconnected by

the following correlations:

a::‘/;_ode:I/l—-.

The verification of these conditions in circuits with a continuous inflow of

telegrams shows that the Poisson distribution of inflowing telegrams in the circuit

takes place during time intervals not exceeding 10 - 12 min. At greater intervals

the Poisson distribution no longer takes place, and the distribution of the simul-

taneous inflow of telegrams in the link acquires a normal character. In circuits in

which there is no continuous inflow of telegrams, the Poisson distribution of inflow-

ing telegrams in the circuit is generally absent. Thus, eq.(3) may be used for cal-

culating the equipment output capacity only in the circuits of those telegraph net-

works where an uninterrupted inflow of telegrams into the circuit is supplied (for
example, when using belt conveyers), in view of the fact that the allowed expectancy
time © should not be greater than 10 - 12 min. The use of eq.(3) for T > 10 - 12 min

may require the installation of excess equipment as follows from eq.(ll).

Calculation Methods for Equipment Output Capacity in Telegraph Links with Discontinu-~
ous Inflow of Telegrams

In this Chapter, we will discuss the graph of hourly telegram inflow into the
link (Fig..) in which the mean number of telegrams, arriving in the course of one
hour, is plotted. ILet us assume that, at a sufficiently large permissible expecta-
tion time t of sending telegrams, the productive capacity P = SN; of the equipment
takes up less load C of telegrams at the busy hour. Then, during peak periods some

accumulation of arriving (but not of transmitted) telegrams will occur. These ac-
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\

ilgéﬁmulating telegrams must be sent in the time 1 when the load drops and becomes less.
"= |'than the output capacity of the equipment, established in the circuit.

If the hourly load (in telegrams) is equal to C, and the total traffic capaci-

ty S of the sets is SNé, where Né denotes

R

-

the traffic capacity of one set (or mul-
tiple) in telegrams per hour, then the

accumulation R, during the course of one

hour,will consist of

C=SNé= R.

If the load exceeds the traffic ca-
pacity of the equipment in the course

of Tn hours, then the total accumulation

XC—T,SN,=SN,

pX oy .
T Ne(Ta ) (12)

In eq.(12), the load C taken for each hour, is the average load. The acciden-

108 STAT
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load so that it can be covered by the computation

C,=C (4 xV).

Here x, is the coefficient, determining the probability Rxo, so that the factual

load exceeds the calculated value. Since the calculation assumes that the important

accumulation from the mean load is only on the large side, the probability Pxo is de-

termined from the expression

- | — & (x)

Pe=—=2

Xo

where #(xy), in turn, is determined in accordance with the integral of probabilities

2

b (xo) = Vf;:

Further, V1 is the coefficient of load variation in the time interval of T,

The need, when calculating the load, to proceed from a consideration of the co-
efficient VTt is explained as follows: It must be assumed that the hours when the
load exceeds the productive capacity of the equipment, consist of separate divisions
each of which is equal to T in duration. In each space of T there is an accumulation
of telegrams awaiting transmission. The telegrams piling up in the first space T are
sent during the first portion of the second time gap, etc. This process of load

—shifting in the intervals of time T 19ads to the accumulation of such a load at the
end of the period that it must be processed when the equipment output capacity P =
= SN; for the time Tt is present.

In Fig.5 this process of load displacement during time intervals is shown for
the example of one hour. In a like manner, this can be stretched out for any number
of hours,

Under load displacement condition for the time interval 1 it is important to

" consider the load fluctuations for periods of a duration t. In the light of this,
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eq.(12) takes on the form

_EC(1 4 xaV)
AT

InA .eq‘.(13) the value 2C = Cq + Cp + <o + Cn;n repres&?ts the ';,o—t:al load for T,

-m:—!hours, i,e., for the period when the load rises above the output potential of the

—¢ircuit equipment. o
3|

A direct calculation of the number of sets S, according to eq. (13)‘13 difficult,

. since there still remains the indeterminate value T,. To convert eq.(13) into an

]'Q —easily usable form, we transform it., We figure the hourly load for the period of

7~;the peak load from the daily load Q and the factors of concentration of the corre-
20

) --.sponding hours. Then,
g2 '

C”‘n

C C
o CrtCrtetCr) (b xy) Q0+ 50V G ) |
Ne(T,, +7) Ne(Tn++)

Since the values _8L = kq, —gg— = ko, and so on represent the coefficients of

- 'COncentration of the corresponding hours of the day, we have

g QU@ bt )
- Ne(T, +)

QU+ xVy)

; k.
Ne

S

(k1+k1".*'"'+km")
b= T ‘ (15)

. “frepresents the mean hour coefficient of load concentration for the period of time

. u‘;(Tn + 1) hours.

