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Ol RADIO DAY

Next Redio Day, our country may mark a nunber of substantial achieveaenta in tho

" field of progress in domestic radio engineer:l.ng and its most diverse applications. ’
The further broadening of the radio-frequency ranges which can be made accessi-.

T..ble and useful and the simultaneous striving for a more efficient utilization of the-:
ranges alreedy accessible remain the main trends of modern radio development. This

t
v

". is due to tbe fact that the demand for radio channels of various purposes is increas-
- ing at a sharply rising rate. A very short time ago, it seemed that the capacity ofi
- radio waves in the centimeter range was inexhaustible. However, in practice, it was

found that various services must already compete for their place in the air and in
. !
. the centimeoter range of wavelengths. !
l H
- Presently, radar, radio-relay communication links , sound. and television broad-

casting on ultrashort waves are predominant among the domains of radio engineering. |
A short survey cannot throw sufficient light upon all the achievements and all the |

Sl most important trends of these damains; therofore let us consider the nain ones only.
-
50 Television is developing quit.e intensivoly in our country. To date, the mxmbor‘

L

of television oroao.cast-lng centers has grown to 24; moreover, a considerable number l
| |
;¢ . of them are in the bu.'ildlng stage. At pre}sent s throughout the RSFSR alpne, 28 telo-

h'vision broadcasting centers and eight relay television stations are being built.
I
- Little more than one year has elapsed since the Twentieth Cengress cf the Communist

l
)
i
|
5
i

4 { - Party of the Soviet Union (CPSU) decided to bring the number of television broad-

-—-

¢ casting centers in the Soviet Union to not less than 75 by the end of the sixth

exceptional interest in television and of the local agencies' energetic efforts, tho
Twentieth Congress” assignment will be overfﬂled. The number of television sets is

'groulng at a correspondingly rapid rate, 'At the end of 1956, a total of 1,350, 000
'television sets were registered, whereas there were only 60,000 television sets :Ln
STAT
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1951, Tho industry is turning out many new types of television sets with rectangu- -
; 0
lar picture tubes of large size. b

The new types of television sects are continuously being improved with respect
to their parameters. Thus, by the use of ;new tubes and better circuits, the video
channel sensitivity of the television receiver has been increased to 200p v as com-
pared to the previous 500 and 1000uv. A ‘substantial improvement in the new tele- |

" vision sets wes the introduction of automatic amplification control and of automaticf
focusing; this simplifies the operation or the receiver and decreases the number of !
tuning elements., New, even better types of television sets are being developed and
lput into use. , N

In 1956, a notable step forward was n:a.de as far as the develo}'xnent of a color

“f television system is concerned. After a long technical discussion, the field sequen—

PR - A~
_ tial version was rejected; the dot sequenc{e system compatible with black-white tqi_l.e-‘

" vision was approved for final development. Laboratory installations of such a 8ys-

1
" tem were publicly demonstrated in Moscow and Leningrad. The task of the scientific
”"”__'"conectives which are working in this interesting field is to make color television !

V

. a.Vailable to the working masses at large, as soon as possible.

¥While noting the undoubted achievanents in the field of television » the fact
-—must be stressed at the seme time that a 1a.rge number of technical problems associ-
L i

ated with the further develemment of television broadcasting are still being solved ,

R

The designing of radio transmitters and television sets operating in this range'_

'must be coupleted and their production in ‘a.dequata numbers organized as soon as pos-!

ﬁ.ve existing channels. : ’

‘ ‘I'he situation is much worse as to carrymg out the Instruction of fhe V'bf;nt;{eth

STAT:
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‘ casting stations was disrupted in 1956 due to the feult of the radio-engineering in-l

dustry. The development of new types of equipment with tetrodes has been delayed ™ “'.
considerably. The situation as far as tht; creation of a receiving ultrashort-wave
FM network is concerned is particularly ba.d. So far, a negligible number of radio

" receivers which can operate in the ultrashort-wave renge have been produced. The ,

"ultrashort-wave broadcasting range is also ebsent in most of the television sets pro:-

" duced. The solution of this design problem cannot be considered successful even in l

~ television sets which are equipped with the above-indicated range. '

i _ .Apparently, a ngmber of workers of tﬁe industry still leck an understanding of

N the role and of the prospects of ultrashort—wave broadcasting. Actually, however,

- an analysis of the trends in development of modern broadcasting engineering quite

definitely shows that, simultaneously with the broadest possible development of tel-
T evision in the course of the next 10 - 15 yea.rs , ultrashort-wave FM broadcasting l
I l

_ must gradually become the basic means of sound broadcasting. Accordingly, all plan-i
2_ | i

_ ning for radio broadcasting development must be based on the prospects of erecting a

P
7

2
<

- network of radio stations combining television broa.dcasting centers and ultrashort- '

" wave M transmitters, at first for two, and later for 4 - 5, sound channels. There-~ :

e~
‘_u‘—.

- fore , the recent practice of designing and constructing television broadcasting cen— i
ters without simultaneous installation of ultrashort-wave FM transmitters for sound

broa.dcasting should be considered incorrect ;
|
From the above considerations, it naturaa.ly follows that all new types of telc-

- vision sets must definitely be provided with the ultrashort-wave FH range. The ,

. {fastest posaible development of the most rational designs of band switches and of x
-‘tuning controls is the most urgent task of the designers.

Certain achievements in the field of radio-relay communications development in-

l'L'.ho past year may be noted. Several radio-relay links are already built and addi-

STAT
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tional oncs ‘are being built at the present time on the basis of the syﬂten introduced
r by the Sciontific Research Institute (SRI) of the Ministry of Cemmunications. Bya.zan'
¢! and Stelinogorsk are now receiving Moscow tclevision programs by neans of ra.dio—relav
L links; " The Institute completed the development of the new, completely modern radio- l

.
relay communication system R-60, and one qf the large-scale plants has begun organiz-

I

T ing the production of this system which will play an important role in carrying out !
o the instruction of the Twentieth Party Congress. The task of the designers and of

: the engineers is to ensure a proper development of the work undertaken to build a
15 !

~ number of radio-relay links based on the new system.
1.}
on_ |

N siderable work in developing a more powerful radio-relay cozmunication system de-

e

.

A\

The collectives of the SRI of the lh.nistry of Communications b.a.ve also done con-

sig,ned so that every band be multiplexed wlth 24,0 telephone channels or one televi-

o
L e

_ sion channel. Laboratory models of such a system were tested successfully in exper-:

R |
x:lments and, once its production will have been organized, this system must become th!c
a ,mbasic type of equipment for main radio—relay communication systems. The honor—bouhdg
30:_—'duty of the collectives of the plant and of the SRI is to complete the work under—- i
éz:—l:baken in organizing the production of such an important system as soon as possible.
The vacuum-tube industry has an impor‘tant role in the large-scale introduction ;
w, of radio-relay communications. A ra.dio-rélay system includes a number of new types !'
g 'of radio tubes. The qualitative indexes of some of them are technically not sa.tis—'!
_ iI‘act’.ory. The insufficient 1life of these tubes is part:.cula.rly a subject of a.la.m, !l
,—_~:the guara.ntee is 500 hours, whereas correspomhng radio tubes of foreign firms oper—
' at.e from 5000 - 10,000 hours. The rapid failure of the radio tubes may be the bagici
_ .cause of communication failures and may increase the operating costs considerably. ;

The creation of a modern radio-relay links requires the creative efforts of

w:";many collectives. The multiplexing unit is a rather important part of the total sys-
. . ‘ ;

Yy em. The fect that the same methods of multiplexing of channels sre used in radio- ‘

- ira].:s;;y' links and in ‘cable communication ‘lines is characteristic of modern communica- 5

e mmne m m e mm e Amar ——— o n e v
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~ tions technique. Tﬁe -stanﬁird spécificaﬁioné for the cozmunication ~channoels are the “

DV -

-~ same in both ceses. Thus, the develop:nent of radio cmvunications_is_igpppggggyle ;
i

b oo

6 frcm the general development of 0130’“'1081 communications. The past year has brought,
' - ;nnumber of substantial achievements with respect to the improvement ‘of multiple:d.ng
_(‘ hnlsystems; this will help in a larger measurse the creation of modern multichannel radic-
B m;relay systems. Let us mention here the develo;ment of the new 12-channel system i

_'V].2—2 and the completion of the develo;ment of the 60-channel system K-60 for multi—i

: - pleﬁ.ng of cable lines as well as of radio-relay links. The creation of a simpliried
60-channel multiplexing system of small size, KRR-30/60, suitable for short cable
1ines as woll as radio-relay 1links of the type R-60 is a great success. Finally,

- the equipzment of the experimental section of the coaxial czble with a 900—channel

’ _Jmultiplexing system is very importcnt. On the basis of the experiments carried. out

) - with this system, the final models of the multlplexin.g system for coaxial cables and
for powerful radio-relay links will be built.

The entire above-described complicated pattern is a result of the creative co-

) . ‘operation of the workers of the radlo—engmeering industry and of the Ministry of

3::_jCcnnma.micat'.ions and is an importent step toward ‘elimination of the lag in the field

A

- of modern electrical communications engineeringe. However, in order to capitalize on

- these achievenents, the production of the necessary mumber of the indicated models

-.'of modern communication engineermg must be ensured. We insistently request the

O .

-- Minister of the radio engineering industry, V.D.Kalmykov, that he ensure the produc-
_

-- tion of all above-mentioned types of systems and give special considera.tion to the -

- question of the qualitative indexes and of the lives of radio tubes. We also invite

the workers of the vacuum-tube industry to coae forwa.rd on the pages of our magazino

and to report on the reason for our 1a.gg1ng behind the world standards in this im- !

i

"' portant field. g

We have already ncted the close correlation of modern radio communications with

o T v e e ot A e o e o= St

the general electric communications system. Such a coordination ‘becomes more “and

STAT é
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’ ..“_156;:3~ necessery as far as'b:oa,dcasiiné'ié éo—z).Eo}ziEd: " In order that the _'@i‘a_ifg’ﬁﬁié‘ioﬁ; k
- of prograns to the meny bro._.dcast:mg stations and to the radio _rebrozdcasting an and 1 re-
t ceiv.i.ng stations be of high quality, the nstwork of intercity brosdcasting chennels I
’ nust ‘be brozdened in every way, by means of cables and radio-relay 1inka. " For this ™ l

- T_'purpose, a special unit is being built which combines three standa.rd telephone chan-'

. “nels into a wide broadcasting chamnel. Such channels, in particular, must by all

i

. means be made aveilable when wltrashort-wave Fif- broadcasting stations are built.

The resolutions of the Twentieth Congreos of the CP specify also the building

1!
__of a network of main lines for cxchanging tolovision programs between the largest

telenslon centers. Radio-reley links are the basic technical means of solving this

_ problea. In the course of the sixth Five-Iear Plan, such long-distance links as Len-

hY

- ——

i_ngrc.d. Tallin - Riga - Vilnyus - Minsk; lEoscow - Kharkov - Dnepropetrovsk - Si.mferT
2' . - - -

opol, ¥oscow - Kazan - Sverdlovsk; and a number of othors will be built. Ha;v' §hoxjt5

disbance radio-reley links will be built to increase the effective range of a nurber;

_ of television centers. ) ‘|

. .
Tuenty years ago, Prof. P.V.Shmekov had alreedy proposed to extgnd the effec-

)
tivc range of television centers by means of aircraft relayinge. Unfortunately, no

- practical steps toward realizing this proposrbion have been teken to date. This
BC-_qurren‘b year, the collsectives of the Leningrad and of the Odessa electric communica= .
tions enginsering institutes have vigorously undertaken the realisation of this in-
‘beres‘bin,, proposition. Lot us hope that their work will be completely successful. '

A new trend in the devclopent of radio cozrunications has been to utilize the

tropocpheric scattering of vltrashort-waves in order to build radio-relay links in

r;h:l.ch the distance between intermediate stations would be more than 200 km. Such
|
_pedio-relay linksmay be very efficient for cozmunications over sparsely populated

- l
—:and difficultly accessible regions. Presently, experimental links which ut:llizo

i
{
3

tropospheLic s attering are being erected. This type of work must be boostod by all

]
“a
!
l

nm’.
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’ '._"_" One is forced to adnit thet the develop;n.ent of resezrch in'the “field of iono= ¥

. spheric scattering of ultrashort-waves is mediocre, and it is hoped that by next
]

. yoar's Raedio Day our scientific organizations uill have achieved more substantial ro—l

- ———— .._..A...-A...’.A...- -

sults. . . i

Meny data on long-distance television reception have shown how insufficiently

) the laws of propagation of radio waves ha.ve been investigated so far. In connection!
i

o

. B with this, the organization of the International Geophysical Year beginning in July
"~ 1957 may be welccmed. The thorough investigation of the magnetic and other proper- E
li? ties of the earth and of the atmosphere surrounch.ng it and their interaction with th'o
. _ sun and the adjoining cosmos will no doubt provide meny valuable data for the turther
)\ _investigation of radio facilities. E _ ;
e Soviet specialists of all branches of radio may boast of new and remarkable %
i

" achievements in the field of technical progress on Radio Day 1957. At the same time,

_ 4t must be stated that the rate and scale of the development of certain important

o
£ -—

branches of radio engineering and of electric communications lag behind the general |
20 j

) ra.te of development of the basic branches of the national economy of the Soviet
K
. Union. The further considerable expansion of the radio-engineering industry and of !

34
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_ its scientific and engineering basis is a prime requisite. :
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THE MOST EFFICIENT USE OF CODING SYSTEMS

i
i

by__

V.I.S:;.rorov
| -
The properties of coding systems, which operate under conditions of inter-
ference and various statistical properties' of the transmitted letters, are con-
sidered. A general expression is do;'ived , for the probability that one lotter .

of the telegrem will be distorted. It is proved that, for given probabilities

. }
of the distortion of letters and for;a given rate of transmitting messages,

|
thera exists a most efficient set of statistical properties of the létters. -
Quantitative relationships which chafacterize the various performances of the

coding system are derived and they are 'subjected to a comparative evaluation.

[

i . |
Introduction !

{

Lately, new trends in the theory of coding have emerged. They are reflected in
: ! T
52 _'part in the papers precented at the Second Symposium on Information Theory at Can-

s bridge {U.S.A,) in September 1956, in which Soviet scientists took part.

4 ’—_E The papers read by member of the acade:ay A.N.Kolmogorov on the theory of the !

[

- transmlssion of continuous messages, of the American scientist C.Shannon on the

=)

traffic capacity of a co:zmunication channel with noise at zero error; by D.Huffman i
_
. (U S.A.) on the linear circuit theory of error - correcting code systems; by V.I. oi-

forov on the theory of coding systems with enall errors, and by other authors were ~

i

:

- devoted to these new trends.

In our work, an attempt was made to determine the total combination of parame-

o~

i'J

_'ters which reflect the basic properties of coding systems related to the class of -

|
!

L_l

binary coding systems.

The present article gives an account of the results of the invesuigations car-

ried out by the author, which were devoted to the most efficient utilization of .
STAT .
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coding syste:ns, i.e., to a utilization which vould encure obte.ming the best possibl

_- characteristics of the signal trana:itting system under conditions of interference ,”:

i
!
l

4

when the sclected code is used. i
i

€ e e e e

- Probebility of the Distortion of the Tranénitted Message

Let us assume that the letters a,;, 32’ 83,.00,8y are transmitted through a sys-!
. tem vhich transmits discrete messages. When the binary coding system is used, oach

) or these letters is a code combination which consists of several elements; each com=—

e e e e e s aae - 4 e rea v— o

bination boing able to assume only two possible meanings.
Vhen the transmission system is subject to interference, the letters being tra.n-

i
emitted will be distorted. For instence, Iwh:ile the letter a; is fed to the input of}

H . 1
i ! ]
. . the system, the letter ag may appear at the output of the system. :

Let us denote the probability of distortion of the letters 25 255 &3 secey ‘l
o by ¥15 Yo y3 seees Ty respoctively. This probability, under given conditions of

" interference in the channel transmitting the messages, apparently is dependent upon

‘_“ the coding szystem selected. l -
Let P;» P X p3 ygeeey pH be the probabilities of the e.ppearance, at tho input of

5. the transmission system, of the letters ole respectively.
; ’ s 35 33: ' 8

5o In accordance with this notation, thc probability that the letter a, will ap-

t
:pear at the jnput of the systems will be equal to Pys and the conditional probabil-'
] :

ity that this letter, having appeared at the input, will undergo distortion will be.:.
__(
45 . yie It follows, from the multiplication theorem of probability, that the probabil-:

/ /—; ity of the letter ay appearing at the input and that this letter will undergo dis-
, i

R

/7 tortion is equal to PiYye i
Since any of the letters 8, 8, 3 seee, & My appear at the input of the sys-
- tem then, in accordance with the addition theorem of probability, the probabil- g
s ] >

:ity y of the distortion of any of the letters being transmitted through the system
~ (.‘l H

nay be reprasented as a sum of the prcducts piyi at all possible values of I from l‘

6 to N, i.e., e B —
STAT-
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"Let the message transmitted or "telegram“ consist of M letters. The probability
e e

- h
. ¢ an undistorted transmission of each of these letters is equal to 1-y, and the
.0

. ) I
W bability of an undi storted transmission of the entire telegram, in accordance wit
_ pro

i
19
LY

Athe mltiplication theorem of probability, will be equal to (l-y)u.
| i t to
The probability Y¢ that the telegram being trensmitted will be subjec any

kind of distortion will be ‘

I .- - -

pr=1—( =

A l
yr _'My

(M —1) (M—2
M(M—I)y2+M(M 1?( ){’

Equation (3) shows that when the probability of distortion of each letter is ;
| tirety is
B tortion of the telegram in its en
. sufficiently small, the probability of dis! 0 .
aopro:dmately proportional to the number of letters it contains. :
_ ionshi
From eq (3) it also follows that the que.ntity T detemibed by the relatio p

“(1) is the probability of distortion of the telegram with respect to one letter.
-  J

!
i

o The Most Efficient Statistical Properties of the Message Source

The statistical properties of the message sources are characterized first of . .
: E e of
B all by the total combination of the probabilities Py» Paseees Py of appearanc

the information theory (Bibl.2) that
thO 131’:1’-01‘3 al, az,ooo, auo’ It is knownt from

th number of messages referred to one letter which enter the systen (entropy)
- the

1

_10
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38

2

I I

i
" dance with eq.(l), and consequently also upon the entropy H.

pi log2 p('

k - P Do ——— e = -::
— . ' . - . PR - . ;

: t to onee
o are small, the number of messages transmitted through the system with respec \
- 3

i

letter will be approximately expressed by eq.(b,) _ t
i ec
The probability ¥ tha.t the tra.nsmitted telegram will be distorted, with respecty

} .o in accor-
1o ome letter depends on the proba.bilities ¥ys Tpscees e Pl.’ Ppseees Py !

to the se- '
For given values of the probabilities Yys Tpreees Yy corresponding

t Ui].l
2. 'yected cod systen, and for a given va.lue of the entropy H, the probability ¥
ec ing

tatistical prop-
- evidently depend on the magnitudes of Py, p2,... s Py i.e., on the s

l
p] p oo l
er

torted is mini--
2 the specific probability ¥ that the telegram transmitted will be disto
- te of message
" mized. In other words, for every coding system and for a given ra

an 4

ssa\o b ]

th
In order to discover this most efficient set of statistical properties of 'c

ua.tio
rbed with respect to this set of properties, let us turn te the system of eq ,

1
‘ — —
. B

N
)’=2P;J’¢.
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Here, the first expression coincides with eq.(1), the second follows from |
) eq. (4), and the third expresses the fact- that any ono or the N possible lettors al-
ways appears at the input of the considered coding system. '
In the system of equations (5) vy = cpnst‘, H = const; py = Var, and y = vare
Tn accordance with the method of dete;'minjng relative maxima end minima, known

"7 from mathematics (Bibl.3), let us consider the function

e e OR

_ where )\1 and A, are certain unknown quantities.

If the partial derivatives of the function & with respect to all the variables

jpi, are equated to zero, while the qua.ntities py are considered jndependent and )\1

and A, constant, we will obtain !

y,+7.,unp,+1)+z 0(1——12 . N)- ' (6)

This relaticnship together with the second end third expressions in the sys-—

30— tem (5)’ will form a system of N+ 2 equa.tions in N + 2 unknowns Pp> pz,..., Py )\1 ‘
3‘2 and )‘2. The quantities Py, Pyseees Py obtained as a result of solving this system

M:, tcﬂrresnond to the most efficient set of sta.tistical properties of the message sourcei,
35,__which will ensure a minimum specific PrObabilitY of the telegram being distorted. |

o
1f each of egs.(6) is solved for pi, we obtain

40_

42: ' l . (x+ —) _u

X i
/.‘/'. | — — - = == .- - !

/( If the quantities py at all values of 1 from 1 to N are summed up, and the

-'third expression of the system (5) is taken into consideration, we obtain

i
!

- e e e e —

__‘(H__E. N N
" .y
e =1
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Qo e o mran e e ..

—

|

.4t we assume that

¢ ':“.then

A
!
|
!
\

|
e

(

!
i

rom eqs.(5), a definite en=
~ties py» P seves Py and, consequently, as 1t follows from eq ,
- 1’ 72

l N - Epilnp‘ l

l-l . t
1

to
distorted with respect
" 7—,nd a definite minimum probability of the telegran being

6

}
one letter | ]

Imin = Yy PV

i=1

; ..
correspond to each and every value of the parameter

yl

- nt the re- -
’ Yy» the functions H(z) and ¥, (z) can be found and, consegque 1y, t
L st"-s N’ mjn

d termined- we w.L]J. call this relationship the character-"| 5
lationship Y min(H) can be de ;

-

i c systen
Figure 1 shows the characteristic of optimum utilization of the oding

f

4 i s it - - -
s smoothly from 5x10"™ ‘* to IO ®. o
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(VS
Assuming that z = O in egs.(8), (9) and (10), we obtain

1
P=N
H=log3N
1 ‘N
Vi ='1\72y
' i=1
i
p;—0 for i+£k
H—0
ym{n—'yt

1
H

2 | W ' -
__ vihere ¥ is the lowest probability of all the differing probabilities Yy Toseces

Tyo

The expressions (11} and (12) char-

acterize the extreme opefating cox.xdi‘l::i.cms|

of utilization of the coding system.

From these expressions, it follows that,

as the entropy H decreases from its high-

"est value H = log,N to zero, its mini—l

mum probability of telegram distortion

“_—:Qf the probability yy of all the letters being distorted to the minimum values of

!

1 |
decreases from the arithmetic mean value ;
|

a

l

-.all these probabilities.
i

'
¥
-

Transmission of a Given Number of Messages with Minimum Probability of Distortion

One of the basic parameters of the coding system is the relative probability of

a decoding error (a) by which we mean the ratio of the probebility of telegram dis- ‘.

tortion with respect to one letter (¥), to the number of messages contained in this .

@

i

itelegram, also with respect to one letter [¢:0 i T Iy —

STAT
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" The rclative probzbility of a decodina error o is thus the probebility of orror

’ during transmission of one message unit. Since the quantity y has the dimension

R S binary unit,
- Tottor’ arnd the entropy H the dimension ~Jetter the quantity «¢ has the dimen

" e 1
sion ————-————-binary e’ i.e., is expressed in reciprocal ‘binary units,

If the telegram transmitted contains I{ letters, then the probability of its dis-

1

tortion, in accordance with eq.(3), will be Yp = My, and the number of messages whieh

) . it contains D will be ;

) D—me T o (14)

If this is taken into consideratiom, eq.(13) may be written as

s e
_ Lo Yy=Da. (15)

2'2_ !

) ' The lower the relative probability «, the lower will ’Be the probability of te’jL-
n.- ‘— egran distortion Yp for a given number D of messages which it contains, If the
. _‘probability y is considered to be given, which corresponds to securing a definite
ZL—_— degree of reliability of an error-free telegram transnission, then the decrease in
JOT the parameter ¢ permits an increase in the quantity D. In other words, the operat-
$ztmg conditions of the coding system, which corresponds to low values of the parameb-
il"mler ¢, secures a large number of messages contained in the telegram (D) for a given
Otm degree of reliability of an error-free transmission.
36—
i

L0

For a given probability ¥1» yz,... » yn of the transmitted letters being distort

. .,ed, the relative probability a will be a function of the quantities Pys Pyseses Py
Lz

—_and H. For H = const, in accordance with eq.(13), the parameter a will have its
L

[t

.10H63t value at Yy = ymin, i.‘.,

. a_. i
; : . |

(26)

is expressed by eq. (10) and is a function cf the entropy H.

