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QUICKER FULFILLMENT OF THE DIRECTIVES OF THE 20t CONGRESS (F THE

CPSU CN EXCHANGE OF TELEVISION PRCGRAMS BETWEEY CITIES

Enormous tasksjwere set by the historic 2¢th Congress of the Communist Party
bf the Soviet Uﬁion before the Soviet peoplees

In the sixth Five-Year Plan, all branches of the national economy are to rise
to a higher technical level, based on a consistent and rational incorporation of the
most advanced scientific methods and equipment. Soviet scientists and engineers are
successfully solvingihighly complex problems in technical progress. It suffices to
_ recall the new field created around the use of atomic enérgynfor peaceful purposes.
" In this branch of science, the accomplishments of Soviet scientists are so great
 that the sixth Five-Tear Plan envisions the construction of atomic electrical sta-
" tions having an over-all power of 2.5 million kilowatts. Wé might also recall the
work done on electronic computers for solving complex mathematical problems, and
many other achievemenis of Soviet science. |

Cur accomplishments in the field of electrical communications are also numeroﬁs,
but we must at the same time recognize thé>baqkwardness of several branches of elec-
trical communications. Thus, in his report to the 20th Congress of the CP3U, comrade
leSeKhrushchev stated that "...the level of development of means of communication,
particularlj radio relay lines, phototelegraphy and television broadcasting, still
do not satisfy the needs of the population and the national ecoromy™.

In the resolutions of the 20th Congress great attention was paid to further and
more rapid development of television in the Soviet Unicn.

The Congress directives with regard to the sixth Five-Year Plan provide that by
1960 the number of television stations will be no less than 75. Special communica-
‘ tion channels must be created for the exchange of programs between the television
stations of Moscow, Leningrad, the capitals of Union Republics, and other large

. . [ ]
cities.
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QUICKER FULFILLMENT OF THE DIRECTIVES OF THE 20th CONGRESS (F THE

CPSU CN EXCHANGE OF TELEVISION PRCGRAMS BETWEEY CITIES

Enormous tasksfwere set by the ﬁistoric 20th Congress of the Communist Party
of the Soviet Uﬁion before the Soviet people.

In the sixth Five-Year Plan, all branchg§ of the national economy are to rise
to a higher technical level, based on a consistent and rational incorporation of the
most advanced scientific methods and equipment. Soviet scientists and engineers are
successfully solvingvhighly complex problems in technical progress. It suffices to
_ recall the new field created around the use of atomic enérgykfor peaceful purposes.
~ In this branch of science, the acéomplishments of Soviet scientists are so great
~ that the sixth Five-Year Plan envisions the construction of atomic electrical sta-
~ tions having an over-all power of 2.5 million kilowatts. Wé might also ;ecall the
work done on electronic computers for solving complex mathematical problems, and
many other achievements of Soviet science.

Our accomplishments in the field of electrical communications are also numeroﬁs,
but we must at the same time recognize thé'baqkwardness of several branches of elec-

trical communications. Thus, in his report to the 20"

h Congress of the CP3SU, comrade
' N.S.ghrushchev stated that "...the level of development of means of cormunication,
particularlj radio relay lines, phototelegraphy and television broadcasting, still
do not satisfy the needs of the population and the national ecoromy".

In the resolutions of the 20th Congress great attention was paid to further and
more rapid development of television in the Soviet Union.

The Congress directives with regard to the sixth Five-Year Plan provide that by
1960 the number of television stations will be no less than 75. Special communica-
tion channels must be created for the exchange of programs between the television
stations of lMoscow, Leningrad, the capitals of Union:Repu.licsi and other large
citiess ‘
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vt;ask,; which has ékcﬁptian&l political and cultural importance, can be ful-

‘,,yifilvle»d by using coaxial cables and radio relay lines. We must note the slowness of

RN

,(%our radio industry in manufacturing the necessary squipment. We might have long ago
i.,v.‘iwganized television axchanga between Moscow and Leningrad , vhere coaxial cable iinea

were Laid many veers ago. Leningrad bas a large technical force on whom we dapend
J B ¥

for the trment, for video transmission over the existing co-

axial cable network. We ¢an only be surprised at the slowness of those who should
havs organized this work.
The decisive role in the matter of organizing intercivy

exchanging programs should be given to radio relay lines. Tt

26h Congress provide for the craation of a wide network of

the imstallation of no less kilometers of these lines during the

coming [ive-year pericd.

In conjunction with the resolution of the government, I should see the con-

struction of a radio relay line for television exchange between Leningrad,

Riga, Vilnius, and Minak. Plans for radic relay lines in the scuthern and

areas have been initiasted,

To realize this large prograz We must begin immediately to carry through a nwn~

ber of striet measures, First of all we must spesd up the development of the radio

_ relay equipment being worked on in the laboratories of the ¥inistry cf Communica-
ftions, and at the sams time see to it that the radio engineering industry joins in

this work so as to assure the most rapid organization of production on the necessary

4;;scale, beginning with 1957. This can be done only under close cooperation between
‘the institutes and construction bureaus of the Ministry of Communications and MRTP
. 'iﬁbﬁnistry of the Radio Engineering Industry), which should be realized immediately.

The Congress directives make provisiona for starting color television. In the

—'1ast Pive-Year Plan, the laberatories of the MRIP wasted a great deal of effort on

.

i :‘7‘1d§aié.i’xi.‘ngr color television with alternate ‘transmission of colors. This system re-

2
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RATSING THE STABILITY OF APPARATUS FORMING CRE~-DARD 51

BY

HOV AND MV, VERZUNGV

Yoints involved in decreasing the influence of asymnetry of balanced
modulstors on the surpression values of unnecessary frequency compenents

are discussed,

the Problem

S the most imnortant nroblems

ters ocperatlng on one Irequency sideba

frequency and of the second side band beats,

wnow of two basic metho

at balance modulaticn

ar
sation). The Tirst method recelved powerful radio-transmitiing

paratus, whereas the method of muliiphase

not yet found wide practical use because of the facl that

culties in assuring high norms of carrier and se

creating a stable suppression under the

action of destabilizing

¢ factors.
The most important compenent parus

of single-band equirment, using the zul-

)’-—”—‘ tiphase medulation method are a low-{re-
"
8 \3\

quenty broad-band phase converter and a

multiphase modulator. The latter is (in

four-phase medulation) a system of two
Fig.l

balance modulators operating on a cormon

load. The suppression of secord sideband beats is dependeni on the accuracy of the
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N phase shift between the veltages received Trom the LU ¢ converiar
the ampiltude symmetry of the brareh of the balanced

At present, it is poas
overters ensuring the recessary phane shil

&l anhiracy

Ordinarily, when analyoing oot balaneed

that the balanced n

it follows

te2a, thers

7 add

obtain cemplets amplitude s
residual oscillations of the carrier
Joad of the multiphase medulator.

rebry in the balanced modulator may sodd

parameters or their change during operation, by

ati ty neniden

tude of the leeding foliages in the branches

lating voltages, and by ssveral other factors.
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factors can be of

SU i,

S = gy coxf

and the amplitude of the 3id

(%)

the tube at modulation fluctuates

The constant cor

Inean

Declassified in Part oved for Release 2012/10/31 : Cl. DP81-01043R00130017000




s AT

o i 3“= cusid,

[N S AL
Since Yo(0) = A - a  coz 8, wé oblain the following relation, tak
into account:

consl,

Conseguently,

carrier freguancy current, 3 char

value of the constant component of

Yence it follews that

sarrier-Trenuency current

nain e

f the

can be solved, as shown below,

negative feedback corresponding to the mean value of the constant component of the
tube

plate current.

It follows from eq.(6) that if, on any change in transconductance, we change

Declassified in Part
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the amplitude of the modulating voltage accordingly, the gide-frequency current will

remain wnchanged in amplitude.

i i L 5 le of modulating v
s indicated in eq.(10Q), the amplitwle of the modulating

: to-{Trequency curren mrenent of the tube plate cur-
“enced by the change in the aulio-{requency current compenent ol T

S Y . 1N
i i Spedback can be o n accordance with
rent, ie.¢., negative leo iback can be <! L ACCOrGa

current.

e P mprative
actieon of negative

from eqs.(12]

eq.{lc), we get
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LR
Tl e | (14)

How let us suppese that both branches of the balanced modulator have an RC

feedback circuit,

In additlon, we will assume that in the initial ad fustment of the balanced mod-

ulator, the cireuit was symmetrized in such a way that the carrier-frequenc

- current
¥ current

in the common load squaled zerc.
of

The amplitude of the first harmonic of the carrier-frequency oirrent of

branch of the balanced modulator is

Let us also suppese that the grid-plate characteri
chanzes by a magnitude €3; now the mean value of the
nent also changes by 8lgaa..

Then, cbviously, the carrier-frequency current

r

NE O

and the current I, will remain constant. Since we now have I' . T the load will
2w I © T2

show the difference between these currents (the remainder of the carrier-frequency
current) AT .
From eqs.(15) and (14), taking eq.(14) into consideration, we find:
s fsu, [,1, +a """“’-Zf.“‘.,"'av]m

. [ AL g, ! R |
- Sayl e =L

-

RO . "
o ol = E )
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secord Lube. Th resulis in bhe Tact tha v difTerence surrents In
leoad is decrease
~

Tk asn
w8 U8

Pirst we will determine

nent is

SELL faad, Tk 9)
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On increasing the grid-plats caoteristic « d r . of the first

tube by & magnitude €3, the plate current consbant compenent of this tube increases
by a magnitude 8lpagn.

The new magnitude of the mean value of the constant comporent ther is

aSAY G anl - WL R l.‘{_}_.llA

s

Dividing e1.(00) by e.{19) = 5i e tranaferoaticns, we gel
& =1 K 1 »

SEN e, - E

i

When we change {e.g., o 32 d-plate <

HE aSELU_ G an, el _R-- l:‘"\].
" and the second tube to value

Yuol,  U_RE

NUSER U el

Using eqs.(21),(22),(23 ), and (24), we get an expression for the relative

change in the rezainder of the carrier-frequency current:

SV | 2,1 RS

o

HES - .
L ‘ n ek

R R .
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assified in Part - Sanitized C ved for Release 2012/10/31 : CIA-RDP81-01043R001300170001-4



A comparison of eqs.(25) and {18) shows that
tivenesa of the negelive coedbact s anpre Lely Lwice

with separate compensation Jor ihe il e ol ASyTAeLYY

out above, an asyTanelry
pearance of oS¢
same order as the arp

with rnega-

tive feedback relative
3

in Fig.
However, tc realize
dition —s—\-lz >> R must be satisii
In analyzing the {on of the circuit, we will limit ourselves
ple case where the modulation is realized by the voltage of cne rejuency.
in shown above, the amplitude of the currents of the side frequencies is de-
. termined by eq.((v), and the component of the auwdio-frequency current by eq.(10). Let
us suppose that, in one of the branches of the balanced modulator, the grid-plate

characteristic of the tube changes by a magnitude €S, Then, the amplitude of the
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A ent,.

=

ot

comporent of the audio-freguency current will receive an increment proportional to

‘the increment in the grid-plate characteristic, and will have the value

SPRILE 211 &8 (26)

a result, an additicnal aw quercy voltage will be generated at the

Consequently, the wmplitude of the modulating v ge on Lhe tube

crease oy this magnitude ard Decome equal te

U 41 — eSa R

gt MRt

iting voltapges is so

ther a

in the absence of feadback, this residual veltage > have a magritude of the

order of £:

e (29)

-t >

AY)

Ta the presence of feedback, the residual voltage of the low side [requency,
can be reduced at will by proper selection of the parameters of the feedback circuit.

In fact,

.

St S Sy, (30)
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Here I and I are the amplitudes of b Lower side
, (-0 2w-0) splitudes of B '
frequency of the rirst and second balanced modulators, respectively, while the prime
4ndicates the fact that the mnplitude sywnetry 1y the balanced modulator i canceled,
pParforming the obvious transformations in m.(BO) and neglecting magnitudes of

" s 2
‘the order of €, we get

a. SRSt

Thus, the introduction of i

current in each wranch of the bvalanced modulators weakens

3 1

side-{requency oscillation (due to amplitude as:»'""'...“.et:'y) TT5H
Sa, s
e resistance R is

Let us now examine phe diagram shown irn ¥

For any imstant of Lime, the medulating vollsges acting on the wute

7 AnSw

e

Hera, obvicusly,

(32}

aze drop changes the T

Since, at complete symmelry of tl ircuit, a voliag oy

the grids relative to the audio-{requency in such a way that condition (32)

t.1s o
1ALS T2 W ar

_is always satisfied, then this drop can be disregarded in analyzing the cireuit. This

voltage should be taken into consideration only when determining the pumerical val-

us of the amplitide of the rodulating voltage. In the case in question, we are only

the branch of the valanced

interesied in the change in voltage U under agymmetry of

* modulator.

As before, we will suppese that the grid-plate characteristic of the plate

1
t STAT
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6

‘current, of the tube Ly changed by a magnitwle €3,

Ly mponent of the audio-Crequency current o
The component of the audio-frequency current

value of

As a result of this, an additional sudlo-frequency veltage will appear between

points a, b:

A MR e SULR

Here the audio~Irequency voltage on the grids of > tukes Ly and L, will

o Waae

valuss

swde of the current ¢ the

lower side frequency in

At asymmetry and under cenditions of an epen feedback loop, the current of the

%41

lower side frequency changed fo a value of

aSU+yy . 0ySUp

2 2

The residual current of the lower side frequency in the common load of a

four-phase modulator in this case would have a magnituds of

'_, a,SU

e
i.0v, would be of the same order as e,

Under conditions of a closed feedback loop, the current of the lower side fre-

STAT
15

R PSS SRR .
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‘quency in the common load from the balanced moduiater, in which the symmetry is cun-

_celed, will have & value of

lt:w»n'”""" =

I agSU, (1 = a, St
R EER Rt T g

mm -

In the given expresaion, subscripts 1 and 2 in Ug are omitted since Huygl

ol
= | Uggls In this case the residual current of the lowsr side frequency in the common

load of the four-phase modulator is

e

M (i - u“\'k)u,.ﬁ'lfr

Thus, the introductien of nepative feedback relative to the audio~freguency
current in this diagram weakens the residual current of the side frequency, pro-

duced by asymestry, the following number of times:

I e

1
Fy—
.305
Thes, for the same fesdback circuit parameters the residual current of the
’ Ex R

ia selscted in accordance with the condition R <

second side frequencr in the latter circuit is two +ires smaller then in the circuit

with separate feedback in each branch of the balanced modulstor.

Experimental Results

The aim of the experiment was to verify the validity of the above considera-
tions and to make a quantitative determination of the gain suppressing the oscilla-
tions of the carrier frequency and second side frequency, by tﬁe use of negative
feedback at asymmetry in the balanced modulator circuit. For this purpose, we con-
structed a model corresponding to the diagram in Fig.5. In this circuit, we applisd

negative feedback according to the mean value of the constant component of plate

current (elements RIBQB’}CICECB) and negative audio-frequency current feedback

{elements 8301) .

To show the effectiveness of feedback, asymmetry of the balanced modulator

16
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yranches was created artificially,

“of the tubss. The measurements were mad

perimentsl data, were constructed s

ney

secon? side [reque WA
voltages on the acreer
abscissa. It is supposed thabt, at
the four-phage sraten
Lthe cor

asecond side f{requency -

gecond side frequency
modulators,
pression is p otted as @

4 comparison of the curves si.ows
probable ¢ the use of negative
ond frequency sideband of 15-25 db.

In
tude
gree of the a

ted under the following conditions: at

Declassified in Part - Sanitized Co

rlotted on the oréinate in decibels, and
. prids of the balanced
initia’®
wers completely symmetric.
n load equals
n canceliation
4 residuzl side frequency is
function of the depree of

that, for an

stability of the residual carrier frequen

symmetrizing factor. The influence of the negativ

voltage on the screen grid of one

- means of a panorams device. The results

en in Figs.6,7 and 8. 4 comparison

of the curves (Fig.6) shows thit negative

audio-frequency feedbach is & highly
effective means for compensating the in-
fluence of asymmetry in the branches of
Lie balanced medulater on the amplitudes
of the side-frequency current.

n examination of the grarhs in

cives interesting results, These
srarhs, wrich were celenlated from ex-
itude of suppression of the
the ratio of

moiulator tubes was plotted on the

odfu

stment, both belanced modul

In this case, the current of the
b ression of the
of the balanced
7 n the common load, whose Sup—
as ety .