.

As indicated in Fig.4, the tfotal load for T, hours zc = Cq + Cp + oo * Cmn) is

STAT]
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{{ S

~}changeé by the equidimensional load, corrésponding to the Q}eé"héﬁﬁ in Fig.4 which i%
2.

- ‘equal to P(Tp + T) = SNe(T, + T). For this one hour P = SN§ (corresponding to the
i

!

area abcd in Fig.h) and equaling Qk without considerT-

T
!

tion of load fluctuation and Qk(1 + xoVT) with con- ,
sideration of load fluctuation.
Thus with a specified number of sets in the

1ink and using eq.(14) as basis, it is necessary to '

consider all hours (including the busy hour and-its
adjacent hours) whose load concentration factors
rise above the mean concentration coefficient k for

|
(T, + ©) hours. This problem is solved by the meth-'

od of successive approximation. To solve the ques-

Fig.5
tion it is necessary to have a graph of the hour

a) C = load in telegrams;
load in the circuit, with computed concentration co-'

b) T hrs ; ¢) Hour

days efficients, at least for the hours of the peak load

period.
In figuring out the number of sets according to eq.(1l4) and in determining k,
the following should be remembered: In this formula T has an "hour" irregularity
“ and, as before, is connected with the service period of eq.(2). The station service

period is determined as a mean suspended value from the service periods of various

categories of telegrams.

The daily load Q in eq.(14) is determined from the correlation

where me is the mean daily load in the circuit for a year; Hp is the coefficient of

seasonal (monthly) load fluctuation. )

In eq.(16) Hyy the coefficient of load fluctuation for the days of the week, is

absent since the load fluctuations for the days of the week are considered as the

1l
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\ - coeff:.clent of load variation Vte. The coefficient of load variation V¢ is detemined

\ -~-i>n the basis of observation of load variations in the circuit for various spaces of
time t. It depends on the magnitude of the

space T and on the value of the load in the

link. There will be practically no errors

in calculating if one assumes the coeffi-

cient of variation VT to be dependent only

[

on ¢« In Fig.6, a graph ig given for V¢

S 20 25 30 35 40 45 50 % B0Tmin ©
as a function of the time of observation T,

Fig.6
plotted from observation data in a number

—-—' of connections. Using this graph it is possn.ble to perform a calculation of the

sAan

L

‘ needed number of telegraph sets in the circuit, for various service periods.
The coefficient Xo determines the probability of the actual load exceeding the

Tts values for various ‘probabilities are listed in Table 1.

’ _.-*—-'calculated value.

Table 1

Values X, Probability Px,

1.28 0.10
1.64 0.05
1.98 0.03
2.33 0.01

In calculating, the values Xo = 1.6 can be used, which matches the probability

Px° = 0,05, This means, practically, that five telegrams out of 100 dﬁring the peak

- load period of the most heavily loaded day of the month with the greatelst load may

“be expected to have a service period exceeding the given one. Since the load for

. Jthe other periods of these days and for the other days of the year are assumed

- smaller than calculated, -the rest of the time will not show a lag in telegrams in

112
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the link, compared to the established service period, because of the shc;i'tcoxﬂingwaf_]‘

the equipment output capacity.
At a small T (not rising above 10 min), eq. (13) and eq.(14) which conforms to it

can be replaced by the following simpler formula for figuring out the number of

sets S on the line

(i +xV) (17)
- Né(l 41 )

Here C is the load of telegrams in the circuit at the busy hour, determined in

turn by the expression C = ankbusy'Hm'

s Teqrams « . -
SN, [ekogram The remaining designations are the same as

Py,

\

in eq.(13). If T exceeds 10 - 12 min,

360

then for both continuous and discontinuous

\\
N
00— =] s
N S ¢-20R"  inflowing telegrams in the circuit it is

Q-m%’ﬂr- necessary to use a more general form of

Q-owleior  ©Qs (14) for calculating S.