As the entropy H decreases from its ma.ximum value H to zero, the specific prob-

: ability ymin’ as shown in the previous Seetion, also decreases from the arithmetic -

STAT |
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.
. mean ‘value of the probabilities ¥y yz,..., yx to the lowest of these probab:ilities. g

\ . Then, the parameter & ;. decreases at i‘irst, reaches its minirum possible value

"‘min mins

i
|
then increases again, and, as H - 0, finally tends toward infinity. |
! i

-a " Ths operating conditions of a ‘coding system for which the relative probability - i
S !
i

!

e (17)

d
i
10—-'
!

(. is a condition which ensures transmission of the largest possible number of messages’
m..contained in the telegram, for a given probability of the latter being distorted.
-.'This operating condition also gives the lolwest possible probability of the telegram

! bcing distorted, for a given number of messa.ges contained in the telegram.

n__‘ The quantities y .. and H entering the formula for a (16) are functions of |

¢ the pareneter z. The value of this parameter vhich correspon:ls to the optimum per-
fomance at which the relative probability « attains its minirum possible value

a min min? is determined from the equation

l

=—=0.
z

R i

P da

;- If eq.(16) is taken into consideration, this equation may be expressed in the form

i

; ymmH__ d” 0 . ; (18)

—— e — N

i dzymm

7 l
1]

If eqs.(9) and (10) are differentiated with respect to z, and if eq.(8) is tak-

" ‘en into consideration while assuming

l
i
%
l

S

I
b=

e |
.

-
]
[

T
4=

-
1

a
Pl
b=

1 .
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dy min__ B3— AC
dz At

dH___ =z Bs— AC
dz in2 A' )

If these expressions ars substituted in eq.(l8), we will have

--__.L# e -

A (B2— AC)InA=0 |

l
;
or, since in the case considered i

o T A0 }

f ® 8
If the root of this transcendental equation is denoted by zZ, and if eqs.(8),

|
— into consideration, we have
;'__!(9), (10), (16), (19), and (20) are taken ‘ n , we will

- ————

| p=e%

N .
J— —Y 5
Yeain— Zy 1e

i=1

; ym;n\zﬁ
H= In2

_la2
minmin z.

/

I U —

By means of eqs.(21) and (22), all the basic quantitles which characterize the .

3*l;he optimum utilization of the coding syst can be determined; this optinmum per-

if.orm.mce secires the largest possible number of messages which the telegram may con-
i

" Ttain, for a given probability of it being distorted.

f'b__x e o e e e

"

1
A7
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" 'Roferring to the exemple given :i.n'th'o preceding Seéction, let us assume y3 =
Y, = hxlO""‘, and yy = 10~%. Applying eqs.(?.l) and (22), we will obtain for the op-

timum performance: zg = 3500; py = 0.03; p2 = 0.25; Py - 0.72; Yp3," 2.03X107%;

H = 1; Gyyp pin = 2:03407%.

Cmoarison of the Various Operating Conditions of a Coding System

Tnin
Figure 2 shows the dependence of the rela.tive probability am " upon the

!

)
i
entropy H for various numerical values of the probabilities ¥y, ¥j, and y3 which cor-

B respond to the example given above,

Point A on the curve in Fig.2 cqrresponds to the highest possible rate of mes-

[

e T T T ; sage transmission or to the highest en-

! tropy H (operating condition A). Here,
{

" all the probabilities Pys Ppseses Py are ;

A "' equal, i.e., the letters are transmitted |
[ .
with equal frequency. Using this opera.‘b-'

t

* ing condition, secures the transmission

{

(

l

; 5 i

0z & O 1 TH of the largest possible number of messages

through the coding system in a given per—

I
Fig.2 I |
iod of time. 1

Point B on the curve in Fig.2 corresponds to the performance which provides tor

|
7 _‘the largest possible number of messages conta.ined in each telegram for a given prob-
i |
ability of it being distorted (operating -
Table of the Basic Parameters of a : . o . .
® . condition B). Using this’ operating con-

Coding System I
dition, secures the lowest possible prob—

 rain « = Zmin, ability of each telegram being distorted
- ‘

5.10-4 3,16-10~4 ror a given number of messages that it
2,03-10-¢

contains . Thus, class B operation is the

: operation which provides for the highest

— ipossible quality of transmission of each telegram. __ e " o
STAT

8

1
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: " ~"The Table gives the basic paremeters’ of a coding systen for class A'and B opor-‘
) ._lation, applicable to the numerical values of the probabilities .
a.nd y3 = 107%, ‘ ‘
. 1 - this Table indicates that, as the opera.tion changes from class A t6°B, the 'num-i-““
‘ .ber of messages transmitted during the period of time allowed for all the telegrams i

""" to be transmitted, drops 1.58 times. On the other hand, changing from class A to

_ ; i
_cless B operation permits increasing the number of messages thet it contains by l
‘ ‘ !

T 3.6007h
=1.56 times, for a given probability that every telegram will be dlstorted.

2. 03107 | i
—_ It also follows from the given example that, even when the differences between

.

w_ the probabilities that the various letters will be distorted, is relatively largse,

- _ selectin,r the most efficient set of statistical properties results only in negligi-

ble mprovement of the operation of the coding system, Actually, for a ratio of ex-
- treme probability -values iJZ- :lLO =10, the relative probability @ of an error in
decoding can be decreased 1. 56 times by selecting the most efficient set of statis-

20
—tical properties of the letters being transmitted.
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From the theoretical point of view, selecting a communication systea con- |

sists in selecting a method of communication (i.e., a code) and a method of re-;
ception. An optimum system is one that provides maximm efficiency for a given

minimum distortion or, conversely, one that has the lowest minfmum distortion ,
for a given efficiency. It is shown that selecting an optimum system consists
in a certain variation problenm, whose formulation includes the distribution of t
distortion probabilities. Several axamples are given to illustrate the formu-

lation of the problem. ;

g :
i

Many recent papers devoted to genera.l communication theory discuss the proble.ms’
i

f’ associated with the building of optimum codin.g systems and with jdeal reception. In!

this respect, it should be noted that these problems, generally speaking, cannot be
i !

considered separately. The selection of a code (i.e., a method of comunication)
% ~ and. the selection of a method of reception are two espects of a single problem,
“, which consists in building an optimum communicatlon system. This problem has a def-

[0 :Lnite answer if the operating conditions of the systea are given, in ‘particular, if

1o the characteristic of the distortion acting on the system is given.

I

/: Let us agree on a definition for an opt.inmm syst;an. let us call optimum a sys- i

/,.(_: ‘tem which possesses the highest efﬁciency for a given minimum distortion or, con-

/:_ versely, possesses the lowest minimum distortion for a given efficiency.

{ . . o
i Let us give a quantitative definition for both of the above-mentioned proper-
ties, let us express the minimum distortion by the probzbility q of a correct recep-

tion, let us characterize the efficlency by the amount of information for the codingl

‘combination, i.e., by the quantity log N, where N-is the total number of code combin-~

i - STAT
20

t
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ations (assuzed to be equally probable).’”
_ How, let us attempt to formulate the problem, in geonetric teminology, which is

. e |

a.lrea.dy sufficiently femiliar to-us. First, let us consider the number of code com-i
":v binations. If the usual condition that tho energies of all code combinations are ~ :

""" the same is imposed, f

10 2

. where i is the number of cozbinations, n the number of signs (symbols, coordinates) 3

|
|
|
!
|
i

o ) the problem reduces to distributing either a given or maximum number of code points

C " over the surface of an n-dimensional sphere of radiusv E.

. With respect to the minimum distortion, this depends also on the method of re-
: ception. The problem may be formulated as follows: As a result of imposing a dis-
_~tortion, the point of the received signal s displaced with respect to the point of
—:'the transmitted signal. The operation of the receiver consists in identifying the
: ::received signal with the i*® transmitted signal when the point of the received sig-
3 g“ }na.l is located'inside a certain n—dimensional region Qi’ which is the region of cor-

N rect reception for the i signal. For such a formulation of the problem, the prob-

abllity Qy of a correct reception of the i“r'h signal is the probability that the
o point of the received signal, during transmission of the i'P signal will fall into
0 the region Qi The configuration and arrangement of the regions Qi dstermine. the
17 method of opera.tion of the receiver. A receiver which ensures the lowest possible

1
/. minimm distortion may be called ideal; however, it must be emphasized that this

/— property is not absolute; as many ideal receivers as the number of various possible
' )
operating conditions rcould be listed. ) ' ‘

Lot The probability that the point of the received signal will fall into the region
|
L Qi depends upon the multi-dimensional probability density of distortion, represented )
1

by some function @ (X3, X;sece X,)s Now, we can formulate the problem of _dotemép;"

:,.::" ing the optimum system for the version in which N is given as follows: maximize _»1:he'g

21 STAT ‘

1]
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[ SN -
_ quantities

' . - T
" provided, in addition, that eq.(1) is valid. The equality of the probability of &’

1o e == == - - ; - — e s

b
e

P

Y.

4.

K-

g
[V R,

O

A

::ln n variables., Obviously, this is not at~ all a simple problem. But we are not at-
H

|
_ tempting to find methods for solving the problem in its general form. The general

- 3. code). Consequently, the problem is a combination of a variation problem with a

| S

. moving 1imit and of the problem of determining the conditional extreme of a function,

~ are given), a receiver of maximum efficiency (i.0., & most favoreble configuration

‘71=S‘?(xl'_xu' Xg—= Xygn e
Q

correct reception of all signals may be ta.ken as a second additional provision

q|=qz=----—q~—q )

Here, q must be maximized by vary:i.ng the limits of the region Qi (selecting a

method of reception) and by varying the coordina.te X of the code points (selecting

}
3
l
i

1
formulation of the problem is given here only in order to show that it is a single

problem. Expression (2) indicates directly that, for a given code (i.e., when Xy,

- f the region Q ) may be found and vice versa. The distribution of distortion (i.e.

_J
to be determined. In short, the cods, the method of reception, and the distortion

A

4 equ(2)e |

W

S

:r We will attempt to clarify the significar}ce of the above-mentioned general re-

N 1ationships by means of a few very simple examples, whose consideration presents no
1 .

i

the function ) is assumed to be given. However, a case is conceivable in which Qi
! .
a.nd X4y are given, and in which the distortion characteristic which will ensure the l

1owest (or, possibly, the highest) min:unum distortion under the given conditions is
\

characteristic are mutually associated and their interrelationship is expressed by :

l
1
i

]

v A e e e e e e a6

mathematical difficulties. !

Example 1. Let there be two signals only (N = 2), spaced at a distance d in

‘h-dimensional space. With respect to the distortion density distribution, let_us

assume that it is spherosymmetric, i.e., that it depends only on ___ el :
i s

STAT -:
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e e >_...._.—-...--,—.-
- —

: : | |
' ! . . ; !
" cemmmm e e 2 e e ) B . - P i

ble direc— !
This is a very logical assumption uhich si.gniﬁ.es that all the possi

_._--,.l

. decreasing func- l
tions of the distortion vector are equally probable. Let ¢ be the

i

tion). For the prob-

tion r (in particular, this is a proper'by or the normal distributlo: ) |

) ability of correct reception, we have 1!

1—-5?("1—'*‘11» X3, . x)dx,, dxg -.-dx,
Q -
42——'S? (xy — X215 X20 <+ x)dx, dxa --- dx,
! Qs g

'

i
! e e mm——

‘h——qz——q:

\

. e = —t

- - e g e e m—— =

d d :
l ! e ——— — e i
— - i
! d hava
Du to the Symetry mressed by hhe equa]-iby qi, the regians Ql an Q?-
e

l
!
i

!
i
1
|
i
'z
i

|

qz
Ql 2

I
lume elements dQ, and de, placed symmetrically with reapect to AAY,
0. 8 _
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" a8 chovm in Fig.2. Let the signal 1 be trantmitted end let de per’bein to Ql ~ How="

V
!
|
|
1]
{

. ever, since Ty > Tpo the probability of a correct reception 9 would dncrease if dOb
" “were replaced by dQ,. Thus dQy should be associated with Q,, and dQ, with Q. If

6. -
" such a discussion is applied to any pair of syrmetrical volume elements; we come to™
o
. the conclusion that if the distribution density of the distortion decreases with de—-i
¢

T creasing distance (in accordance with wha.t law is immnaterial), the ideal receiver
17

will be one which associates the signal received with the nearest possible signal.
_ This is the ideal receiver according to thelnikov.

T The optimum code remains to be found. However, in the given simple case, it is
1o ! '
ha.rdly necessary to prove that the minimum distortion decreases with increasing d

" and that, consequently, assuming that condition (1) is valid, the points of the sig-

T ‘nals must be placed at the ends of the diameter of the sphere of the signals. The

““~ distence will then be d = 2YE. i

| Example 2. Let, as before, the distx:ibution density of distortion decrease
e yith increasing distance, but let us now take N=8,n-~ 3. The points of the signala
39_ ’are placed on a three-dimensional sphere. | If a binary code is selected, the code
poi.nts will place themselves at the vertices of a cube, The regions of correct re-
- _ ception will be octants, i.e., the interiors of trihedral angles, formed by the

pla.nes normal to the edges of the cubes and bisecting these edges. However, the

Ib:lxmry code is actually the most advantageous code; its gecmetric presentation is

__obtained if one of the faces of the cube is rotated through 45° in its plane. The

figure so obtained is an irregular decahedron (8 triangles, 2 equa.res) with 16 equal

edges which are longer than the edge of the cube inscribed in the same sphere. Thei

. region of correct reception is located mside the tetrahedral angle, as shown in |

Fig.3. Let us note that the polyhedron considered s though irregular, is symmetrical
:

o :Ln the sense that if any vertex is placed a.t a given point, the figure may coincide

‘.l/-—'l

'Iwith itself by rotating it about the center. Therefore, all the regions Qi are

re
AR ot e~ ——— e

1

'equal and, consequently, “the probabilities qi ‘are also equal
r'G

t

i
|

24
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" Example 3. Let us agein assume H =2 and let, for the “sake of simplicity, n= 2
| i

i"‘(which allows representation of the ent:_hje' picture in one plane), but now let the

s B

m{‘

aé

q3

1¥4

o1

i .a__

i

1

! .

i Fig.h

| .

probability density of distortion decrease at a ra-
!

pid rate. Let, for instance,

¢(r)=Cre™
-
(Fig.4). Let us discuss-the location of the boundary!

!
of the correct reception region along the same lines

as in example 1, let us formulate the conclusion

| .
_ slightly differently, nsmely, each element of volume dQ should be associated with

S6__! | .
_.the region of correct reception of that signal, which upon reception has the highest!

jg!

. probability of falling into dQ.
L0

In other jwords, the boundary of the region of cor-

.92

_rect reception must be the locus of the points where the probability density for two

: signals becomes equal. In the case considered, this gives
A ;

S R

=l

i
!

[ e (o i
7) + A e[t )+ 2]

d2
=0

;{.
|
“
!

STAT |

e i e ey e e LA Qe g e et ayoy v mden v e - —

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130003-1

D




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130003-1

G o e . =

- The

‘boundary of the x;eéion of correct Teception is sliown in Fig.5.
( s

_ of the boundary obviously depends upon d. ;
4!

~"The contour

-

|
i |
5 Article received by the Editors 4 February 1957.

R R
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UHF OSCILLATOR MODULATOR

by

E.P.Korchagina

—_ . i

A two-tube network of an UHF oscillator, permitting frequency control, is |

DRp—
= v

described. In this network, both tubes deliver power to the load and both par-
ticipate in frequency control. The Irequency doviations produced by the tubes '

;
will be cumulative if the feedback ractors of both tubes are complex conjugate :

e numbers. The modulating voltages are supplied to the tubes 180° out of phase. .

}‘C"_“_ This circuit allows larger frequency derla.tions than the reactance-tube c:l.rcuit
1 '_": and gives a better stability of the c!a.rrier frequency, at ﬂuctuations in the
- supplied voltages. :

24 :{ !

, -_f'Introduction i ;

| 0 Two-tube networks used for frequency control are discussed below. Single-tube ’
T |

"'networks, in which control is effected by means of varying the grid currents, are

not considered. i ' °
i

: : Frequency control in two-tube networks may be achieved by means of two types of.

-; duty. The type of duty, in which one of the tubes operates as a generator, while

! the second tube (the reactence tube) is used for fre-

quency cont'rol s 1s widely known. The second type of
!

!
duty, in which both tubes are used for frequency con-

trol and in which both deliver power to the circuit,
! i

is described in Mansfeld's paper (Bibl.l). We will ,

refer to this type of dut;y as the oscillator-modula- ;

|
tor duty. Let us discuss the problem of using both

. —— [
1

- ty'pes of du'by UHF oscillators, _ ' ___

el
» J Y e
3

_2} . -

!
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""" Basic Relationships

Let us consider the conditions of the steady-state operation of the two-tubs

e oscillator shown in Fig.l. The notations and the positive directions of the currenta
|
and voltages are shown in Fig.l. ‘;

If the inertia of the electrons and the plate reaction are neglected, the .fol- :

~ lowing expressions for the amplitudes of the first harmonics of the tube plate cur- !

" rents may be written: |

Tl =S‘Uc] = Sli_(-ll]—gv
I—2 == Szvcg == Szk;[iau

o
. - Ua - U2 !
, . _ where Kl =7 K, = g— are the feedback li‘actors of the first and of the second
a

Ua

24 tube respectively:;

"s_l = Syy (e ) and S, = Syl (9 ) are avera.ge tra.nsconductances,

S is the steepness of the statistical characteristic of the

plate current; [

L (29 - sin 26) is the scanning factor for the plate current first harmon-

ic; {
!

8 is the cutoff angle of the plate current,

If we let Z denote the total impedance in the plete circuits of the tubes, then
| :

i

]

5 | a—m+mz

If the values of the currents are substituted » the following conﬁition for the

_.)exiatence of steady-state operation is obtained:

48 e )

1 ._Z(SlK, +s,1<,) - (1)

If we suitably substitute the real and imaginary terms in the right-hand and
left-hand sides of eq.(l) » taking into considoration ‘that _ _

o R el
Ki=Ke™; Ky=Ke™ Z—ipg,

_— JESSUU U |
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“=*fg‘?,§—;,;?.

W, is the resonant frequency of the plate circuit formed by the impedances

. } T
7'1’ Zg: z3: Zl‘, Z53 {

6 is the plate circuit damping; ;

@a 1s the phase shift between the total current of the two tubes and the

voltage in the circuit;

Roe is the resonant resistance of ;‘the plate circuit;

.q,kl and P are the phase angles of the*fe'edback factors,
Then we will obtain the emnlitude balance and phase balance equations in the

following form: ]
: 1
R, (KS;cose,, -+ Ifzsz cosg)=1, _ (2)
i ®

tg<p— RO,(K,S,sm«pM—{—K..,S,sm?ﬂ) o (3)

These equations , strictly speaking, are va.lid only in the case when the :imped— :
;- ances in the plate circuits of the tubes form a single-circuit modulating systen. |

b Y-
—In the UHF range, two-circuit oscillators with a common grid are used. In this case,
i . H

: : the expression Z-=

1 +°;a is approximate and is velid only when the cathode-grid

i .
- 'circuits are considerably detuned. !

|
Usually, these conditions are sat:.sfied so that egs.(2) and (3) may be consid-:

|
|
1]
i
t
3
:

, ‘-:ered adequate for evaluating the operation of UHF oscillators. The rrequency w, in :

) i
such a case is understood to be one of the con.unication frequencies which undergoes

self-osci]lation.

Let us now consider the behavior of the network operating as sn cscillator with
: [ .
4i.. a reactance tube. |

i
Single-circuit oscillators are used in the ranges of long and short waves., In
!this case, the feedback factor phase angle of the oscillator tube is q’kl_f_o,_and_*_ :

‘the phase angle of the feedback factor of the reactance tube can be given a value of -
i i .

! - STAT
29 ‘
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jika.“’ 90°%.” Under these conditions, the eouations “Tor phase and emplitude’ balance

j will have the form

,K,R =1, R

I Y

_ jg_?,=—_RoJ<,szsin9., T (5)

From the expressions obtained, it follows that the change in the transconduc-

_“ tance of the reactance tube controls the frequency and does not affect the oscilla-

" . tion e.uiplitude. |

The performance of an oscillator with a reactance tube is less efficient in the;
i
i

[ S '1
UHF range than on long waves, for two reasons. First, due to the effect of the in-

)

) . terelectrode capacitances, the phase angle of the feedback factor of the reactance
T tube differs from 90 . This causes a decrease in the frequency dsviations due to the

~ cha.nge in transconductance of the reactance tube. Secondly, UHF oscillators are us-!
’_ lually designed as two-circuit networks so that thc phase angle of the feedback fac-
').tp_—ltor of the oscillator tube is not equal to zero. In this case, as follows from the
30Tlampl:i.‘l:ude-baI!.emce equation (2), a change iln transconductance of the reacta.nce' tube

}:ﬂwill be accompanied by a change in the equivalent transconductance of the oscillat-
, ing tube, due to a change in the osclllatlon erplitude, A change in the transcon-
e ducta.nce of the oscillating tube, in turn: will cause a change in the frequency of

e :

“—-

__the self-oscillations, as follows from the phase~balance equation (3). The magni-
o

__tude of the resulting decrease in frequency will be essentially dependent on the

. sign of the feedback factor phase angles of the oscillating tube and of the react-

ance tube. If the respective phase angles of the self-excited oscillator tube and :

of the reactance tube are of the same sign, the change in frequency caused by the

oscilla.tor tube will decrease the resultant frequency decrement. If Kl = K2 and

! kl k2’ then the resulting frequency wi]l be equal to zero. In the networks that
!are generally used for UHF, the frequency \.hange caused by the o.;.cilla.tor tube de-

creases the resultént frequenéy decrément.
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T It follows from the above statezents tho-t the ‘duty of an “oscillator with'a “Fe-

_ acta:ace tube is no less useful in the UHF range ‘than in that of long waves only be-_

=]
i
|

i _ ceuse of poor phase angle ratios of the reactance tube; but also because the feedback
G. R
ractor phase angle of the oscillating tube impairs the ‘operation of the ‘network. l

::-: Physically, this can be explained by the fact that when the feedback factor of the

B osci_lla.ting tube is a complex number, this tube in addition to having a negative im-

1

) pedance which perpetuates self—oscmations, also introduces into the circuit a re- |

__actance whose magnitude varies with changes in.the oscillation amplitude. .
¢ —

1
results in the UHF range. ;

1

By virtue of the above reasons, the use of reactance tubes does not give good

Let us now switch to consideration of the behavior of the network as an oscil-

l 1
" lator-modulator. For a summation of the frequency deviations produced by both tubes,

| ;
B __the feedback factors must be complex conjugate numbers:

i

K |=1K|=IKl; #q=—%a= %
1 -

|
The steady-state performance eqs.(z) and (3) in such a case take the form

et |

1=R, K(S.+Sz) cosp, i

tgq’ -——R K(S. —s,)EFr{E'"' D (7
I T - T o . -

Equations (6) and (7) show that, in the process of frequency control, an in-

'_gﬂ crease in the transconductance of one tube rust be accompanied by a decrease in the
i
transconductance of the other tube. Therefore , the modulating voltage must be sup~
|
plied to the tubes 180° out of phase. i
l 1

§L_1 The mean transconductance may be cha.nged by varying the plate voltage or the
R
control grid voltage. Grid modula.tion is of great practical interest since it re-

)v,..—

quires lower voltages for frequency controi.
-
.._,l‘ _____The relationship between the ‘mean transconductance and the shii‘t is determined,
! !
" 'as is generally known, by the function Yl(cos ) which has a nonlinear section ab__

? STAT |
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. small cutoff a.ngle. If it is assumed that the relaticnship between the Tesn trans- 5

- !conductance and the shift is approximately linear and that both tubes have approxi= }

}
mately the same meen transconductance S, :Ln the absence of a modulating -voltage, thcxé

: the application of a medulating voltage will cause the same change in transconduc-

- tanca AS for both tubes. Under these circumstances ’

S,~_S—1—AS s,_—_-s—As

If the values of S and of 52 are substituted into egs.(6) and (7), we will

——Ehave ’ I

tgo,=—— KR 4AS sin ;p‘

Equation (9) shows that, if the above assumptions are valid, the frequency de-
26 1 :
__viation will be proportional to the transconductance increment AS. Then, the oscil-

_lation amplitude which is determined by eq.(8) is independent of the modulating vol-
do_}tage and is determined by the steepness a.t the initial performance level. Naturally,
- susta.in the oscilla.tions, the feedback phase angles of both tubes must be less than
“_ 90 . The smaller the phase angle ¢y, the larger will be the radio-frequency power
ii;jand the lower will be the frequency variat‘ion which is obtained in the oscillator-

odula.tor network. [

—t It must be emphasized that the oscillator-medulator duty has much in common

—_ with the flip-flop frequency modulator. When the oscillator-modulator network is !
symmetrical , a change in the voltagas supplied has no effect on the frequency sinco :

H
]

- such a change will be cophasal for both tubes. ;

! If the nonlinearity of the function yl(cos 6) is taken into account, the oscil-
:Om

lation amplitude changes somewhat in the process of frequency control.