(the most

as:mretry of

i rives a gain in suppressicn of the sec-

we studied the influence of negative feedback on the ampli~

¢ voltage at any change in the de-
e feedback was estima-

connected resistor of the feedback circuit
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‘value as with the resistors sonnected; this gave the relation AU = '

(Ri,Rg, and }'-‘3), exu:: t.he voltage of the dﬁrrier-—i‘requénc& (Ug = 0) \Qn:a‘appl‘iedi to
hg_g:idg_qf Ly and Lo. The re:;idual carriar—frequency voltage wag. meagured by

acuun-tube voltmeter, connet ad to the output cﬂrcuit ef the balanced muuL.tcv'. At

S leqmal ‘voltages on the sereen grids of the '?tubss, the bias voltage on the control

: E',2
m'ids wag measured. '1'his yielded the relation Ay, = 1 /___*HL.."

L]
Egl

k resistors Ry, Rz and Ry were short-circuited, and the control grids of the tubes

" were supplied with negative bias from a source of constant voltage h:x"wr the same

(' 2)
‘%’g’

(witie
il
E . 2

_out: feedback). The resuits of the messurements are given in Fig.8. The resultant

“curves clearly show the effectiveness of nepative [eedback.

In addition, the tubes in one of the branches of the valanced modulator were’
‘repla.ced. We took, at random, five 421, and three 6PF tubes.

The voltage of the side [requency wag measured with audio-frequency feedback
" nd without. At initial adjustment, She sidefrequency voltage with fe ech

‘sstablished as 35 wolts. The results of the experiment are given in Table 1.

Table 1

Type of tube. 6zhd, | 67hls

“sida with feedback, .
in volts 5 3t

Ugige vAbthout feedback, .
in volts 36 | 37 36 | 3k | 36 | 40 39

P

On intreducing ne,gat.lve audio-frequency feedback it ia patural to expect some
decrease in the moduiation depth in each branch of the balanced modulator. Consid-

Vg , '
Tﬁ- , then the modulation index, with feedback,
[~8 L .

i : AU
;decreaes by-a magnitude Bm = G 2 ; this had actually been observed in the experi—

W

19
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Emnt Hwever » the decreas‘ia“ in mdi\l&tion depth can a)&ays .be ‘éompﬁnsabcd by a corre-

spending change in the modulating voltage.

i

It is of intevest to estimate the change {n modulation depth for different fre-

quenciés of the ‘mr.iulmt.i.ng. voltage. However , the amall value o'i" the resiatance 22'3‘ in

?k.hé feedback circuit in comparison with the valué of the capacitative rgaiatxgnce of
: ;t‘:'.a bi,ocle:ing capacitor guarantees an insignificant g:hangé in the feedback voltage on
mx;; change in the frequency of the modulating vbita;;e‘. )

Thus, where Ry = 1000 onms and Cg = 1000k f, the change in the modulation

depth (with regard to its value at the mean modulating frequency of 1000 cpa) is
0.5% at a frequency of 300 cps and 2.2% at 3000 cps.
Yence the circuit described above does not reg

uire special corrections in the

feedback circuit to maintain a conatant modulation index.

Conclusions

The above-described mebhods for reising the operational stability of balanced
modulators used in single-band radis communications permit greater use of the
& miltiphase modulation method in the formation of single-band signals.
) In addition, negative feedback is also useful in other equipment containing

. palanced modulators where a constant ‘level of output voltages is required.
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_ HARNDNIC ANALYSIS OF ASYMMETRICAL PULSES®
o

i

.1 EVITANOV

Pormulas for- caleculating the harmonies of asymmetric pulses of plate
‘cm"mnt, obtained with a vacmxm—tube oascillator operating on a com=

plex load, are presented.

© " Introduction

Recently a number of articles devoted to the operation of a vacumetubs oscil-

"“lator on a complex lcad were published (Bibl.1-3). It was found that an overvoltage
: :Woacillator wder complex load possesses a number of properties that are of consid-
erable practical interest. The fundamental peculiarity of the system under complex
“Joad lies in the fact that the plate cuwrrent pulses are asymmetric. To ‘construct a
thepry for such systems we must create a simple mathematical scheme for harmoni.c
.. _analysis of asymmetric pulses.
" The first report. on cperata.on of an oscillator at complex load and on construc-
‘ ﬁon of the cortesponding load characteristics was the dissertation by M.G.Margolin
(Bibl 4). The i‘onmlas obtained in this study for the harmonic analysis of asymmetric
ﬁ:mlaea are very cmnbersome- no simple rules for constructing mathematical formulas
— %;re given,
| In addition, ihe harmenic analysis of asﬁzmétric pulses was studied by
. 7,T.Medel and others (Bib1.5). e art he asymmetry of the ,Qses vas ob-

tained from the complex load for the third harmonic. This article is of considerable

2
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n

f‘shapéx of the pulse; hoxmver; here too, no simple formulas for the harmonic analysis

' ;yof asymmetric pulses are given.
» The harmonic a.ml:;ésia of asymmetric pulses was also discussed by 3.A.Drobov
i(Bibl.6). He constructed load‘c}mmctnristﬁics covering a considerable range of vari-
k‘iabion in the utilization factor of the plate voltage (&, bﬁt calculation is only
) ‘given for £ < 1. Ho mthemticgl formuias for ¢ > 1 are developed.
The aim of the present article is to establish certain rules which might yield
formilas for the harmonics of ‘asymmeiric pulses in approximately the same way as
this is done now for symmetric pulses.
Tt is presupposed that the voliages on the grid and plate of the tube are sinuw- -

soidal, i.e., the upper harwonies of ‘the voltages are disreparded.

Approximation of Static Characteristics

To describe the static characteristics of the plate current of a triode oscil-
lator we will approximate them with line segments. In the region where the grid
current is low, the plate current is descx:i‘amd by the expression for the emission
current:

‘ i = Sle,—E+ D(e,— E ). (1)

Here e, and ey are the instantaneous voltages on the grid and plate; EY is the

cutoff voltage on the grid at the operating plate voltage Ey. The remaining symbols
‘“need no special explanation. '

In the region where the grid current has a considerable magnitude, the plate

current in cdordinabes 1y €y 18 represented by a straight line’ passing through the

and having a slope Sy:

This line is called the cr
“an expression for the slope of the eritical line:

S, = (;: - D).

1043R001300170001-4
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L ’ .
: The coefficient y determines the corralation of voltdges on the boundary of the

. region corrssponding

:

% ‘ ; e == n(e, -—kE;——fDl:"l ; L ()

The grid current can be defined as the difference between ‘chg emission and
plate currents
I =i—ig ' (5)
After substituting eqs. (1) and (2) into eq.{%) while taking account of eq.(3),

_we get an expression describing the characteristics of the grid current:

i‘mS(e,;E;fDE.—::cn)- )

It is evident that these expressions are net valid at all voltages. Equation
(3) is valid if i * O, just as eq.(2) is valid if 1, ~ ¢ and, in edditien, if
i < i. Corresponding 1imitations also apply te eq.(6).

Tt is essential to emphasize shat if we accept the validity of the critical-line
eq.(2) for +etrodes and pentodes, we wili find et all the other equatiens also are
valid. It is only necessary that the cutoff vol L ve defined for the operating
voltages on the screen and suppressor grids¥. hare the grid current neans the total

current of the grids, which is clese to ihe current of the screen grid.

Lorrelation of Phagea with the Oscillator Operaiing on Complex icad

“hen the oscillator is operating on & compiex load, the phases of the voltages
en the grid and 10ad do not coincide. Therefore, for the instantaneous voltages on

the grid and plate we oan | ite the following expressions:

i : e, = .+ ] _cos{z— "

; e, = E,— U, cos.

¥
PR

' %.Tt is assumed that the voltage on the suppressor grid is Eex 2 0o

23
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To construct the pulse of the emission current we must substitute eqs.(7) and

HE(R)‘inho eq.(1). After transformations, we get

imS|E L, Ucos(z-

Here U is the amplitude of the control voltage, and X the phase difference of
the control veltage and the voliage on the load.
To determine U and y it is convenieni to make use
of the vector dlagram presenzed'in Fig.l. In vec-

tor form, the complex amplitude of the centrel

voltape is determined by the formulas

(=D,

It follows from the diagram that the appli-

tude of U is determined by the expression:
l" W cong - DE v 7 singi’,
‘which, after simplification, will read
Ve 07 U F =20 DU e g (10)

The phame difference of the voltage on the load ard the control veltage is de-

" “Lermined by the expression:

! -
(AR

- (':, cosg— DU

. Asswming in eq.(9) that i = 0, where T~ ¥ ° * 8, we obtain an expression for

thhe cutoff angle of the emission current:

i ; cast- - — 0T (12)

STAT

roved for Release 2012/10/31 : Cl 1043R001300170001-4



In an analogous way, after subsiiiu we can ob-
tain an expression for Lthe grid current:

£, - (4 ! )r:ﬂ + 11,mm--m].

Hers the amplitude of the conbrol veltage for the grid current is:

Uy ;{/ui.‘ ('!d)l a1 e cony.

The phase difference of the control veltage for the prid current and

e on the load is as fellows:

&

)
anda

e
Vy

for the cutoff angle of the grid current:

cosl

wtion of Plate Pulae

“When the oscillator is operating on a complex load, the construction of the
plate current pulses by means of dynamic characteristica is inconvenient, asince
portions of the dynemic characteristics are formed of segrents of an ellipse. The

ing
5

most advisable procedure is to construct the pulse us segmenis of correspondin,

R R NI .

25




sinusoids, as shown in Fig.3. In this diagram, we plotted the emission current pulse

from eq.(9), and the plate current graph frem an equation obtained from eq. (<)

after
gubstituting eq.(g):

S L, cosze)

an
As long as i < i,, the plate current is determined " & sinuscid

itude 3U, constructed on the level

the

an inverted sinuseid wits th

construcied on the level 5yE..

the plate current pulse Jor the case of

incorplete di

angle and cutoflf
formulas.

In Fig.l we show

current pulse where 1. Here

the plate current E . 43 leng as the plate veltage is nerpative
13 IS g ¢ »

cutoff anzle 953 can be determined from eq.(17) if we assume that iy ¢ where <

cosh, .

In Pig.5 we show the formation of a plate current pulse at large phase angles g

“{i.e., with disturbed load) and considerable magnitude of £. This case differs

from that presented in Fig.h in that the plate current pulse preserves one portion




{in this case, the right part). The question arisent liow are we to know, analytical-~

1y, without constructing the shape of the pulse, whether it has two parts, as in

M1

el and

ing inequation should e satisfied:

N4 b

Qur problem is now to find sizple formulas for determining the harmonic compo-

nents of the pulses presented in Figs.3,L, and 5.

Elementary Pulses

In the harmonic analysis of complex symmetric plate current pulses, no new

caleulation formulas are required. We vnow bLhat every symmetric complex pulse can bs

presented as the sum or difference of elementary pulses, for which tabulated co-

efficients ars in existence, For syrmetric pulses, the elementary pulses are the

symetric cosinusoidal pulse and the symmetric rectangular pulse. For a harmonic

2
“




analyeis of asymmetric pulses, the elewentary symmebric pulses are unsuitahle. To
analyse asymmetric pulses, the asymmetric elementary pulses can be us

ting any glven complex asymmetric pulse. We find that such elementary asyrmetric
pulses are half of the cosinusoidal pulse presented

in Pig.6, and half of the rectangular pulse presentec
in Fig.7. Ye note that these elementary pulses are zlso

suitable feor a harmonic wsis of symmetrie rulses,

should actually E asis for

of both 3]

pulses. attention should be paid

amplitudes of the harw 13 : ated t e beight of th
that Tt ° O corresponds Lo

For the pulse in

P o
‘. @ g
iﬂ;7“?)4~§3'fﬁ?cnsntf EJYM(U)Qn.:

-t #el

14 is essentlal to wasize that, due to asymme-
trv of the pulse, the Fourier series contains not only

even terms relative to 1, with cos nt, but also odd

terms with sin nt. Since the amplitudes of the harmon-

cs at nt and also the constant component in this

case are equal to iy apenents of the symmetric

pulse for which Tables have been compiled (Bibl.7), the
corresponding coefficients in series (19) are divided

by 2. We will call the components v, (8)/2 cophasal,




and the

of latter lag with re-
spact to the fo of the quadrature components 1is
determined by the expression:

o
1. () L §(C(|,\' T - By sin neds,

o

For the first harmonic (n = 1), the computations give
' "
Fp, e, AL - cos ).

For the other harmenies, n = Z,3... we can obtair the expression

. o feostn 8 costa 10 cus § # .
rm= L = e T e " (21)

The Fourder series fer the pulse .7 can be written in a manner analegous

to eq.(19):

w8 - 3 .
5~ COS A% i 2 a, (9 sinav.

”

, are the constant coiponent

2,(0)

9
1, (0 s, sinab (2)

The amplitudes of the quadrature compenents are determined by the expression:

%

a, (-] c~inmdt.
as =

After computation, we rets

1
(1~ cos a8,
m(l - cos n8)




It is essential to emphasize that if we write out a series analegous to aqu. (19
and {22) for pulses similar to those in Figs.6 and 7 but located at the left of the

rdinate, the cophasal components will remain unchanged, whereas the sicn of the

conatructing express or the amplitudes of the harmonics of asymmetric pulses.

This rule can easily be understood from the case of caleulating

rresented ir Fig.5, but gymmeiric. i

or this kind of pulse,

harronics will double, while ti rponents

- N
wiaa and
DULSE ans

account thal the o sul coefficler

the quadratu ients arc even

of elamenlar:

experience has shown

which can only be sinplified after cemplicated trans-
formations. Therefore, for the pulse in Fig.3 it is
advisable to apply another technique. Where & < 1, the grid current pulse is a
sywmetric cosinusoidal pulse, and iherefore it is simpiest to define the harmonic

components of the plate current pulse as the difference between the harponic compo-
nents of the emission and grid currents. Thus, for the constant component of the

plate current we get the expression:

SUYY (9) — SU Y, (5). (26)

30




Here U and 8, Uy and &y are determined by eas. {10 (12 .7, and (06 re-
s Y1 1 e ) » : H

spectively.

In determining the components of the first plate-current harmenic, it is advis-
‘able to start counting off the phases with the phase of the voltape on the load.
Then the current component, cophasal with the voltage, will be an active current cor—

13 totelt |
ponent, and the guadrature current component will be a rea ch has
a phase lag, relative t ive sonponent, of =/2, We will denote the amplitude
p £ 1 * s

the Tirast harmonic ¢ active component by

irst harmonic of the reactive comp

the lead by

In deterrining the plate-current components we rusi bear in
hases of the first harmonics of the emission and ;rid currents coincide with the
the corresponding control veoliages. Th aking the phese correlations
it in the vecteor diacrams of s.1 and 2, we obtain the following ex-

pressiens for the active and reactive components of the plate currents:

wla ™

== SUSIn Y (8) - SU sin gy, (0 J -

1., = SUcos 91, (N — SU, cos7,(0)) \

Figs.l and 2 that the following identities are

Ucosp==U_cose -~ DU, l

Using==U_sin ¢ J

a1
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Uy sing ==l _sing

Therefors, eq.(27) can be rewritten as follows:

1, =S, coso—DU 1 (0 — 1, (81— S U 1i(h)

1o SU_sing 1@ - 1 th))

is the slope of the critical line
quations
clude only the assirned voltares
that @ = O, we
tric pulse. The validity

harronies wo obtain formulas anal

SU cos nfpy, B — SUycosaly, )y

J sin by (8) — SU;sin P AR ALE

Let us now determine the ! nics ef aulse in Piglh e harmonic compo-
nents of this pulse can best be determined by

for the pulse in Fig.3, and by int g nt L ount. of the error
» 7

&

caused by the pulse produced by the turn of the inverted sinusoid with the amplitude

» correction is hachured.

let us now discuss the corrections to be made in the formulss for the components

of the first harmonic of the plate current. This correction is correlated with the

32
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‘gymmetric hatched pulse in Fig.h. Becauss of the symmetry of this pulse, it contains
no quadrature component, so that the correction must be made only in 0q. (29) for the
active compenent, whereas eq.{30) for the reactive component holds for the pulse
_Fig.h. Thus, for the active compenent of the first harmenic of the plate eurrent

‘pulse presented in Fig.h, eq.(29) is replaced by

fae S cosp- DU S ik

whs

2

We must slso introduce an analopous correction inte L first formula

active component of the wpper

1o Sl cos gt (1 K S, U

e

e second [ormuls 3 fe reactive compenent of ths

mains unchanged.

semipulses.