In Fig.7 the dependence of the output

Faceto eq. R)T)-PPO)B-(S"";

' (Kt +K
Taceto “lis N ‘[0(’”‘0‘9% T : capacity P = SN; of the equipment in the

10 20 N 40 5 & Tinmin

] circuit on T is plotted for a different
Fie.7 value of the mean daily exchange Q of tele
grams in twenty-four hours. As can be seen from the graph, eq. (3) yields an in-
_-creased value P = SN; when T is higher than 20 - 25 min. Calculation according to
_eq.(M) indicates that, at T > 30 min, the output poter:tial of the equipment in the
-link may be Jess than the load in the busy hour. When T < 20 - 25 min, the required
value P determined by eg.(1l4) is larger than that obtained from eq.(3). This is
quite understandable, Under conditions of discontinuous inflow of telegrams along

‘the link and a small T, the accumulation of telegrams produced in batches of 5 to

10 telegrams demands a boost in the reserve output capacity of the equipment.

..
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"FROM FOREIGN JOURNALS

Information.in Brief_

A RADIO-REIAY SYSTEM FOR | TELEVISION TRANSMISSION.

|
-—1 To interconnect television transmitters in Cologne, Frankfurt,"and Neustadt,
10-—

«1ultrashort,-ua.ve relay stations were used. The fundamental principles of construct~

.,ing this relay equipment are discussed below with a short description of its festure

14

16 .. Design Principles of the Apparatus

1y |
.
20 __4
,isponds to the

The operating frequency was selected in the 1700 - 2300 mc band, which corre-

frequency distribution, approved by the International Conference on

. -{Radio Communication in Atlantic City.
RER :
The transmission band of each channel was set to 30 mc and the frequency separa-

-tion between channels to 60 mc., This allowed 10 channels or five pairs of channels °
to be made in the indicated band range. The operating frequency range was dictated
by the presence of tubes of nsycht of the 2C39 type. ’

In choosing the channel bandwidth, the video-frequency band extended from zero
to 6 mc, and broadband frequency modulation was used to receive the required signal-~
to-noise ratio in the transmission of the accompanying sound signals.

For sending in only one direction, two high-frequency channels were required so
that the frequencies of the relay station receivers and transmitters could be se-
lected with discrimination; in this way, feedback through the antennas could be elim-

_inated. If several routes intersect or run side by side, auxiliary channels are re-
quired. The slight frequency separations between channels permit transmission of a
large number of channels within the given range.

In systems with many channels there is a‘possibi]ity of mutual interference,

due to the presence of heterodynes and msufficlent image frequency suppressmn in

the receiver. This interference may be eliminated by selecting the heterodyne fre-~

115
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[ S
{qpency in suc

h a manner that the image channel coincides with the space between the °

iopera.ting channels. On the basis of these requisites, the minimm separation between
rchannels should be twice as large as the channel transmission band, if the heterodyme

! ifrequency is distributed along the fringe of the channel. In our case, the frequen-

~ -4cy separation in frequency between channels should be equal to 60 mc.

[

The intermediate frequency level is selected as high as possible above low

= 75 mc), considering the available broad-band amplification tubes. In this

fringe of the adjacent channel. In this manner, at relay stations there is always
‘ Jﬁhe danger that an interference signal, emitted by the heterodyne transmitter reaches

into the receiver of the adjacent channel.

This danger is completely eliminated by the proper choice of heterodyne frequen-

‘cles.

In two channels, the heterodyne frequency of the channel with the highest fre-

. quéncy is taken as 75 mc above the operating frequency, and the heterodyne frequency

' for the lower-frequency channel, as 75 mc lower. Consequently the separation between

. theterodyne frequenéies is assumed equal to two intermediary frequencies plus the fre-

. —iquency separation between channels (210 mc).

The required signal-to-noise ratio for the video signal, after 20 transmitted

RO
Apcl

-gsections, is 35 db (ratio of meximel values) or LO db (ratio of effective values).