The rela.t:l.onship between the frequency and'the modulating voltage becomes non- |

11nea.r and the maxlnnnn rrequency uaviat_:ion decreases as uell.

PSRN UISURESEERISIDU S S S P
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A compara:bive evaluation of the r—f pewer and of the freguency deviaticas 1:.rhiché

) . are obtainsble by means of an oscillator with a reactance. tube and of thoue cbtain- _
-’ a.ble by means of an oscillator-medulator with a single-circuit oscillator mnetwork. !
G.
The oscillator-modulator was designed with the nonlinearity of the function Y. (coa 9)

£

" taken into consideration. The irregularity of the power in the frequency caxtrol
¢

. process depends on the choice of the cutoff angle at the initial operating conditions.

9

—_ [ ]
_ A cutoff angle of 9 = 80° was selected at which the irregularity of the power does

’

: not exceed + 10¢. The phase angle of the reactance tube feedback factor was 2ssumed !

. ” to be equal to 90°; therefore the power of an oscillator with a reactance tuhe re-
_ mains unchanged in the process of frequency control. It was assumed that ons tubse
,,:uas used as much as the other,

The calculations showed that, in order to obtain the same awount of powzr from

_the oscillator-modulator as from the oscillator with a reactance tube, it will be

practical to give the oscillator-modulator a feedback factor phase angle of the or-
A

— der of hO . The maximum frequency deviation produced by the osclllator-mod.ulator is
30

then 354 larger than the frequency devia.tion produced by the reactance tube.

It follows from the above comparison that the oscillator-zodulator duty has cer-

tain advantages in the long-wave and short-wave ranges for which single-clrcalt self'-

i

S6_¢
— pxcited generators are used.

3a__ i
0\4———-1

_3 As shown abov;a , no satisfactory results can be obtained in the UHF range by us-

A0__
-_ing a reactence tube; therefore, an investigation of oscmator-modulator doly as

— a.pp]_ied to UHF generators is of practical interest. It should be mentioned that the

. obtained expressions which characterize the behavior of an oscillator-modulator \uth

_‘a multicircuit self-excited generator network are valid as first approximations only.
A N R

R The phase angle of the feedback factor in a multicircuit generator is deter— |
G0 !

mined by a detuning of the circuits at the frequency of self-oscillations; th=refore ’

in the frequency control process, the phase angle will not remain constant as it did

in a single—clrcuit generator network. A special investlga.tion is necessary -4n :

STAT§
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. 'ordcr to ovaluste the operation of an oscillator-nodﬁiéﬁ?‘ﬁ“fﬁc”UHer"aﬁE;’c. “How- |
- i
__ever, the above rclationships illustrate the operating principle of the network & and !
!

T

|
_ make it possible to formulate the basic requirauents to be net by the UHF oscillator-

"~ meddiator. T T T T l B

__" Equations (6) and (7) for an oscillator-modulator were obtained for parallel

10 .0 !
i connection of the plate circuits of both tubes; evidently, the equations remain

1
] {

" valid for a flip-flop plate circuit comnection. Since parallel connection of. the

I

tubes is undesirable for the UHF range, tljle UHF oscillator-modulator must be de-

.__Isigned on the basis of the flip-flop circuit. The feedback factor phase angle of

‘ —JUHF generators is determined by the sign of the detuning of the cathode-grid circuiti;

therefore , in order to obtain complex conju,,ate feedback factors, one of the tubes !

: __-nmst be operating in accordance with the equivalent circuit of a capacitive Hartley
oscilla.tor and the other in accordance with an equivalent circuit of an inductive

:_ Hartley oscillator. If the design of the existing tubes is taken into account, the

'!”,‘;osci]lator-modulator must be built in accoirdance with the comzon-grid circuit. The

jmodulati.n.g voltages must be supplied to the tubes 180° out of phase; therefore, the

'ltube grid circuits must be DC isolated.
34-._i |
. |

57 Description of a UHF Oscﬂlator-Hodulator;

b~ ll The layout of an oscillator—modulator with ceramic tubes is shown in Fig.2.
——The oscillator is designed on the basis of a common-grid circuit. The plate-grid

circuit is common to both tubes and consists of a coexial line whose terminals are -
/7 'connected to the plate-grid capacitance of the tube. The oscillating voltages
across the plates and the grids of both tubes are 180° out of phase. The load is

A connected by means of a coupling loop (h). The blocking capacitors (5) protect f;he
1

|
|
!
!

wli plate cylinder from the DC plate voltage. ! l

82 The tubes have distinct cathode-grid circuits which are tuned by means of mov- !

|
able pistons provid.ing high frequency short—circuiting. The mechanism which con—_ ..

1
i
1a 4ho nasition of the piston is Jocated inside the cathode cylinder and is not _J
STAT

i

{
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- shou'n :Lp I‘ig,z. ’ e T f o e |

_The tube grid cylinders are DC isola‘bcd by the_ blocking capacitor (1). The ___

-. modulating voltage is supplied to the grid cylinders through the opening in the pla.imi
]

_~ cylinder Jocated at the voltage node. . i
. Feedback is achieved by means of the two loop couplings (2), which are attached

“to the cathode-grid cylinders. The loop couplings must not short-circuit the cathode
i

- and the grid cylinders in direct current; ,therefore , they must be connected to the

T .grid cylinders across the blocking capacitors 3).
5

!
ll 'ba.ck factors are of opposite sign. For thlis purpose, the cathcde—g_rid circuit im-
mﬂJ{peda.nces mst be of different sign at the genera‘bing frequency. Oscillations can
)Lje;ist under these circumsta.nces if the loolp couplings are oriented in such a way that
Zéj—the voltages applied to the cathode-grid circuits are 180° out of phase. The manner
?0 ':‘in which the loop couplings should be oricnted in order to sustain oscillations is
" 'shown in Fig.2. |
.

The oscillator-modulator duty requiras that the phase angles of the tube feed-

_J The air for cooling the tubes is introduced through the opening located in the

_,'_middle of the plate cylinder.

3
1

|
~To illustrate the operation of the UHF oscillator-modulator, its equivalent

g

Fig.2

circuit is shown in Fig.3. This circuit shows that each of the tubes is connected ‘
to the network of a two—circuit self—excited generator. A characteristic feature of

56 _'these networks is.the fact that they have a common plate-grid circuit.. .The connec-
|

|
35 STAT
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~"tion with the cathode-grid circuits is of the jnductive type; the emf induced in the'l

|
B

) - Icathode-grid circuits is 180° out of phase. In such a three-circuit network there

S l
exist three coupling frequencies. One of these frequencies is higher than the plate-;

o grid frequency vhile the other is lower. :The third frequency coincides with the

. plate-grld circuit frequency, when the circuit is symmetrical. Only at this frequen-;
]

- cy can correct phase relationships be ob’cained for both parts of the network. In
__ order that the feedback factors be complex conjugate numbers, the cathode-grid cir-

. cults must be tuned to both sides of the resonant frequency. Then, the reactances

“: which they introduce into the plate-grid cn.rcult will have dlfferent signs, and if {

v:the network is symmetrical, the generated frequency will coincide with the plate-grid

|
__circuit frequency. l

Expermental Testineg of the UHF OsciJ_lator-Modulator

The experimental testing was carried out for an oscillator design on the basis
' i
of Fig.2. The relationships between the modulating voltage supplied 180° out of

1 l
phase to the tubes, and the frequency, a.nd between the-modulating voltage and the

power , were measured. The frequency was measured by means of the resonance wavemeter
1

3 :VST-ZD. The power was measured by means of a photometric power meter, connected to
| .
:the oscillator by means of a cable of known attenuation,
i
i .
Figure 4 gives graphs to illustrate t;he operation of the network. The general
i

_‘character of the relationships corresponds to the calculations made on the basis of

—! |
the approximate squations. A certain asymmetry of the graphs is visible. The net-

.__;

work permits complete blocking of the tube which operates as an inductive Hartley
/z’?— oscillator. When the tube operating as a capacltive Hartley oscillator is blocked,
!

43 the oscillations are disrupted. The asynmetry of the graphs indicates an asymmetry
5 \:.*:of the network. The experiment was carried out with GI-7B tubes, whose plate-
o~ ; .
NP :cathode capacitance is not equal to zero. Therefore, the tube operating as an in-
] - l

]

ductive Hartley oscillator requires a more powerful external feedback than the cap-

-u_._acitive Hartley oscillator. The graphs shown in F:.g &y correspond to the case when

STAT '
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one tube has two feedback loop couplings and. the other three.

) "with cathode bias, and the frequency of the generated ¢ oscilla.tions is equal to k89 me.

The experimental testing showed that the oscillator-modulator circuit can be
used for frequency control in UHF oscillator. The total i‘requency deviation is of
the order of one percent for a power irregularity of the order of + 10%.

It is essential to point out that the tuning of cathode-grid circuits, necessary
for normal operation of the oscillator-modulator , corresponds to tuning for maximum .
_ load power. This is due to the fact that a. retuning of the cathods-grid circuits

¥ causes a change in the modules and the phase angles of the feedback factors. With

n/‘
‘o

~ sponds to the maximum control impedance under which the phase angle of the feedback |

[aXo

~ factor is close to l..S . Such a feedback phase angle is completely sufficient to

o make the oscillator-modulator operation practicable. Thus, each of the UHF oscill— !
|

|

fs

v |
_the usual UHF oscillator parameters, the ma.ximmn pover given up to the load corre- 1

i

i

_ ator-modulator tubes must be tuned for ma.ximum load power, and frequency control may

¥

’ be achieved without decreasing the power supplied by the tubes. The low value of
g___l
__the r-~f power given in the data of Fig.li is due to the fact that we had tubes in

wwhich the thermoelectric grid currents, forbidding normal use of the tubes on cur- |
| .
rent were significant. i

The above-described oscillator—modulator design can be used on wavelengths

greater than 60 cm. As the wave becomes shorter , difficulties arise in tuning the '

cathode-grid cirecuit of the oscillator operating as an inductive Hartley oscillator.
L

The point is that such a circuit rust ha.ve a length shorter than the resonant length

- " g0 that its impedance can be of the inductive type at the self-oscillation frequency.

A
'On waves shorter than 60 cm, the necessary length of the GI-7B tube cathode cireuit ;
/(,J

'is so small that it cannot be constructed in practice. Shorter waves require change—

- over to thi

e use of cathode line overtones , which cannot be done in the described de-

In such a case, the use of a design in which cathode-grid circuits are ar-

‘ ranged on different sides of the plate—grid circuit N "is prefera.ble.
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It should be mentioned that, i.n'd:i.s'éuss:l.no the os¢illator-modulator opcration,
) we idealized the problem and neglected the inertia of the electrons. Due to_the in-!

ertia of the electrons, the slope of the p].ate cuorrent becomes complex, which causes

o T = 7t o= the steady-staté phase balance to change.

' : |
(?nfc') gv\{:) ;::%f: , e The electron inertia affects the oscilla-

=489 !
p J 2:_ tor operation in various ways, depending !

‘/

NS

' !
. on the oscillator circuit. In the capaci-

» H
4 \\ tive Hartley oscillator, the phase angle !

: . f
t of the slope compensates the feedback !
. i

phase angle; as a result, at small angles,

" the condition of self-excitaﬁion becomnes |

. easier to satisfy. In the inductive Hart:-

. ley oscillator, the phase angle of ths

slope and phase angle of the feedback

' have the same sign; this makes self-

i
‘ excitation more difficult. Apparently,

Fig.h
the asymmetry in the oscillator-modulator

:operation, which was pointed out above, is not merely due to the asymmetry of the
R |
" circuit. The asymmetry of the circuit, which is due to the plate-cathode capaci-

-ta.nce of the tube, may be eliminated by a suitable choice of the size and number of

4ol j
__Tfeedback loops. This problem was given considerable attention but complete elimina-!

i » l
"~ tion of the asymmetry of operation was :lmpossible. Apparently, the obtained asymme-
I

try of operation is indicative of the eﬁ'ect of the electron inertia. As the wave

* :jiis shortened, the transconductance will increase and the operation asymmetry will
|

A
jiincreaae. {

g f
.-i It follows from the above that, from the viewpoint of design as well as from
ot i

. lthat of the electronic performance, the proposed hookup can be recommended for osc:ll-

‘ . :la.tors which operate in the upper portion of the decimeter wave range. ? i
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|
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B |

-. project, - !
|
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_ DESIGNING AN OSCILLATOR OPERATING AT OVERVOLTAGE AND DETUNED LOAD
|
i

e by
E.P.Khmelnitsky

i
! i
An account is given of a method for the engineering design of an oscillator

operating at overvoltage and with detuned load, in order to improve efficiency.
!
1

The general performance characteristic of an oscillator which operates with a

detuncd load at a considerebly overvoltage has been discussed in two papers

(Bibl 1,2).

! The present article gives an account of the engincering computations for such
|
_a performence which is advantageous froa the energetics viewpoint.

A The current-voltage relations in the plate and grid circuits of an oscillator
_d e |
¢ _which operates in the above-mentioned state, form the basis for the method of com-
! i
putation described here. The character of these relations is plotted in Fig.l,

32 Carei‘ul consideration of the diagram will show that a given displacement of the gap

to the right of its center in the plate current pulse is accompanied by such a phas-

b3 -__:ing of currents and voltages in the oscilla.tor plate circuit that, at the instent

%7 _ 'corresponding to the amplitude of the positive grid voltage, i.e., at wt = 0, the -
_?negative plate voltage Eo - Ulcos Pl is compensated by the voltage of the second

S

/’:—and third harmonics. 1

By virtue of this, the residual plato voltage at wt = 0

e ®

1:‘0 Ul cos ‘P.u —{—Ug cos ‘?.,2+Ua cos:;;v“3 ‘

_has a positive oign, despite ths fact thaﬁ the plate voltage efficiency is £>1.
50 ‘ N
- Under certa.in conditions , the residual voltage may be higher than the positive

oE—

— grid voltage at that instant ' ‘

1

N PP RNV ET TORT Yo r T LRSS RV e S
i

l
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'As a result, the plate megative voltege region and , consegriently, tho zome of

—;deep trough in the plate current pulse, are displaced to the left of the origin of
1
coordinatea. Tno disp]acczzent of the center of the trongh is irdicated in Fig.l by

b . — —- -——

", o i*

! ) y

46 i

- the angle y, while the width of the trough limited by the instants - utl and - wtz,:

l’c ;
_l 1

iis denoted by the angle ;. { |
i The displacement of the pulse trough yields a number of qualitative results. . ‘

52

First of all, a relatively rapléi n{cx:é“a's; of the coefficient of the first harmonic |

e ST RET ST
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- “1 E (Fig.2) tekes place. Here and further on, Il denotes the current amplitude
" of the fundemental frequency, a current “which is a compone [
denotes the maxirum value of the current pnlse as_ 1ndicated in Fig.l. 1

¢ i efﬂcient of the direct component increase!s considersbly more slowly. As a result, :
the coefficient of the form v = % » vhen the trough is displaced by an angle of onlyl
x 30 (Fig.3), attains the value of ‘k.hisl coefficient if the pulse is cosinusoidal.

A second c¢haracteristic feature of a pulse with an asymmetrical trough, is a

~ certa:m phase shift equal to the angle Pl I " of the voltage amplitude of the first
harmonic. This facilitates the task of compensation by means of plate voltage har-
monics of negative potential, at the msta‘nt wt = 0. :

Finally, the adva.ntageous change in the amplitude and phase relationship for

/

-8
k)

B

P
—
L —

(j:the voltage of the second and third harmonics, from the viewpoint of compensation of,
! | .
the negative plate voltage mentioned above, is an important fact associated with the

leﬁ’.ward displacement of the trough. If t;his were not so, the uidth of the trough
|
T _‘would have been determined by the instants - mt3 and wth The capacitive branch of 1
- :

the circuit serves as the oscilla.tor plate circuit load for these harmonics._ . .__°

!

In networks in which the feeding is in parallel, the load for the ‘highest_ har- !

1

STAT :

e o Ay AT Y=
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G- b

monics consists of the blocking capacitor C “and”of the cepacitance of ‘the circuit

-
‘.

ck’ comected in series

i - -
|
1

The total voltage of the second and third harmonics may be determined as fol~
'“lows, at wt = O: i

12 - )
) .

. al,, - I
1°. U2+U3=——-COS?"2+ COS?‘J __’%(“22 COS?“2+ COS(P@) I

|
!

——— e —— - -t JEVFER -

An investigation of the plate current pulses,at various values of the trough

: i :
} width and shift at various lower cutoff angles of the plate current showed that the
Gt i :

:. expression ‘

T
‘ —Z—cos?",—l— cos<p“3

3

_ always has a maximum when the trough ahii‘ts to the left of the pulse center by an

22
1
i
_

‘ angle of y ™ 30 , as shown, for instance, in Fig.4 for a cutoff angle of 6 = 75°,

lotam =

3:«: It follows from the above that y = 30 is the optimum trough shift angle and

”‘tha.t 211 computations for an oscillator of the described duty, should be based on

i3
C e

" the proposition that ¥ = 30°, :

|
The computational graphs of the breakdown factors al and o, as well as the
|

— |
5¢__ form factor Y, as a function of the cutoff angle 8, are given in Figs.5 and 6 for ;
- ;
40__‘trough of width ‘
i i

? o,_zoo 30°and 40°.

- I

Figure 7 gives the relationship of the quantity

[ —————— e
1

o, e

_'for the same values of 6 and 61.

A1l these graphs are based on y = 30° and may serve as a basis for the engineer-.\

ing computations of the operating concfitlons since » , if the shape ‘of the pulse, i.e.,

|
4 :
3 STAT -

t
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a.n\_.,les ®and’ el, are given, the brealcdoun'facﬁér”éf the pulse can be detérnined.
) Conp\.te.tions of the breakdown ractors and of the phase angles wWere carried ogi_'.__
jfjby means of the woll-known graphical nethod with a 5° shift of the ordinates. Be-
- sides , the form of the trough was assumed !to be based upon 91 but to have sides that |

arc not vertical but rather inclined by 5 froam the top on both sides (see Fig.l).

The selected plate current pulse shape is obtained, in our case, without deter-

“” mination of the usual factors, such as t.he magnitudes of the DC plate-grid voltages
‘-

_and of the AC voltage of the first ha.rmonic , by satisfying two additional conditions:

i . i

ety
[

N

N\

O\
N

20 30 40

..
"we

__\_L_J_J,_A.‘-

(73]
m

Fig.h - Fig.5

1

N

Ve must consider tha’c the first cond:.tion is to obtain the required magnitude

i

o~
(.3

of total voltage of the highest ha.nnonics.
The required magnitude of this voltage may be determined from the consideratioﬁ

—'tha:b at the instant wt = O, the total pla.te voltage of the AC components must have . ‘

a. magnitude below E l

A sufficient condition for undervoltage at that instant is the inequality

_ The required magnitude of the plate circuit capacitance which will, satisry the
STAT

D - : . i ] . - . . ’..
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G... - . _ L .. e . e et e el e g e g,
" above-indicated first condition of pulse generaticn is thus determined.

_In this formula, the phase engle of the fundamental frequency o, Y

4
. a.luays a value close to 15 , as shown by investigations at an optimum angle of trou,gh

6.. -
_ shiﬁ‘. ¥ = 30 . It nay safely be assumed that q’nl ="15° » without interfering with the

!
l
A second condition which will secure the given pulse shape is the choice of

t 'accuracy of the computations.
the
1z :required nagnitude of the utilization factior of the plate voltage.

It may be seen from Fig.l that the le:ft-ha.nd 1imit of the pulse trough is the

jinstant

— o=

N
-

l:‘

-~
-

Toiiie

o~

N
[so]

E,= U, cos (9-*—

)

4.0

b e

Hence, a formula

l

!

l -
14

p———rol

? =Y
i 0
|

| !

it, reads as follows:

"is obtained , whose final form, after substituting the values assumed earlier into

cos (¢ +—;’-—,.I) ,

!

L

1
t

R

ﬂhips (3), namely

1
-%— + 15°)

i

The degree of plate circuit detuning required in order to obtain the type of .

‘duty described, may be calculated by means of a formula derived from known relation-

i
.

1

H

_i

1

T XYe T ap

.

45
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fgn )

If the exnression for 6 is substituted from the second equ&lity into the irst, !

’ = we will Gbtain’

: I
101

! 5.
. Av = .z,

e = rm e e e ——— e - - e n e em e —

1
!
'

! sin q:,.
‘ -
Eere Ck is the circuit capacitance in micromcrofarads.

The circuit impedance

[/}
Y Zy = —1
i o

PR ———— I -

?l - ?ul ?;p

e - = P ]...

1

where ?i1 is a function of the angles O a.nd 6 1 and is determined from the graph in

__.Fig.B-

‘
i

The natural calculated frequenc'y of the circuit is
- l

52 while f is the given oscillator i‘requency.

S e i

The design formula for the grid exclta.tion is easily determined from the usua.l

‘x

= [

i
! |

N o fos e

s

ae —
09 e
aos

055

/

il
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I,
U= ;S‘(l cosa)—*-DUl

et

. by substituting the above-assumed first aﬁpro:dmatiozi valie 6f the total voltage of

i the alternating components for DU;, which detemines the plate voltage reactance.

!0._
_ Ihen,

|

1
l'?"“ B . R - l x( - -
U::sa cose')+°8DEo

1
]
t

Accordingly, the grid bias will be

~E, __E —DE,—U,cosb,

i
,/_where the control voltage is

; ;o — . e —— - l - .
%— i U,=U,—0,8DE,

The following assumptions were made f.lor the purpose of determining the grid

o @ e’
-5 |

current. The grid current pulse was as-

sumed to coincide in time with plate cur-
i

' rent pulse trough and to have a rectangu-

lar shape, as shown in Fig.l. Such an

assumption permits computing the grid -
i -

! current by quite simple formulas, with = |

sufficient accuracy. From Fig.l, we

. have

lw—_—;s {E,+Ugcosy—E, 4 D[E,+U,cos(y —9,,)+
+ Uz cos (2¢ — ¢,,)+ U cos (3¢ — 9,5} -

|
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e e e e

l

_—S(E +U cosy— Exo)

o e o e e e

i

"In order to determine the power consumed by the grid circuit, we ‘assums that th

]
!
‘
{
i
t
'
i
.

o ‘approadmate value of the amplitude of the first. hermonic of the grid current is eqn&l
1g ! . :
| e
|
|

In the case of an oscillator with plate modulation, the maximum power consump-

_ |
tion in the grid circuit takes place at so-called zero operating conditions, when

,__Eo and Ul are equal to zero. i

At that instant, the grid—current curve adopts a nearly cosinusoidal slope, and'

—:the paximum value of the pulse may be dete|mined from

[ =SU (l-—cosﬁ ),

I
1

The coefificient a gl (see Tables for cosinusoidal pulses) is used for calculat-~

i
i

A tentative selection of tubes for the described duty should be carried out on"

the basis of the emission current ) I

|
1, 5-5—.-.

|
1 .
!
_48
|
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O S -
i L

. Appendix X

_ It is beyond the scope of this article to discuss the practicel spplications of

__ the formulas derived here for verious cases of oscillator conputations. We will

t

l
therefore 1imit the discussion to co:nputations for the case when the oscillator out-g
1
!