The pulse in FPig.? presented o

eof the axis of th ) l-voltage sinusoid, and
a rectangular semipulse of the same neight with a
cutoff v located to the left of the control-voltage

axis. From these pulses we must

flat semipulse with cutoffs 9'.‘ and £o lying cloae to
the right of the sinuseid of the plate voltage Uz. Om
this besis, the follewing formula can be developed for

the constant component of the plate current pulse presented in Fig.5:
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Ly b SUTa0) — 10 (8) 3o (Heos I -— cos b)) —

W o

4 S,U, i) T O

{ brevity, ws

If By oy o,

re plate curr
st harmonic intrinsie

semipulses b and Ay, , respectively.
ls ! -

the following expressions for iy, and A4t
- le 1s

CSU Tt 3 s 8o b
SU Ly -y 8 3 Vcos ¥ o con B

Mavins o yorents of th
verted ser (1), we ebtain the following

expressions for iLhiese compenents:

By SUGED =30 )

i

B, S.U, ('{s\‘o: )0 ;

nt a vector diagram te illustrate the phase correlations which
constructing forradas for the firat harmonic
ure 9 irdicates that both components
pive active and reasctive current components relative to the voltage Uz. Thus we get

the following expreasions for the first~harponic components of the plate curreni:

3t




SO ——

LA, cong e A sing By
} (38)

Ly A sing A, cosy B

1t we subgtitute eqs.(36) and {37) into eq.{(3?) and take intc account the two

first identities (28), we obtain the following formulas for ihe first-harmonic com-
ponents of the plate current:

.|. S cong- DU, MY () — @2 0 eost cos )]

IR xht‘:‘)(cuxﬁ' —cos i

b o e
}, S U {7t sl

Fap s SU SN0 5y Eoapiphieon 8= cos il
;

S cong- (L it 7 i Prrcos W — o il -

SORLE BRL A S

4

monic corpo-

upper i

monica:

Lovosay A sinnd - B l
T
!

A sinad b cosny o8

3ince the structure of these formulas is clear, there is no need to describe

them in greater detail.

It should be noted that in calculating pulses like the one presented in Fig.5,

we often get v > 8’1, i.e., 3740, In this case, egs.(35)-(41) hold; we must only

take into account that the resolution raties for the constant components, and also

for the corhasal components, are odd functions of the cutoff angle, whereas the

35




resolution ratios for the quadrature components are even functions of the cuteff

angle, l.o.,
1u—8) ==~ 1, (0),

where n =

BIRLIOGRAPLY
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THEORY OF THE IDEAL RECEIVER

BY

ALAKIARKEVICH

The noise resistance of receivers whose action is described
by two different definitions is investigated.

Tt i3 shown that a given recelver may wield better

de an the distribution of robabilities of noise.
4 2

Section 1. In exarmining the problem of noise res
view, we note that topether with an increase ir
signal spectrum and T the period of the Jatter), th
R such a way that, at any given probability, the received signal arranges itsell

spherical stratun (in rodimensional space) limited by the radii & % g, where P i

the radius of the interference (noise) expressed by the following correlation:
e TR R
Vs yal ,!A.}/l.".

‘»‘wheru 0 45 the rooi-mean-square value of ithe nolse,
ergy of the noise.
" Th the 1imit where n — =, all the regeived sig a probability
o differs infinitely little from unity, iie on the gurface of an n-dimensional sphere

‘having & radius of p (more accurately, in an infinitely thin spherical stratum).

This circumstance, which has veen repeatedly noted in the literature, drings us

tp the natural idea of using e .ec;sive: thich detects the actually transmitted sig-
-nal in the place \tere it is to be found with the greatest probability, i.e., at the
‘gmellest distance from p. The action of this kind of receiver is essentially dif-

the ideal receiver in terms of V.A.Kotelnikov. For this latter we have:

(4deal receiver in terms of Kotelnikov) identifies

37 STAT
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"the received signal with that of the possible transmitted signals to which it is

closest, !

1
,',5 (n the other hand, for the above-described receiver, we can formulate the fol-

" |lowing:

Definition IY, The roceiver identifles the received signal with that
‘possible transmitted signals to which the distance closest approaches p.
The receivers corresponding to these definitions will be dencted as receivers I

and receiver IY. Cur ask will consist in comparing the noise resistance of t

_two recedvers. e will express the noise resistancs through the probability

formmulas for ithe error probabilities we

is the probability that

From the geometric point of view the error probabi
g I

the point of the received signal falls within the region of the n-dimensional signal

the receiver ideniifies the received signal not with the actually

ansmitted signal but with some other posaible signal. e will denote this region

and call it the region of errors.

It mist be pointed out thal the difference in the definitions of the receivers

ir: the boundaries of the region ¥V, as will be explained be-

reduces to a difference

o,
The probability of error is calculated by means of integrating the n-dimensional
ssponding to the

of ihe noise prot

artesian coordinates, we have

u””:_ “?l.\‘l. Ny x")dV.
v

¢ where dV.= dxy, dxpe..dxne

- dewe.In some cases it 13 convenlent to use polar coordinates. For example, in nor-
STAT
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U"'..’,r:\":w\-p { Tt }.J M’) N (Yunls exp \ Il’z!)' »

LEN]

Pronmen Shia readad L8
A0 W pOLnU O1

signal. Tak-
LE

ing r as one of the variables, we can select the volume element in the form:

dV o ’J“r"wzllf,

<where‘3n = 8,(%) 15 the angular dinension of the n-dimensional segment with an aper-

~-ture angle of %, Thus, for o noise with normal distridution (fluctuation neise,

gauss noise):

H
¥ 2eey

.
Sr"" e b dr.

I

Introducing 2 mew variable

(3)

the distribution slong the radius; this functieon

r = 8. As for the function 8 ,(H), it expresses

can be

. oo md
- (sul teles,

»!
s
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These formalas are suffitient for our needs.

Section 3. let us find the error probability under con
the two types of recelvers in the simple case where there are
~ nals a and b represented by two poinis in n-dimensional space
» each other, Let us suppose thai the signal a is iransmitted.
~ the error proberility is determined by the probability ywith whieh the point of the
- received signal is closer te b ihan to a. Trus, the
5

half-space limited br & plane equidistant

one coordinate

(directed along ab) from 5 %o infinity, and along

the rest in infinite limits, we obtain the error proba-

bility for the receiver T as follows:

o ——
. A is introduced

on the supposition that the distance d beiween the signals

changes proportionally with a change in p. If, on the other hand, & is constant,

q.(6) can be replaced by
P [1 - ¢ ( d ﬂ
L 2 20/]

_idi.e., where d is constant, the error probability is no% dependent on n.

s |t TR Lo

40
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A et us now twrn to the receiver II.

By definition, an error will occur if
(Fig.2)

fry—pl™

we get the emquation for the error region boundary

by replacing the inequality sign in eq.(7) with

5\

equality sign,

‘
(ry—pf == (rg—pF.
Utilieing the correlation

L

r;:.r.: Tl llr-?fld cas B,

we obiain a quadralic equation for rj whose solution

is

192 .
TR e (9)

, st S0 Eh
The first of th

ess two solutions gives an eguation of the boundary plane equi-
distant from a and b, The second solution is the equation of an ellipscid, Juxta-
- posing eq.(8) and (9), we obtain the structure for the region of errors as show

i

J.n Pig.3. The region of errors is hachured (aignal a is tmnsmitted); this region

+ ’fis'mbdivided into two parts, one of which, ¥y, lies inside the ellipsoid (9), while

ed Copy Approve /31 : CIA-RDP81-01
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0

f-iblm aecond, Vs lies mltsidé it.

A quick glance ab Figs.l and 3 auffices to Vsis;ow

o that compating i.he error probability for the receiver LI 1 considerably wore compli~

‘cated than for the receiver I.

i

i In Figsh we show the volume element:

dV = 'IMUH‘!" Wr,

where O is deiermined vy eq.(h and the value of = is
Ti > 1]

determinad by the bowndary ecuation, i.e., for exarple,
Fig.. from eq.{?). Yoreaver, over the area of re-
.

ghon ¥y, the and -tical expression of

o

tre boundary

angle % changes twice, namely;

Glrelp-
; <l ‘f H-;:::lfctuu»;» - »{-(l—al'—’\l;
For K the segment loses 1ts +op and the anpular dizens
ressed by the corresponding difference. The case of regien ’
Under such circumsiances it is easier to
computation by 2 sunerical meihod, relying on 2
sketch. Wwe first prepare graphs or Tobles of

gular measures F?n(;&). The angle A is neasured dir

ly in accordance with the sketch (as in Figeh)e & ter

finding the angular measure, we introduce it by way of
a numerical rmltiplier into ¢q.(3) and compute the in-
Pig.h

fegral as 4 Bum, giving smll increments to the radius

_;(e.g., 0.1 p). In thls wey we are able to obtein numerical results; some of these,

‘together with those calculated from eq.(6), are presented in Fig.5. The graph shows
he error probability as a function of the parameter A = —é‘; for different valueé

£ n. The solid lines rofer to the receiver 1 and the broken lines to the receiver

K2 STAT

1043R001300170007-4



. - .
U II. It is eestly understood that, according to definition, the action of the b

‘receivers does not differ if A » 1, Ais for the interval C < A < 1, the noise re-

sistance ¢f the receiver II

M hY
P 3
Py 7 Pr/e
Section L.
taining oniy tw ib] Lgnal 7o verifr this supposition lel us
in which the given signel is

I

e other signals located at the
n-dimensional cubic lattice. &4 tvio-

model of this arrvangement is depicted in
the receiver I, the reglon of erroxs i
represented by the entire space except the n~dimensional

Fig.b
cube witirsides equal to d (Fig.7). The error proba-

_bility is determined by the forraila
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For the receiver II, the reglons of errovr for different values of M are showm

2 Figs.8, 9, and 1C.. The results of computing by this method are given in Flg.ll.
Gricusé wa therefoie;

give graph for only m = 1 and 2. Here we can note that
the broken lines (receiver 1T) in some areas dip below

1y oo~

the solid lines (receiver I}, However, this on
cura for large error probabilities, and is thercfore of

we alse computed the error

showm in Flg.d raried in Fi
erosses.
As we see, in all the examined cases, the receiver IT 1 farior to

ceiver T, This result prodably is general, allhou ts analytic i3 coulid

7/ 7 ,
. t

/ changes radically when another dis-

s M V tribution is involved. To 1lius-

/ //
o 72 et u . o
//’,///////////'!/ . W trate this, let us examine a rough

but simple example: Let us suppose

Aifrizsulties,

Fig.? that the noise is characterized by

the fact that its instantaneous

51. power. coustitutes the mean. This property is exhibited by 2 double signal, for which

pnly two values are possible: a positive and negetive one; they are equal in abso-

W
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_“.,;‘Iut,e magnitude. Thuas, let us auppose that the useful signal is+a, and that the

Ist us look at the two-dimensional case, i.e., 2

LG
> / // /;

4

7/ 7 ////%

s /

N\

N

Fig.11 . Fig.12

- two-valued signal. Four two-valued signals are possible {+a, +a); (+a, -2); (-a, +a);

(=2, -a). Let the signal (+a, +a) be trensmitted. As a result of the position of

STAT

RO e




the noise, four received signals can ba farmed: (a+b, a+b): (a+b, a-b); (a-b, a+h);
: a-b), This io shown in Fig.13 for two cases, namely: b < aandb > ac The
pcssihla transmitted sigals are depicted ’c:y points and the actually transmitted one

,‘by a circle; the possible received .ugm*s are shown by crosses.

|
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1t is easy to see that the condition for correct reception for the receiver I

b < a. Tor the receiver II, on the other han

ig expressed by the inequa ality
econdition for correct reception is b 7 2. Thus, for the correlatlions presenied in
_Fig.13b, the receiver I will give an error with a probability of pp = G.75. The

receiver 1I, on the other hand, under the conditions of Fig.13b, permits iden tify-

-

~
o

__process consists in detecting the transm tted signal at a distance -\/ -\/

tne received signal with the actually transmitted signal. Its action in this

_from the received signal. The receiver II, acting in a similar fashion, does not

R AR

“even produce an error 14 the case whers the received signal coincides exactly with

:one of the possible transmitted signals and especially not with the actually trans-
54 mitted aignal. This situation is obtained in the above example where b = 2a [traﬁs—

fmittad siganl (+a, +a), received signal (a-b, a-b) = (-3, -a)l.




e

to the receiver

significance with regard

_of technic
In order to obtain a qualitative criterion as to the influence of the noise dis-

Article received by the
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The example, although abstract from the polnt of view of nolse reduction, can be

to separating signals by velume.

; that in the

tributien on the action of the two receivers, let us examine the case of uniform dis~

tribution. It is easil;

two—signal eircuil, the receivers I and II

give identical results., This 75llows from
the Tact that the area of the region of er-
as obvious Irom a comparison of

and 32,

he receiver

may be superio

4 n

in noise resistance.

Pditors on January 6, 1956,
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!1?!’[0{ % POR CALCULATING DISPERATON BETWER THE FREQUENCIES OF

2l

m vsavra T URRT)

SHORT-WAVE RADIOI RLEGRAPH

VL ROZOY

A technique is described for calculating the protective
coelficients necessary to compensate the influence of fadings
on the operating stability of shori-wave radio cormminications
and the deviation between the carrier [requencies;

n

process, the real characteristics of the recelving circuits
and the necessary operational muality of the commnication

are considered.

The protective ccefficlents proposed by the Provisional

AL

Frequency Board are discussed and the inadequacy of the coefl~

ficient for the case of doubled reception is demonstrated.

™he recormendations of the Provisional Doard on determin
ation between radictelegraph ; and also the protective coeflicie

account of fading, were obbtained by caleculation and, for various specizl cases
' ¥ ¥ ’

not correspond ito practical requirements.

A comparison of these recommendations with experimentally determined require-
ments can be made by utilizing the results of an rimental check on the operation
of 2 standard receiver system in the presence o [ 2 station operat-
ing on an adjacent frequency.

For this purpose, we constiructed a model of a radiotelegraph receiver system

‘ (rig.1l) satisfying all demands of existing systems.
'I‘o the input of the system we applied amplitude- or freg

simllat* g the operation of the desired or interfering stations. The input level of

STAT

T
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: the desired station aignb.l was selected considerably highéi? t!jari ‘the level of ax-

rinsic and.intrinaic noises of the a;rsta::ji; in the absence. of a voltage from the

jamming station or at a voliage

" level lower than that of the de-

sired station signal, this arrange-

ment permits the telegraph appara-

tus of the receiving system to re-

cord the transmitted commmication

L without error,
gl
: On raising the level of ‘the
.a) Telegraph apparatus; b) GSS-transmiiter of
{ interfering station signal to a
87 idesired station; c¢) Simulator of telegraph : o
ey : fiven value, no distortion occurs.
“i-signpls; d) GSS-transmitter of interfering

However, as soon as this level is

“.-station; e) Receiver (AR-88 or XTF); [) Tonal .

: exceeded: by even a small amount,
amplifier-rectifier (TUY); g} Telegraph - S
- ; istorted slgns begin to appear
apparatus.

and thén increase sharply.

The ratio of the desired signal level to the interfering aimgl level, at which
~ "distcz‘tiensﬂ appear will be designated the border signal-to-noise ratic and denoted
by kppe B

For different deviations of .the carrier frequencies of the desired ard inter-

Po» under conditions of constant tuning of the rece‘iving system,v

Kpq does ,ndt remain constant bat is a function of this deviation:

present experimentally o’btgingd graphs showing the function krp =

mj‘ and frequency keying of the desired and ifxberfetdng signals (Curves 2, 3, and-k)

"and AR-88 with amplitude keying of these signals (Curve 1). The telegraphing speed

oved for Release 2012/10/31 : CIA-RDP81-01043R001300170001-4
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P S P
The eguations Tor U

LL;L ;m ) 1)y - 185 (x-2.3) (An-88) 1
E ,-i-m;"‘ ’ )

, I (1
2y y e -2.92 (x-2.3) (KTe-1)J

vf.»a'hare x = 20 log py and ¥ =‘_20’ log krp‘

Determining x from these equations
4

and then expanding into a power series, we

obtain the necessary mathematical formilas

for deterrdning ithe minjmum freduency de-

%

viations of %he desired and inilerfering

stations, 23 a function ef Ypps

=0 550
Pa = ::TP )

$ dpp < 1(0D-88)

~0.342 o
Ky . rp < 1(ETe -1 j

Po = 1.

' X . . i 5 .’ e tad 3
In finding the minimum deviation 'rr;th_ trese formilas it is necessary, instead
c ; va p 3 + 3 +ig:
68 Ky, Lo substituie the magnitude of t.'é.e‘ given 51gx*aa.l-ug~no*5e ratio:

Po
P *

the mean values of the field levels of the desired and inter-

‘radic 1ink (estimated from the average percentage of distorted signals ), we util-’
- ldnk L ‘ v ‘ ‘

50
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cm the pﬁmtion of a ’o.elepmph systen (8ib1.1).

viation between them; the mean values of the fields (voltag«;es at the

from the fl‘ecrmncy-nwest interfering stations are equal. ':»!ere, as

“yiously (Bibl.l), we take into account only the inflnance of the two

ized thc results of a 3taustical zmnlysis of ihe infinence of “requenmmndjacent

In carrying out this a.nwwi:s we found that interfering statians, as far as Ire-

quency is concamed, are located on both sides of tha desired s\.atmr Witk equal dee~

receiver input)
was shown prev

interfering st.a.-

,;,‘_tiﬂns that are closest in frequency to. the desired station, this veing sufficient %o

give a final error of no mere than 5-107. The pacimm transmission rate of 2ll sta-

“tions are assumed to be identical.