~ Using well-known correlations between the signal-to-noise ratio, the ratio of signal

: ~:-—t;o potential, to sensitivity of the receiver, to amplification of the antenna, to

i -»weakenlng of the signal in the section, and to the number of relay stations, the

7 . ««follcwing values may be obtained which determine the construction of the apparatus:

IR

‘ “.-—~transmitter potential 5 v, noise factor of the receiver 25 (14 db), frequency drift

*-corresponding to the total amplitude of the modulating signal 12 mc, band fre-
-;) ‘~_
. “*quency 6 mc, and antenna amplification 33 db.

=r? The additiOﬁal requirements relate to distortion in transmitting. The linearity

b e v s r—— o
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-of the; modulator characteristics, of the demodulators, and of the video amplifiers

-—should be such that the changes in the critical characteristics. do.not_exceed_10% of

‘ . .the mean value in all video-frequency ranges.

The irregularity of group delay time, which leads to transfer distortions (from!

--rblack to white) in the image must not be above 0.1 sec after 20 relays. These time
‘,) —

- lag distortions’are usually introduced by intermediate and high-frequency circuits,

. !
but also by leads if there is any reflection from antennas and from devices connect-,

2

ing the apparatus with the feeders. In the described system, the irregularity of%

- the group delay time characteristics in the circuits with intermediate and high fre-

¥

.~ quency does not exceed 0.005 1. sec, and the reflection factor of the input terminals !

of the antenna is lower than 2.5%.

"' Structural Arrangement of the Apparatus

'

The equipment of the terminal station is mounted in three bays. In the upper
‘ portions of the bays, the switching panels are distributed with indicators of the
. N signal level and of feeding voltages. The antenna switch is placed under the upper .
part of the housing of the receiving bay. This is remote-controlled and used for
changing transmission direction. The indicator lamps show the direction in which
the transmission is beamed. The base of each of the three bays is equipped with a
- fan,
In the right bay a UHF transmitter, a powerful IF amplifier, and a suitable
-power supply are mounted. The left bay contains: in the upper part, a UHF receiver;
in the lower part, an IF amplifier, a video amplifier, and two power supply units.
The central bay contains: an image control device for video and intermediate fre-
quency, a modulator, and a power unit. .
The relay station equipment differs from the one described by abser:lce of the
|

modulator and power unit. The sidewalls of the bay are closed with removable parti-

tions, The individual structural elements are mounted on vertical panels, perpen-
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Fig.l - Block Diagram of the Terminal Station

Receiving antenna.
Antenna switch.
Directional coupler.
Transmission antenna.
Detector.

Indicator of standing-wave factor.

Panel 2.

Quartz oscillator.
Filter

Frequency multiplier.
Mixer.

Filter.

Preamplifier.,

Parlel 3 .

IF amplifier.
Limiter.
Discriminator.

Panel L.

Video amplifier.
Video signal output.
Panel 1.

Cathode~ray oscillograph.
Panel 5,

Filter.
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Quartz cscillator,
Amplifier.
Detector.

Side filter.
Multiplier.
Frequency multiplier.
Modulator. )
Amplifier,

Panel 6.
Amplifier.

Panel 7.
Amplifier.,

Reference oscillator of black level

frequency.

Erasure signal.
Modulator.
Calibration oscillator.
Amplifier.

Filter.

Video signal input.
Panel 8.

Amplifier.

Limiter.

Amplifier.
Discriminator.
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R - : :
e front walls of the bay. When the sidewalls are removedf

-

iaccess is gained to all circuits and tubes.
L

Figure 1 gives a block diagram of the terminal station. In this diagram, the

elements of the basic receiving channel 1, distributed in panels 2, 3, and L are il-

lustrated in a vertical row from the right, and the elements-of -the auxiliary chan-

nel from the left. Analogously, the elements of the basic transmitter channel, set

up in panels,>5, 6, and 7, are shown in a vertical row from the left, and the auxil-

iary devices are seen from the right. The diagram also shows the series in which

p in the individual panels. . i

the different stages are set u
onized pulses (total ampli--

The entire video signal with blacking-out and synchr

tude 1.5 v in a load of 75 ohms) is sent to the transmitter.