I

: |

- put pover and the working wave are given. |
Given: P. = 150 kw; A = 400m.
A suitable tube with respect to the emission current is the GU-234; two tubes

wi_'ll be used in parallel in accordance with the single-cycle circuit.

1
4 !

. Tube Data '
The filement voltage is 12v, the filament current 210 amp, the plate voltage

’
1
1

!
= 11 kv, the permissible plate power leakage Pa = 60 kv and for the control grid,;
|

“P_= 2,6 kw.
g

|
1
l

; ’ The enission current is I° = 70 amp. ‘ The steepness of the characteristic is

_.8 = k2 ma/v. ' !
The permeability is D = 0.0189. The starting voltage is Eg = 120 v
H

26

{
If the cutoff angle is given as 6 = 75° and the trough width as el = hOo, the

_ gra.phs for the trough shift v = 30°, in accordance with Figs.5,6,7, and 8, will
a

_:yield @ = 0.3, a4 = 0.17, Y = 1.765, ( 2. cos ? 2 + —% cos @nB) = 0,126 and

0. Co:nmtation Sequence
—
4.2Jl

1= Fu1 — 7 = 15° 4 18° =337, Py— IoEq =166 kw ,
fm g =12 P“=5°—P‘fls s
cos T+’5) Zl=-7:-==500¢hm
& .  cos
M =3 cos §; =90,5%, so that cos g; = 0,84, U‘=m
Uy=E§E,= 13,4 xv; _
1= °2P‘_ v U’—U.—O,SDE°==I400 v,
= 26,7 amp, Ey=Ep—DE;—Uycos=—450 v,

= U, cos gy
Tom=S(E, —Ego + 085U, ) =65 amp,

+0,8DEy= 1600 v, .

I
I, =—'=89 amp,

1,9
1‘0 —‘2";=7 anr.

l,=a°!m == 15,1 amp,
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is used, must be

I

i
=g T = anm
s L 4 l‘o
e e e e e e - . - - -

i
This resistance will consume the power

!
3

—l‘oR ——32 ltw -

T
\

[t
b
Il
|
t

The total power consumed in the grid icircuit will be fourd by means of
1
- ! -
L g =18180=126aup

i ___. s 3
_and will be equa.l to . l

20- SR 7 |
! — £ —_ !
K P'__~‘~'2_.cosé—-6,9 Kw . ;

— - e m—m e e e ——— et s oy —me

‘
The power obtained earlier, wh:.ch is produced for autormatic bias resistance ’ is
a portion of this power; the rest is dissipated on the grid.
The required magnitude of the plate circuit capacitance, being the load for the

—t {
;s highest harmonics, must not be higher than
! -

e - -__as —

I, (T’cosguz-i--Tcosgua) .
- =570

u(Ul cos&u, ——08Eo) . puf

The magnitude of the blocking capacitance j.s determingd from

]
!
i
i

: » =0_o4.z'l
I .. .

e — T

i
t
! - - . e e se o m————————

1
'
¢
1
'
l

including the capacitance of the mounting is equal to
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" The magnitude of the detuning is determined from

sin91—4l J08,

5-10"

Consequently, the calculated magnltude of the frequency for determining the cir-

12 |
_cuit inductance is i

{
!

e =f +Af==8!5 Ke .

The circuit inductance is calculated by means of the formula

The total active resistance of the circuit becomes

10°L ’ )
R, —Czcose,=394ohm‘ {

!
S — ...__-_[ e
The obtained network data, besides being easily realizable, also permit a fur- |

30!
i
S

st
|
ther improvement in the conditions necessary for the generation of a voltage of tho

highest harmonics at the expense of a decliease in the circuit capacitance and the

s
3.’-:_.corresponding change in the inductance and active resistance.

40_1
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USE OF FERRITES IN WAVEGUIDE ENGINEERING — —

e e by.

i
A.K.Stolyarov
!
!
The basic phencmena taking place in waveguides containing ferrites are

considered in this survey.

1 .. Introduction !!

e In recent years, jnvestigations have led to the development of a-new class of

2(. normetallic ferromagnetic materials, the ferrites. Ferrites differ from metallie
! i

i ferromagnetic substances in that they poss'ess a very high resistivity (:LO6 to 108

!

il ohm-cm) so that they may be grouped with the class of ferromagnetic semiconductors.

23 Since electromagnetic waves propagate through nonmagnetized ferrites, the same

> e—

1

. phenomena will take place as in isotropic media.. If, in an jnfinite ferritic medium

30 a permanent magnetic field acts along the z-a.xis , the magnetic permeability of such

i

1 .
12_'a mediwm is no longer described by a s\.aler quantity, but rather by an asymmetric

ensor (Bibl.l) of the form

l
-
i
' :

e e o e = e e e

! : |

Here u a.nd. k are complex quantities which depend cn the ccnstant magnetic .f,'ield;

intensity Hy (Bibl.l, 2), while k depends a.lso on the directica of H . If thé IOsseei
- 1:i.n the ferrite are neglected, the formulae for i and for k will be written as

l 2 —w » 8= z 2/ (2)

{
I
|
|
i

po=4=-10" i

I
'

| .
!
52 STAT

i
1

Fni4

N

B et

Declassified i - iti ‘- ' -
sified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130003
: - -1 K



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130003-1

o i “1s the megnetization of ‘the ferrite; " |
S ' s.
- L ¢ the electron charge to itsmass.
= ul the ratio o _electro!
L 1.2 17890 cot /kg; l
|
" Infinite Ferritic Medfwm | e P ‘
If Maxwell's equetion is solved for the case of the propage omag:

s e S s

t=-
netic waves in the infinite ferritic medium which is magne

: that
\. ized in the direction of the z-axis, it will turn out th
|

(Bibl.2), in the arbitra.ry ajrection s (Fig.l), two waves
! | )
! 4ith different propagation constants Yy and Y, will propa

L

gate independentl'y

Iy -

. : 3)
.5: 40 4_klco§“ '.(
]si“’°+2—iV\——_—-‘ l‘z l sint 0 '3 -

N

o
[T

REREENE

t magnetic
The case of wave propagation along and perpendicular to a ccnstan gn

~field and is of the greatest practical interest.

)

L

e
(4

. 3)
a.

- ‘ -
btain . |!

e e e e ———
— -

pe \ 11 M,
T —‘w%(}*-{*k)"“ (‘— —:—;]7?:.)

n,.a
[ab]
|

[e]

o

R

(&)

1
1
H

pol 1) M, L.
T —m2s(p—k)=mz(l—m> | (5)

———

o~

g

— e - .-

o
(=)

2l

i
o~

ifferent
Equations (4) and (5) show that, along the z-axis, two waves with diffe

£ these
1ocities are propagated. A consideration of the field structure o
haso ve

”J
l

/ 1 -

\

6

a wave with any__ ...
e | .owa with the propagation constant Y, bein:g levopolarized. Thus, i
L STAT

+
¢

J
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j“ﬁ;':ﬁ; ‘the magnetization of the ferrite; |

1,780

coul/lg, the ratio of the electron charge to its mass.

. l
Inﬁ_nite Ferritic Medium {

If Maxwell's equation is solved for the case of the propagation of electromag-
netic waves in the infinite ferritic medium which is magnet-—
ized in the direc:tion of the z-axis, it will turn out that
(Bibl.2), in the :arbitrary direction s (Fig.l), two waves
with different p:l‘opagation constants Yl and Yo will propa-

I
gate i.ndopendent]:y
|

- ————— - - —

(3)

—3 sin‘ 6+4 - t:cs2 )
F; i

'(——l)sln’ﬂ-i-l

)
|

k’—-’tp, : !

i
1

e |- e e e e
The case of wave propagation a.long and perpendicular to a constant magnetic

j¢_ field and is of the greatest pra.ctical interest.

Case of the longitudinal Magnetic I"ield. If 0=01is substituted in eq.(B), we

l . -

_obtain !
l

——————— e e — e

S

_ [ relTlM, N
111 m"'e(t’t—k'k)—“”%(l W;)v

vomH +a

T .- [ SR

T:_-—_:a)zs(p.-—-k)zmze\

/l ko lTIM, )

Equations (4) and (5) show that, along the z-axis, two waves with different

%:. phase velocitie.;s tare prop:;’.gated. A consicieration of the field structure of these

v -

waves (3) leads to the conclusion that these are two plane waves with circular polar-

ization, the wave with the propagation constant Y being dextropolarized. and the____

'-?--;wave with the propagation constant Y, being levopolarized. Thus, a wave with any _

_53_
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G — .
- polarization n which is propagated ‘along the “constant megnotic £161d° H . breaks up im-
e, [

to two_waves with circular polarization, 1 which have different phaee velocities., If
l
the initial weve is linearly polarized, then as it is propagated in the ferrite, its

!
plane “of polarization will be “constantly rotating, - the direction of this rotation is

4

determined by the direction of the permanent magnetic field H and does not depend

1y {
—.on the direction of propagation of the wave. In this and similar phencmena of mag-
ie_Jd !
'netiv., rotation of the plane of polarization, the reciprocity principle (Faraday's
i
. )
effect) does not apply. i

The second magneto-optical effect [see egs.(4) and (5)] consists in the fact

that , for a certain constant field intensity,

H —_ [} .
* well - <

o
|

__'resonant absorption of the dextropolarized. wave (Yl) is observed , whereas the ab-

e e m ae = = = T J

_— sorption of the levopolarized wave (Y2) is almost independent of the quantity H

h(l?ibl.l;). %
The indicated magneto-optical phenoméne. have been investigated in various pap-
ers (Bibl.2,5 ,7) These are used as basis in making waveguide valves, switches, -
\

_d:!rectional phase shifters in circular wa.vzeguidcs.

46 | _
j Figures 2A and 2B give the schematic diagrem and the operating principle of a
32 !

l1\ra.vegu:|.do system which makes use of Farada.y s effect. Rectangular waveguides placed
40

__'on both sides of the circular waveguide, which contains a ”shifting ferritic ele-

47 |
_ment", form an engle of 45°.

.4(....1

: The wave from the rectangular waveguide (1) enters the spherical waveguide

/.G:j
_'(Fig.2B,a,b). The rota.ting element rote.tes the plane of polarization through an

9.}
..'angle of 45° (Fig 2B c) and the weve passes into the turned rectangular waveguide(z)

z

| .
:(Fig.ZB d)e When propagation in the reverse direction takes place, as can bte seen

-

—- from Fig.2B d-e, the wave will arrive with such a polarization that it will be un-_

Tlsble to propagate in the waveguide (1) and may be “deflocted into the waveguide (3)

—

5.

STAT

i
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0 ——Thus , a syste.‘n i3 obtzined in which energy {3 tranenitted frod channel (1) to “chan-

!

‘l

: As the direction of the permanent field Hy changes, energy transfer will take
6 :

i
,
1
-
gt

5060

Fig.2

d).

[N

a) Permenent magnet; b) Phenoplast; c) Ferrite rod; d) Described circulator

__place from (1) to (4), from (4) to (3), frcm (3) to (2)
35‘—‘ Such a system, which accomplishes the above-indicated channel cormutation, 1s

3°ﬂcalled a circulator. A schematic diagram of a girculator is shown in Fig.2C. - By

e g smitted
” _means of shifting the direction of the external field H,, energy can be tran :
- l:t'rcz:u channel (1) alternately into channel (2) or (4), i.e., the systea maybe used

i

_'as a switch ; ‘ |
i At present, the above circuit is used as basis for designing rapid-actior

43..1 switches. The basic difficulties in the developznent are the creation ot a broad-
4 B

—Wband ferritic element which would opera.te at a very low permanent rield intensity }
JO_"H , as well as the creation of a circular, l\mweguide which would allow a rapid change-
| i

'over of the direction of the field H . 1

"ne
.'ﬁ.——

|

100 (e o e o

ant
i Figure 3 shows the sche:natic dia.gran of a valve which makes use of resonan

STAT
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O

D

4

6.

13

Lz -

o~
i

AR\
Li_Ll_ .y

’

~1
\‘\

=N

) ly absorbed by the ferrite.

i Valve systems with very low coefficients of reflection (TWR > 0.95) are of

2.
be considered in detail below, since their use permits designing simpler valve sys-

I

e _...—s_._.._

serption of the dex ropole.rized wave by th'e Territe. The vave in the cylimdrical™

T twavegv.idc: (1) (rig.3a) is transformed into a levopolerized wave and passes through

"_ tho forrite with 1little dampin\, The wave 5 vhich propagates fyom the waveguide (2)

to "the waveguide (1), is transformed into a dextropolarized wave and is then atrong—

s

i
greatest interest for radio-relay lines.

Tuning the syscems in question to TUB > 0,95 is quite difficult. Therefore s

phencanena vhich take place in a rectangular waveguide with a magnetized ferrite will

tems which would also have better qualitative indexes.

Case of the Transverse Magnetic F;.eld. Ir 9 = 90 is substituted into eq.(3),

:the following will be obtained for the propagation constants of two independent
|
|

1';’ ——kg =uw2e F‘:k’ =wlkp , ‘ €))]

el - -

- T T - =- -/

| h= k=0, 8

——— - - - - e . -~ o~

Analysis of the field structure of tﬁese waves (Bibl.3) shows that the first

_one (extraordinary wave) has a longitudinal magnetic field component; the wave prop-
Jagation constant depends on the permanent field intensity H .

f
The second wave (ordinary wave) is a tra.nsverse wave and its propagation con-

|
!

stant is almost independent of the ext.erm?l field H .

Thus, in the case of a transverse field , a wave of any pola.rization breaks up

f
:Lnto two linearly polarized waves with different propagation constants.

The second magne»o-op’cical phenoménon consists in a resonant absorption of the |
I

STAT
6

l
i
i
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£ S —

T extraordinary wave at a ‘dofinite vaiue of the external field Hg.
g4

|
" Actually, if 1t and k in eq.(7) for u _3_ are replaced by their values from eq.(2),

|
- " it will be found that’p, ~ = at

b)

r i - b d me e e e ST TN
B— a) u,J_—_—_-mol/l—{—:T{-:, 1(9)

B, - <
1

———————

d
@ CD "} where w, = uo_lyl Hy is the longitudinal
@ ®
3 h

|

i

") , is the transverse gyromagnetic reson- |
|

gyromagnetic resonant frequency;

Fig.3

a) Polarizer; b) Ferrite

" ant frequency.

.~ Magneto-optical Phenomena in Rectanpular VWaveguides which Contain a Transve;-s_]lx_

! — Magnetized Ferrite.

PR

The problem of electromagnetic wave piropaga.tion in a waveguide with a magnet-
”Jized ferrite was solved by the partial wave method (Bibl.3,6). The équation which

I —

.. "qetermines the wave propagation constants ialons the y~axis (Fig.s) and the expres-

' : will have
33 sion for the field component, in the case .Of type HnO wave Propagation,
_ i
34__the form

;r— Ty -% (1g ko ts — 18 Roda) 18 kL -+ (ig k‘,xt2+ tg ko 13k, +

k3 . .
+ kOx tg k;xtl 'F;L _ !‘02 (k‘i;—*_ el Y: tg kOxlz tg kOxtS ]— 0'
Bo rykox \ ® ]

kg —_ ‘r: ; ,kg —=w2egpy.

In the region I (Fig.s):

E,=—iA [sin kOxt, cos k ;.x" +

) . —ityy
kT sin k‘,xt,> sink ,x ] e :
B Rix

> k, sin kg tysink, x —
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- gy
_.k(,x% cos &, tz( - smk x+cos k“x )] e .

hx,—_z-—-i/i;—‘-[(y’cos kux_T k, sink, x )sm ko t2 -+
. ES

. —l1yy
. k 7
ko ':i— cos ko‘t, ——t— k—-i sin &y t, T, Sin k“x‘*""[,kix cos k_,_,x)]e - (ll)

1x

In the region Il

|

E, —=— 1A sin ky (x + 12)e "’

zil

l‘w
hyyy=— A= P k,, c0s ko, (x+13)e

k2

S

—tyy
by, =—iA22 Ty skax (x—}-tg)e

1
I
In the region III: }

. i e
E‘,,,—-stmk (x——t4)e -

~ityy

. B 9% x—1t)e
yllt'—'B B ko, cOs ko, ( 1) ;
Y

xm—“B kz T sin kOx(x——tde H ) (.13)

oo et e

— B: A [sin ko tacosk t +

+(——::: :o‘ cos &yt —-%:’ sin &, t2> sin k&, ¢ ]cosec k(,xt,
ix 1x
\

L

©
]

It follows from eq. (10) that a change in direction of the permanent field H, or
l

N
[«

L]

in direction of the wave propagation wﬂl

cause a change in the megnitude of the
propagation constant Y , i.e., the phase

velocities as well as the damping of

waves propagating in opposite directions

differ. This, in turn, means (eqs.(11-

13)] that, as the direction of propaga- |

“{ion changes, the field structure of the
Figdy 0 — ——STAT

|

o
8

i
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e b e

wave propagated in the v'a.veguide ‘also changes.

Thus, the conducting wavegulde ple.ne:l do not _sinply d distort the'phenongoga _j}_ki_ns

o place in an unlimited ferritic nediwm, but produce entirely new phenomena which per-

-

mit designing “waveguide systeas which do n ot satisfy the “reciprocity principle. SR

1
i
t
1
!
-4

)

- :_ Let us consider waveguide systems whlch make use of the- indicated magneto-opti- B
1ot
~ cal effects in rectangular waveguldes. '

" Yavegnide Systems Based _on Nonreciprocal Phase Shifts

- As indicated above, the phase velocit'.y of a wave propagated in a rectangular

1 ~ waveguide, which contains a magnetized ferrite (Fig.h), depends on the direction of ‘

S | propagation. This means that the section'[

L
\

‘ 4!145_&2' C
- — 08 Ko - I . ‘ of the rectangular vaveguide containing
c;_— h ' the ferrite is a nonreciprocal phase
y - !
- as T i
T ) ° b Ty~ ‘1 shifter and may serve as the basic ele-
- : w MWy : -
c..., 0% \ M-029% | ment of waveguide valve systems. _
— £ - !
an \-;;-10, f=10000me i‘l Therefore, the determination of the
_. a2 H .
3;___', : l) ~_ conditions, under which the ferritic ele-
34.__“ 0 7 o % 08 1 ? .l pent in the rectangular waveguide pro-
36 e e * ! duces maximum nonreciprocal phase shifts, -
Fig.5 | '
3 \ is of interest. It follows from eq.(10) |
/¢ 'that, if the waveguide is completely filled with the ferrite or if the ferritic

pla.te is pla.ced syxmnetrica:u.y in the center of the waveguide, no nonreciprocal phaéesi
/,./ﬂ,_ shiﬁ’-s take place. An investigation of ec11.(10) indicates that- the use of ferrites t!
'-! ‘is advantageous in relatively weak fields where w W, . !:
AT ,: Here, w 18 the frequency of the propz,aga.ting oscillations and &, the frequency :
| at longitudinal gyromagnetic resonance. i A
The curve in Fig.5 shows the dependence of the difference between phases of the-
direct and reverse H:LO type wave (nonreciprocal pha.se shift) on the extent to ! whicﬁ"

‘.-;,_! ferrite fills the waveguide; it follows frcm the diagram that the maximum ISTAT dif-
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“17% of the waveguide size, ,’
i
B Such an optimum degree of filling depends on the parameters of the forrite and the |

{ {
frequency. Figure 6 shows the diﬁ'er-

ence between the phases of the’ d.irocti

and reverse waves,as a function of tho' )
i
position of the ferritic plate in the:

' waveguide.

cu»q, b
Hz=0250x It follows from consideration of
{-'.;-10, f~1000

these curves that, first of all, for !

- every width of the ferritic plate, |
: ]

4

there is an optimum position of the
’ t

late in the waveguide (-2)

P. gul =, | opt

which the difference between the

, at

phases of the direct and reverse
waves reaches its maximum value; sec-

ondly, that, starting from a certain
a) Nonreciprocel phase shift in re~
walus of the plate width (in our case
lative units (
| equal to 0.17), the phase difference

:of the direct and reverse waves begins to decrease with increasing plate width.

|
The curves in Figs.7 and 8 illustrate the effect of the ferrite pemittivity
!
_ (&) end magnetization (M ) on the phase difference of the direct and reverse wave on

i
t

the optimum position of the plate in the waveguide.
i !
The waveguide-valve system, based on nonreciprocal phase shifts, is shown in

— !
'Fig 9. The system contains two directive couplers or hybrid junctions between which

_'is located the ferritic element which maintains the phase shift specified in Fig.9. ;

Any coupler with a transient damping of 3 db can be used as a directive coupler.

The most compact coupler is the hybrid junction with a wide slot in the narrow mrave—1

guide wall, described by Riblet (Bibl. 8). I

STAT
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Y
2

be divided equa:l_ly between the two opposite arms of the directive junction, the wave

%
p

:in the arms being'90° out of phase. If the two directive couplers are connected in

::series , a system is obtained wherein the waves pass from channel (3) to channel (1) !
) | - S
and from (1) to (3). If a waveguide secti]on vwith a ferrite, which gives a nonrecip-;
1
rocal 180° phase shift to the waves propagating in opposite directions, is connected

between the directive coupler, then the energy will be transmitted from am (3) to

| )
Jm. (2), and from arm (2) to arm (4), i.e.:, the system will be a- ch'culator. it the

direction of the external magnetic fleld is shifted, corresponding to a chango in

/.o__ the sign-of the phase difference of the di‘rect and reverse waves, energy may be

4+7_ transmitted successively from channel (3) iinto channel (1) or (2). By changing the
:_!exbernal magnetic field intensity, the povier distribution between .channéls (1) and |

(2) can be regulated, i.e., the system mmfl be used as an amplitude podulator.
.L:;' The described 8ystqn is essentlally !lsed as a waveguide valve of high power
';cijf transmittance. ’ |
.

N2

4 6

i ’ ‘
- Such a valve (5), designed for operation at a frequency of 9000 mc, introduced
~! i
. a damping of 0.1 db in the forward direction,,a.nd of 30 db in the reverse direction.'
- i H

' I.n the 10-percent frequency band, demping of the reverse wave does not drop below
STAT
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20 db, the direct wave being attenusted by mnot more than 0.5 db. The basic difficuld
ty in designing such a valve for radio-relay lines is the development of a directive

|
; coupler with a very low reflection coeffi-

|
a) "ycient (TMH > .95) In a wide frequency bani

i Valve Based on Transverse Ferromagnetic

Resonance

For a certain permanent magnetic
field intensity, determined by eq.(9), a

resonant absorption of the wave, propa-

Fig.9

gated through the ferrite, is observed,
a) Ferrite plate; b) Dielectric plate :

On the other hand, it follows from eq.(10)]

that the attenuvations of the waves, propagated in opposite directions in the rectang-

ular waveguide with a ferrite, are different. If conditions are selected under whic

[

| .
a resonant absorption of the wave, propagated in the forward direction, would be les

N e e ol e e -

. ”dl’rﬁ %) N, .
8-
e .ff]—»
N | /

N

L]

[

5
4
3
2

. /'
Gz om 06

Fig.11
a) Ferrite plate a) Damping in db; b) Reverse; c) Direct

_than the resonant absorption of the wave propagated in the reverse direction, then

?:T system could be used as a valve where the return wave would be absorbed by the fer-

54 _xitm&elf_iﬁg.lo),_lm.stigation_o_f_.sst':h a_system by solving eq._(lQ)__in_tn;_ua_l
ant region meets ulgh_ggnalderable.di_f_t_‘.igplties _and all_authors_ ma.dg_sn;:h_imsﬁSTAT
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igations by experimental means (Bibl.9,5,10). J
suc

2 .