In estimating the operation quality of the radio connection in accordance with

- the probadbility of the inequality ¥ < krp’ kw‘rsere k is the instantaneocus value of the

- 5
B sig,nal-»‘n—qoisa ra»io at the input of the receiving system, ox in accordance with

the average percent of distorted signals  over a long period of time, we can come

_to the conclusion th 4 these two estimates coincide muzerically if, in the zmal:'sls,

Tthe functiom T = £(k) is approcimated by the jump function:

fl for L"<k,p

ll(b)\;r‘ 0. for k> 4k

jons and tion is expressed by the following formla:

Y e s
ﬁ‘"u- <. 1.

.distorted symbols can be calculated by the formila:

2

D a—
eclassified in Pal oved for Release 2012/10/31 : Cl. 1043R001300170001

The average percentage of distorted symbols in the presence of the above

3)

In. double reception and under the same .conditions, the average percentage of

viatn a formila for the minimm deviation of the carrier frequencies P, in




; gﬁéhreg ce of fad:\nga it is szf.mient to elininate the mgnitude of lv' "‘z‘éﬁmk o

1ea.(3) ar (k). axsd subatitute it into eq. (a ).

After the necessary computations, we get -

for: single reception !

: [ECTIRE GE BAV Ao .
Po = [IREERE (0”) (AR 88)

LA M)
H tani -1
m) (KT

® 0,442
pe==l3a s

for dcu‘ble reception _
Po== 1.3 ﬂo.im (Eﬁ) G 0,687 (AR-88)

1
The results of calculations of the minirum required deviation are presented in

—13 Sel3 0171 .0,790 (KT®-1)
Po ) ‘

" conjunction with eqs.(5) and () for the magnitudes of 1= 1073, 107, 10-% and o =

= 0"2, 10‘1, 1.10 and 100 in Table 1; the magnitudes of the minimum deviation are

—4indicated in Xilocycles.

3
12
XN

" a) Single reception; b) Double reception

From the Table, for the given ratios of ararage field levels of the desired
Tand in'cerfering stations and the operati_ng quality of the commmnications lines, we

" can select the m,inimm necessary dispersion.
(5), and (6) we can determine the urotective coef ffi—

.- From the eacpressions (2&)

52,
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ient, showing how many times we rmst increase the uigml;té_-noigc ratio on o radio
.1ine with fading over that on a radlo line without fading, at a givenvoparating qual-
ity of the line. For this, we mst find the ratioc of the o magnitudes from eq.(5)

" Tand from eq.(6) to the ¢ magnitudes f rom aq.(2a) under conditions of identical devi-

’ ation Pp,e

The results <of this calculation are gompiled in Table 2.

Table 2

2) Protective coefficient (in db); b) in single reception; c) in double recepiion

The recommendations of the Provisional Frequency Board specify for the protec-
tive coefficient at amplitude keying and epefatmg apeeds of 120 bauds:
in single 140 db

in double reception 25 db.

Conclusions
The method described above for calculating the [requency deviation in radictele

~graph stations and rotective coefficients for compensating ‘the influence of

P . .
~fading takes into account the operating characteristics of the receiving systems

‘

““miand the necessary operating quality of the radio line. 4s a result, can give con-

Poelsiusions that are more & iicable in practical operation.
; P

The protective coefficients recommended by the Provisional Frequency Board

| correspond to an operating quality of T = 0" in single reception-and of =103
in-double reception. '

.2 -
3% by Bigat “the present specifications ror the operating guality of radio commmi-

D ified i )
eclassified in Pal oved for Release 2012/10/31 : Cl. 1043R001300170001
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CONTROL OF  RADIO BROADCASTING TRANSMISSION BY MEAL SCEU}\RE VALUE
DIDICATCRS AHD P}th VALUE IEDICA”‘O”“"‘

The ‘absence until now of a siandard indicé;cr for visual
wvolume control in kradio broadeasting resulted in unsatisfactory
volume adjustment. As a re.ult, radio broadcasting stations
and wire broadcasting centers either work below their full
power or operate with distoriienms.

The paper “:x:'l. ted below discusses the resulis of a project
carried out in VWest Germany, comparing volume indicators with
various time characteristics., The paper presents faciual ma-
terdal which will doubtless be of interest io technicians of
radio broadcasting stations and wire broadcasting

“ne 2

. Cerman radio brosdeasting, the stendard volume indicator used is a peak
{pulse meter) of the U21 type with tntegration ) msec, or,

ﬁa'ﬂm"i a modnlation " ome = H In th

in wng

US4 since 1938 the standard vowe indicator is the familiar mean-square value in-

. strument, .,vpe VU, with an integretion time of 200 msec.

For a ccrrect estimate of s,re difference in the indications of these mstm—

ents {cansed by the difference in their &memdc properties and observed in practi-

‘cal use), we recorded their indications. sdth self-recorders whose dyne.mic properties

% Excerpt from a paper by Pavel (Bibl.l).
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were &ié\logﬁﬁs o the Qmm'dc pfmiérﬁiea of the k*v;olwne'imiicixﬁ&x’*}i,‘ ‘

- In order to verify to what extent the indleaticns of peak values nre distorted

éin the case of 'the peak meter ol 'modulation depth .with An integration time of 10 msec,

_.iwe also used a modulaiion depth meter with a rapid self-recorder (integration time

‘approximately 1 msec).

D.xagmms and Electric Properties of Instruments

1. Pesk Indicator (Pulse Meter U21)
i The basic diagram is shown in Pig.l.
Eas‘ic properties. of instrument:
Integration time at 200 fidelity 1¢ msec
Return time of pointer from 100% to 107
(switched)
Deviation of pointer
Frequency range 30-15,000 cps
Tutput resistance 30 k-ohms
Inpat voltage for pointer deflection te 100% 1.55 eff v or
Measuring range ‘ 55 db
Se ‘The-modulation depth is usually recorded by 2 poricble measuring instrument
42 which has a ,,LL nge. 1ls and is constructed either in the form of 2 device with
an optical scale with a scale length of

£,
{F
LI

R T s I
f0CUT LU mm

ig.2) or in the form of an

ordinary pointer device of 100 m diameter

(Fig.3}s The neasuring device itself also

contains a peinter system, whiczh i3 gener-
ally used only for calibrating.

The instrument is calibravted either

i

54:‘@?’&@5“0f & built=in circuit or by means of an externally applied sinusoidal vol- .

er |
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Tage:
‘mgter. U2 is z;pproz;lm?.sm ldgwitb:ﬂc so that the upper

e reading is facilitated by

The seale of the jmlsa

The calibration points ere the 1% and 1003 marks.

and lover amplitude bounda-
almost identica 2 S [}
rolatively long return time. The indications in the U2l

*
3% 2 Br

&

vig.3

<Y instrument are iy direct relation to the stationary sinusoidal voltages used in es-
‘ tablishing the level or measuring the level of the transmission system in the normal
- manner, 1Y is possible to combine several measuring instruments and sell-recorders,
"and also to render the instrument sufficiently sensitive [or measuring the noise

voltages.

.9, Maan-Square Value Indicator ~pe

The bagic diagram of the PR Indicator) instrument is st

-The instrument consists of a

tubeless measuring circuit and 2

Fig.d

e

and also a ladder attenuator graduated over 2vU (2 db). Recording of the

tained in accordance with this atteruator. The recording

H

|

‘modulation depth is also ob

of indications according o ‘the gal'.fanometér scals ahoulﬂ'on]gr take place next to

AR RAYK O VUL
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indication at a deviation of not less than 17 and not more thani 1.5%

“ywith a characteristic index of 1.2 : 0.2. The scale is approximately

0001-4

The attemuator s set in such a way that the mll-sc:zle deflection of the pt'nim,ér,

uring the. observation time (whose duration dépends on tho type of program) coincides

Iy, 0 VU 'in Fig.5). The instrument is tiis calibrated subjectively.

The most important properties of the instrument are as follows: If the jnstru-’

ment’ input is suddenly supplied with s sinuseidal voltage, of a freguency from 3

“to 10,0(50‘ch and an 'am;ilitude giving an indication of C. VU = 1007 under stationary

‘conditions, the pointer should, within 300 msec # 10%, show 9

.. The-return

time of the needle should not differ greatly from the pick-up time. The input re-

“gistance is 7500 oims or G600 ohma.  The instrument has two-hall-perios

measuring range extends [rom +L¥U to (30 and established by means ol the above-

mentioned attenuater,

The integration time of the VU triment is more than

“integration time of the URl pu LR nd reaches n value which,

“perimental data, does not guarantee direct and correct measurement of

smplitude peaks of the transmitted program. 3uch instruments actually meas-

mean-value, which depends mainly on the dynamic properties of the measuring

:}»instrument and 15 in no mathematical relation with the voltage exciting the system.

#The average durations of pulses® in different programs differ greatly so that

the instrument reading depands to z relatively great extient on the nature of the

" progran.

To demonstrate the fach that the VU instrument readings correspond to dynamic

__measurements under certain conditions dictated by the instrument, the inventors in-

troduced a new measuring unit, the "Volume Unitt (VU), which correspends numerically

to 1 db, The relative zero level point is the volume of a normal program, measured
i

by;“ﬁ‘ﬂhwey VU instrument, where the pointer deflects to the mark 0 VU, fathéé tha.ﬁ the

Declassified in Pa
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sinuseidal voltage.
In nractica it wasz found that the VI instrument. at

k;fnormal'prograﬁ, only givea a defiection 8 =1, db lower than the

asame maximm

‘range of the instrument indications is thus 6 db.
Taking into account the dispersion frem 8 to 14 db, it is necessary in practice,.
that the pointer deflection of” the VU instrument, in measuring by a tone; be abt least

10 db greater than the deflection-at the maximu peaks of the program.

Comparison of Pick-Up and Integration Curves

The indications of instruments for modulation depth measuring depend essential-
1y on the pick-up curves of the indicator devices and the integ o curves of these

systems.

Pulse moter Y21
= ¥¥ Ingtrument
Selg-roverder YU

Relativg deflestion of peimter
Actwal Scaly  deaiDal

) o s owg 0 M W
Time of imitial Comtact in soc. ) Length of Pulse, myec

Fig.6 Fig.7

The curves for the pick-up of the galvanometers (Pig.6) show that the galva-
nometer of the pulse meter U21 has the shortest lag (in round figures, 70 msec as

against 300 msec for the VU instrument). These curves illustrate the relation be-

~‘tween the pointer deflection of the galvanometer and the action period of the corre-

 sponding devices, Because of the short pick-up time of U2l pulse meter at simulta-

sous acoustic control of the program, the visual sign does not lag noticeably.

In Fig.7 we show curves for the integration of the VU instrument and U2l pulse

59
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Thheter. It is db&ié&xél‘ﬁmt‘” e U231 pulse meter measures pxliéés‘ﬂgvix\‘g;é"d&m

f ‘E;i;:lO mase with ‘sonsiderable accuracy with an error of about 1 db, whereas the

i,

WU i{nstrument, ai a pulse of 10 msec duration alows about 20 db less.

&Y
H .

rom an exsmination of the integratign curve of the VU instrument and from a
catudy of the distribution of its readings we can draw the conclusion that the average

durdtion of the pulse of a normal program is about 50 mse¢, whereas the duration of ;.

_‘the shortest pilses equals about 5 msec.
From the integration curve 6f the VU instrument

' should be high:l;‘; dependent on the t;,?pe of program.

. EMrﬁmtal Jetup -
Tn Fig.8 wa show the diagram ofythe instruments used in the experiment.
program source was a radio broal
1ine or a magnelophone; !
ume we used an attenualor.
ihe block diagram shows a pulse meter with
havipg an opfical scale; a
g optical instrument A(10) whose
c, a pulse éetgr
‘with rapia aelfb—recorder A1) (recording on wa.:c) whose integration tim is ‘1 msec;
and an instrument with a self-recorder. - From the curves in Fig.7 the degree of ap-
of the dynamic performance of the indicator and self-recorder can be
The indications of the self-recorder were slightly more aécurate than
thoss of the VU instrument.

By means of a rapid self-recorder detémined whether the pilses of & duration

-of t3 < 10 msec exert a perceptible influence on the growth of indications when meas—
urihg peak values on & normal radio program. By means of the three self-recorders

e - PrOgram was recorded simultaneously.

The. speed with which the peper strip moved in each self-recorder was adnpted

60
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ganemliy as 0.2 m/sec. To‘ incresse the resolving power in the mrtiéul\ni*i;} s_mpom_

~ant-partsy the apeed could be increased to 1 or 5 mm/sec. To.facilitate a compari-
“18on of the racordingﬁ, the common attenuator was adjusted in such a way that the max-

: i!mnn amplimdaa raached t)w 100% mark of the U"l pulﬁ& meter [AM (10)]

'Bxperimental Results

During the eéxperiment the three gelf-recorders recorded widely diffuring pro;
grams. These rmordings showed that, for those programs with relatively long mulse
périods, the VU instrument gives i:;c‘.icationa that are too high, whereas fne indica-"
4%10&15 of the pulée meters with *;,rztegrmim times of 10 msec and 1 msec c‘oincide. '

In :'ecordﬁﬂg misic from Wagner's ”Siienzl Cvertur *e" the VU instrument raised
“the indications from about'3 %o 6’:1 db. - During msic yed on the xylephone, the TJ

123

instrument showed on ihe average I db more than the U2L paxlse rmeter. In recording

1

the sound of footsteps on gravel, the VU instrument in one instance showed 2 b more
and in another insiance 7 db less then the indications of the pilse meter. At ilhe
same time, the indications of the self-recorder (10) were lower by 1-3 db than these
£ the AM(1). This signifies that the given program also contained i;apulseslshorter
110 msec.
Tn measuring the scund elfect of harac-—gallopmg produced by two coconut shells,
the VD instrument lowered the indications by 7 db, whereas the difference in
“tions betiween .m(lo) and AM(1) was ‘about 1 db, 7This means that th
“is 10 maec ¢ Y4 < 50 msec. . In recording the ringing of small bells, all three Vself—
recorder= showed’ aﬁpmmmtelg the same res‘xlts.b The mlse duration in uhlS case

corresponds appro:a_mately to the adopted value o; 50 meec.

In Tecording : iadicati*ns of the W ent coincided approxi-

:mtely with the indications oi' the pulse meter, whereas in ref-omir the music which

oumeé diract.l,y after the speech, the VU instrument ra.lsed the inrilcations to
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‘_I.n ‘re:cordihg & spoken broadeast i.nilé\m\ga;fi‘an wi'ch two Spankera, the VU instru-
; ment showed approximstely identical va;uen for one of the speakers; [or. the second
: 1 spaakm*, the VU ingtrument ]jcinmred the ihdicaﬁions 'rrom I to 6 df:. In recording
“_M; apeach in Csech the revez'ae case occurredi The VU instrusent made‘zs. vconsid_erébla
,:poaitivm error, raising the indicatians o 5 db.
"~ These measurements permit the following conclusions
;x) At a previously assigned 10 db rise in sensiti\fi.ty in the VU instrumer r:t,' ‘m‘
a normal program with pulses of avemgoidumticn", the positive errors
mately equal to thé negatlve errors. 'Conseqaan%h‘, this rise in sensitivity corre-:
“sponds approximately to pmctical‘faqui‘rmems.
b} The distribution of indicamtions in the VU instrument wiih regard to pea_!:s‘
measnre{i by the AM{10) instrumeni is about t 7-9-db.
¢} 'In rare cases ihe indicauiam af ihe AX(10) instruzerd wit
time 10 msec still do not correspond te the actual voltage peaks.
‘ Irspohan broadcasts, the srror in ihe indd ons the VU instriument ¢
have both positfive and negative 5§.gns. t'is, therefore, irpessible to imagine t'nat‘
’,some given correction in sensitivity could bring abqut the dilference in the indica-
'V‘tions of the WU insirument relative to ‘he peak instrument during the broadeasting

of a mixed program (spsech and misic, differe'zt speakers on one program).