After amplification, this gignal if fed to the modulator, at whose output a sigz-

nal of intermediate frequency of 75 + 6 mc is formed. The frequency of 72.36 mc cor-

] responds to the black level. It is equal to the frequency of the reference oscilia- o 4

tor with quartz stabilization. In the case of frequency separation, an erasure vol-

tage is generated which controls the frequency of the modulator and produces a suit~
- able correction. :

The modulator panel also contains a calibration oscillator, which can change

. over in frequency from 68 to 83 mc for testing the system., The synchronizing level

corresponds to a frequency of 69 mc, the maximum white level corresponds to 81 mc,

and the black level (as was the case above) to a frequency of 72,36 mc.

The intermediate-frequency signal received at the output of the modulator is am-

plified by the powerful amplifier (panel 6) from 0.5 v up to 20 v and is fed to the

modulator of the UHF transmitter (panel 5), Here it is mixed with the heterodyne ;g

signal, whose frequency is quartz-stabilized, and the required sideband is separated

ha eideband signal is supplied to the antenna across an amplifier, an

STATY
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j% “ultrahigh»freqpency filter and the antenna switch. The antenna filter is connected i

\ +0 a meter for controlling the level of the transmitted signal. The feeder also con-

tains a direction coupler, permitting control of the standing-wave coefficient for

. balancing the antenna. The-quality of the image in the emitted signal is confirmed

~by the control device.

-

- The signal received through the antenna switch and the ultrahigh-frequency input

g filter is fed to the mixer. The heterodyne signal is generated by the oscillator

. I with quartz stabilization and series multiplication in several

A4

stages of the mulii-

L

- . -._“plier. The intermediate-frequency signal received at the output of the mixer after

‘:jamplification in the preamplifier (UPCh) of the "cascade" type is fed to the basic
‘w. % Y f}____; O

: i - IF amplifier (panel 3). This amplifier has automatically controlled amplification

’ :;which compensates for changes in signal within limits of 4O db. Behind the limiter,

1 i

o -

the signal enters the discriminator, at whose output the videc signal is received.
"This is conducted to the video amplifier (panel 4), where it is again amplified. If
. necassary, the black level is regulated here and the signal flows to the coaxial
Jacke
° The operation of the apparatus may be tested with intermediate frequency by
mesns of the test receiver, mounted in panel 8, with the oscillograph (in panel 1).
The receiver modifies the FM signal of intermediate frequency into an AM video sig-
rnal, while the oscillograph serves for visual monitoring of the televised image. '
E The panel underneath the tube contains the switch which connects the cathode-
ray tube with the control device. This control device has frequency scanning, equal
- | to the frequency of the scan line and of the vertical sweep. It permits cdntrol of
- level of the televised signal. .
; The apparatus of the relay station are almost identical with the apparatus cf
?-m- the terminal station, except fer panel 7. The modulator is set in the panel in the

e terminal station, while the intermediary station contains a device for obtaining the
’ 7 o

' ‘ “hetercdyne signal of the recsiver from the heterodyne signal of the transmitter by

8

%

¥
)

——Tn -

REWN oA
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means of a frequency shift at 210 mc. The intermediate frequency signal from the

output of the IF amplifier is fed directly to the powerful amplifier.
Parabolic antennae with reflectors, having a diameter of 3 m, are used in this

sysvem. The matching of the antenna with the feeder line of the transmitter is such

that the coefficient of the traveling wave is more than 0,95,

The apparatus described permits all necessary measurements to be made.

(Electrical Communications, Vol.32, No.4, Dec. 1955)._;__{

/
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FOREIGN PATENTS

From the Editor. The editor would like to inform his readers that since con-

" cise information is available on some foreign patents in the field éf multichannel
high-frequency communication, photocog;es of patents (descriptions in the‘original '
language, diagrams) may be obtained personally or c.o.d. at the All-Union Patent-
Technical Library of the Committee on Inventions and Discoveries with the Council of
Ministers of the USSR,
Address of the library: Moscow-Center, Proezd Serova, 4, Entrance 7s. Tele-
:0__phone for information: B8-64-52.
Photocopies of the patents may also be procured through the order office of the
All-Union Institute of Scientific and Technical Information, Academy of Science,
"USSR and Gostekhniki,
Address of the Institute: Moscow, D-219, Baltiyskiy pos., d. 42b. Telephone:

" - D7-OO-10, E-xt- 51.