3 The basic goal L of the investigations consisted in determining the effect of 1
4__ : ~ |
—{factors as the size and waveguide position' of the ferrites, intensity of the extorna:T

6_!
‘magnetic field, frequency of the propagabting ‘oscillaticns etc., on the resonant ab= '

—

8

sorption. The following conclusions may be drawn from the obtained results:

1) There exists such an optimum plate position in the waveguide, at which its.
valve properties V, i.e., the ratio of reverse viave losses to direct wave losses,.
reaches a maximum, Then, the thinner the Plate, the closer to the wall will be it.s
optimuﬁ position.
2) The curves in Fig.11 show that thq valve properties of the. system increase
with decreasing width of the plate.- '

3) The valve properties of the systen improve with decreasing height a of the

- —';; — - - rlate, to a certain definite magni;cude_

25 ! which is independent of the width of
b) —d_

2 114

« ¥
CIHENE:
—23

) E}%

c)_—d

15
. a)

-

-
I
s.ma 9600 9800 10000 10200 15400 \m¢

Fig.J2 Fig.13

| a) Damping, in db; b) Reverse; c) Direct ' . a) Ferrite plate

the ferrite and is equal to approximately 0.6 - 0.7 of the narrow wall height of the

waveguide. Since the decrease in height g of the plate decreases the bias currents

50
—11n the ferrite, the improvement in the valve properties is apparently associated )

S
Z—:‘%ﬁth a decrease in the ferrite dielectric [losses.
54

f
ce 1

4) The valve properties of the systenla do not depend on the length of the feSTﬂl
I

: - 3-1
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plat (- 1%

Figure 12 shows the ggqqgeggy_gtlégggﬁqristic of the resonant valve (5), which

|
is designed to operate in the 3-cm wave range.

In another paper (Bib1,10); a y 8 somewhat modified resonant valve circuit is con-

sidered (Fig.13), wherein ferrites in the [form of thin pPlates are fastened to the

wide walls of the waveguide. Such a position of the ferrites permits a considerable

decrease in the bias currents > 1.e., a decrease in dielectric losses,

The euthors point out that such a valve, although not a resonant vé.lve, posses-|
ses good band properties. At a frequency of 10,000 mc, a valve was designed with a
ratio of reverse losses to direct losses not worse than 20:1 in the 12% band. No
_|theoretical investigation of such a systex was ever made. .

A considerably more detailed investi ation of resonant waveguide valves contain-

ing ferrites attached to the wide walls of the waveguide, was published (Bibl.17).
The curve in Fig.14 shows the dependence of the direct losses and of the reversev.

losses on the permanent field intensity in such a valve. For comparison purposes »

Fig,1l shows an analogous loss curve for 4 valve design on the old circuit, _A com- |

—parison of the curves shows that the valve with ferrites attached to the wide walls

34
_of the waveguide has a considerably betten ratio of reverse losses to direct losses

36_] i . .
—(75:1 versus 15:1). In addition, this vallve is more convenient in design and, other
conditions being equal, can transmit & higher power.'

However, the disadvantages of the Valyve include a low attenucstion per unit

length of the reverse wave (2.56 o verqu 1.3 c_m' ) and a higher permanent field

intensity (4800 oersteds versus 3000 oersteds), which is due to the considerable de-

magnetizing factors of the ferritic plate,

Further improveﬁent in the characterdstics of the resonant valve with ferrites

attached to the wide walls of the waveguide is accomplished by placing dielectric
plates with a sufficiently high pennittiv:llty next to the ferrite (Fig.l5).

The dielectric plates concentrate the wave energy in the region where the

STAT
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—Iferrite is installed, as a result of"t?}il"éﬁ the attonuation per unit length of the

db |
reverse wave increases up to 9 eae .. The fact that the attenuation of the direct wave

¥did not increase and that, as a result,

: the ratio of the reverse losses to the

direct losses increased up to 150:1 is of

N UEﬂg?f: . interest.,
—23 ’

The frequency characteristic of a

valve 'designed on the basis of such a

d) _..

circuit is shown in Fig.l5.

\\\) | Systems Making Use of Nonreciprocal
e
T Field "Distortions" in the Waveguide

oersted

The electromagnetic field in a wave-

a5
: guide containing a magnetized ferritic

Q4

? " | plate, is determined fram egs.(11) to

qz : (13). The expressions readily.shc‘m that

the field structure of the waves » propa-

602
oersted

gated in the forward direction (along the

positive direction of the y-axis), and
a) Demping, in db/em; b) Ferrite; c) Fre- .
that of those propagated in the reverse
quency: 10,500 mc; d) Reverse; e) Direct;
) direction, differ. Theoretical investi-
f)Reverse losses, in db/cm; g) Direct
gations of the field structure of elec~
losses, in db/em
tromegnetic waves in a waveguide contain-

ing one or two magnetized ferrite plates, were carried out by various authors (Bibl,

4811, 12, 13, 14). Figure 16 gives design curves which show the positions of the“ elec~

50:tric component I.?.z and of the magnetic component hy of the field in the cross-section
52—of a waveguide containing one magnetized ferrite plate.
54j,._._..Eoz°_.coxnpanison~pnrposes.,_onjhe_semeﬁdrawmga_are. Plotted_curves which ¢h 2rac=_
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e e e

ponent E, of the field, in the cross secti]“o‘zf ‘of a wavcguide containing two Torrite

Iplates, is shown in Fig.17. A study of the curves readily shows that the waveguide

I © | with a ferrite has cross sections in which

" - | the electiic tYeld Intensity and, comse=

quently, the intensity of the energy flux

] /
s / / are different for the direct and for ths

4 / c)
““‘”"3 reverse waves,
/ :
If an absorbi.:g plate is placed in

Q94x254573
a) 2

=5

0 | ' I the indicated cross section, the damping
CED (GO0 1000 1200 M@ X500 mSO0 2009

Frequency inme

: of the waves propagated in the forward
Fig.l5 )

and reverse directions, will differ since
_|a) Reverse losses, in db/cm; b) Relative;

] such a system will possess valve proper-
c) Ferrite; d) Dielectric £=15; e) Re-
ties. There are no literature references
verse losses; f) Relative reverse and di-
on an analysis of the conditions under
rect losses; g) Frequency in me .
which the valve properties of the system

will be maximum, )
Other papers (Bibl.5, 15) give chara.c'teristics for valves with an absorbing

plate designed to operate in the range of {6000, 11,000, and 24,000 mc,

The 6000-mc valve was developed for a

;guide of 15.8x31,.81.'m (Fig.18) and en-

Hy~1000 earst Ny=08 5 ! ! a)
7] f=9000me Zf'""” N 7

-

b)
db
Hy=10000erst Mp=03"0
£~3000 me -§£—.- 10

tx
Iy

B w N e D - W

i

Fig.l6
) Sﬁjl,a.)__&npty Waveguide; ) Direct; c) Reverse a) Direct; b) Reverse

64
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sures a ratio of reverse losses to forward losses not worse than 20:1 in ths 103

band., The schematic diagram -2nd the characteristics of a valve in the 11,000-mc

range are presented in Fig,.19.

Valves of such a type ar_e_iié'éaﬂifr“&id‘iﬁ"i:adio-relay Iines (Bibl.16),

'y - : i
= FredNaie
T 1
2 7 r,s-LCi:A\bL
\ | Hp=1045
g I V) RIARSCT L

a) 5 P
p %)

TN "

. . — as .

3 solgs y e why

5 ' P o

0 — ) 55 Al
. -

- 50 5600 6000 6200 6400 & Fome 050 M000  H200 00 mogo

ﬁgcls ' Fig‘19 R .
a) Damping, in db; b) Reverse; o) Al a) Demping, in db; b) Reverse; c¢) Diroct,

sorbing plate; d) Direct d) Standing wave ratio

On the basis of utilization of the nonreciprocal field "distortion in a wave-
guide containing a ferrite, waveguide circulators » switches, modula.tors, and other

systems, may be designed as well. Due to th]

shartness of this survey, let us consider th

operating principle of one of the possible
ci.J,culator circuits only (Fig.20),
| It is known that if a slot is cut in the

wide wall of the waveguide s along the line

wheire the longitudinal component h of the
magnetlc field is equal to gero ’ such a slot

50—will not emit,

- 52— The slot in the waveguide of Fig.20 corresponds to the node of the longitudinal

o—

54_.component._h,_a£_thuagnetic_.fiel¢mr_oné of_the directions _ot_wave_px:omuqm,

'56_ltherefore, the slot does._not. emit, and . damping is negligible in such_a direction.  STAT

s m e e s e a—.— o
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Since the wave is propagated in the reverse direction, the longitudinal compon—

ent hy;or the magnetic field is quite large near the slot (Fig.16), which results in

an energy enission from the waveguide 1-2 !into the waveguide 3-4. If the dimensions
|

of the slot (or of the system of slots) are so selected as to make the transmission
of energy from (2) to (3) and from (4) to:(1) complete, then the system becomes a

circulator. The direction of the commutation channels is indicated in Fig.20.
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DETTRINATION OF SIEADY-STATE FRROR IN PULSED

| .
SYSTEMS WITH LINEAR SYNCHRONISM

by

L.N.Shchelovanov

A formula is derived for steady-state error arising with a divergence in
the respective frequencies of the phdsing and phased generators. An example
is given for calculation of the steady-state error, and ways of reducing it

are shown.

" lIntroduction

Systems designed to effect phase corx;ection of generator oscillations find wider

spread use in synchronous telegraph equipm:‘lent. Similar synchronization systems can

also be employed in facsimile and television equipment.
In response to oscillations of the priongs of the tuning fork at the output of 3

_}uave—shaping circuit FK, sawtooth pulses are formed, which are jmpressed across the

34|
36_

38

40__

i

42_

44

46

48

Fig.l
50. .
— i
59—linput of the phase jnverter FI, and then, ‘in opposition, the sawtooth pulses arrive \

-y

Séng.zhe,mm;ml.gﬁds_oﬁ.xhe,phase_disgrjmmnor FD. _Pulses taken. ﬁm,&hg_lin;_ﬁlﬁq

55—:applied to i1 Dates of the phase. diacriminator._ It wm_b_e__seeninom_j.ha.s:im‘gfrj&.r

0
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e o e e+ e e e, A

arrongement of the phase discriminator fhat, at the imstent of arrival of the pulses

 across the load reqigtqggul_iﬂ,lim, _gu_.:-r;ggt].s will be flowing in _opposite directions,
: 1

| i ‘
while the current flowing through a corresponding resistor will be dependent on the

value of the voltage applied across the ¢ Eéhﬁi‘éi“é?ﬂ’.‘”'rho output voltage is taken
‘ .

off the points a—b of the phase discriminator. The output voltage is equal to zero

vhen the received pulses coincide with the: centers of the sawtooth oscillations

(Fig.2); when the differentiated pulses m"e shifted to the left, positive narrow

__{pulses are obtained at the ocutpub (Fig.3); vhen the differentiated pulses are shift-
ed to the right, the output pulses change jin sign (Fig.4) (it is assumed that the
integrating circuit is inoperative).

The duration of the output pulses redains constant and equal to the duration of]

LTI )
U,,ﬁ ‘ e
e ; Cw

!

“ | o

Fis 3

the differentiated pulses, while the amp=

litude varies in proportion tec the change

in the phase-shift angle. Pulses from th4

phase discriminator output are fed to the

integrating circuit and froa here to the

amplifier-tube input, which has a compen=

Fig.h sating electromagnet jnserted in its plate

circuit to control the tuning-fork frequeti— )

cy.—-On._th&bas:Ls.oLit a_operating principle, _the_synchronization. system under con=.

56_ sideration_is_classified_uith,pulse_sontml .syst ems_of. type.I. (Bibl.1). 5 ‘
' . i TAT
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i o question of the quality of contro a very importent one. It musi
b e ac-

e kept in mind that the _margin of synchronous telegraph qugment depends on th

ﬂcuracy of phasing. One of the criteria govern:ing the quality of the operation of

___\ phasing systems is the magnltude of the steady—state s error For a ~disturbance charact-

_leristic of these systems - changes in the ‘frequencies of the oscillations of the

__|phasing and phased generators.
The tern steady-state error, in autoratic control theory, is taken to mean the

rror occuring under steady-state conditions in response to a characteristic effect

exerted on the system. Numerically, the stezdy-state error is equal to the differ-
_-ence between the internal characteristic effect and the output variable after ‘erm-
jnation of the transient process, i.e., the constant component of the input variablep

—11¢ for any reason the frequency of the tuning-fork oscillations diminishes, positive

24
__lpulses will be formed, with the control circuit closed, at the output of the FD

easuring device; these pulses will be smoothed by the integrating circuit, and &

bositive voltage will appear across the input of the control device, This will lead

o an increase in current flowing in the compensating electromagnet, and the differ-
32
ane in frequencies will be eliminated. But the formation of -positive pulses at the,

utput of the phase discriminator can takJ place only because of the constant shift

36

_4n phase of the oscillations associated th the object of control (the tuning fork)

d the pulses taken off the line. The phase shift angle formed in responss Lo tho.

40
iivergence of frequencies of the phasing a'nd phased oscillators is itself the steady

42_
__lstate error €w e

44

Let us atteapt to clarify, with the aid of oscillograms taken on a working

46_
_Jmodel of a linear synchronism system (Fig.5), how steady-state errors are formed in

48
_iresponse to chan

50—
—lgrams shown, put cf the phase discriminator;

52—
—curves 2 and 3 are the voltages applied from the tuning-fork to the control grids of\ -

54 —
—lthe phase discriminator (Fig.1); curve L r‘epresents _the differentlated pulses fomed;

S STAT \
|

ges in the frequency of ¥ —fork oscillations. On the oscillo- ‘

e e e AT e e e T Y
e o 2T e *_':-'.__’.—-——————‘—‘—"'"_ A
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of the oscillations taken from the oﬁp’B‘s_i?;ef station. The upper oscillogrem, Fig.’a,

was taken in the absence of any frequency ‘devia.tion. After the frequency of the fork
Hefley Covrart=

was detunéd, the differentiated pulses were displaced
{

b———trom "thein original position (Fig.5b). Ihe diffor-
ence between the newly assumed position of the dif-
ferentiated pulses and their position when there was
no frequency deviation is equal to the steady-state

" error eq 4
In order to determine the steady-state error,

we will define the input variable of a closed con-

trol circuit subject to a linear perturbation. The

equation of a pulse control system (Bibl.l) takes

the form

& @D=%D T l @)

- —
#
}

. e e we . e gt e = e e e e e e e — )

“Where 6% (q) is the transform of the extJ_rnal disturbance;

w#. (q) is the transfer function of an open circuit of a linear synchronism

34_] |
pulse control system (Bibl.j).

36_. DR ——
— T * ’ . e' I
381 ' :W..(Q):akopo (e"——b)(e"—l) M ) j (2)

Here a, ki, Bo, b represent constant \coefficients depending on the circuit par-
42 | i

__lameters,
sl
In response to a change in frequency, the phase will vary .linearly, i.e., the

perturbing action will be expressed by a linear function

| -

] 8, [n]__.—‘_—j Aegn, : (3)

e

59—lwhere Ap represents the phase increment over one period, due to the change in fre-

54 _lquency.

5 6”'__Apply1ng_a_disgx:e§s_Laplagg.. txan_szg_r:nllaﬁion to eq.(3), we

o e e e b o e e Y
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;
e ,<_-_l R

four e e

Substituting eqs.(2) and (4) 4n “e'q‘.(l), we find
L i i e
]

q
h: (g)=A A
in(9) Py o pr
0 (e9— b)(e"—l)

After a series of algebraic transformations, eq.(5) assumes the form

g

s U SO,

y e?(e7_p)
m(q) A?[,q (e+elle"—(g—el (< ~1)°

s pP=g*—b.

Proceeding from the transform to the:original and eliminating the direct com-

ponent, we find the expression for the stTady-state error £, . 1Ihe original func-

32:tion ein [ n] may be found simplest by using the inverse formula .for a discrete
= i

34_Laplace transform (Bibl.l)

] |

1—b )
== =g S

B e i —

Tt e o ——— e e

Takding €q.(7) into account, let us evaluate the denominator € o

! (I—gr—p=atyf

0 _f kq poTpl

e M S et e S = et Ay R usa § SEAS M oy | Pt s = £\ v AT AR e Y = A ) o P S YT ST A S . e e e e ey ARTen A ¢ e e, e

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130003-1



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130003-1

Substituting these last equstions into eq.(9), we get

(20)

!
|
|
| T S

Since B,, for a1 practical purposes, is considerably less then unity (B, <T)

then 1 - e"B2 B,, and the formula for steady-state error will be

S F

(1)

(12)

TCalculation Sample for Steady-State Error

We mey determine the absolute value of the steady-state error in radians, using
eq.(12). .
First we will find the value for the individual coefficients.

Ay is the phase increment over one periocd, due to change in frequency. It is

2nAT

To

__jclear from Fig.6 that A= or, expressing AT and To in terms of frequency, we

get

LT Ty 2k __2mAf h -
l (?__fl - _fo_' v (13)

Let us now assume that, due to a change in the supply voltege, a relative
" lchange has taken place in the frequency of the tuning-fork oscillations, amounting

:to 0.2%, 1.0., l

Al 100=0,2%.
0

el I i —

fccordingly, Ap = 21°0.2X1072 = 1.25%1072 rad. -
The expressions for the reaaining coefficients included in eq.(12) were deriveJ
previously (Bibl.2 and 3):

o RRROYIRGE
T,=C, ey - (A4)

.__'II5_

:
i
14
E
i
i
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1

e . . .
é L o TQ—C (2R +R) . ' (15)
: is the net gain coefficient of the system;

Further,

k k

R.S
ll;2 B is the gain of the regulating device;
Ri+ Re

where S is the transconductance of the tube characteristic;.

Rg 1s the resistance of the compensating electromagnet.

T

Ui
kh= e is the slope of sawtooth oscillations at the FK output.

[\/’\

10 20 30 40

Fig 07

Here U, denotes the voltage applied :t the tuning fork to the wave-shaping cir—

_cuit; T refers to the period of oscillation of the tuning fork; R and € are the pare—

38: meters. of the wave-shaping circuit,
. k. - = ey is the jphase inverter gain
5" 2 Rys B s the p gain,

R.R, i
|

R r*_—k— (60! qu l).

{so—,—, whee To== =, N=tga.

R T S, e —en M mmms 4 e e e c———— e - ot

52: We find N from the graph showing the dependence of the relative change in

. 54__ltuning-fork frequency_ on_current_fluctuations_in_the KE (Fig.7).

—

56,,'___Let._the_cimnit_paramet,ers_(Hg.l)_.he' such that_T 1____6 . msec, T, = 150 maec, STAT
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ko = 0,73, B, = 0.628, Y * 0,1. Then, the ‘steady-state error will be equal to

1.95.70-2:
~ 0,73-05%- 01 150 "‘O l” ""‘

y

From the time curves (Fig.2-L), we can see that the magnitude of the phase shif{
. ]

of the differentiated pulses relative to the in-phase position is limited by the dur-

|
ation of the leading edge of the sawtooth oscillations. If the duration of the lead<

ing edge is denoted in terms of radians as Gn, then the allowable phase shift for
)

the differentiated pulses relative to their in-phase position will be equal to * -25.

I
It is appropriate to evaluate the value of the steady-state error relative to a
mumber equel to the ratio of the absolute fvalue of the steady-state error e, and
|
the alloweble phase shift of the differentiated pulses

2e,, _ S -

i z =
! Ul B,

or, percentagewise,

i 2¢
' tret o= 100,

. S

In the example considered, we have

)

2-0,114 K
! fta %= ST 100=5 6'/. ,

e et e e e — — e e e

In conclusion, let us analyze the effect of the integrating circuit parameters

_.,(cn and R ) . the magnitude of the steady-state error. To this end, let us consid-

T.
42__er the variation in the ratio TJ; in €q.(12) in response to changes in C, and R .
2

44 Since C, enters egs.(14) and (15) with a common mnltiplﬁng factor, the ratio
46—ﬁ will not depend on C, and, au:co:mi:i.n,gl;y,l the magnitude of the steady-state error A
48:6511 not depend on the capacitance C, of the integrating circuit,

50 In crder to clarify the effect of Ru on the magnitude of the steady-state error,

52—let us find the ratio 7
2' - . m—— e o - S —_—
!

TR
Ty _ Ru(Ri+Ry)+2R4R, Rat Ry Ry Ri+R,
Ty” (Rt R)(2R, TR, —  RaFoR,

54
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: ORR,
———1In_€1.(18), % ;‘_,; <2R

[Therefore J'“qq._(le_)__;jppgggggtq_g._pz_'_pp_ér fraction. The fraction (18) tends to-

ward unity as R increases, while the ratié 7?'- decreases in direct proportion to Ru.
Consequently, an increase in the resistam%e g presented by the integrating circuit
leads to an increase in the value of the siteady—state error and, conversely, a de-
crease in the steady-state error results from a decrease in Ru.

Accordingly, the steady-state eorror €, can be reduced by: 1) enhancing the stab-
ility of the phasing and phased generatori [eq.(12)] ; 2) enlarging the net gain; in
that case, it is necessary its value must jnot exceed the cutoff gain coefficient

—1(Bibl.3); 3) decreasing the resistance associated with the integrating circuit.
|
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NETWORK ANALYSIS OF DC TELEGRAPH APPARATUS

by

Kh.I.Cherne

The laws of current change affecting the currents flowing through the
electromagnets of telegraph equipment connected to short aerial lines, using
a DC circuit, are determined.,

_|Introduction
The transients arising during operation of telegraph equipment through uniform

:lines have already been treated in the literature (Bibl.l1,2,3).
In the present paper, the laws of cu:qrent change are determined in relation to

the currents flowing through the electroma!gnets of telegraph apparatus hooked up to

__'a DC circuit (Fig.l) through a short aeriall uniform line, both in the operation of

:the transmitter at a station, using a battery, and in the operation of a station

32:Hithout battery. The cases of opening and closing of the key are considered, taking

34__linto account non-zero initial conditions.

36| The complexity involved in the solution of transient problems in the operation

38 l——-—- e e

z'
*0 ) ! c %

42__

0
. a2kt

44 ]

46

R

48]
of telegreph equipment through uniform es requires a few assumptions,

50

52—
—In addition, it is presumed that the effec]t of line inductance and line capacitance

54

A1l the circuit elements in Fig.l, shHown in this paper, are assumed as linear.

on the transient piocesses may be safely neglected and that the réiaining two prim-
- . STAT

SA
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ary perexeters are constant in time s end indopendent of the frequency, within the

frequency range in use for DC telegreph working, The presence of spark-quenching

circuits (Fig.l) gives us reason to assume that no arcing takes place between the

key contacts during operation of the trans

Let us now dctermine the currents Ii

and output ternminals of the linear passive

_|tacts k open, taking as known quentities the parameter-coefficients A

Axas
load impedance Z; is increased, when the c

Before opening of the contacts referr
can be determined on the basis of known fa

loads Zl and Z2 of the four-terminal netwga

=

7=

After opening of the contacts k, the

I

pensation theorem for determining these in

and i2 are given the increments AI'l and

equal to the currents which would be gener
driving voltage I:J, equal to 112: provided
ance Z, opposing the current il’ as shown

A comparison of Figs.2b and 2a shows

Derivation of the General Parameber Relati

the load impedences Zl and 22, the eaf E, and the impedance Z' by which the

E (Anlx + Azz)

B

H Auzz + Alz + Azxzxzn + Azzzl

According to this theorem, the indicated current increments AI;L and AI.Z are

nitters.

ons
and I;l » which will fiow through the input

quedrupole network (Fig.2a) when the con-

> Alz’ A21’

ontacts k open.
ed to, the currents Il and 12 whose values

rmulas (Bibl.,, p.223) flow through the

rks

(1)

o (2)

2 + 4 (3)

impedance 2' is inserted and the currents

AIZ’ respectively. We will use the com~

crements,

ated in the circuit by a source with a
it was connected in series with the imped-
in Fig.2b,

that, in order to determine the current

increments Ail and Ai'z, we can use eqs.(1l)

and (2), in which, for this purpose, the !
STAT
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quantitics I, and I, E aod H; must be sjbstitiEed by ATBT:

12 "o ETand HT, respec-

tively. We obtain the expression for H' .{';om. eq.(3) by substituting the value of

Z; + z' for Zl. After these substitutions!, we obtains
|

ce— 1

A’,:: (&)

12" (AnZs + Ay)
o Hl_ o ’
’ Al =I'Z (5)

H '

o H=AAL At A @ADL aE . (8)

With AL, and A12 known, we can determine the unlmown currents I’ , and ]?'2:

B =
B
];=,2—-Alg.