~-Gonclusions ’
In radio broadcasting, the peak value gives a more exact pleture of the modula—.
-tion depth of the broadeasting system than the volume determined by the indications

of the VU mstmment.

e to the fact that L}se indications of the VU instnment have no direct rela-
tioi to the current, voltage or po\ner , & new unit was introduced, the "Volume Uni:

(VU). This uhit’, however, lacks the important propeérty of independence of the meas-

uring device, this being the basic defect of the VU instrument, especially in the
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mimmc‘. to rapl&ce aub %cti\m measuring methoda by objective typaa.
dnptrument is suitable in cases whom ne high requirements are made as
© acgur&te éont.r(il of the mo'dulm‘ion de‘pth or whem‘there is & large a.nplitude 16~
erve “and no need to fear distortims fram ovm’mmdulﬂtion. Tn addition, the instru-
..*ment can ba u.sad on very long radio braudcwvm{ 1lines for establishing the i'.ol‘me
dnring broadeasting 1 this lne ‘cannot be-freed for'meaﬂnremz_}ts b:r sinmigoidal cur-
"x“ent. v ‘
In éoutrolling; radio broadcasts in terms of the peak insirument, the ayerége
operatmf lcmdness of the J.o!.‘dspeaiers in ‘the “ccei‘dng sets is dependent on the
“nature of ithe program. When the volure is ‘n,nua.ined by the VU device; ihe ﬁstcﬁar
sdoes not need Lo keep track af the average loudness of his radi ’\s Le ilm{e*.’ez-; when
wor!dng‘wit‘n t;he YU-type ingtrument there is no agsurance of tne absence of overmodu-

&

lation, . Therefore, wishir{g to preserve high muality, the operator of ten establishes
"a Jow modulation level in the transmitter and thus lowers its average distance of
action in amplitude modulation. 15 the given distance of action mmst be preserved,
‘the possibility of overmodulation exista, which _lc:wers the broadeasting aquality.
Without going into details, 4% should be reaal}ad that F¥ radic receivers are
‘ .v very sensitive to Q‘mmod‘ui.ation, and when the raximum [requency deviation is ex-
) ‘ceeded unpleasant distortions develop, The use of VU devices in this case is even
.,more unfavorable \,t*e.n :Ln A¥ radio broadcasbing :
4 The modern vacuuxs»tuba indicator ol‘ peak values can have & 1bgarithmic scale
i with & large ra.nge of indications, which gl\'eﬁ it a certain advan»age in contmll_mg

;mcidulat.i.on depth in the studio. 1t alsoc pe*mits detecting of extraneous voltages

‘} in rwiic'broadcasting gha!n:sls.

In using the peak device, the modulation depth of a trcmsmihtlng system can be.
rully utilized without hav'ing to fear a 1wering of the qualitv of the broadcaat
(due to ovennodu'mtion. “Use of th'la type of de“ic.. znakes it possible to decrease the ‘

"amplituda resewe" :Ln technical aquipment. and thus ‘to realize considerable econcmy
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B METHOD FOR CALCULATIIG 10SSES T CYLINDRICAL CONDUCTORS
DUE 70 THE PROXD(ITY ZFFRCT
3y

Vol J\L’ LESHCV

A new, simplified method of developing formalas for ca Jeula-
ting losses in cylindrical canduc \;or:s is prmentﬂr* " and an cxmm]e
for calenlating the resistance of a circuit is glven, taking the

proximity effect into consideration.

: Introduction v
The first theoretical atudy of the propagation of electromagnetic waves through
two parallel conductors faking account of the proximity effect, was made by the
Ge:man Scientist Mis (Bibl.l). However, the series he cblained as a result of his
~study are virtually unusable for practical computations.
Thirty vears later, the American scientist Carson {Bibl.2) improved these

- series somewhat, but did not bring them to the poinl where they were suitable for

Dractical caleulations. Latﬂ“ the Inglish physicist Befterworths (Bibl.3) offered .

a.formla that was r:cx:mlewl_. suitable for practical caleulation of the resistdnce

of -4 pair of conductors. A comparison of the calculation results obtained with.the
~“Betterwerths and Carson formulas showed that, to calculate the supplementary resis-
‘jtance of a pair of cénductors in the frsgquency range up to 50 ko-with-adequate ac—-

- cumcy, the Betterworths formula (Bibl. 1) can be used, AL higher frequency, however,

i

axperiments showed, this formula gives slightly deflated results.

If we take into consideration that at present the packing range of cable com-

eed mr a method for engineering. calculation of the resiatance of a circult in the.

‘}range of higher frequencies is obvious. Below we present a new, simplified method

65
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) { r i e mamduptors. thig mebhod
for ealonlating the resisiance ol Ay of ponductors, Yhia o Lho

the froquency range up to 1 megro

LI

o . Vot byl
i { the Hlecli Selution Hethods
tial Bouations of The Lieci solution i

T AT ;. sonducter influencing the circuit
The elestropagnetic field formed around Lhe conductor infiuencing

1 Zhed b the Yadw gifferential egualion:
in a epmmumications cable is described b the & ol diifer miial eque n

Ot E ‘f“' wndrot Ho 5,

induction of the

is the curren’ density.

3 T v ddvat
Fauation (1.1) fer sinusoidal current in a cylindrical system of cocr dinates
Eque Pi Y

Q, z) is expressed as follows:
[T ol

S el

(Lo
o s ol
RYY 5
T

" el
p ol Wi
r d; T ez
o, W:'.,'

v 5 | iml)lf"

a3 A iw)f)

UM

ro g

= {3-pwdf,

where o is the specific conﬁuc“givﬁy,_
: e is the dislectric pemeabiliqty,
u is the mégnetic permeability
Equation sys;tems (1.2) and (1.3) can be solved by various methods, but the

B iest is the method of separating lengitudinal components.

two other Maxwell

From the field equations (1.2) and (1.3), with the aid of

quatien

divE=0 S RS (3.4)

66
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[

4 ' div M =0
.

_wa ensily obtain, for the longitudinel field components, differential or

i

“the second order

wicd
? A =k,

+ o where A is the differential operator, dcltermined by the
‘ R
T

while k is the parameter characterizing the electromngnetic properiie:

o : : Lo jepds
In order to sclve the wave

“changes along the mxis z by the rule e °

~of cases of cable technology. Then the radial and circular component

g

. ‘sities of the electromagnetic fleld can be expressed through particular derivatives

oE, L o, : . 1s
S o e B . (1.13)

[
b iwz)

characterizing the degree of change of the elec-

The general sclutions to eqs.(1.6) and (1.7) can

iform (BibL.5):

AL ) BK, (g Cleos i 1 1 sin nzle ™",

67
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‘where Ap, Bye..0'n and D'y sre integration constants,
In(ar) and Ky (gr) are iodified Bessel Munction of the first and sscond kind.

‘Boundary Conditions

The solutiens for the differential equations (1.2), (1."),' (1.5), and (1.6)

SISO S 2 o2

-should satisfy the boundary conditions of the investigated problen,

A com@iaatians cable z'epmseﬁts a system of vonduclors iselated from one
vanotlwr by some dielectric a.r;d contained in & common lead Jacket or armor. Cc;nﬁe—
quiently, inside the cable there are several reglons filled with :ciiA_L:_xmn media have
ing nonidentical slectric and magnetic parameters (s | u Yo
To determine the field intensity at any pgiven §3int ol the spacé occupled by
the cabyle, we mst find the solution for each region of this space, The solutions,
in this case, usually differ from ea;:h other by the p “a:.‘:etersk of the mediur and the
integration constants and only in some cases by unctions resulting Trom
the general solutions.

To find the integration constants we use the following concepts:
L. In the center of the conductor, when the ccordinate p = 0, the [ield inten-
sities have finite wvalues,

In this case, the particular sclutions expressed through
ihe funciions T,(qr) should be absent.

h

2, At points lying at infinity, the fleld intensities vanish, On theb basis of

Yothis and for an unl

154

inited region, the pafticula:- solution expressed through the ﬁmc.?
tion I {(qr) should be absent. ‘ ‘

e v

boundary of two

I the field in-
_4tensit‘.ies_are continuous. On the basis of this we can write the following equali-

“ties:

tangential components o

(2.1)

‘ (2.2) -
“the axds z 48 directed along the axis of the conducter:

STAT
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QL . :
: and that the ccmduc“hor has a c‘vl:uxdrics'l ghaps.
s On.the boundary of fwo regions, the hormal gomponénts of the sti‘@ms of vec-~

are uninterrupted. On the basis of this, we can write the follewing correla-

{3+ i“’ﬁ)l':,,v ST IR S UL TN

ST R L o ‘ (2.4)

In order to satisfy the boundary crmfihiors,

‘we rmst often make ; nversion of the field from
one. cylindrical system of coordinates to ancther
with the center on the avis &f the investigated

conductor. Do convert the coordinates, it is uselul to make use of ihe following

 formlas:

RN T

e Vi (a ) (a —:wrv ),

where & is the distance between the centers of the coordinates,
y i3 exxternal angle,

$is internal angle (Fig.l).

. “!euhod of Superimposing F Reflecteod Maves
’ The method of superimposing the reflected waves is widely used in shucvmg uhem
propagation of ﬁiacﬁromgnetic energy along air lines, This pcrmits studying the

:...complex process of the propagation of eleciromagnetic energy in a éi::ple and graphic

form.  The general wave of the voltage or current is resolved into a series of inci-
*

‘dent and a series of reflected waves. Each of these waves can be studied separately,

and since they are preaented in a si;nple fom, the general study is coﬁsiderably

STAT
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ﬁl;:;cf.x;omgnatié enerygy :Lnsida it is considerab?““nmrc cvdmplm': than over an

The pressncs of insulatin, and. adjacent conductors

tion of complex processes, we will use it to study
. munications cables.

i3 an example let us examine a symmetric pair

Let a current I flow in the

current in the conductor b,

ot

mathenntical computation we

the field is symmetric with

of the conductor a and that

Y s
RET~ LR

tion to egs.{l. l') nd {(1.1%) will look as

ic

1, Atk 1 BRGL

1

al the space surrounding the conduc
The integratlion constemt Z i3 determ

aurrent where o

“-wihere T, is the radius of the conducter a.

" 3ince, in practice, kr, <1, we can consider that -

Ik
x;_:!.,m !,;:2. (kr < 1),

field ¢

_‘I'h.ia w11 lead to a reflected field which ve

Declassified in Part - Sanitized Co roved for Release 2012/10/31 1043R00130017000

tor is unlimited;

"will denots by E',.

air line.

cansss. o mflac‘ ion

wplifies the examina-

ield in com-

cenductor & and no

implily

the

LR ey

A1l also azsume thal
respect to the axis

vy 2 0.  Then the solu-

then,

ned on the basis of the law of complete

(3.2)

ausing it to become
The .

STAT
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resultant field will ecual the sum, i.c.,
: =B, £,

3

The subscript a in eq.(j.B) signifies that the field intensities are correlated

«{with the current In conductor ad
!

The reflected field is asymmetric and is determined by 0q.(1.14) in the coordi-

'nate systen p and Jv
RN i E, =5 2 C, K (kp)cos b, {p>>r ),

ae)

hd

~qwhere Cpis an integration constant.
‘ There a}é no ’mrbicular solutions with sines under cdnditi'ansv of
rmgemeﬁ%. af the conductors {(Biblib).
Yhen kp<<1, 8q.(3.4) is simplified as follows:

. o
I:‘;_, w: Cy -§-C; Inp -4~ 2 C;p"" cosny, (p > 1) (3.

TR

£y
s

where 0§, Cf are integration constants differing from G In constant mltipliers.
Adapting eq.(3.2) to the coordinate aystem p and 8 in terms of eq.(2.3), we geb

e
(R Y) E ] i " L i
gkt lln l.l‘.'w'z o ( a,.) cos nh l, a>eor.
Pyoe]

‘where a is ihe distance between conductors.

L The intensity of the elecirical [ield inside the. conductor b is deteimined in

“the coordinate system ¢ and.these, in turm, Irom eq.(1.24):

ool

l)"‘"\kbp)cus/?h! (:,‘:yr?’!" 2]

The solutions expressed through the vi“zmcj‘vion Ky (kP2 are ab-

idition of finite valus.
* Substituting eqs. (3.5) and (3.6) into eq. (3.3) and equating, on the basis of

1L

q.(2.1), the cutside field to the ficld inside conductor b where p = Ip, we will
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. ‘ Cwpl i A N
o .“In e }«2‘( (cosnll - »‘;: an‘{ o ‘ ” (‘: ) cos nul

Fm§ ’ el

D, (Igbra}cos: nb,

nes

T

I‘cer tﬁa intensities H$we will also have'

"'! it ] ’l- "
nC“rb cos Al o S ( - co\ nG ]
n--l ) x

‘n»q

(mprb

= fm« 21) l (i. r kgsuﬁ,

reidy

we have
2z )
5 Hr,dd == 0.
Y
Sonsequently,
)
Co = D“ :’../—4"5 L

In order for the boundary conditions to be seiisfied at any point on the

fass of the conductor b, we mist equate the coefficients in egs.(3.8) and

sines

blq

=Dk,

N

n—l Uy

72
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TR, T O e e,

Pirst substituting eq.(3.10) into eq.(3.5) and then the rosult, togother with

3465 into 8q.(3.3), will give the value of the electric field intensity if

” 'z ", '

; ‘Vé.ndv the value of ‘the magnetic field intensity

= BT (E) 7 o

Ir an analogous manner, we can obtain the values of the Tields if 0> a.

Fnowing the intensity of the field close to the conductor b, we can determine
‘the apparent power absorbed by this conductor and the sp;f:plmenhary resistance due
kto losses owing to' the proximity effect:

(power per unit length)

s ,
P.mjf,(k. AU RAT Tt YR C T (R A TR
: ] .

%5 ~yhere ‘the asterisks indicate complexly conjugaied magnitudes:

{supplementary resistance per unit length)

\ ‘:ﬁ :

A.l"w’ s

Supplementary Resistance of a Symmetric Pair
1‘1% & current of the same flows through the con- .
el )

ductor b, but in the opposite direction, the field near the conductors can be de-

; termined by the suparposition method. V'I'h'e magnitude of the éupglementa.rj resistance

TET A palr 6l identical conductors in this case will ‘equal

73
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R R i S R )>| LT
,,(u) (Lt 21

where r, is the radius of the  conductor. -
Designating thatX_ ~ Re(x;)+ilm(x;) and substituting the latter into eqi{k.l),

&

we get

+

== ‘-’n’E”W(:y) (12, = i20m L),

el

The material part of eq.(4.2) will equal

e

. ey W
oy Vo v
¥ 2: ) niL),
* nod ‘j h ”'. ”

e

= 5
L a0 - BN
dr E “n ( I ) i1

n~l
in

Equation (4.3) characterizes the supplementary resistance due to losses {ro
ue to the prox~

eddy currents in the'conductors, i.e., the supplementary resistance d
e series in eq.(L.3) can be Limited to two

Amity effect.  Ixperience shows that th

terms. Then the. supplementary resistance per unit length of the line can be deter—

) _mined with adequate accuracy by the formmula:
S 3

‘Im(”/w% ( . } Im(7%2) } k (545)

tap (

i1
¥ e "
R, = = 4 )

Fxpressing In(X,) and Im(X,) through the moduld and phases of Bessel functions,
‘ € STy 2 ‘

*v._and substituting the latter into eq.(k.5), we get:
do\!
‘) Flx) L (146)

.

Ry Ry I( B Fawe (G
two conduc.i',prs _uhder conditions of direct current:
(4.7
(4.8)
(449)

LA G (i, B 6 0 135),

»

oy

SEICTEN R

1
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The genieral expression taking account of the basic resistance of a palr of con-

‘ductors under alternating current, and the supplementary resistance due to losses

produced by the proximity effect of the co;ndu&;'to'rs, can now be written as follows:

vy 2

e R Yo (%] s

In Fig.3 we present a comparizon of the results calculated from eq. (4.10)

A r , (Curve 1) and from the Béttemrth formula

(Curve 2). The comparison indicates that,

at low frequency up to 250 ke, . the values ;

'(?‘ }# of the resistance for a pair of conductors
a' ' N

with'a diameter of 1.2 mm completely co-
4‘&'-. .
o= dom incide, whereas at high frequency they

l l diverge slightly.
W W W W [

Experience shows that the high re-
Fig.3

sults obiained with eq..(h.lO) zive better
~,L'§_rv;ressmant with the actual values than the results obtained with the Betterworth for-
3 '}uxila. Tnis proves the wvalidity of ti‘;cbassux:ptions made in developing the mathematical
formila (4.10). The formula was obtained more easily and requires only two tabular

# ".faluea, F{x) and G{x), instead of the three required for the Betterworth formula.
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RO OTRCUTTS =

PRSI

Pk :t}EULS

It is demonstrated that, under practical con;{itivo:m ’ _wher'e‘
all "thira? circuits are insulated on both ends, there is an

“ifncrease in mtua ntex"‘ahem.e of the cire K.\.‘h bot‘x on the

far and.near ends, due to reflection of current and volltage
i)

aves [{rom the ends of the third circuits. Tormulas for cal-
culating cross-over cireuil arrangements, taking this inter-
ference into account, are given. Suggestions are made asg to
feeding the influence produced by third circuits from the

ontput of one amplifier to the input of ihe other amplifier.
« Introduction

In an article entitled Mmtual Interference of Packed Steel Circuits due to

d*acem Tsd Circuits? (Bibl, 1) i‘ was pointed oub thai,

'currant, and volt,age waves from the ends of the third ci*cuits.