L3

Patent FRG (Federal German Republi:), Class 2lah, 5002, No.935 675, 24.11.55,
Neiswinter. Two-Way Single~Sideband Communication System. [Neiswinter (Western
Electric Company Inc,) Zweiweg-Einseitenband-Uebertragungs-system].

7 A multiple~channel two-way system with a single side frequency is presented
which is characterized by its carrier currents, transmitted in every sending direc-
tion without interruption, differing in frequency by several hundred cycles. The

- sidebands used in both transmission directions overlap to a considerable degree, due
to the fact that, in the given frequency band, a greater number of channels can be

~ installed than is usually the case. Together with this, the control of receivers is

obtalned only by means of the carrier current transmitted from the opposite station.

. The p0331b111tv of an independent carrier current acting on the receiver is excluded.

. Double-lead termmals are connected to the four-wire part of the channel by a spe-
) .
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v }cial decoupling device. - ! T - l i
! t
; Patent FRG (Federal German Republic), Class 21a2, 3900 No.928 110: 23405455,

o Ha.essler. The Line Spectrum for the Four-Wire HF Telephoning System [Haessler

.
N
. .
] gssys- R i
l
) |
!

(Allgemeine Elektrizitaets-Gesellschaft) Vierdraht—'l‘raegerfrequanzuebertragun

- . tem],
“a !

The frequency spectrum for multichannel systems of HF telephony 'is discussed,

which is adapted to the organiza.tion of communications with both two-wire and four- '

: wire systems. It is possible to form groups by this with a different number of chan-

system to the four-wire and vice

nels, making the transition easier from the two-wire

For the eight—channel system operation on a two-wire circuit, the spectra as;

versae.
!

signed as the base are 6 - 30 and 36 - 60 kc, while for the sixteen channel they are

the spectra 12 - 60 and 72 - 120 kc.
Patent FRG, Class 21a2, 39;g, No.932 202, 07.02.55. Craf, Bath. Multichannel

System of HF Telephony, whose Line Spectrum is Formed from the Bands oi:‘ Individual
Subgroups. [Graf, Bath (Siemens & Halske A.G.) Mehrfachtraegerfrequenz-Nachrichten-
uebertragungssystem].

The object of the invention is a miltichannel HF system for compressing overhead :
lines, characterized by its band frequency, transmitted in every beamed direction,
being formed from individual three-channel bands, arranged symmetrically relative to

a frequency of 90 kc.
The first three-channel group occupies a band of 72 - 8L ke and 96 .- 104 kc

second " " 60 - 72 kc and 104 - 120 ke
third " 1 48 - 60 kc and 120 - 132 ke
fourth " 36 - 48 ke and 132 - 144 ke

Each of the three-channel groups may work independently, using common linear am-

plification and common oscillation equipment at the terminal stations. 5

Patent FRG, Class 21a2, 3910, No, 923 201, 07.02.55. Haessler, Christiansen.

Reception Device for Multichannel HF Telephone System. [Haessler, Christiansen

123
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(Stahdért E}ektrizitaets—Gesellschaft A.G.) Empfangsanordnung fuer Mehrkanal-

Traegerfrequenz—Systeme].
The object of this invention is a reception device for multichannel systems of
HF telephony at short distances from the transmitter of both side frequencies, dis-
tinguished by its multiple use of electron tubes. One and the same tube i's used for
Aﬁdgpodulation, for amplification of LF current, call signals, and for pulses in dial-
iﬁg. In addition, the tube is used as a carrier-current oscillator for the modulator.
Patent FRG, Class 21al, 5L, No. 932 686, 05.09.55. Hugenholtz. Receiver for
Slngle Sideband Frequencies with a Carrier Frequency Trim. [Hugenholtz (N.V.Philips'
Gloellampenfabrleken, Holland) Empfaenger zum Empfang von Einseitenbandsignalenl.