-9 T

" |Operation of Transmitter of a Staticn witll Battery

Opening of Key kl . Before opening oxl the key kl in the circuit shown in Hg.l,g

:direct currents, equal to ¥ ol at the circuyit input and I o2 at thé output, ars flow-
ing.

A comparison of Figs.l and 2a shows that these currents can be determined on
—_the basis of eqs.(1) and (2). It is only [necessary to keep in mind here that, when

38:direct current is used, Zl = 2, = r and that the parameter-coefficients of a unifonJ

40__ine, under the assumptions made, are equs[1 to

42_] ; - : o - e
7 . An=Ap=chfol, Ai;=rpgshfyl, Ay=2t
44_ . - mm e m e o - - R e T T * o

c ) BO=‘VE_-, !

Here, R and G are the primary line parameters expressed in ohm/im and mho/im,

—lrespectively, while a | is the length of the line in kilometers, }
ST

81
1

T T R e v 1
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‘Substituting these values into eqs.(l) and (2), we obtain

e e ———

N
B

p..chBJ-{- rsh p,l
Fo

1} ———— e e e

! ) ny =

1
Raiamaa S P

'
¢

NI S

— ———, e ———

wr

Ho ._-.2r ch pot-{- po - P) shil. | (1)

VWhen the key kl opens (Fig.3a) » the load impedance at the west end of the line

is increased by Z', which gives rise to altransient response. We will determine th
transforms of the current increments through each electromagnet, brought.about by
the inclusion of the impedance Z', according to the compensation theorem (Fig.3b) on

the basis of egqs.(4)-(6) on substitution of all the values of the transforms enter-

ing into the formulas,

Since, in the case under consideration, the transforms of the line parameters

e ——— e e

Z

-f.'ql

2

"Fig.2 a) Fig.2 b)

coincide with the parameters themselves, \!rhose expressions are given in eqs. (9) and

(10), and since .

I

l..l !
]l (P)‘_ ek | (15)

i
I -

e e e

! Zp)="—"F" L+plm | (16?

!

—— -

| 2 =zG)=rtoL | (17)

e

then, after the substitution indicated, we obtain the expressions for the current

82
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—!increment transforms in the following form:

——————— - e —— -1 - - - —

I ’n(P"*'Pf‘z +8&)

A — 1 P

h (”) PL—pP)(P—PD(P—p)" _
A (o) " Inay (1 5Cr)
2(P)= o r—p0 P (=72 °

b= repomC 4 LshBJ
LCrysh p.
R S
b Potn
Lcrnsh }ol *

pl, Pys Py are the roots of the equation

S S R R

 P*+p%a +paz+a,_o ' (22)

= r&3!-2—(r4i'pnét'ﬁ 3 (23)
- - .- - - I - — °

[L_L c(? g + m.)] sh 8ol + 70 (ra<- 2r) cht Mo
LCsh gl ’ oo (@)
..__' L T L
P
ch Sh 3&1 - (25)

e et - - - - -

With the transforms Aij(p) and Aiz(p) known, we find the current increments

_1Aij(t) and Aigt).
Applying Heaviside's expansion formula [Bibl.5, p.23, formula(B)] s We geat

At,(t)_ 0,[l+'° (Kle";-{;Ke”'-l—K e"")] (26)

e e

3'2(1)— m[l—*_a’ (N'eh —1—N2e""-T—N e"” )] —_h_—_‘ (27)

K=

L =1, 2_ 3 _.-_ (28)

Rl +P1 bl+ b:

(29)

Px(Pl—Pz)(Pl"Ps) e (30)

qz—Pz(Pz—Pl)(Pz_P;)- - B (31)_

. ‘la—Ps(Ps-Pl)(Ps—Pz) o ' (32) STAT

T

l

g A e e e R St R T v e s a8 i A e o s .+ i ant e e weay | Arpeimes aa st e
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The currents ii(%)_:it the 1ine input iand i,(t) at the output, after open:i.ng of

the keoy k , may be computed in _ggggx_*_@_ngg_]with“ €q3.(7) and (8) from the expressions:

'
'
’

: | | —

i ()=l — 8iy (1), o (33)

1 S -
iz (£) =Top — Ay (1). B (34)

1
i

_§(t) 1line L(t)

—m

Substituting into these equations the expressions (26) and {27), we obtain the

unknown currents in the following form:
{ - - - - = - - - - AN - - Tttt s e
S U)f‘_"ol % (Kie™ +KqeP + Kzer), (35)

G E e T . o W e 1)

Depending on the values of the roots of eq.(22), the following three cases are

'possible:

a) A1l the roots of eq, (22). are real land there are no multiple roots.

]
In that case, a nonrecurrent process takes place in the circuit and the cur-
rents :Ll(t) and 12(1'.) are determined on the basis of eqs.(35) and (36). The law of

change obeyed by each of these currents as a function of time, is shown in Fig.ja,

b) All the roots of eq.(22) are real; and two of them are multiple roots.

Let the roots p;, p, and py of eq.(22) be real, with P, * Py-

After substituting eq.(28) into eq.(3l5) and eq.(29) into eq.(36) and evaluatin4

the indeterminate forms at P3 = Py, We obfiain, for the fol_fcwing expressions for thog
' STAT
i

J

S m—t L reree cm iy e v by e e s i o g ey —tm ey v mm——e - -

—— oy — m ———— - ——
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currents j'.l.(t) and iz(ﬂ.

W)=—Iy [K et ---——(mmzl—{-m,)]

ir(t)=—1Iya, [N,' e — p.f.l;xf (mst +- 1.714)],
. M=py—ps _ (39) ° mg=p,(1+p,Cr,y), (4k)
=Gt bl Cdimnn
- m3—m2+ml (Pz ba), ) | - K»l - - Py - —' (hs-)

! , 14pCr, T
L my=mg—my, 1 =Pl (46)
- l N

(38)

) _ms = ”zlmG' . (163‘)

In that case, a critical nonrecurrent process takes place in the circuit.
The law of current change for each of the currents il(t) and iz(t) is an&logouq
to the one shown in Fig.La below.

Fi'.lo
c) One root of eq.(22) is real and two roots are complex conjugates,
Let the root p; of eq.(22) be real, and roots P, and py be complex conjugates,

as follows

(47)
(48)

Substituting the values of the rootsiinto egs. (26) (32), we get

T e

‘1 (t) =-— Io [K"eml - sm (“’t -+ ‘Pl)]

ot -1
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i (0= — Iopa, [ N}'eP? — 1

42_

44_

__purrents il(t) and 12(t), set up by the pr
__to the point where they can be neglected i
_pcross the capacitor of the spark-quenchin

40
:lequal to the emf of the battery E.

__the electromagnets at both ends of the tra

_itage across the capacitor,

- P| + piby + by

Py ’
A Mg
My= cosdy *
— mmis-
Myg
_14+pcr,
pymy

(52

In this case, a recurrent process tak

_l_ e

sin (wt+ 92)]

m, =a2 +m2‘

Mg==p, —a, -_ (58)
T (59)

(60)
m=mf s, (&)
2 (m, 4 b2)+m,b,. __'~ (62)
m,,_m,—b i (63)
‘ “f(ba)
-~ (65)

m9 —m? + m’

m,o = /nsrn,2 — m-mla.

My =

m“= a -+ m,Cro'

m|5 =m“ - msv

myg == mgmy, + w2,

"~ (66)

es place in the circuit. The law of cur-

__rent change governing each of the currentd il(t) and iz(t) is shown in Fig.4b,

After the contacts k, close (Fig.5),

11] be cut off across the spark-quenching

Comparing Figs.5 and Fig.2a, we can s

24,
5]

Closing of Contacts kj. At the instant when the contacts kl close , let the

iz(t) s due to the closing of the contacts 'k'l’ can be determined on the basis ot

evious opening of those contacts » diminish
n first approximation. Then, the voltage

g circuit of the west transmitter will be
ithe discharge current of this capacitor
circuit and the currents flowing through

nsmission line will not depend on the vol-

ee that the current transforms ii(t) and

_‘eqs +(1)-(3), into which the transforms of the values included in the formulas must

STAT
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be substituted.

Since

=%, N2

then, making use of eq.(17) and takirg int'!o account the reference made above to the

{9?177
. K4
.;E I'(, Z,

Fig,b

Fig.5

values of the transforms of the uniform transmission-line parameters in the case

1
__|considered, we obtain the transforms il(t]

and ié(t) of the currents in the follow-~
ing form:

i _Etmdtp o
WO=" e e —r
: E3
t = 7 R
"(_) pL(p— P (P —p3)

{'_ﬁm}ﬁ;Zlﬁfh”m*i (76
L “p;_—_.-a.'——-ﬁ, o i

(72)
(7 =hsT - (73)

| : t
With the transforms 13'_(p) and ié(p) known, let us find the currents il(t) and

i;(t). Applying Heaviside's expansion theorem [Bibl.5, p.23, eq.(3)] , we obtain

SN PRy Sy T R (Y

=l =GB mosh ).

e (75)
The lew of current change for each of

these_currents, as _a _function of time, i§_|
56_lghown-in Fig.b

STAT

87
1

g <y

oy e e e g e = ———— o
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0 e e e e
—.Operation of Tranecmitter of a Stetion With'out a Battery

2
—{ Opening of key k,. Before opening -gfl ‘the key k,, DC currents Ij; and Ino whose

4
- _,!values are determined above, flow through the electromagnets of the west and east-end
i

equipment, !
After the key k, opens (Fig.7a), the load impedance at the east end of the jt.ran&-

10—
mission line increases by z'. The curren‘t.' increments through each electromagnet,

12 |
brought about by insertion of the impedance z' , can be determined from the circuit

diagram in Fig.7b, obtained on the basis of the compensation theorem.
A comparison of the circuit depict:
z z ed in Fig.7b with that in Fig.4a shows

L ek frivt that, in order to determine the current

T z’ a)
: z

inerements occurring in response to the

l; aly(t) aly(t) ' opening of the key k2, it is possible
--— '1' —

& ':; to use eqs.(26) and (27), obtained for
T the circuit in Fig.4a, provided 10.1 is

Fig.7

replaced by Ijo, ALl(t) by Aiz(t), and

7] 81,(t) by AL (8D,

Performing the indicated substitution and making use of egs.(33), (34), (A1),

36__
land (12), we obtain the following expressions for the currents il(t) and iz(t) in

38—

40_]

—t

the circuit shown in Fig.7a:

i () =1y {1 - # [I4-as (Nye™ + NP+ Naehl)'] } ’ (76)

1
{
|
i

v

_i2 () =.“ 102 —r[.(Klem‘ +Kzep’l + Kaep")- ; (77)

The values of the terms used in these expressions have been given above [ eqs.

(11)-(13), (22), (25), (28), (29)] .
Depending on the values of the roots lof eq.(22), the following three cases are

____a)_£11 roots of eq.(22) are real and there are no repeated roots.

88
T

i ey e Ty = Wit e A A oA S 4 T g S et £ T T e e

o 4 LT :
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0

— In this case, the currents i:i(t) end ;12({-.7“&e determined on.the basis of

ol
—'eqs.(76)_ard (77).__A nonrecurrent process takes place in the circuit. The current

9
6_]

|
i, (t) varies as a function of time, as ahoun in Fig.8a, and the change in the cur-

———— - - s ._.»--_---...,-‘ PP o————
rent iz(t) corresponds to that shown in Fig.4ja. At t — <, the current 11(t) tends

toward a constant value I, ., equal to

(78)

o m,,;-r—t—pwth,‘i,lj _ - o (79)

This expression is easily obtained from eq.(76) at t »=, if use is made of

_ egs.(11), (13), and ().
b) All roots of eq.(22) are real, two of them being repeated roots.

Let the roots p;, P,, and pj of eq.(22) be real, at p, = P3.
| . S G

Ltt)
L (%) L

2 .

7 0

. e

ﬁz]_ _é i(t) _ L)

FEY 7

Substituting eq.(29) into eq.(76) and eq.(28) into eq.(77) and evaluating the

indeterminate forms at Py = P,y we obtain

T
p;n ? (mgt 4 "’4)]”
iy (t)=—1Io, 7~ [K; efl— eﬂz (m,m,t+m3)] .
o L B

2
pam

i (t)=1I, [1 1 {1 ta [N; ent_
my
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The values for the terms used in. these equations are given above [in eqs.(.u)-

1(23), (25), (39)-(46)]. o
: |
A critical nonrecurrent process takes place in the circuit. The law of current

change, affecting the current "ii(t')",' ’fs"arialog'oui"td_the one shown grephically in
Fig.8a, and that affecting the current 12 it) to the one shown in Fig.4a.

c) One root of eq.(22) is real, whi_u;: the roots P, and p3 are ccaplex conju-
gates,

Let the roots 2 of eq.(22) be real, ;while the roots P, a;.'xd p3 are complex con=

__|Jugates [cf. egs.(47) and (48)]. Substitt‘lting the values for the roots into eqs.(76)

“land (77), we obtain i

) 1 " ’ et . o . ,
B i (t)%lo,.[l —n {I+ a, [1\;] ep'f—_;;z—;n_us_m(wt_—*_%)]H,' ‘ (82)
' iH(f)=— ozr—lf [Kl' e"l'—ig::’sin (0f 4-21). (&3)

The values for the terms used in theTe expressions are given above [egs.(11)-

(13), (25), (51)-(59)1. |
A recurrent process takes place in the circuit. The current il(t) varies as a

__|{function of time, as shown in Fig.8b, while the change in the current 12(t) corre-

__isponds to Fig.4b.
38

Closing of the key k,. At the 1nstm‘1t that the key contacts k2 -close, the

40__
transient process set up by the previous (;)pening of the keys ceased for all practi-|.

42__

44:= L > while 1(t) = 0.

The effect of the current IJ on the transient response after closing of the

cal purposes, so that it may be assumed tﬁat, in the circuit shown in Fig.7a, il(t):

key k2 may be taken into account by introducing a fictitious source with a voltage

equal to

e e e
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as shown* in Fig.9.

Comparing Figs.9 and 2a, we see that ;the transforms of the currents i,(t) and

I
! ia(t) due to closing of the key k,, can b? determined on the basis of egs.(1)-(3) in

which, for %Hdi.s'\purpose, the transforms of the values
im

= included in the formulas must be substituted,

Since

Ep=EEr, - (85)

then, using egs.(17) and (84) and taking into account
the reference above as to the values of the transforms of the uniform transmission~
line parameters in the case under consideTation, we obtain the transforms for the

currents 1£(t) and iz'(t) in the following!form:

() =— _Elmtplr 86

: pLEmy7(p—p)) (p — py) i (86)
Ef (my7+ pl) !

PL'"H (P “Pn) (» —Pz) ) (87)

1

ir(p) =

The values for the terms used in these expressions are given above [;sqs.(70)-'

_1(73) and (79)].
With the transforms il'(p) and iz‘(p) known, let us find the currents i]:(t) and

] ]
iz'(t). Using Heaviside's expansion theorem [(Bibl.5, p.23, eq.(3)], we obtain

e e et e

| HO=Iu[1- Z(pr2E)] (@)

| _i2§1)=102[-—.e"’(f”'+ch5t)] '_ e

i

* We resort to one of the methods of taking the nonzero initial conditions into

account, developed by Prof. E.V.Zelyakh in his report "Contribution to the Analysis

) 54-of»-'rransients—in_ELectric~Circuits.uith_Nonzero Initial . Conditions_,.nead_at_n____.

56_.gcientific engineering conference of the LEIS.on 25 May 1950, 'S
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The current :L]'.(t) varies as a function of time, as shown in Fig.10, while the

change in the current“i%(ff?&“rié?sﬁiﬁi'fo"that'ih—ﬁi&'i"ﬁ Fig.b6.

A comparison of the figures showing the laws of current change governing the
currents flowing through each electromagnet, during transmission by a station using
_la battery and the corresponding currents during transmission by a station without a
battery, show that the current c-hanges in leach electromagnet depend on which trans-
nitter is performing the transmission. '
This, as is known, is explained by the presence of transmission-line leakance

and is one of the causes of distortion in transmission (Bibl.6).
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OSCILLOGRAPH TECHNIQUE FOR MEASURING THE "HUNT™
OF THE SCANNING AND mm&mrm;c PART OF FACSIMILE APPARATUS

Hy

M,A.Kudryashov, P.N.Ivanov

Problems involved in measuring irregularity of motion by facsimile sc
mechanisms are considered. A technique for measuring the hunting of the scan-

ning instrument of a transmitting fac simile apparatus is described.

Ox}e of the main parameters determining the quality of the operation of a facs-
jimile setup is the pilenomenon knovn as "hunt" on the part of the scanning and recordt
—ting systems.
Vhen the scanning and recording systems are operating with insufficient stabil-

ity, with irregular or oscillatory motion of the scanning and recofding elements

along the scanning line (i.e., with "hunting"), this manifests itself in a distor-

32__tion of the outline of letters, figures, and other details in the recorded image.
34_The contours of detail in the copy become E’blurred and take on ragged edges. These
36_Histortions are due to the fact that the picture elements (elementary dot areas) of

38 _the scanner and recorder do not coincide on the copy,

In order to obtain good definition ).\J the reconstructed image, the amount of

__hunt in the recorded copy should not exceed + 0.05 mm in the case of rhotorecording.
To fulfill this condition, very precise working of all sections of the tra.nsmittipg
and receiving systgn is required; the basic details of the transmitting and receiv-
ing mechanisns should be made to very close tolerance,

Since the transmitting and receiving Iportions of the apparatus are, from the
standpoint of design, independent mechanisms, the tuning, adjustment, and quality

control of their operation should be performed independently, The tolerance for thel
56 ~ tude of "hunting® in recorded copy is_a complex magnitude, consisting of the STAT

_Sr'L

—— e w < ~ S e s e favae = e e

— p—
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0 .
__itolerances for oscillatory motion Ef—tﬁe“tiéﬁﬁm devices in the receiving and tran?*-

mitting sections of the apparatus, It is [therefors preferable to specify the meas- !
I

urement technique as a separate, independent measurement of the hunting of the re-

ceiving and transmitting sections of the "alppé.'i"a_.tus.
At present, the receiving section of ithe apparatus is tested for hunt in the

following manner: Alternating current is i|‘ed from a single generator into the elec-

12

14

26
28—

30
32_—_
_lance for the emount of hunting is given as the allowable linear deviation of the

34_

36|

38
_lglass with divisions to hundredths of a millimeter.

40_

54

16
18 _|
20|

22

24]

42

44
46
43_

50—

52—

tromechanical drive and the recording staée of the apparatus (a half-wave rectified

detector stage). On blank copy, in the receiving section of the setup, the frequen-

areas. In the ideal case, the picture-elements should be arranged in each scanned
line at strictly uniform spacing, determi ed by the dimensions of the scanning ele-
ment and the frequency of the current supplied. In this way, the recording of the
"hunting" assumes the form of parallel lines composed of picture elements; these
lines show up on the blank in the direction of feed, i.e., perpendicular to the
scanning line, Deviations from the ideal |arrangement of the picture elements deter-

nine the magnitude of hunting by the receiving section of the apparatus. The toler-

‘boundaries of the picture elements, both :Jn the positive and negative directions.

The magnitude of hunting is measured with|an instrument microscope or a magnifying

The transmitting s.ection of the facsil_mile setup is tested in the following

manners:

1) Similarly to the receiving section, where there is a possibility of realiz-

ing an ninverse® electro-optical scanning |system, i.e., instead of an illuminating

tor) is installed, and in place of the copy to be scanned, photosensitized paper is

used, the necessary measures being taken to safeguard the paper from being exposed

cy of the periods of the current delivered is recorded in the form of picture-elemenlt

lamp or photoelectronic multiplier, a point-source gas~discharge lamp (1ight modula=
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_.lto stray light during the recording; ]
56

UV

I

e o T — oy SRS L e mpr T WTEL TS T T
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2) Inthe receiving section setup, with the aid of recording "test cards”
L (special graphic chart_s)’,__!ijbl;'__a ~p_z:glﬁ.mi_njj.r:,r testing of the "natural hunting® of the

_Ireceiving apparatus. i

1
addition to ths techniques described above » applicable for testing the hunt,

similar measurements can be performed with a cathode-ray oscillograph., This tech-

nique has not been in use up to the present, although it is suitable for testing the
_imagnitude of hunting by the transmitting section of facsimile equipment.

Measuring the zmount of hunting through the intermediary of the cathode-ray os-
_|cillograph can be carried out in the following manner:

1) The input of the horizontal sweep amplifier of a CR oscillograph, (an EO-5
_|or an EO-7, for instance) is connected to [the output of a tuning-fork oscillator or
_Ithe output of any other fixed-frequency oscillator with high stability. The horizon
tal sweep is synchronized with the oscillator frequency, one period of oscillation

__jof the generator being traced on the oscillograph screen in a sWweep of maximm pos-

-

_isible length in the horizontal direction.

2) The input of the vertical sweep amplifier of the oscillograph is connected
_Jto the output of the electric scanning system to be tested.
3) The electromechanical setup (electlromechanical drive) of the system under

_Istudy is excited by the same oscillator uJed for actuating the horizontal sweep of

38
jthe oscillograph. It must be kept in mind that it is not obligatory to fulfill this

40 .
__particular condition: It is feasible to enlergize the electromechanical section by

42

using some other high-stability oscillator, a multiple of the first; however, in

44_
this case, the accuracy of the "hunting" measurements will drop of{ by an amount

46_

proportional to the degree of divergence between the freqtiencies of the two oscilla- )

tors.
L) At any point in the line-scanning Flane, perpendicular to the direction of

scanning, a thread is stretched or a line drawn, differing in optical density from

the basic field of the test card. ;_
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5) The scanning system of the transmitting section of the fTacsimile setup i3

triggered. A vertical peak periodically eppears in the trace on the oscillograph

~iscope, once in the course of each horizontal sweep.

__fhe test card is intersected by a ray of light emanating from the facsimile scanning
system, Observation of the trace overshoot read;i.ly shows that it undergoes a dis-
_|placement ("hunts") along the osci.'llograpl} screen in a horizontal direction. The
'magnitude of the displacement of the overshoot wave front in the horizontal directioh

is evaluated by comparison with a scaled grid. This magnitude is a multiple of the

amplitude of the "hunting" of the sca.nnﬁngl system under study.

The formula for computing the magnitu‘de of hunting by the transmitting section
of the facsimile apparatus is derived, using the following data as a point of depar-

iture: : !

1) Let the transmitting section of the apparatus produce a line trace of the

dmage L mm in length at a speed of v lines/min, with the current being fed to a

:'-synchronous motor from a generator of a f 1equency of £ cps.

32
2) One period of the generator current is scanned on the oscillograph in a hor-

34_
__dzontal direction for a length of A mm.

36

38
__pscillograph screen by comparison with the scaled grid, is equal to B mm.

- 40

42_
__beam correspords to :-;- sec, B m correspon&s to x sec, from which

44

46—

3) The displacement of the leading edge of the overshoot peak, mea;ured on the

Let us establish the proportion: An A, mm deviation of the oscillograph sweep

45

50—

54
. P Timers k denotes a conversion factor, from minutes to seconds, equal to 60. i

—STAT

A line of length L mm is traced durin
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Taking this into account, let us estzblish the other proportion: T Sec GOrro-

sponds to L mm; x sec corresponds to y__;m:;,!_ Irom which
i

= SURN—

where y denotes the amplitude of "hunting" on the part of the scanning system, given

10 ] .

—in rm. Substituting the values x and t into the right-hand side of eq. (1), we obtain

12 ] :

a formula with which to compute the magnit'ude of hunting by the transmitting section
|

of the facsimile apparatus }
) I Y
Y=coar: : (2)

{
Exanple. The transmitting section of the facsimile setup operates at a speed

of v = 120 lines/min. The feed to the elel,ctrosynchronous drive is carried out by

delivering current at a frequency of f = 2 kc. The length of the line to be scanned
is L = 220 mm, . -
On the oscillograph screen, one period of the generator current is traced over

8 length of A = 100 em, The leading edge pf the overshoot traced on the oscillo~

_graph screen 1s displaced by an amount B = 20 am. .
Sui:stituting these data in eq.(2), we obtain
the magnitude of the amplitude of the "hunt® ex-

pressed in millimeters,

__ 2020120
Y= %o.2000-100 " = 0,044 mm.
=~ . - 50-2000-

A view of the pulses traced on the oscillo-

graph screen is shown in Fig.l.