Here we;mmt ‘note that all "ihird" circuits are, in practice, always isolated.:

. A more deta:\led study of this matter is glven belaw.

7%
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from En £ Circult
In Fig.l we present the first and ascond two-conductor circults and a third e-

quimleni single~c wit.  Each of these circuits is depicted by tme 1ine.

‘The voltages U30 and UBl are t}mse obtained

¢ MU' s ' ‘“ 1y 3 p ¢ 1 -
. Rz::;,) X ’ on the nca‘. and far ends of the third e

Qe e e quivalent single-conductor circuit when it

is closed en ihe corresponding wave resis—
Fig.l L
: uance.

If the ends of this third Cl!‘!‘ul«. are insulated eac"\ of the above voltages

Jwill be reflected repeatedly from ‘the corresponding eads of the third circuit,

Declassified in Pal

Let us examine separately the repaatedly re-
flected voliage waves U30 and Us3.

Under conditions of repeated *‘e"leculon of
the voltage waves Usg (Fig.2), the sun of voltage
waves mirming from left to right over the third
circuit, i.e., from the near end, will be defined
as » .

Wi =Us (1 -+ e )= =Ty .
Analogously, for the sum of voltage wavés running from right to left, i.e.
the far end, we can write

Ut W . : .
U= ri‘%:?ﬁ‘ (@)

"For 030, we have

P « ,A‘w A i : .
Usoz=lo 5 13:“ b 03

“The sum of voliage waves running {rom left to right w'ill be deno‘ted as the ad-

dltionsl influence on the left end {in taims of the law of the near end) and right

“and (in terms of the law of the far end) of the second circuit. In turn, the sum of

voltage waves ruming from right to 1eft vill be dannted as ths additional inf]uence

N
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on- the righh end (in tevms of the law of the near end) and. on the left end (in torms
of ‘the lawiof -the: far -ond) of the ‘socond’ oircuit. In the glven case, ‘we are inter~
asted in the influence on the far right end of the second circuit. Neglecting the

_w'finfluence on the right end of the second dircuit obeying ‘the iaw of the far end and

’“'g'uaing Pig.3 as basis, the voltage on the end of thé second cireuit Uiz, can be ex~
§ ' : ;
- pressed. as

Uy == Wy o0y el
-We designate that

T
1 e By N i g
i

By == By - By

5

- Then, substituting the ~esponding values into eq.(l) from eqs.(2) and (3) and

s Y . .
o bearing in mind that "1 = "2, simple transforma-

tions will lead %
U;l =l ¢ ﬂ‘mcf | (] g H-VL (5)

T 1g not difficult fo show that, if the first circuit is crossed, eq.(3) will
contain an additional multiplier Ty corresponding to the product of’tahgents, ac—
_~“cording to the mmber of subscripts in the cross-over arrsngement of the first cir-

cuit. .
If,-dn addition, the seco.;;d circuit is crossed, eq.(L) will contain an analo-
miltiplier T, '

Consequently, in the general case for crossed first and second . circuits we will

: ih (]" ‘..i.‘:-,w!) i :
B ¢ v, “1 - l“?‘”"" ™ l) rl-r" :

-

.f:.i_?xeé Uy = Uppe L, it rollovs that
L : 5 l,,"",::.._"U“(_"":

a2y d B
ﬂ‘lc,,,,(tl"ly 1= ’u_ : 1

e g

: L
(O~ e LT
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7 Hence fﬁofﬁhe 'zﬁhieldlvxig; of stoel circuits we get ) .
' | Bisg— (b1 — B) 1Byt By By - Ay 4

; a : 3 |
]“:J;“:Iﬂll“_"‘e Z"l:“fe‘gf-“-‘«[“!ww_
l—e

Under conditions of repeated reflection of the vo}.f;age waves UBl’ analogous to

‘the above,. the sum of voltage wives running from right to left is defined as

(9)

U, = i wZK's nop L l‘~(1,"'7ull)' ) : (10)

Wiy —ri

For the sum of voliage waves running from left to right, we will have
Uye ¥

Unla= ‘ (1)

[

The sum of voltage waves running from left to righi over the ‘third circuit will,
analogous to the above, produce an influence mainly on the far end of the second
® N
circuit. The latter also is of interest. . Bearing this in mind, for a voltage in-
o “duced on the far end of the second circull we can write

-

‘ , Ul Wghg 2 (1« 100 (12)

215§ 13
If the first and sccond circuits are crossed, egs.(10)and (32) will include the
~..;ka'gltipliers 1 and TﬁI respectively, where %; is the vroduct of f»angents of the type
Ctanh (L’_.%ﬂ)nﬁ ;orrespcmding to the cross-over indexes of the first circuit,
'v,_ilhd.TH is the product of tangents of the type tanh (1:‘—;—1—2 nS corresponding to
. the crjdss-o'ver indexes of the second circuit. B

We will designate that
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'"‘"’F{ii'{r'iéx;;' analogous to the above, tranaformaticns will yield
0 i W u : ; ( : » - R . . - v 3
By, =In } ": =By In a| TR By A A

i

N T T i S

YWhen the ends of the third circuit are closed on the corresponding wave resist- .

‘ance, the shielding of steel cirecuit, when cvroa:'zed in an arrangement without identi-
¢4l modmin indexes, was determined from eq.(l4); see (Bibli2): = R
| B, winf e B BTN
A com}mrisoh of eqs.(8), (13); and (14) shows that all these fofml_as contain
‘@ term - (fy - B3} which, in t.l:e_nx&ﬁn, decreases the xzmt_uél stiielding of the steel 3
" eircuits, ‘
Let us compare the resulis of calculating the mutual shielding of the remaining
& “circuits with the data of measurements.

e,
Ry ‘ . C/\ The shielding caleulations were conducied for

onie of the interfersnce coxponenis, using eq.{8).

The messurements were done by specialists at

the TsHIIIS on an experimental line of the Minis-
try of Communications, on the Golitsyno-fitkino
sector, between the sixth and seventh steel cir-
cuits (Fig.h) of which the sixth is not” crossed

‘while the seventh is crossed by the index 8 with

a-length of the elements of 131'm. The length of

the sxperiméntal line is 128 elements, i.e.,

T“ig.&
i : ! 16,8 km. A1l the third lines - both the steel
1) TsM circuits; 2) Remaining :
; i ) and the TsM circuits - vere insulated on both

ends of the lines,

In calculating, the parameters of the third |

equal to the parameters of a copper two-conductor

80,
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i‘oircuit d = h mm. “The mgnituda of 3132 vas adopted as aqu;x.l to 8 nepern.
v
i The gradab’ion‘,of .t‘requancioa in the computations was adopted on the basis of t.ho

,.,Joscillmidn period of the magnitude of Al in ‘eq.(8), i.e., above 4.5 ke, The mathe-

R

Cimatical curve (Fig.5) was constructed in accordance with this, The measurements were

Vo bmspers
e

P e

made over 2 ¥e¢ and from these data we also constructed a curve.
A comparison of these curves shows that both the periodicity of the cscillation

of Bgpjerg and its absolute values along the curves approach each other rather

Thess data also indicate that, under the in-

vestigated measuring conditions, the main role is
plarsd by the current {lowing to the far end of

the second circuit, due to wvoltage reflection UBO

- from'the ends of the Ts¥ circuits, since Bgy:eyq, 83 determined from eq.{14), de~

-.creases evenly over the entire frequency range and has no oscillations. . On the other

‘hand; the presence of vellages the far end over two othsr pathe [of.

eqa.(D)and (14)], at some frequencies change the ebsolute magnitude of Bgpigigs Ob-

viously because of the changing phase of these voltages relative to the ‘pha.seb of

voltages fronm Ujo.

£y

In yra.c*uiee, whfm studying the mutual interference of ateel circuits and Tai

circuits, it mst be bome in mind that the TsM circuits, in transit, pass the ampli-
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: i‘yingpoi.ntof the ubééi éij-axx;tu ; therefore, “there will be no repeated roflsction

Lol voltage waves .on.the TsM clrouits. ' As: ghown by Fig.6, 8t a length of the amplify—
i ing zmchion of the ’.E‘-.,.“E eir cuita of the ox‘dm‘ of 200 km, the attenuation of these c:ir-
cuits at fw 25 ko will be of the order of 1.5 nepers: so that al.'L ad;di.tianal Nflec—

»»-L..sd waves, except the mndamental waves, Wil be attenumted. :

‘!xiutualklntorfermce at the Near tnd due to Neflsction of Current and Voltage

haves from the Inds of Third Clrcuits

The reflection of voltage waves {rom the cmds of t}ﬂ,z*t‘ circuzts resu} ts inan

incraa.aa in the interfere:'\ce at the near end of the aecor.d cireuits ( Bibl.;’}.

Figure 7 shows that the reflected voltage wave “?30’ mg'ring oyé;' the 1 third cir-
cﬁit from left Lo right, will generate an interference
volitage ’};,é on the near end ¢f the second circuit, in
addition to the voltage i’i;(}, which appears on the near
end of the second circuit, cue to a direct link be-
tween the first and second circuits.  This ad dxﬁom,l‘
voltage will have a greater relative effect, the greater

the distance between the first and second circuits hecomes. ror instance, between

’ the first and second circuiis suspended on the first and fourth p]ﬁceé of an eight-

. place: cross beam, the quant Bo‘ = 7.6 nepers, and the magnitude B 1327 Byq * B32

equals appmxinateh’ 8 nepers. In o‘}*er words, the *roltage .,20 will have almost the.

< - same magnitude as the voltage Uzg, in the absence of cross-overs in \.hekflrst and
‘f“second‘cirmita. £, on, the other hand, the cross-cver arrangements ‘of the first
nd. circuits produce, smzlta.neausl\f, a large negat:.va effect at soxﬁe fre-
“quencies, the voliage UZO may be many times larger than the volta,ge UZO’ in this

case, the transient attenuation on the near end between the first and second cir-

cuits will be dependeni almost exclusively on ‘the reflection of voltage waves from

i the erids of "the third cireuits and may be considersbly smalier than the magnitude
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the fix at

: Ia‘ us detamine the mmdmm‘: pemiﬁs:\,ble neg; tme ‘eross-over eri‘act of

E’p ﬁill’&eaim_te that By,

(15)

B,:..—Bmd«nwm,,, Ceno (18)

whe.m B—_t Sa ia tha ad.d:.ti:mal mmbude of the tmnéient attermaticmin accordance

with the indexes of reciprocal cross-cvers belween the first and second :

cirm;ita:

By and Byyp are the additional magnitudes of the transient aﬁtenua‘cion’ in ac-

cordance with the cross-over indexes of the first and second circuits.

Thus, the transient attemuation between the first and second circuits as & re-

1s\=1't “of ‘the ac;ditioml inflience caused by reflection from the ends of third cir-
46 loutts will be defined 2s : f o
Bﬂ“’ n “ r_ -lﬂn“‘ “u!]

= 535 n‘sﬁ
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a nagatiﬂ »c*ow—over oi‘fedt of ‘thi first :

'amd second c.ircui‘cs equal to 1.55 nepera.

n’ﬁ ﬁn =5, 55 nepers, ‘this negative ei'fect

ahould not exceed 0.9% neper.
'Yhe atric test dewmds on the cx-oqs—

-.over m*rangemmt of‘ each circuit is’ made

hy.mtual interferance of circuits at:the
amplification points, when the sam of

+ By necessarily will have a positive

}'.n fact, Fig.a shows that, from the output of the first.c circuit amplifier to

he in;uh of the second circui‘ anpliﬁer lavel of transient currents of p.,

eod.sta. The matual shielding of the circuitai‘or this interference path is deter-

' ~2a‘,m

\—-—2”“ res, —lu'
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Here we

Such a poaiti"v'e e,usv:u .‘.:: the .-mgey of rmcguexxc ea tranamitted over ateel circuits, 5

when ‘nhey am packad :Ln a thraeochmml svatmz (up to 25 :’C), c&rmot be ubtained in

ﬁ“aftic&‘ cmse@m tiy, to satisfy the _5p§cificaiiqn5 for shielding, we mist either
lace b}.ocki;xgjcoilg into the con_rmct.nrs @éf the third circui 5 or decrease the
arping of the amplifying section of the steel circuits, or else change the construc—

ion of the line - idchrauw the distance bet#een the conductors of each circuit and .

’iixcrma ‘the distance between circuits. The latier provision may give an increase

2 oy . i
‘élz‘and 832 of up Lo 4 nepers,

Batween Tall cii‘-c‘)zits, the question of inf;erfarence at the amplifying points is

At s ;&ﬁg‘»h of ha amplifylng sectlon of 1C0 kc (in a ]2—channel svstam) .

: tmuat.iun of the mpli yin.g sectiorx, :Ln t‘ne absence of ica-—cmating or oar f‘rost
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“urther.
E‘aiaing the mutual shielding of circuits can only be dona by installing fil’cers
and blocking colls in the conductors 0 hir:i eircuits,
In the absence of blackin& ’iltars, the sum of BI *kﬁn over the entire fre-
“e.ncx range‘ nmst.,t;ave & positive wvalue, at any rate nob:lower than ’.:SQY thus re-
ﬂuivi.,.g Eore frsquenc:; cross-cwe"a.
% ‘rh. th the aim, on the other hand, of 1wering the demnds made o!" the linear
: Mcés, S.t is ¥ ighly desirable to install noise suppressers abt the beginnings end

ends of t!*e circuits and to use devzcas with inversiov and frequency shift in the

aauen

dincent o cuiw.

BIBIJOGRAPHY

.- mectric Gnmnicaﬁions. Ho.l (1956)
- Mutual Inherterence of Packed Steel Circuits due to Adjacent. Ta¥ Circuits;

Klectx'ic Commnicatims, Ho.1 (1956)

over Gonductors. Svyaz'izdat (1%0), pp.211r279
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o decreaae attenuation in tha tramsmiaaion of MF. currenta
Movar eoaxial cables, e recarmaﬁu aphwmg the condnctur into
saparate msulat,od w&ms. This fstmsv cm:u;a izs the cable,
at certain .('mmancies, permits ‘a rednr tion in atuenuahitm of
more than itwice, relative to the attwua*ion of a cable with.a
solid conductor, :
Pormulas for caleulating t};é basic parameters o’f kthe cable

are given,

Introduction

In kco;muniwtims lines, an attanuétion minimam occurs when the following con~

E ditipn i3 gati‘:_sf‘ied:

technical]y couylicated. A more pm»ical way of increasing t,he imiactance might be
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- surface effect. Wa can calculahe the ma@

- ,!'oraign Bcismmata.

A in:iicamd by Efimov (Eibl.B), a layer of magnetic dielectric yill incx,"ee;&e
té.ﬂh&pﬂcﬁimc of the cable &nd the losses An the magretic dislecirie
Quﬁnci;sa. As a rosult of tm.a, the zmthml E,ivaa ne na*iceabla decrease in dm;
’ In the pressnt article, another way of reducing attenuation is deseribed,

In coaxial cables, cantaini.ng a HF dielectric and operating in a relatively

‘narrew (requency band, the nttemuation is basically determined by the enérgy losses

m the conductor material and can be approximately compated by means of the formula

. SR mep
3 ’ I ke

3
Consequently, to decresse the sitenuation we mst reduc

use is

mmber
wm:‘nd' topether in such 1 ¥ that each.of them passes
inside and outside the conductor. Such & conductor
can be‘ produced by twisting individual wires into
groups and then winding several such groups (up to
ive) togsther.