_é —  The schematic for the reception of a single sideband frequency is presented,
('ticharacterized by it constantly transmitting two auxiliary frequencies for synchroniz-
-’iﬁg the carrier currents of the receiving and sending stations with the transmitting
statlon. These frequencies are harmonics, different in number, of the fundamental
", frequency (rigidly connected to the carrier frequency of the transmitting station).
~ At the receiving station the resultant frequency received by comparison with the aux-
iljary frequencies, is controlled by a motor, serving to align the carrier frequency

qﬁ-the station.
Patent FRG, Class 21a2, 3%0s No.936 518, 15.12.55. Werther. Method of Forming
. Frequency line Spectra in Multichannel HF Telephone Systems. [(Werther (Siemens &
.,Halske A.G.) Anordnung fuer Traegerfrequenz-Fernsprechuebertragungsanlagen].
The method of forming a line spectrum of frequencies for multichannel HF tele-

phone systems is presented, characterlzed by low-frequency channels combined into

sabgroups in three of the channels. By means of carrier currents with a frequency

of 4.8 and 12 ke, each subgroup is transferred into a band of 4 - 16 kc from which,

by means of a second modulation step it is carried over into the needed part of the

spectrum, To form the band 36 - 84 kc, carrier frequencles of 52, 6L, 56, and 68 kc

" are recommended. An inversion of the frequencies (if need be) can be realized by

124
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subsequent stages by converting the frequencies.

Patent FRG, Class 21,3.1*, 39, No.931 603, 11.08.55. Pungs, Meinshausen. Method
of Magnetic Demodulation. [Pungs, Meinshausen. Verfahren zur magnetischen Demodu-
lationl.

The method of demodulation amplitude modulated signals is treated, characterized
by using, as a nonlinear element, a coil with a ferromagnetic core which is saturated
with very low field intensity. The operating point is selected at the place of mag-
netizvedfinflec&j:ion. Magnetization about the inflection point is caused' by direct

- current.

Patent FRG,‘Class 21a2, 3610, No.931 354, 08.08.55. Bruehl., Device for Noise
Measurement of Nonlinear Harmonic Distortion and other Interfering Noises in Multi-
ple Channel Systems of HF Telephony. [Bruehl (Telefunken G.m.b.H). Anordnung zur
Messung von Klirrgeraeuschen und sonstigen Stoergeraeuschen bei einem Vielkanal-
systeml].

The load method of the group tract of a multiple-channel HF telephone system is
presented by means of a limited number of noise oscillators or by means of a single
nois2 oscillator and elements of the receiver route of a multiple-channel system end
station., The route elements through which the measured channel passes .are not }oaded

so that the interference voltage may be measured in this channel.

} .
= USA Patent, Class 250 - 36, No.2 710 920, 1,.06.55. Appert, Erickson. Multi-

frequency Generator for Multichannel HF Telephone Systems [Appert, Erickson (Lenkurt
Electric Co.,Inc.) Multichannel F.requency Generatorl.

This invention is a generator of carrier currents for multichannel HF telephone
systems. A crystal oscillator serves as the source of fundamental frequency at
whose output a broad-band amplifier is inserted with a large number of feedback cir-

cuits. Each of these feedback circuits contains a band filter, passing one of the

carrier frequencies needed by the system.

. - Canadian Patent, No,512 163 , 26.04.55. Cooper. System of HF Communication,
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“ Sys'téﬁés cie w‘

hf‘:l;lquippec'l with a Device for Determining the Point of Danfage. {Cooper.
o~ t

‘; Commnication].
h An HF communication system is discussed which consists of two end stations and

‘a series of attended and unattended stations, characterized by the end station being
| i i e has

l! M equipped with pulsating instruments for determining the point where damag

é i ~occurred. :

pie
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NEW BOOKS

i

. " M.Strett. Semiconductor Devices. Principles of Operation, Properties and Use.

" . Translated from the German 1954 edition by V.F.Rakhmanov and V.P.Shchelkin, Ed. by

Prof. G.l.Atabekov. Gosenergoidat, 1956. 208 pp, 10,000 copies, price, bound, 7 r.