Fig.l .
The error in the amplitude of "hunting®, comL

—

50—puted on the basis of eq.(2), is determined in the following msnner: At first, by

52—taking the logarithm and differentiating eq.(2), a formula is found for determina- "

54 _tion-of-the relative error !

— i

56 Im= =1nD +InL +Iny =1n 60 -1n A - 1n f. STAT
: |
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Differentiating eq.(3), we obtain

d)’
B+L

Taking into account the fact "Eﬁéﬁ"'the; error in frequency %-f- and the error in

speed Ev! are equal as to absolute value arld always have the same sign, these values
can be reduced. The term %— should be taken with the plus sign, since the sign of
_Ithis value was unknovn at the outset.

Expressing L in percentage, -we obtain the formula

iy

It may be inferred that the error in measurements based on the oscillograph
screen with the application of the millimeter scaled rule will be of the order of '

1 mm. Then, in the case of the example co’nsmered above, the relative errors asso-

_lciated with the measured values will be aJ follows:

+x

dB

Here, K denotes the error resulting i:rom the irregularits' of "bhe cathode-ray
oscillograph sweep on which the measurements were carried out, i.e., the error re-
ulting from the linear form of the oscillations of the sawtooth-wave generator and
_f::om the nonlinear sweep of the trace beam due to the deﬂecfing plates of the
__cathode-ray tube. In the worst case, this nonlinearity may reach 5% of the entire
_1engt1; of the line (according to technicall data obtained in using the -E0-7 oscillo-
graph); Taking into account the fact that the displacement B of the leading edge of -
45_lthe pulse takes place across a section of the line scanned, this error is lessened

50—.iproportionally, to be exact

52— S K/_S/

54

then, accordingly, the magnitude of the error resulting from the
- STAT ~

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130003-1



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130003-1

0
_inonlinearity of the sweep will emount to K = 1%, and the total magnitude of the

2
j error will be

dB 1 )
5= (251004 1)l=6°%,

The relative error of the value %‘-.is determined by the possible accuracy of
the measurement mede on the length of line scanned and may in any case be equal to
0.5%, which corresponds to the measurement made with a precision of t 1 mn, Sumring

up all relative errors, we obtain the actual error in percent

g SN B
3 o1y (146 + 05)/;=75%.

l

In relation to the measured value of Ithe "hmtiné“

y=0,044 mm

i

the absolute error in the linear measurement amounts to

Ay=— ";gg‘ -7,5 mm =0,0033 mm.

|
i

Thus, y + Ay = 0.044 + 0,003, and the absolute error in measurements for the
__|facsimile apparatus has no practical significance. Actually, the human eye, viewing

an image at a distance of 250 mm (best visibility), distinguishes only those errors

in the image which are of the order of * 0,05 ma.

38 ]
The value of the flyback of the CR oscillograph beam amounts to less than 1% of]

—
40_]
the forward trace (at frequencies of 1 to!8 cps). For that reason, the error in-

42_
__ltroduced by the retrace of the beam into the total error is not large and may be
44_

__|safely disregarded.
46|

__IArticle received by the Editors 7 February
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SYSTEMS DESIGNED FOR REDUCTION OF THE

by
G.I.Tiemel’

The ‘article considers various systems for speech-spectrum compression,

developed recently as well.as several similar arrangements developed previously;

_|Introduction

The application of the general communications theory to speech transmission has
__|shown the possibilities of considerably cémpressing the spectrum of frequencies

_transmitted in communications channels.

The increase in demands made on telel?hone channels has spurred work in the dir-
_lection of realizing these possibilities ixL practice. Depending on the principles
__|forming the basis of speech banziwidth compression and the- rgquirments governing the
—quality of the reproduceci speech, the systems considered below achieve a reduction

"lin the transmitted bandwidth by 2 - 100 times.

__|Vocoder

A typical‘ example of a speech transmission system in which it is basically pos-
__{sible to conserve not only intelligibili:ty but also, to a certain extent, the indiv-
jdual features of the caller's voice, is ,he arrangement known as the Vocoder,
worked out in its primitive form during the prewar period (Bibl.l). In designing
the Vocoder, features of a mechanism for‘zemald.ng the sounds used in speech were

employed.

The original speech, at the transmitting end of the vocoder, is transfomed,

with the aid of the analyzer and its band {filters, into a series of sepm;ate param- i

eters (Fig.l). One of these represents the character of the sound pronounced by th

caller (whether it is voiced or unvoiced or a combination of both). The second par-
: STAT

160
e
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_lameter is the fundemental frequency of the sound produced by the vocal chords. Since
2

‘the _frequency of each of itg_hamor;d,gg__v_a;ligs with _the fundamental frequency, this

|

&

Communicatien
Channel

2
"~ J00cycles

#-

Fil g.1
1 - Speech sources; 2 - Band filters jand devices for measuring energys;
3 - Analyzer of the fundamental tone land character of the voice; 4 - Com-
bining equipment; 5 - Distributor; 6 |- Energy source for reconstructed
speech; 7 - Devices for reéxﬂ.ating the spectrum of individual signal com-

ponents; 8 - Speech receiver.

one parameter alone is sufficient to give 'all the harmonics. The third parameter is
the speech energy distribution over an energy spectrum, characterizing the individ-

wal formants of vowels and voiced consonants, as well as the remaining consonants.
38

-

40_]

The indicated speech parameters are transmitted in coded form down a communication

channel with a bandwidth of roughly 300 cps. At the receiving end, the control sig-

42__
nels set up a fundamental frequency in the speech generator (the energy source for

44 |
the synthetic speech) and control the energy spectrum of the reorganized speech to

46
48_]

50

correspond with the original. In the cas¢ of unvoiced sounds, instead of the sound

generator, a noise generator is inserted.
. A Vocoder setup was worked out in England, on a plan similar to the one con=-
52— .
—lstructed earlier in the USA. A paper (Bibl.2) describing the British variant of

54
’ outlines the circuitry of its|separate units in great detail, l
STAT

A4
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il In the earlier Vocoder, the Teceived 'speech was not sufficiently natural and
2

_'had_diminished intelligibility. Later improvements led to a successful application
4 | .

:lof the Vocoder in wartime. Comparatively irecently, this system was improved to such

a depreo that it Is often difficult to Tell the difference between the transmitted
(original) speech and the received (recomitructed) speech (Bibl.3). The differences
in question are often easier to detect in.comparing the spectrograms of transmitted
and received speech, although the latter dre also quite similar in appearance. A
correct reconstitution of the fundamental !tone 91‘ the transmitted speech still en-
counters difficulties. Research on this }laroblem is being undertaken at the present

time, leading in several directions.

Speech Transmission Systems Without Preservation of Individual Voice Features

Further noticeable narrowing of the speech spectrum, beyond that achieved with
the Vocoder, can be attained where only tll}e requirements of speech intelligibility
are met, without preserving the individu l features of the caller'!s voice. The
problem, in that case, consists in recognition of the sound‘(phont;.me), for example
by its spectrum, or by transmission of the number of phoneme and reconstruction of
the latter at the receiving end, with the ia.id of a source for artificial speech. )

Consider first the setups where recognition of

sounds has b]en in application earlier. The principiea

of the objective recognition of speech sounds, based

on the differences in the energy distribution associ-
I .
ated with ditlferent phonemes along the spectrum, are
Fig.2
presented in{a paper by L.L.Myasnikov (Bibl.4). If the

speech source is connected with a DC voltmeter to two circuits each consist:.ing of a

band filter and a rectifier (Fig.z), then, depending on the sound uttered, the
pointer of the measuring device will defleéct to the right or to the left, or will

rminat.nmmrﬂf_mhe_dixection_oLtha .pointer_deflection .depends_on.ma_paaabmd_i

| .
of _the_filters and naot on the loudness, timbre, or.intonation.characteristic of iSTAT
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——

2
4__]

6

voice,

i
_iis 800-1000 cycles, the soux:_r_l~s._§l1_,___ygl} , eh will cause a deflection in one direction,

_JIwhile the sounds oh, yoo will cause a defl!ection in the other., The sound ya will re-

filters are taken at 1250-1500 cycles and

it will remain unaffected. At a proper ch

_filters, all the vowels and consonants can

26]

29—

30

36
38 .
_mination of the sounds is performed with t
40__]

42_

44|

46|

48 _

—pf phonemes per second. After passing thr

S0
52—

54

_ples, L.L.Myasnikov designed a device to e

namely a dynamic analyzer, consisting of t

through the dynamic analyzer,
This possibility could be made a real,

__for the phonetic transcription of speech,

_{The device consists of an "electronic ear"

speech; a relay-type decoder, seeking out

from 150 to 4000 cycles and separating out
tional filters are required to accomplish
gains access to the instrument through ths

ted 5-15 times a second. The frequency of]

—possible to observe the spectrum of the phoneme), while positiv,e pulses serve to

For example, where the pa“ééEéE&“étj"PF 1 is 500-700 cycles and that of PF 2

! R o
sult in no perceptible deflection of ‘Eki'e“iribltnieter pointer. 1f the passbands of the

response to the sound eh, the direction of the deviation will change, while for ah

relay-type decoder). The result of the action of the device is recorded bj the
flashing of the corresponding light on the panel.

in establishing the possibility, in principle » of actuating a small typewriter

the spectrum; a small typewriter with a solenoid-controlled keyboard drive. Deter-

]

and differentiated. Negative peaks are used for synchronization (in order to make it

4000-5000 cycles, respectively, then, in

oice of the passband, for several pairs of
be divided. Utilizing the above princi-

ffect the recognition of speech sounds,

he analyzer proper and of a recognizer (a

This has resulted experimentally

ity by using a "phonetograph®, intended
using the conventional letters (Bivl.5).
» carrying out the spectral anaiysis oi'

the letter corresponding to the phoneme in

\

the formants of the vowels.

e aid of six filters, analyzing a band

Three addi-
the sorting of the consonants.. The speech
microphone and is ‘automatically. interrup-

alternation should be equal to the number

ugh the filters, the pulses are rectified

_Jlrorm the spectrum of the phoneme, which sp

ectrum is used for making a single-value% T
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'determination of the phoneme; the pulses finally are fed to the decoder. Only 5% of

-
the range of the sound frequencies is used _for selection of the letters. The print-
4_1

|
':Lng recorder prints 30 letters, representing French phonemes. The setup may be
: ; .

_iadapted to any language. Pauses are expr'é:é'é—e&'by spaces between the letters. OUn a
_1200-cycle telephone channel, 15 "phonetogx!ams" (spectra of phonemes) can be trans-
__Imitted simultaneously. Accordingly, here 'a speech bandwidth compression of roughly
__|twenty is achieved. A model of the device was deznonstr.a.ted in October of 1952, in

Geneva,

In 1952, a device (Bibl.3,6) was deveLJ.oped to effect the recognition of numbers
!

uttered by a voice (Audrey; automatic digi;t recognizer). In this setup, the spectrum

of the sequence of sounds associated with -lthe pronounced digit was analyzed. The
22 __

data obtained were compared with the spectlra. of the sound sequences of all ten dig-
—H.ts, recorded earlier. As a result of the comparison, the device "decided" to

which number the spoken word corresponded most closely. The device operated proper-

ly in respcnse to the utterances of numbers by a voice to which it was tuned, and
so to voices of a similar timbre.
Its response to other volces, to faul'ty pronunciation, or to an accent some-
imes produced a wrong result. An a.naJ.ysiis of the errors showed that they occurred
y in reéponse to an analysis of a whole word, rather than to individual sounds.

3
It was found that, in its response to the pronunciation of a given number (as, for

40
hat matter, its response to any other words), the sequence of sounds, depend.mg on

42
—Lhe pronunciation by various persons, was liifrerent.
44

An accurate study of discrete sounds of speech showed that the instrument was

seful for the designing of a new system ojf communications.

In the USA, a system of speech transmission has been developed which is based
n the recognition of sounds at the transmitting end and on transmission of only the;
umber of the phoneme along the communicat:ion channel (Bibl.3). At the receiving

!
lend, the sounds are reconstructed by the artificial speech source, analogous to t}égl_ N
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—i receiving section of the Vocoder, except 'l',lfa?fﬁ? Ffundamental tone of the vocal- ]
2 |
_ichords imitator (ertificisl larynx) does ﬁot change (Fig.3). As already indicated, |

i

4]

__'this leads to a loss of the individual voice features of given persons, although sore
i

of ihe features of enunciation nafﬁi‘é]jfi"iiénfaihfmm;"%ﬁe of Teconstructed speech
_|therefore contains scmewhat more informat:i'.on than ‘the conventional telegraph messages
'The first such system was constructed with the contributions of only 10 phonemes.
The remade speech proved to be quite under.!'standable , especially when very familiar
words were pronounced. Inasmuch as the rate of repetition of phonemes in normal

speech does not exceed 10 utterances per second, extremely narrow-bandwidth channels

|are adequate for the transmission of speec'h by this system. According to other data

_|available (Bibl.7), the width of the channel band, as suggested, should be reduced

to 30 cycles.
A system similar to the one considered sbove was demonstrated in May of 1956 in

T S o ot = e o

England, and was described in two brief notes (Bibl.8,9). The speech spectrum in -

Communication
Channel

Fi‘.g.B
1 - Speech source; 2 - Phonene analy'Jer, 3 - Combining equipment; 4 - Dis-

tributor; 5 — Energy source for artificia.l speech; 6 - Devices used to es-

tablish the bandwidth of discrete !phonemes; 7 - Speech receiver.

this case is compressed roughly a hundred ‘times and is comparable with the spectm\

of a telegraph signal. During the deznonstration, the transmitting and receiving
T ) STAT—

|
|
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parts were connected by a six-conductor transmigsion Iine, although, in principlo,

signals could be coded for tr@_sgx_issig_rl along a single channel., The device is still

in its earlier stages of development and, '4n evaluating the quality of the sound proq

duced, the impression c¢reéatéd is scmething 1ike 'd peFson speaking with His TROUtN

_1full of potatoes".

| Speech Transmission Systems Using Frequency Dividers

The 3ncreasing demand for telephone ¢hannels during wartime led to the division),

in a number of cases, of the normal channel bandwidth into two narrow bandwidths,

_ each ranging from 300 to 1700 cycles. A qertain number of the divided channels, in
__|spite of their reduced transmission quality, are still in use in the USA, up to the
:present time. This shows that the working out of systems permitting a lesser com-
__|pression of the speech bandwidth, but posgessing simplicity of design, reliability,

__{and good transmission quality will stimulate interest.

In the USA, a speech bandwidth reduction system known by the name "Vobanc" and

__lachieving a bandwidth compression by two times, has been designed (Bib1;3 ,10).~ The

__loperation of this system is based on the ii'act that vowel sounds are entirely deter-

" Imined by three formants. The first formant usually lies below 1000 cycles; the seco

__lond, in the 1000-2000 cycle bandwidth; th third; above 2000 cycles.. At the trans-
" hitting end, the signal bandwidth, after Being shifted into the 107.8-104.8 ke
range, is divided by band filters into three bands (Fig.4). The divider-circuit
42__modulator is hooked up to a ring circuit.! When the modulator signal at the input ig
44__|below a certain minimum, no signal appearsg at the output. As indicated (Bibl.10),
:the frequency divider halves the frequenc1 of the most powerful sinusoidal compox-lent

__iin each of the three bands. The dynamic range remains lineazj within the limits of

—30-35 db. The other components, found in|the neighborhood of the maximum-power com=—
! 1

ponent, are shifted with the same shift in frequency as at the divider input. In

that way, the division of the frequency of the maximum-power component does not mean
|

56_|4hat the entire bendwidth is simultaneouqix_d}y_ided by the same value, The Tedr=tion
, .

e ——— e =
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0
- ‘of the three bands by a factor of “two, effected by the divider filter, leads to a
o_x
_iloss of several components which are, houever, conponents of low power and having

4
;1ittle effect on the quality of transmission.

It may be inferred that, , for example, the two-divider setup could consequently
l
be used for achieving a further bandwidth jcompression by two times. However, in that

751925

a) Input 200-3200; b) Modulator; c) Frequency divider

—jcase, the width of each band, after passi:lg through the divider filter, would extend
—{to 250 cycles, which would cause cutoff of most of the harmonics of the fundamental
—{frequency, of which the formants are compdsed.

Separate modulators were inserted for each of the three bands ;J.fter the divid-
er, and also at the receiving end, with the aim of obtaiﬁ:l.ng improved selectivity
and avoiding transient noise, At the recel'ivi;ng end, the transformation of tlie speech
spectrum proceeded in reverse order (Fig.§).
Two variants of the Vobanc have been ciivised for duty on the normal telephone
channel bandwidth with multiplexed transmission: one » taking up a bandwidth of 75-
1925 cps, the other, a bandwidth of 2075-3925 cps. In articulation test‘s, the
—Vobanc was compared with the normal telepHone channel of 3500-cycle bandwidth., In

the first test, the coefficient of artiquI.ation amounted to'79% and 89%, respective-

__!1y and increased to 912 and 93% in the fifth test., The listeners thus quickly

é TAT
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0 e e+ e ;
_ladapted themselves to the Vobanc and the qoticeable difference became negligible.

2 .
_iWhen subjected to comparison with g;rggﬁ_:l'!ransmi_qpion using a narrow-bandwidth chan-

4
:!nel (200-1700 cycles), the two methods pro:duced the following results from a second
- 6_]

team of 1isteners (48 persons): Véﬁ—alhiiw?%i?%, narrow bandwidth: 65.6%. In some

cases, characteristic noise distortion was perceived, taking the form of "burbling®

(>
1 o pF b
M

25_'.’22 | & H 8, HFD,

54 ke

Fi‘g.S

a) Modulator; b) Frequency doubler; c) Demodulator; d) Output

in response to input noise and fricative sounds. The noise in question always affec-

~lted the quality of reception more than it did the intelligibility. Accordingly,

~Wobanc in some respects is inferior to the normal channel. and considerably outper-
forms the narrow channel with respect to direct transmission,
In 1955, in a paper read before the l ternational Conference on Information

__[Theory, Ma.réou and Daguet outlined a new n{ethod of speech transmission (Fig.6), en-

tailing a reduction of roughly three in tje transmitted bandwidth (Bibl.1l,12,14).

The authors considered the speech signal as a complex-modulated (modulated both
__hwith respe‘ct to amplitude.and frequency) cscil)ration A(t) cos ¢(t). Where the sig-
50_Inal spectrum of ¢(t) is actually narrower than the speech signal spectrum, the sys-
szjtem in question can be used with compa.rativel& narrow channels., In their report,

—
54__Marcon and Daguet failed to provide any indication, in particular, of the extent to

ssj,\mich the channel bandwidth could be compreessed, as a function of the fregquency STAT
!
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~iscaling ratio. In addition, there is some indication of a deterioration ol the sig-
{

mnal after it is passed through _f._}ge_“{r__eg’:gg!c_:y-div_ﬂtq?g filter. This filter must have

__la smooth crossover from the passband to thle stop band, which leads in practice to

some degree of"ﬁiﬁ‘e’ﬁﬁ'@'éf’tﬁé“fi‘éﬁ%ﬁi&'ﬂb’n banid, It should also be noted thal, in
A N
9 h)

Al
S

Fig.6

]
a) Input; b) Modulator; c) Limiter; d)‘ Low-pass filter; e) Frequency divider;

| £) Communications channel; g) Frequency multiplier; h) Demodﬁlator; i) Output

the later publication of the report, the section devoted to narrowing the speech

24
__bandwidth by means of frequency dividers is entirely left out (Bibl.lB).
26

28
__and Daguet may be cleared up only as a result of further research. Experimental

Thus, the effectiveness of the bandwidth compression system proposed by Marcou

30

__studies carried out recently have not yet éconﬁ.rmecl the notion that the spectrum of

32_ '
] .q)(t) is materially narrower than the spegch-signal bandwidth.

34_
In conclusion, it should be kept in m‘ind that the problems involving compres-

—

36
jon of the speech bandwidth present great! interest from both the theoretical and
38-___1

_the practical side, and new work in this area of investigation is to be anticipated

40_
__Hin the immediate. future.

42_

pu—
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PROBLIMS OF
l

RESOLUTIONS OF THE EIGHTH PLENARY SESSION OF THE CCIR ON

TELEVISION

3g |

—

__|(CCIR) took place in August and September
: sion is the department of the CCIR charged

_ munication channels for long-distance tran

__ltee XI-C on black-and-white (monochrome) t

—Warsaw.

and adopted by the Eighth Session of

The Eighth Plenary Session of the Int

Color Television

The demcnstrations of various systens
Holland, and France in the spring of 1956
comnission at “the Eighth Plenary Session @
demonstrations were cited in the report of
(Bibl.l). An All-FEurope color television

The discussion on this problem indical.

1956 in Varsaw.

t

by
M.I.Krivosheyev

Documents and resolutions on problems of television which were considered

the CCIR in the fall of 1956 are presented

ernational Consultative Committge on Radio
The XI research commis-

with handling problems of television.

--Because of the large number of problems which were to be discussed at the meeting,
_lthe XI cormission was divided into five sxlbcommittees » subcommittee XI-A for color.
__'television; subcommittee XI-B for the development of requirements to be met by com-
1Ismission of television signals H subcommit-~

elevision standards; subcommittee XI-D for

24 lquality of television pictures; subconnnittee XI-E for int erference ratios in allo-

36__lcating frequency channels to television stations.

of color television in the USA, England,

preceded the sessions of the XI research

f the CCIR in Varsaw. The results of the
the president of the XI commission

system was to have been established in

ted that the majority of the countries,

unan ecarrvine ount research on the developm

ent of a color television system, give

STAT
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. .

preference to an adaptation to Buropean ‘conditions of the system developed in the

USA in 1953 by the Na‘ségr,lalE?lﬂi?.i@&.&lsitems__ﬁgmin!me (NTSC).

|
For instance, the delegates of the Fe:deral Republic of Germany and of Switzer-

1and reported that tests on the modifisd ‘hirsc ‘system with 625 lines of resolution
are in progress in their countries, The Dianemark delegation expressed its preference
for the NTSC system., The Holland delegation also stated that the NTSC system large-
1y meets the requirements made on color television systems, as formulated by the XI

commission in 1955 at its Brussels meeting. Simultaneously, the Holland delegation

—jreported that, in the spring of 1956, the
demonstrated in order to show the possibil
which have certain advantages over the NTS
distortions due to phase distortion since
distance communication lines)., However, t

tages of the future single European color

__that Holland does not insist upon the ado

"Philips" system with two subcarriers was
ity of developing color television systems
C system (for instance, absence of color
.color television is transmitted over long-
he delegation indicated that the advan-—

television system are more substantial and

ion of its system,

Iat, in the Soviet Union, the basic ef-

The delegations of the USSR reported

—forts are directed toward the development 1°f a fully compatible color television Sys;

34__]
tem with one color subcarrier and square clomponents » since this is the most fully

36._]
tested system at present.

38 . :
The delegation from France and of England objected to the selection of any

40_

42_|

color television system at the Eighth Plen’ary Session, motivating their objection by

the insufficient amount of research which }lad been carried out, At the same time,

im

and 625-1ines standards are being carried out in England as well, but that the re-

4 4:

46

the deiegation from England reported that estigations of the NTSC system for 405+

48|

503

" 59

ults obtained so far are insufficient for| a prospective color television system to
be selected.

The French delegation, in contrast to the other delegations, reported that lab-

54 -
—oratory investigations of systems different from tne NTSC system are being carried

STAT
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_'out in France and that no final conclusions “¢an be drawn as yet.
91

} In the course > of the discussion, the delegations from the Federal Republic of

A
=

—Germany and Italy reported that the frequency chamnels in the bands I (48-100 mc) and
51

IIX (174=22) mc) are not “satisfying their counti'i'e"é""'ﬁé'e'd"s for the development of a
_iblack-and-white television -network and that, therefore, they will be forced to allo-

cate the bands IV and V (470-940 me) to black-and-white television stations, without
t
__waiting for the choice of an All-Furope co‘lor television system to be made.