- sach of them is exposed to an identigal mumber “of ;hha

‘lines of force of thufi«‘aid.’ Since the tiansvei-sadimanaiona of the wires are in-

simxii‘icant t!ze suri'ﬂ.co affect will manifest itself makly, i.o., the rurrent den~
sity by ase fony of the wires will be identical evamhere.r

The res:l.stance oi‘ the apliﬁ ‘conductor, as shown in Bibl L, is conqxased of two

: c‘;‘umuuaﬁ and can ba dmsrﬂn@d from bh axpresaion‘

Declassified in Part
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ance dus: to the prmd.miw offect (n 'Ls *hq tnml num.mr ‘of wiroa, f the rrequency in!

i £ps ..‘da‘tm,‘m'-aatexﬁof the wires in Wmﬁ 0% the copper in eters) ;.8 is the pm.}fing
-c rficient, .a., the ratic of the croas—mcti«mﬁl area cf the commr to the entire’
ares of the; sestion of the sp}it conduct:og*,‘ while dl is the dimzmter of the ‘Gondietor -
iu meters. : ] :

Lot us designate that A = !LOES'ni‘zﬂ i’*.,: In the case of a constant diameter of the

km.res 4y and constant packing coefficient § %}'rc: porcentual change in resistance of -
the split conduetor, together with the frequency change, will be proportd

mgnitude of 4, l.e., to

In selecting the 'shapu of ‘the split conductor it is important that the value
£ A'is as low as possible, ihen & = O : o= Ry
The magnitude of A, at constant Irs q AST y, can be reduced considerably by re-

ducing the diamet.er of the wires d; (“Jg 2).. Howaever, a

reduction in dj at a constant diameter of the conductor dy

and constant insulation thickness. A always resulis in an in-

crease in the number of wires n. . The inerease in n can be

determined approximately by the formule:
L A i e
‘\m

)

where mis the nmaber of wires in a group and-H is th@ NUR- .

bmr of groups. ’ : ;
Since A increases proporticmaﬂ,y to nz, it is impossi—

"blu', by decressing dn, to reduce the magnitode of A s:.gnifi—
csmt?ty. Comequantly, on the one'ha.nd, the number of -

~wires n should be as amll as bossible. On the ot.her hand, a reduction in the nume-
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fwhere RO apl is tvhe resia'tmxca to o.hact c\xrrent ni‘ the solid cnn&u‘ctor @th‘zi dlame-

is a eoeffi@ient oh&mctorising the- imre&me A length ‘of. the. wires, due.

Since RO and. AR, depend onn diflerently (F‘S.g.j), we mst selecb an op"i...xm nume

ber of wires, hhﬁ.ch sf\mlltanemlsly assuire

& sinimm value for these tems.

A study of eq.(h) at mintmm n shows

that the nwmber of wires should squal
; dy ( 8)

ERITH
from this we. see that, for different !

values of d . at constant dy and f, the op-

timm rumber of wires will varye.

The matter of selecting ihe optimum

‘mumber of wires is of ipterest in the case

where the value of the terms Ko and ARy

6a.{4) is identical, i.e., where the

emerr' losses caused by the pm).imity ef-

;fect are commensurable to or higher than

‘the losses ca.u;wd by the surface ef;ect..
In the case where the res:.stance of

the split conductor is ba.sica]ly de;em‘ined

“by. Losses due to the 'su;‘fade efféc:t, an ix?restigation of % = 0 is pointléss.

Fié of Am‘lica’oion for Split Conductor

A aplit commctor dees not a]smys have a lowm stance than & s0lid. conduc-

Mtor of the aama dmmter and o ra.tmg on' he asma freqzenciaa. In other words, i’c

: is mt. alyays poesible to repl;;se 8 ael.id conductor by a split oonductcr. If,
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mlid mnduc.tox', the arface of fact i‘ nonaidomhle\, thers is good Teagon to re-.

i

fﬁ‘le kiow that. the mx;'.l‘ada ‘offoct is greater, the

In other words, there is no reason te replace a solid conductor of 1-2 mm di-
ameter, used d.t lmf z‘requmcaes, since a split conductor of the same diameter would

1aVe graat,ar resistence than a solid conductor.' This *s to be e?plamed by the

than

Ry gol BY t.he‘ma@ii‘tude of the packing coeffieient, which is always less. However,

4'12-. 2

b
£ w*
"W 2N 40 S8,
RN

: i Figah :
a) Continubus conductor; b) Spiit conductor
o a glven iﬁmt, “the resistance of the splil coﬁ&ﬁd—? : '

tor ‘w@li’in}di‘eaaa more ~sim~y‘ than that of the solid c‘cnd\;ct‘or. ‘This .is illu::tra—y
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'

1) wherq the solid umdnctor has'a amL dizmeter but t.mamita high "requancms,

2) w‘nare ‘the diamtar of the solid ctmductm is more thar 3 mn-and 1s used a
f&equenciaa begi:ming with 30 ke, - The.larger the'&ime’zsr,

'starting froquericy.

Appl:lcatz.o.l of Split Con .c‘a %m‘s to Coaxial Cables

About 8&7’% of the tolal rosistance of cu&.«"‘m cebles is a component of the re-
siatance of kt‘ne inalde conductor. ﬁecauso of this, it is advisable to replace the
inside conductor. The primary and secondary parameters of cables with split ‘inside

‘conductors can be computed from the following approximate formilas:

Reaistance.  If the cuble is used for a relatively small range, its total re--

isbance is ﬁxstem.med by the formula:

Ry di .~ i .
-\._“..1‘::1_,,'w k_,,gm, m -5 V/ w.“‘f del )
A b 2

ke

nd? i «w.

‘-"hen th@ aable operates on ‘xighc" f‘req‘dencias K uhe rea:.s..ance of the.split iﬁ» i

tor 1y, and of their
:Jmtual indnct,ance Ll ) aim:e, together ritn a rise in frequency, the inductances I’l
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whare ”1 equiv,

Capacitance and Conductance of Lnsu‘atiovz. In coaxial cabieé R the capacitance
and u:cnduc‘hangefof the insulation is detcmﬁ.ned in the same way as in en ordinary
‘cable: ‘

(13)
(1)

Wave Resistance. Dus to an increase in the induciance, the wave resistance

also inéreases :

Eonclusion

tance. of the cable.v T}ma; a tmnsitio. from fhe inequauty (2) to the condition l(l)t

ved for Release 2012/10/31 : CIA-RDP81-01043R001300170001-4
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Cables. Diasart-atiun (1%6)
nmm,u.e!. - ‘I’he‘ High»—?requenc Fesistence of }'JJ.tiply- tranded ﬂEu}JAteﬁ .viz-a.
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L
ST

DISPLACING SIGNAL SPECTRA

'I‘he tmafomanion of a prwaically nalizable sigml created-
on diaplacemmt of itu spectmm T&long the INquency sca.le frcm
: "ma regian to aﬂot er is d&acribed, and the memibihtv condi~
ians of the tranafomatian are discusaed. ‘

The posaibility of singlo—-band transmdasion of sigrmla by

di;phcixg their spectrum is reviewed, The basic possibility of
synthesiging a signal with a displaced spectrum in accordance
ﬁth tho particular ordinates of t.he initial signal is demonstrated.

In this method, no Ii.ndt&tim are placed on its Bpectmm with re-

gard to the zerc and adjacen’c rrequsncies.
i S h

Solving the Suic problems in the technology of electric comminications - dis-

’-‘.aac ’ high '-liab.l.tgi and mtichmmel operation - is closely correlated with the

‘ty of trmnfoming tha shape of sis;mls One such transformation 15 ‘the con~
voraion of tho rrequeucy ccamei*.im : the signal, e.g., in mdulation or de’uction

ani alao in spectm shitts.
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t

shi t the apectnxm in real syatema, a‘c the*

i

aame f.ime we know that a apectrum shifu

“from one mgion ‘to another is frequent],y

,done md widely used in commicatiens.
Appm'ent,ly, a spectrum shift should be da-
i fined a’a scmething different;: Ln_ g,n_y case,:
f.he result of the shift should be a spec-
trum camaponding Lo the real sigrml.
Since any real sigaal is described by

.

nce it is presuppoaed that, aﬂ:er a spect.nm shirt we should obtain the mal

819:;1 thc ape«:tral characheristic Sz(m) should also possesa the :m:licated prﬁper—

: ties- ;..erefom, in the case of a spoctm hift upwam on-the h-eq:lmcy scalo,

vti"on‘ £{t) in terms of its spectral character-.

.
i
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In eccordance with eqs.(2) and (3), the converted signal is to be determined as

| follows: |

S - o
- ¢ %

(1) ==Re —;;:53.‘.(«»] e dwz==Re Ve .‘Sx('” — )™ da.
AR it

Let us introduce the designation w - @ = {; tham,

-
fslty=Re =% SS‘ Qe d
Vix]

o

f: (1= Re ¥ V’%" Sy (wye'™ de. 4
)

from eq.(1), we cbtain from eq.(4) a direct relation between

“the signal that haz been converted and that which is tc be converted:

- -
foldd o= for b [t Y o« di.
iziti==Ree ‘QL de me (5)

oparation is reversible, This means that if spectrum 52(“’) of
the converted signal fz(t) is reduced

the frequency scale by I, we will ob-

tain spectrum Sl(u) corresponding to

the initial signal f;(t), Thus, re-
garding the given spectrum shift down
the fresquency scale as the reverse op-
eration of the upward shift, we can es-

tablish the relation betwesn the fune-

tion to be converted !1(L) and the converted function {,(t) in the following way:
L1 o A .
]2(()::':Rc e M .i«ge"" dw Yi.,(l)c Rl 6)
i -

H&mr, spactrum shift down the fregquency scale can also be thought of as an
independent opsration. Here we must examine the problem further. Ye have in mind

1. !the .case.where 0, in absolute magnitude, exceeds the lowest frequency in the spec- .

_trum.of the signal to be converted (Fig.3) and, consequently:
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oS .l’
8\ (w L), w < e ib .
8\ (0 404§, (0 1y, =<0 12 ]

Let us find the converted signal fz(t;) corresponding to spectrum Sz(u) as de-

| fined by conditions (7):

*

2 » [
. f..\? (w)e ) .
9p

il

Resd iS04 014 S 0 — e do i S0 Ll

[ '.

o "
st} =Re 5;0' ot l ‘ Q""’dm ‘ I8 (e dt — i;\’u}} .
0w "

) 4 N \
Nty == ¥om S"’s (m)sin [to < 8V -4 3, ()] do.

Upon finding the converted signal fz(t.), we can omit the term iN(t) in eq.(8),

.m0 that, in all cases of spectrum shift, we will have
R

o8 -
L e Re e ( .ot
- fot) =2 Re v . ‘1. dw \ fiine de. (9)
v *
The plus sign bafore 10y in eq.(9) refers to an upward shift and the minus sign
to a downward shift on the frequency scale.

The presence of the term iN(t) in

eq.(8), however, points to an irreversi-
bility of the displacement process in the
sense defined by conditions (7); in fact,

if the spectrum of the converted signal
rz(t.) is shifted by O down the frequency
‘scale, the signal obtained from this re-

2

Re .»."*"[b”“‘?”’% ‘5 e de S Jriye ™ dl.««'iN(n]-xu
. i )

‘ =04 Nsinuy.
—Piais; & reverse conversion in this case does not lead to the initisl signal.

STAT
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..The M- sonsiderations might be ’-‘i]ind in working on the very real problem
sf single-band trensmission of cu-mieltionn signals. ‘
" 'Wide use, mainly in long-di stance ccﬁm cations, has been made of the method

of single-band transmissions via mpl.itud& modulation, with subsequent filtering of

3-ono of the sidebands., In uld.ltim, in Soviet and foreign periodicalis we find re-
) ~porta in which the problem of single-band ocmmicationa is solved in other ways.
" In an article (Bibl.5) we find a method for optimm amplitude-phase modulation,
v’aile another article (Bibl.6) gives a method of two-phase modulation and still an-

) ” .othar article (Bidl.7) a method of three-phase modulation.

The peculiar feature of these methods lies in the fact that they all require
'%that the spectrum of the asignal to be transmitted contain no zerc fmquéncy or com-
‘-"-ipenmts clsse to it,
» In the first of the smumerated methods, this requirement is corrslated with the
need to filter one of several closely adjacent modulation sidebands. All the other
. bmthods utilize broad-band phase converters. The demands made of these are very

.. ~rigid since the effactiveness of suppressing the unnecessary sideband is determined

- ~~%y the accuracy of phase switching in all the components of the signal spectrum by
“ one and the same angle. It was therefore not by chance that a series of articles

“” ‘appearad, discussing the theory and calculation of broad-band phase converters.

. -iThese articles show that the technically attainable accuracy of ,—.»,ase switch is

- smaller, the larger the ratio of the highest frequency of the signal to the lowest.

frequency becomes., From this resulta the necessity for the above-formlated condi-

,tlome

7 Thus, the use of the emmerated methods of single-band commnications in a mum-

Wbor of cuee, #.g8., in phototelegraphy, transmission of high-quality television pro-

ey i.s mderod difficult lince the aiyml spact.nm encompasses mquenciea

ION .
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‘ “of interest to solve’
:',", 3he problem. of aingle-band emmcatiwa;gp‘u to eliminate the above restrictien.
.j8ince commnications signals are aignals with limited spectra, this solution might

b faund on the basis of sone Mndamental argunénts 15 the theory of sigials with

' 1limited spectra.

The theory of signals with limited apectrs is based on the thecrem by V.4,

- ' Kotelnikov, according to which every signal u(t) occupying a frequency band from

0 te w, can be expressed by the series:
L
_'where a, = U(J’-E) ,n=1,

P ¥l
The spectrum of this kind of signal; in the interval - Wy <

. »
1 o . ki {1 — n7)
== e

w i —~ne

: - = o Im:;:«

3 1 ¢
Siw)s V ® xunl .
top 4

We will take as the initial signal to be converted for transmission in a single-

- amahed as follows:

) band system a signal with a limited spectrum occupying the frequency band from zero
%o “se The signal transmitted into the line in the single-band system we will con-

aider as being obtained due to a displace-

T P

ment of the initial signal spectrum aleng
the frequency scale by a magnitude @

(Fig.4). The energy of this signal exists
e Q

w - only in the frequency band frmnﬂto;-n—,
c

which permits giving it the name "signal

b 26 et

Fi-,l;-h
with band spectru™. Together with the

dea of a signal with band spectrum, it is convenient to call the signal occupying
' ~3£h9 frequency band. from gerc tow, the "signal with a LF spectrm®.

i
1

.

'ﬁ:% Giving the converted signal and its band spectrum the subseript 2, and utiliz-

52 .

ﬁ'_“‘gmg egs.(11) and (2), we get

oy : ; | . o imm . e e
e : S p ][ '3 Inx = . (12)

::é’% S;(w) === a Ve, :

288 =g 'ﬁwg e - STAT
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0wy
Fi(w)e™ da,

thm, after intogration
cos Qe sin (w8 — ne) — sin Q1 (| —~ cos (et — m-))
t) = E . e

@ :lﬂ(ttw n
e () »2a :
Py

where 20 = w, 18 the width of the signal spectrum;

Wy =09 %25 is the central frequency of the signal apectrum.

Equations (13) and (14) represent, in a different form the breakdewn of the
signal uy(t) with a band spactrum through ordinates a, of the initial signal with
":ﬁ:a IF spectrum®, They indicate the basic possibility of a direct synthesis of a sig-
_'nal with band spectrum in terms of the ordinates of the initial signal with a LF
. _.spectrum, in which no limitations are placed on the spectrum of the initial signal

“because of the zero and adjacent frequencies. v

Appendix
A highly graphic representation for the shift of a specirum is given by intro-
‘ducing the concept of a complsx, or analytical, signal (2, 3, 4), defined in the
‘ tAI'ollowmg manner
b v -
To the complax function F(t) coerresponds, in the plane of complex mmbe-s, the
radius-voctor F(t) (Fig.5), rotating about the origin of -the coordinates at the in-

‘stantanecus velocity
: ; u(l)‘-l“mtl’(l).

(1.2}
In this definition of a canplcx signal, the projection of the vector F(t) onto

breakdown of a signal with a band specirum is discussed in Bibl.8. In it,
,J‘l:p‘niml“\d.thj band apectm,ia .approximated by the sum of two series
5:;%1..cxdiuhl sorve as the coefficients of this same signsl,

101
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Tthe read axts coincides with t.bo real aiml J.‘(t.) since by virtue of eq.(3) we have ’

[y Re (F ()

+

On the basis of eas.(1.2) and (1.3) ﬁe can introducs the concept of the in-

' utantmooua phase and instantanscus r:roqucncy of the real aigml £(t), as magnitudes

which coinelde respectively with ax‘g F(t) and w(t).
The bmd.*.na‘ frequency of the signal will be the modulus

the vsotor F(L)., Thus,
_Hl)"“"(')icvs(ugﬁ(n).

The projection of the vector F(t) onto the imagi-
nary axis
2{f) = tm(F 1)
coincides with a quadrature aignal all of whose spec~

) - tral components are phase-shifted relative to the spectral components of the sig-
o+ _ral F(t) by an angle I . Equation (L.1) permits handling the complex signal F(t)

‘:aa the infinite sum of infinitely small vectors:
: Fu) - "; Sret
"each of which rotates about the origin of the coordinates with constant angular ve-
ocity w. A shift of the spectrum by a magnitude Q corresponds to a change in the
‘rotational velocity of each of the vector terms by 0,
Let us suppose that the signal to be converted fy(t) corresponds to the complex
; 1gral F(t) and the converted signal £,(t) to the complex signal gz(t). Then,
uF A0 e dF . »
If upen disphcemt none of the slmmentary vectors dF(T) changes ita direction

fot rotation, then: . .
l"’. ()= e Fy ). .