Semiconductor Devices and thelr Use. Collection of Articles Edited by Ya.A.Fedo-

Tssue No.l "Sovetskoe Radio" 1956. 624 pp, price, bound,
jcles are compiled written in 1955 _a_n_d expounding the

’ tov. 16 r 25 k.

B _ _ In this collection, 36 art

— physical principles of the function of semiconductor devices. Discussions are given

on the basic characteristics of domestic low and high-power semiconductor triodes,

powerful triodes and tetrodes, and fluctuation noises; the temperature function of

T

triode parameters and means of temperature compensation as well as other questions in
| semiconductor technology are treated.

S.D.Gvozdover., Theory of Ultrahigh Frequency Electronic Devices, Gostekhizdat,

i
: . 1956. 528 pp, 25,000 copies, price, bound, 10 r 90 ke

: Textbook for higher education institutions.

S.V.Savchenko. The Photoelectric Effect and its Technical Applications.

Gostekhizdat, 1956, 116 pp, 30,000 copies, price 1 r 95 k.

The basic laws of the photoelectric effect are aiscussed in a popular form, de-

scribing the different aspects of photocells and their practical use in industrye.

M.A.Lebedinskiy. Electric Vacuum Materials. Gosenergoizdat, 1956, 336 pp,
15,000 copies, price, bound, 8 r.

Textbook for the technical schools of the Ministry of Radiotechnical Industry.

M.A.Rozenblat. Magnetic Amplifiers, ™"Sovetskoe Radio", 1956, 82l pp, price,
4
‘bound, 23 r.
N The problems of the theory of calculating the basic types of magnetic ampil_{fiers

. . in practical use are considered in this book. Particular attention is paid to the

fiers ;and the

‘ c{evelognent of the basic principles of constructing magnetic ampli
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physical nature of processes involved. The fundamental means and methods of improv-
ing their characteristics are carefully examined, as well as the reduction of iner-
tia, the lowering of sensitivity thresholds, and the raising of the stability of mag-
‘netic amplifiers.

B.M.Betin., Radio Transmission Devices. Theory and Computation. Gosenergoizdat,
1956, 352 pp, 15,000 copies, price, bound, 7 r 70 k.

Manual for technical schools of the Ministry of Radiotechnical Industry.

N.N.Iltina., Characteristics of Wiring Circuits of Modern Radio Broadcast Trans-
mitters. Svjaztizdat, 1956, 48 pp, 15,000 copies, price 1 r 50 k.

Brochure of the series "Lectures on Communications Technology'.

V.F.Barkan and V.K.Zhdanov. Radiélﬂeceiving Systems. Oborongiz, 1956, 496 pp,
35,000 copies, price, bound, 12 r 25 k.

Textbook for aviation technical schools,

V.K.Zvorykin and D.A.Morton., Television. Electronic Problems in Color and
Monochrome Image Transmission. Translated from English. Edited by Prof.S.K.Katayev.

. Foreign Literature Publishing House, 1956, 780 pp, price, bound, 46 r 10 k.

The physical basis of black-and-white and color television is carefully examined
in this book, with a description of the most important circuits and systems of tele-
vision equipment. In addition, a great amount of information in the form of equa-

tions is introduced here, based on practical tests in the laboratories and factories
of American radio corporations in the processing, production, and use of television
sets,

M.I.Krivosheev, Measurements in Television Equipment. Svyaz'izdat, 1956, 62 pp,
11,000 copies, price, 2 r 10 k. '

Brochure in the series "Lectures on Communications Technology'.,

N,N.Garnobskiy. Theoretical Basis of Electric Wire Connections. Part I,

General Theory of Passive Linear Circuits with Lumped Constants. Svyaztizdat, 1956,

692 pp, 10,000 copies, price, bound, 21 r 50 k.
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Iﬁtercity Communication Lines. A Collection of Translated Articles. Edited-by‘

V.N.Kuleshov. Svyaz'izdat, 1956, 132 pp, 6,000 copies, price, 5 r 75 k7

This collection contains nine translated articles on coaxial cza‘l::le:J laid across
“the Atlantic Ocean and on the territory of Italy, on cables in rural aréas, on new
cable-laying methods in sewers and trenches, on methods of mounting higb-fi-equency

symmetrical cables and on their application to city and 1ong—distafnce cable lines.
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