. LINA]

‘.ol&.[

Epation (1.4) describes a spectrum ahirt up the fraguency scale by ‘any magni-
tudo (2 > 0), and also down the frequency scale (O} < 0), where 0, in absolute magni-
ttub, does not exceed the lowut troqucncy in the apactnm of the aignal to be con-

vorbod. Th\xn, oq.(l.h) m a fom d:u’remt from the prevlcua i'onmha (5) and (6),

Declassified i
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O e e e bt e e e e R o
Tdescribes the veversible shift process. The pr of spectrum shift is irreversi-

wblomif'thi'rot&'-i@ﬂ‘ direction of the -hnﬁ‘ntmv»vampoxmt parts of the complex sig-

0

&
; --j;ml. changes to the opposite.

1
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LETTERS 0 THE EDITOR

The workers at the Kiev television center have successfully devoted themselves

to increasing the definitien of the television picture at the output of the video
11 transsitter, '
: After carrying out the necessary work in expanding the frequency band of the
%video transmitter, the clarity of the picture in the horiszontal was raised to 600
lincs on the main feeder, this making it entirely possible to realize full quality
;of the image furnished by the studioc equipment. This significantly surpasses the
tecmica.l ratings for the television transmitter used in the Kiev television center.
He ask you to publish in your journal the enclosed letter since, in our opinion,
the results we obtained might be of use to other centers using transmitters of the
- same type (Moscow, Leningrad, stc.).

In Soviet telsvision centers we use two types of video transmitters: one with

mdnlation on the final-stage tube grids (transmitters in the Leningrad, Moscow and

Kiev telsvision centers) and one with modulation in one of the intermediate stages
-(standard telsvision-radio station).
One of the basic demands made of any television transmitter is that it realize
the greatest degree possible the quality factors of the television picture sup-
i,..ziﬁ by the studie smuipment, in particular the sharpmess.
‘ In the circuits of second-type transmitters, this problem is solved with com-
parative ease since here it is possible, by tuning several circuit systems, to ob-

-—«uin a rather wide frequency characteristic for the UHF channel.

; In transmitters of the first typs, which have only one pair of circuits (in the

58t

~ £inal modulat od stagc) the possibmtiu of npendina the pass-band of this stage

5& s

56 -im groat]; limitad, so tha.t the ahar;nou of the tmnudtted picture s ;150 limit.ed
wi et

| m)
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) m terma of factory ratings, this band eqhals about ko5 e, which mekes it possibie

ﬁmmtt h50-470. Mnes in terms of toho herigontal key of the test table Q249.
Navertheless, as the ressarch duorﬁnd below has shown, even in this case the :

| sharpness can be considerably ‘Ancreaséd, | To sol¥e this problem, the Kiev ul«ia;

center decided on a method of mutual c‘apmm,im of the’frequency characteristics
o!‘ the modulating dwg.co and the lochhtod shgo. It was ‘necessary to create sem

' rise in the frequency ehnnchrlatic ‘of the moduhtor a} the upper modulating I,re-

3

e quncim (h=6 mc) in order to couponaat.o the drop in frequency charactefistic of the

' pthﬂatod stage at these same rmqucncioa. The system of two coupled circuits, used

in the tﬁul modulated stage, has a frequency characteristic in the fom of a shal-

--i low resonance curve with very smooth slopes, which permits the use of the above

- .;e.w_!."

A

AG o
A g

Hc began our work on expanding and correcting the frequency characteristic of

tt'o modulation stage in the video tranamitter by measuring the frequmcy chanctor- '

istics of all the modulator stages. 'l'hese
measurements showed that the first two
stages alone narrow t’ho frequency ba;ld »by
more than 1.7 me (ct.'brokon éme in ‘
Fig.l)*. ’
: Tddng into account. t.hat, to transmit
. 600 lines in the hord.lmu.l, we nood s

froqumcy band of the ordor o! 6.3—6.5 nc‘,
‘we first had to correct these two stages.

-t Since we had to conduct all our experiments without interfering with norwal ap;

W—"?mﬂon, we did not recenstiuct the vorkiu oquimt, ut worked on specially de-

e %,M pessurenmnts were made with s {IChKh~1 instrument. The rambers designate

| frequency in megacycles. R

1043R001300170001
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it si@md “first and second staaea vhieh narved ainmltanmaly«w"mmm .eq\iiyinent.
Thay vere constructed basically mmung 1o the circuit diagram of the existing o |
cm.mﬁ and eonmned the same tube, but~ the inductance of the coils of grid axxd ‘
, : phta ‘correction was increased so as to hfoadm tho sdjustment limits. The uss of

thuo stages, despite a large number of axporimantu, permitted no noticeable expan~

!sicn in their pass-band, This was explained by the emall amplification factors of
tho 6P13 tubes used in the first stage. Wo therefore replaced the i‘ive parallel~
connectsd P13 tubes in the first stage by five 6P19 tubes. The amplification of

/ u'vtthis stage rose more than 2.5 times:

S __ [ U5 .. er the Tube 693
"I"“"Mi“{ms,.{. « 5 6re

Spsciﬁcally, the amplification factor at 2 frequency of 6.5 me rose to § when

- nsing £P19 pentodes, instead of 3.5 in the 6P13 tubes.

uw- replacing the tubes we tunod these two stages and checked the amplitude
cha.racteristle of the AC amplifiers (the first four stages of the modulator). Here
-.we found that

1) the amplitude characteristic remained linear within the limits of 6  at

t.ha input of the first stage, ‘which considerably excesded the maximum operating

scope of the 5-volt signal;

2) the pass-band of these two stages expanded by 1.7-1.8 mc (¢f. contimuocus
curve in Fig.1).

The measurements were conducted on the tube grids of the third stage of the

sorrecting the frequency characteristic of the first two stages, we pro-
ceeded to pn'tnl txming of the third stage and to a considerable tuning of the
fourth and fifth stages of the modnlators so as to sxpand their pass-bands and also
tc create & rise in frequencies from /4 to'6.5 me. This tuning was done only by

means of elmts i.n tho eogplox correction cireuits exiating in thc threo abcve ",

stages, withcut nhangi.ng tho circuita o.f the stages thuul-‘cs.

e
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roved for Release 2012/10/31 : CIA-RDP81-01043R001300170001-4



Declassified in Part - Sanitized Copy Approved for Release 2012/10/31 : CIA-RDP81-01043R001300170001-4

The most noticeable influence on the slope of the frequency characteristic, as we
:cugdﬁ.n ¢h=>,5$.m‘.~cui, is produced by i;ho grid inducters; the most advantageous

' (£rom the podnt of view of the entire mdnhtor characteristic) mumber of turns was
selected experimentally. In addition, some improvement in the pass-band wan obmmd
by means of plate inductors.

Obtaining & riu‘of L6 me in frequency represents a rather ccaplicated problem

since extreme care imst be taken in selecting the mumber of turns in the correction
coils of the varicus stages, and accordingly a grea! many measurements mist be pade.
In this case, one or two turns are required.

As a result of all our work we were able to obtain a frequency characteristic

for the entire modulator in the form of the curve shown in Fig.2 as a continuous
i line. Here, for comparison, we also show
the modulator characteristic before tuning.
Our observations wers conducted di-
‘rectly on the tube grids of the modulated
stage. Figure 2 shows that the pass-band

of the modulator was enlarged by 1.7-1.8 mc
.and a considerable rise was realized at

-frequencies QI hi-be3 mece
After correcting the video-control devices to have their amplifiers pass through
ia uniform frequency band up to 6.5 mc, we measured the sharpness of the picture in
‘accordance with the test table (2.9. As cur meagursmants on the main feeder showed,
he sharpness in the vertical and the group definition was equal to 600 lines (with:
‘the same sharmness st the modulator inpat). The remaining quality specifications
&xv:“*did not degenerate at all in this process,
The abevs method for raising the ahu;neu indexes by an artificial rise in the

Mfﬁqamay chlnﬁtiristic of the mhtor in videe—tﬂanamittm with moé.ulation in

e Bt et i st

the ﬁn&l uhgl can obvioun],y be appliod to non standard transmitters as mll beth
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Tthose under construction and those in actdal use.
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Declassified in Part oved for Release 2012/10/31 : CIA-RDP81-01043R001300170001-4



D vy - _ . . i
eclassified in Part - Sanitized Cop ved for Release 2012/10/31 : CIA-RDP81-01043R001300170001-4

H

EXCERPTS FROM FOREIGH JOURNALS

‘l'ho Remler Co. (USA) has put out a m@etic microphone with a built-in nmpli—

| fier. The vibrations of a membrane made of beryllium copper are tranmitted to tho '
; magnetic systom by a stainless stesl pin.: The additionsl amplification Aue to the
1ow outpat volume of the microphone is aceomplished by using @ two-stage amplifier,
worid.ns on semd.conductor triodes, The nﬁcrophmo and amplifier together occupy as
meh space as is required by an ordinary microphone.

The amplifier works under 1imiting conditions so as 1o ensure constant volume

for different distances between the speakar and microphone, Tha new microphone has
the same output resistance and volume as the ordinary carbon microphone, so that it
" can be substituted for the latier. The amplifier is enclosed in a plastic casing

impermeable to air and water.

Technical specifications of md re,.=o§g and amplifier:
Output voltage: 0,778 v eff.
for 100 bar.

Input resistance: 150 ohms
Feed voltage: 27.5 volts
Frequency response: % 4 db in the frequency band 500-6000 cps,
below 500 cps blocking of 6 db. k
 Ambient temperature: +50°C ms.::imm

A drop in feed volitage from 7.5 v

drapbyZdh.

The above spocifications are valid for a tempsrature range from -850 to +5Q°C,
o relative Mumidity of 95-100% and at altitudes up 015,000 e —oom
Ao The-miovophone 18 not .sensitive to periodic jarring or. to. dropping.

-109. STAT
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In the USA, the 'ﬁ%ﬁﬁh&ﬁ&'i&"‘ﬁi In aviation for aircto-ground
MM and_operates relisbly for & long period of time.

i 1A Silicon Rectifier
The laboratories of the Bell 'I‘elophcm Co, (USA) have developed a silicon recti-

ﬁ.or the sise of a pea, whish can be uaad for feeding telephone stations with recti-
: fied current. According Lo company representatives, the rectifier is superior to all
) previous dry rectifiers, has an almost limitless service time, and can work for a

" long time at high efficiency under temperatures as high as +200°C.

Two such rectifiers, provided with special casings to imprsve the heat dissipa-

tion, yleld rectified current up to 20 amp at a voltage of 100 v, i.e., a power

of 2 kw. The total heat losses equal 20 w.
To produce these rectifiers, almost pure silicon (less than one atom of impuri-
ties per billion atoms of silicon) is required. After purifying the silicon it is
" mixed with small, accurately controlled amounts of additives by treating the s:.licon
) fwith vapors at high temperature. As a result, silicon with conductivity of the p-n
o1 type is obtained, used also in producing semiconductor tricdes.

The cost of the silicon is very high, but only small awmts are needed. The

épo&—aiso rectifier has a strip of silicon 2.5 mm long and 0.127 rm thick.

For electronic computers small rectifiers are produced by this firm. Vhere
zhigh-pmmr rectified current is nesded, the dimensions of the silicon strip and the
- thickness of the lead-outs are increased.
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HBH BOOKS

Mo a\gmoqmg and Electronics, thelr Technical Application. Edited by A,I.Berg -

and T.3.Dshigit. Isd. AN 8338, 1956, 128 ‘pages, 25,000 copies, 1 rub‘.be, 90 kopeks.,
This pamphlet prepared for the 20th Congroas of the CPSU under the general

X} supervision and with the direct cooperatien of several members of the Radio Soviet

‘j\mdor the presidium of the AR S3SR, gives a popular deseription of radio engineering

and elsctronics and of the application of their methods in radio electronics, radio

communications, radio broadcasting, radar and radio navigation, and of the use of

" radio elsctronics in science, technology, and industry.

'Radio Relay Communications 1ines. Collection of articles, edited by V.A.Smirnov.

I:d. Inostrannoi Literatury, 1956, 58. pages, 25 T, 85 k. bound.

This collection gives translations of 27 articles published in foreign journals
and dealing with theoretical problems and methods in the calculation of radio relay
“1ines, practical problems in planning lines and equipment, including a description of

‘the TD-2 system for transmitting six broad-band trunks in one direction.

“A.D.Fox, S.E.Miller, and M.T.Weiss. Properties of Ferrites and their Use in the
UH? Ka.nge. Translation from English by 1.G.Lomize. Edited by R.G.Mirimancva. Izd.
chyetakoyo Radio®, 1956, 99 pages, k r. 10 k.

The pamphlet discusses the passage of electromagnetic waves through gyroma@etic

. Jndi‘ in the presence of & longitudinal or transverse external megnetic field; it

ﬂ‘handlos problems involved in creating wave-guide systems with valve properties and
—dudrﬂn; s gyrator, isclater amd sirouinter realized by means of rotating a polm-

—-sation plane and by means of other affocts inherent to ferrites.

G.30ul and L.Walker, Wave-Guide Propagation of Electromagnetic Waves in (:grrot;x-op:u~

Madia Tmahtion}m a:gliuh by L G.Imige, Y.A.Monosov and V. E.Koatylm

STAT
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wf Bdited hy R.G.lunwov. T Inoatrume& Iiterstury, 1955, 189 pages, 7 T 3

e THiA mOnOETAph. discusses & cylindrim wave-guide with total packing, snd also !

,f.mmrac magnatisation, irreversible spix-m and the application of methods gm
'the theory of perturbations to the study 6: some supplementary problems.

.

S.Shehelkunov and G.Frins. Antennas, Theory and Practice. Translation from English,

Tzd. "Sovyetskoye Radio®, 1955, 604 pages, 28 r. 35 ke
‘ bound,
The bock discusses subjects in the theory, caleulation, and design both of ra-

‘dio broadcasting and comminications antemnss, as well as antenna arrays in the centi~

“:G.P Shkurin., Handbook of Electric and Radic Measuring Instruments. 2nd Edition,
revised and enlarged. Voyeniszdat, 1955, 12 pages, 19 r. 15k. bound.
The first part of the handbook describes 192 different types of electric meas-
_'uring instruments. The second part describes LO types of radio measuring instru-
ments. In describing the instruments, the author gives brief information on the

purpose, field of use, specifications, and construction of the instrument, and also

vindicam under what GOST or technical conditions it was produced. For radio meas-
uring instruments, the basic diagrams end specifications of the units in the diz-
n—«graa are given.
= Appendices to the book give a price list grouping the instruments accord.’mg to
their type and purposes. Their measuring limits and degree of accuracy are indi- :
cated.
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ACEPTANCE FOR: GRADUATE YORK

- The Central Scientific iloagmh Inmtn.ute of Commnications of the Minist

4 | USSR (TsNIIS) anncunces openings for gra‘dnn‘oe work for 1956 in the following apeoia_-
ties:

Long-distance cormmnications,

Telegraph commmications.

Linear-cable ccmmunications equipment.

Comminications economics.
Eligible for graduate work scholarships are perscns with higher degrees, maxi-
‘mum age 4O years, having industrial expsrience of no less than three years in the
particul&r specialty.
The application for graduate study must be accompanied by
a) a notarized copy of diploma (2 copies)
b) list of previous employment (2 cépiea)
biographical sketch (2 gopies)

document on military status (1 copy)

political and work record from last place of employment (2 copies)
héﬁlﬁh‘cenﬁlcatbe (1 copy)
1ist of scientific works and inventions (& copies)
paper on.scme theme in the selected specialty (1 copy)
two small photographs.
Applications will be accepted until August 15.
Entrance tests at the level of higher achools on Marxism-leninism, on a disci-:
pline from the chosen specislty and en me foreizn language will be given from
—~i0ctober 1 to 20, \

. Pepscns-accepted for the entrance. tutu will be given one month leave. with pny

rom-their. place -of. exploynent to propuo i for the tests in accordance with .article. 13
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of the "amug-- ‘for Graduste Stucb" ratiricd by the Soviet of Hinisters USSH,

4 of tht en f
"’m;m No.h655, dated 11/17/50, The dooy pent, authorizing sbsence from work is the

| mstitute’s admission paper to the mtranco examinationa,
| pted for gmdnate study ;ttar thu “eminations are freed from et~

" Persons a
| ployment under paragraph i of the '"St.atnteu for Craduate Study® and are bound to

' appear at the Institute by the “nagmnmg of the academic term. The credentials for
peraazs aaeap‘;.ad for graduate work is the notice qent by

" relsass from employment for

the Institute. Single, cut-of-town studetits are guaranteed dormitory quarters.
Applications and requesis for information should be addressed to:
Moskva, E-A3, Purvaya Parkovaya ul., 7/a, TSHIIS, tel., E 5-30-55; E 5-00-11,

ob. 2-13.
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