The delegations from England and France and the representative of the European

,Broadcaste:rs' Union (EBU) deplored the dec'lara.tions of the Federal Republic of Ger-

_many and of Italy as to their refusal to adhere to their obligation to set aside the
requency bands IV and V for a single Pan-Europe ;:olor television system, an obliga-

__tion which they contracted in 1955 in Brussels.

The representatives of the Federal Re'public of Germany and of Italy, neverthe-

_less, confirmed that, in the near future R !black-and-white television stations will

be put into service on bands IV and V; at the same time, they indicated that if the

30—
__single color television system for all L\u-[opean countries will be adopted, they will

32
:Jadopt this system for transmitters which, at that time » will operate in the bands
34__]

36

IV and V.

_ The delegé.tion from France insisted that a comparison of the NTSC system and of
38

the color television systems being developed in France should be made (Bibl,.1).
40_] o

Despite the fact ‘that the discussion of this question lasted through three seésions

42_ |
of the subcommittee XI-A, it yielded no defmltlve results and was discontinued due

o the difficulties that arose in carrying out a comparison of the qualitative and

ggechnical characteristics of the NTSC system, which-is already in service and has

een tested sufficiently, with the systems being developed in France ; which are es-

50
—sentially at the stage of laboratory experiments. \
52— :

— The delegation of the USA reported that the USA does not intend to change their

Point of view on the selected NTSC system, A - i
. STAT
t
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j As a result of the discussion on colo‘r ‘television systems, the cormittee arrived -
2

lag, the conﬂmri ion that, at the present t_time, only - the M_‘_Sg__qxg_ggn has been suffici-

a_]
—'ently tested in practice to be acceptable ;for consideration as a basis for standard-
6.

ization. However, this must hot ‘constitute an obstacis to the continuation of the

l
.investigations to the possibility of the acceptance of other standards if their prac-

tical tests are satisfactory.

Thus, due to the lack of sufficient d'a.ta for a color television standard to be
selected, as well as to the lack of unity :of opinion on this problem, the Eighth
»Plenary Session of the CCIR adopted no dcf:initive resolutions on a color television
system for Europe. It was decided that thfis problem will be reconsidered at the
next session of the XI commission, which | to take place in 1958 in the USSR,

The second European Conference for the revision of the Stockholm rlan for allot+

24_]
—ment of frequency channels for television ‘a.nd ultrashort wave P4 broadcasting in the

26 |

{
—bands I, II, and III is supposed to take bPlace after the session of the XI CommissioT

28
jin 1958 as well. At this conference > a new plan for the allotment of channels in

the bands IV and V must also be drawn up. | By that time, the CCIR research committee

32
V is to prepare precise documents on the propagation of radio waves in these bands,

Requirements on Cormunication Channels for: Long-Distance Transmission of Television

The discussion of the above-mentioned! stendards which was taking place in the

subcommittee XI-B, concerned the proposed Istandards defined in 1955 in Brussels

(Bibl.2), which included new propositions py several countries. As a result, a num-
ber of new requirements as to the qualitative characteristics of teleyision channels

of radio-relay lines and cable lines were developed (Document 907). These included

48_methods of measuring the nonlinearity of t‘be amplitude characteristic » the amplica-~

50—tion factor of the communication channel, as well as the allowances for transient

——

" 52 characteristics in the domain of low and medium video-frequencies, etc,

54].__41Li.hese_characteristica_haxte.beenxstablished. i‘or_hblack:and_thit.e_helenaiQL
S 6—lsj.gnal transmission, as_applied. to_a long-distance line of. 2500 _km_along which de- STAT
]
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0 1
—podulation of the received signals and the: consequent modulation of the carrier fre-

j:!tmency at intermediate points will _p_og__‘ga_kL Place more than twice., It was decided
6__i‘bha.t » at the present time, that the outlin%sd requirements for such a line should be
—used rather than the s‘tanda'”rcfs‘é'sﬁésiisﬁédi for the existing and the planned long-
B:iistance lines designed for the transmission of television signals,

10—

14

10

a)

L

el

.' _. - ..r —_— e eaam : - -

Fig.l

1) Synchro-pulse; 2) Volts

The committee gave preference to methods of evaluation of linear channel dis-

—fortions by means of transient characteristics., The transient characteristic of a

40__
channel must be measured at three frequency ranges: low, medium, and high. The test

42_]
51gnals, shown in Fig.l, are recommended ft!Jr measuring the transient characteristic

44
j:f a channel. The test signal shown in Fig.la is used for testing the transient

46
—characteristic in the low-frequency range.; The signal is composed of rectangular

48_]

—symuetric pulses, in synchronization with the field frequency. For the clamping
50
52—
—and synchronizing pulses. The test signali (Fig.1b) is used for testing the transient

circuits of the channel to operate normally, these pulses are mixed with the blanldn,g

54

_f:ha.racteristic in the range of medium and high frequencies » as well as for measuring
- — STAT
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0 — e faera e su n
_nodulation of the received signals and the
2

consequent modulation of the carrier fre-

_quency at intermediate points will not 1 takL place more than twice, It was decided

4 i
ﬂthat , at the present time, that the outlinfad requirements for such a line should be
6 :

used rather than the s‘tfa‘ﬁiié'r'cfs"ééﬁé‘tiiiéki’édi for thé existing and the planned long-
8] .
jistance lines designed for the transmission of television signals.

10—

Y e

10

- A

Fig.l

1) Synchro-pulse; 2) Volts

The committee gave pr;a;‘erence to methods of evaluation of linear channel dis-
ortions by means of transient characteris i:cs. The transient characteristic of a
__¢hannel must be measured at. three frequency ranges: low, medium, and high. The test.
signals, shown in Fig.l, are recommended fl:r measuring the transient characteristic

Lf a channel. The test signal shown in Fig.la is used for testing the transient

46
j.ha.racteristic in the low-frequency range.; The signal is composed of rectangular

48

504

symaetric pulses, in synchronization with the field frequency. For the clamping »
bircuits of the chamnel to operate normally, these pulses are mixed with the bla.nldng

sz-:fnd synchronizing pulses. The test signall (Fig.1b) is used for testing the transien%,
54

_bharacteristic in the range of medium and high frequencies s as well as for measuring |
e I . STAT
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-

0
_the amplification factor of the channel,

:l The build-up time T of the leading edge!rmust be equal to T = ;]f'—-, where L} is the
. l bt c N
highest limit frequency for the given tele}rision system, In addition, the use of
p .

[ SR .
Sulses with a build—up time of the leading, edge of 2T is permissible, Both diagrams
'show a protective section whose magnitude is 5% of the total signal amplitude, a sec—

10:.L
jon vhich is between the level of the test pulses and the level of the blanking

12
__pulses. However, in order to simplify the| test equipment, a reduqtion to zero of

14 .
:]this section is permissible. In order to regulate the build-up time of the leading

16 — |
_1edge of the rectangular pulse, which is th!e pulse of line frequency, the filter des-
18 _] :

20_1
:£ecommended as an example., Detailed data on such a filter, used for measurements in
22 ' -

|
cribed by Thomson in the British magazine POIEE, Vol.99, Section IIX, 1952, p.373 is

system with fc -3 me, are given in the iinutes of the meeting, No.l54.

24]
0 S .

[or3)

..z .
0

é? % T )

=

NN
L=

A
[ i

Fig.2

1)_Anplitude;_2) Lover \init; 3) Upper limit
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0 —- - — -
_7‘ Allowances common for all standards are proposed for low and medium frequencies,
2—

—Thus, for low frequencies, the slope of the horizontal portion of the test signal.

4

_.(Fig.la) must not exceed t 10%. For mediu}n frequenclies, the slope of the horizontal
6 l

— Simultaneously, it is in-
8
—idicated that it is desirable to lower this' tolerance to * 3%. The indicated measure-
10—
—nents at medium frequencies must be carried out on sections of the signal that are
12 |

:Jbetween the intervals tl + 14 sec and t2 —! 1p sec (where tl and tz are the instants
14 '

_of time at which the rectangular pulse vol!tage passes values that correspond to one
16 '
__half of its magnitude. The allowances for: the transient characteristic in the high-;.

18 _

__ifrequency range are given for the 625~ andi 819-1ine systems.
20_]

Figure 2a shows the time allowances for this characteristic, for the television

24

standard adopted in the USSR (625 lines, channel width: 8 mc).

For a 625-1ine system which uses a 7—%110 channel and for the Belgian 819-line

system, the allowance for the transient characteristic of the channel, under the

-

__test signal of Fig.lb are given in Fig.2b.
30

32

In Fig.lb, a section a is provided so, that additional test signals can be in-

serted if necessary, for instance, sine-squared pulses, bunches of high—frequency.
34£Jsinusoida1 voltages, etc. In particular, {in England (405-line system) sine-squared
36:pulses are transmitted -in this interval (Bibl.3). Allowances for distortion of thesp
38:éignals are given in document Mo A54. Allpwances for the amplitude-frequency and
‘40:bhe phase-frequency characteristics (Bibl.2) are kept only as additional information

42:t‘or system designers.
44_1 .

46

Nonlinearity of the Amplitude Characteristic. No single method of measuring

_the nonlinearity of the channel amplitude Icharm:f.eriaxt:i.c was determined on the basis
48:01‘ the proposed sta.ndanis Mch were developed in Brussels in 1955. Several methods
5().--:.‘(Bibl.z) were proposed for this purpose. At the session in question, it was decided
sotto recommend that the nonlinearity for all standards be measured by means of the
54

_—%est signal shown in Fig.3a.

r-r}
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The test signal in the renge of video-signal transmission is composed of a saw-
|

tooth voltage with a superimposed gggggi_dal voltage. _In order to test the charact-

]
_leristic in the full voltage range, the variations of the constant component being
i

Sinusotoal
Vo\flq(.

rie.3

't =ken into consideration, the signal is alternated with three lines which may corre-| -
—‘spond either to the transmission of a black field or to that of a white field. This

:l

‘vields the conditions which correspond to la variation of the constant component,
4?_‘The frequency of the sinusoidal voltage for a 405-1ine standard is taken to be 2. 5
mc and for 625- and 819-line standards, k4 ‘mc.
At the output ;)i‘ the-channel, a i‘ilter is installed which passes frequencies of
.5 and 4 mc. Packets of sinusoidal voltage are observed on the oscillog;aph when
__the frequency of its horizontal sweep is equal to the frequency of the lines (F_ig.Bb
34 change in the amplitude of this voltage ;indicates that the channel amplitude char-
36_acteristic is nonlinear. The measurements are carried out twice, a first time when .
38_1lines which correspond to the transmissiorw of a black field are given (Fig.3a, con-
__tinuous lines) in the intervals between the test sawtooth signals, and a second
time, when white field lines are given in the intervals (dotted lines). The ampli-
tude of the high~frequency signal on the oscillograph screen (Fig.3b) must not drop
—below 30% of its maximum magnitude.

¥When the above-described variations o&‘ the test signal take place, the oscilla=-

tion amplitude of the synchronization pulses must not exceed + 108, -30% of the

rated value of -0.3 volts. '
| _Channel Amplification. Factor._J:hg_amplif,iszatiqn.f.ac:cgr o_it,a,._gl_zigigg

|
en it is initially established and measured by the method_given below, must re&STAT
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within the limits of +1 db., When originally installed, the oscillations of the chend
nel amplification must not exceed the following limits:

a) For changes occurring within a short time (for example, one per second),
|

b) For changes occurring in a medium period of time (for example, one per
hour), * 1 db,

It was decided that the measurement olf the channel amplification factor be

_icarried out by means of the test signal which contains blanlking and synchrenizing pul-'

ses and corresponds to the transmission !of vertical black-and-white bands, each of

__which having the length of half a line (Fig.lb). When only the amplitude of the test
signal at the input and output of the channel is measured, the emplitude between the
white and black levels is taken into consideration (the synchronization signals are
disregarded). ) -
In order to avoid errors due to the distortion or the sloping.of the horizontal
portion of the test signal, the amplitude lat the input as well- a; at the output of

the channel must be measured between the points corresponding to the middle of each

_bf the bands,

Black-and-thite Television Standards

The subcormittee X1-C revised the report on the black-and-white telev:.lsion
standards which are used in various countries. The basic parameters of the OIR (In-
_{bernational Broadcasting Organization) television standard provide for a 625-2.Lim-s‘ |
resolution of the picture, when the channel band is 8 mc and the spread between the
46_carrier frequency of the television transmitter and the mean frequency of the sound
48jtransmitter is 6.5 mc. It was decided that the parameters of the OIR standards be
50_lincluded in this CCIR report.
52: Several countries have included tolerances for their gamma-characteristic coefﬂ

54_) ficients and their television transmitters vhich, vhen the_modulatiouhamc&.em___
5 GItic_n.f.thg_zene.uing_tnha_is”takeminto‘colasideration,- must. be less then unity. FSTAT
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0 R
“Tinstance, in England, the coefficient is'y = Ok = 0.5; in the USA, Y = O.45; 1n

___!-_France, Y * 0.6; etc.

4 i
:‘ The subcommittee prepared a program for the investigation of problems referring
6

!
~jto the correction of-television ‘Siéﬁél'"&i’élﬁortibﬁi'irlfé'l"i'é'ﬁ@.?_éfdeband Is trans-

8- '
_mitted (quadratic distortions, phase distortions in the transmitter and receivers,

10— .
etc.). As these problems are studied, an answer must be provided to the problem of

12
__|properly locating the correcting circuits ifor these distortions (in transmitters or

“Ireceivers).

TQuality of Television Images

The subcormittee X1-D discussed the plapers on this problem, which were present-
ed by the delegations of the USSR, the USA!, the Federal Republic of Germany, and

__lother countries. The discussion on the pr‘ioblem of the quality of a television pic~-

ture showed that the lack o:f.' widely accept‘ed television measurement methods consti-

9g__tutes a considerable obstacle to the estab'lishment of single standards for the basic

30._.1

39| In connection with this, it was decided that the methods for measuring the char

characteristics of television images.

34_pcteristics of television equipment as weﬁ as the various methods for evaluating
35:bhe quality of television images, at present, do ;mt depend on the television stan-
3g_dards adopted in the various countries.
B During discussion of the percei)tion of television images, it was pointed out
:bhat the resolving power of the eye and the differentiating sensitivity in viewing
__Ioving television pictures, must be investigated.

A representative of France, Prof. Boutrie, remarked that a comparison of the

quality of color images obtainable in the various systems must precede the selection

bf a pan-European color television system. Therefore, unified methods of rating the

quality of television images must be developed. He accepted the proposition of the

chairman of the GI commission to _organize the_coordination of the activities of the |

!
XT_commission along this line. | o STAT

g
I

120

10




Declassified i - iti .
in art Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130003-1

“Hnterference Rabios in Aliotment of Frequency Channels

2
t The subcommittes X1~E_oxamined pgge_xj_s! on this problem, presented by England,
. -

4_)
__‘Poland, the Federal Republic of Germanys Czechoslovakia , and others.
6 | |

] The Polish paper (Doc.209) gave the results of an experimental inve:;t.igation of
8-:":he interference ratios necessary for a bl'ack-and-whit:e 625-1ine television system
10:u:ith an 8-mc radio channel. The deteminaition of these ratios was based upon the
lz:fact that they must satisfy the viewer's rlequiranents as to picture quality during
14:the first performances as well as in the future when the demands will become more

16 —|
_lsevere, Therefore, person experienced in viewing television pictures were invited

18 _|
_Ifor consultation. The receiver which was used in the tests had the frequency char-

20_] .
__acteristic shown in Fig.4. A picture corresponding to the signal being received was

22

wratched on the television screen; gimultaneously, an interfering signal from the outq

24 .
_put of the test oscillator was supplied to the receiver input. The frequency of the

interfering signal was changed in steps off 1 mc. The measurements were carried out”

28 .
a dark room. The viewers were placed at a distance L times the height of the

30

__screen, The j1lumination on white was 3 niits , the picture contrast range was 10.

321
_Ithe task of the vlewers was, first of all, to determine the level at which ths dis-

34

36_|
_ ihich may be considered acceptable. During the measurements, in order to set up
38

__bonditions close to reality, titles, test patterns, scenes from the studio, motion
40__ ) ’ )

bortion becomes hardly noticeable and, secbndly, to determine the distortion level

hictures were being transmitted. As a res'ult. of individual experiments with the

42_
best pattern, average numbers were obtaineld which are expressed by the curves shown

—1

44_] :
_fin Fig.5. Curvel corresponds to the threshold discernible distortion, while curve
46
__P shows the intolerable distortion level. | Curve 4, which was recomnended by the
48 .
_Helegation of Poland, corresponds to the levels of tolerable distortion; it was ob-

50

_kained from curve 1 by means of subtracting 6 db from its ordinates. The interfer-
52—
ence-ratio curve 3, recommended by the CCIR (Bibl.2, Report 34) is also given here

or comparison (fl is the frequency of the distortion, f2 is the carrier frequency
- STAT
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0
.. .of the picture transmitter).
4

"

{
| It may be seen from Fig.5 that the recoxmended_curve of the interference ratios
i
—.reaches its maximum, approximetely equal to 43 db, at a frequency difference of

4

£, - £, = 0,5 mc. In the frequency band of

1 "2 i db

10e5< £ =~ £ < 5.5 me, on logarithmic coor- ¥
. e i 40 // i

| ab | a 20N
0

21
&J

<.

-8

Sy ANy
' )

68 8 9 8§ KX 93 $H 9B %me

Fig.h Fig.5 °

idinates, the curve falls off linearly and is parallel to the CCIR curve. Thus, it
! -
26 _was proposed that the interference ratio be increased by 2 ~ 3 db as compared to the

2g8__CCIR curve., At the point 5.5 mc, the curve falls to 11 db and after that slopes
30__guite abruptly, bisecting the abscissa (0 db) at the point 5.7 mc. In the i‘requency
32— and f. - £, < O, the slope of the curve is steeper than that of the CCIR curve,

1 2
34 Figure 6 shows interference ratio curves for the case when the difference be-

— b ¢
36__%tween the fl and f2 is ecnal to the odd number -%EB (1 represents the threshold of
33—__:-Liscernible distortions; 2 the tolerable distortions; 3 the intolerable distortions)
40_When these curves were being determined, the frequency of the distortion was changeci

in 1 mc steps, and the accurate determination of the oscillator frequency was carried

pa—

44__put in accordance with the minimum of distortions on the screen of the television

46__set, The following conclusions can be dr ; from an analysis of these curves: at
48:the difference fl - r?_ 2 0.5 mc, the curvel. reaches a maximum of 30 db. The interfer-

Sojence ratio at the carrier frequency may be lowered to 27 db if the same channel is

1
he-interference ratio.curve asymptotically. approaches-the CCIR curve,.and the

SL‘:l‘ sed, which approximately corresponds to tLle CCIR standards. When f, - fz exceeds
4_

5

!
5 6__] wo_curves_coincide as they approach the. frequency_frp-. 1, 2_;-:\: 5.5.mc,

e+
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It follows from the foregoing tha'*-b—; in the cases when the chennels of the trans+.

mitters are superimposed, the use of a system in which the carriers ere displaced is

of practical advantage in the full range o‘r the frequencies of the channel subject to
i

_l|distortions. If the large mumber of television centers being built and the limited

-J.

Al
M

SRR RsMy.

€00 573 699 707 601 SO0 A(ry)

Fig.b Fig.7

number of frequency channels for televisio'n is taken into consideration, the use of
the carrier phase-shift method is of great interest. However, the advantages of -

__lthis method depend upon the stability of the line frequency of the received picture

32
__land upon other factors. N

!
34__

36

as well as on the stability of the carriez‘ of the picture in television transmitters

Therefore, the resolution by the Asse‘-mbly mentions the necessity of investigat-

ing the following questions: conditions and frequency bandwidth where the use of

38
carrier phase-shift is advantageous; the edvantages of this method when the differ-

40__

ence between the frequencles of the interi'erjng transmitters is considerable and
42__

when the synchronization connected to the !feeding network frequency is used; the
effect of the receiver vertical sync unit jon the quality of the reception when phasa-
46-ﬂshift of the carrier frequencies of the picture transmitters is used.

As a result of discussing the problem of the interference ratios, when channels

are assigned to black-and-white television stations, the committee found it neces-

sary to stress the fact that, upon detemj[.ning these ratios, the frequency charact-

eristics of television receivers must by all means be taken into consideration sinc |

STAT.
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the curve of the protective relationships .given in the CCIR documents (Fig.5,

‘curve_3) was plotted without sufficient regard to the latter.

|
The paper presented by the delegation of the Federal Republic of Germany (Doc.

24,0), gave the results of investigations of the United Committee of Radiobroadcast-

!
ing.Companies, investigations which expose the difficulties that may be encountered

upon introducing color television based on a system analogous to the NTSC system
when the frequency channels are handled b)l the bands I, II, and III, an allocation
which now exists in Europe and was adopted at the European Radiobroaucasting Confer-
ence of 1952 in Stockholm. It was then as!sumed that the color subcarrier was locat-
ed in the 4 mc region. The ranges of maximum saturated textile dyestuffs, typogfaph
ical colors, etc. were used as basis for determining the relationships between the
amplitudes of tt}e color signals and the color wavelengths, which correspond to def-
inite colors (Fig.7).
It follows from the diagram that the !signal amplitude of a color of maximum in-

tensity and frequency (Ef) comprises only !4,0% of the amplitude of the black-and-

white video signal E, i.e., is at least 8 !db less than the latter (the narrow sectio

in the blue-green color range is neglectedi). The range between the black and white
ZZ:ELevels in the television radio signals és up approximately 65% (3.7 db) of its .
:total range (from zero to the level of synchronization signals). Accordix.agly, it
38:may be expected that the maximum amplitudgq of color signals in radiotransmission
403;:111 be approximately 12 db (3.7 db + 8 db = 11.7) below the level of the picture
42—‘cm‘r:[er.
44 | .
—] The following particular cases are cdnsidered in the paper:
jG: Black-and-White Television Distortions due to Color Television Signals. The
*8:méasurements showed that the interfering Jigne.l vwhich falls in the band of black—an,
50~white television video frequencies in the |4-mc region, must be 25 db below the lgve];

!

{59
—of the picture carrier of the station being received in order that the distortions

remain within the tolerance limits, and 32 db below in order that they remain im- |
STAT
H
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perceptible,

In accordance with the §t_og_l_<bg]_.p;_4p;l_.a.rl, the black-and-vhite television stations

__lwvhich operate on a common channel must guarantee 45 db interference ratios when the

frequencies of distortion are close to the pictiire carrier frequency of the recelved

station; when using a transmitter carrier phase-shift system, a 30 db decrease in

this ratio is allowed. Since the color signals are 12 db below the corresponding
picture carrier, they will not distort th reception of black-and-white television
if the stations operating on a common channel adhere to the above-indicated inter-
__{ference ratios. .
Distortion of Color Television Reccyiion due to Black-and-White Television

|
_|Stations, If the frequency of the distor 'ion is close to the frequency of the colon

subcarrier, the low-frequency pulses generated in the receiver will be quite notice-

able in the picture. Figure 8 shows curves of the minimum allowable interference

d‘,’g fering signal as a function of the frequen

ratios of the useful signal to the inter-

;m : l/  |ey difference between the carrier of the

cry
cTv

/
A/
N

\

fstation being received and that of the

/r/
/ interfering signal. These curves were
I

borrowed from another paper (Bibl.6) and |

=N

I7 were recalculated so as to be appliéable

to a 625-1ine system (radio-channel width:

7 me). It can\ be seen from these curves

that in the radio-frequency band extending
Fig.8

up to 2 mc from the picture carrier, the

interference ratios rexmain the same for cc‘»lor and for black—-and-white television,

At frequencies close to that of the pictu.v.le carrier, a 45-db interference ratio is

necessary. Since the indicated ratio musfi be ensured by the existing-black-and-

_-!white television stations, it may be considered that the signals of black-and-white
STAT
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Tolevision stations will not impose distortions on the color television statlons

which operate on the same channel. At the same time, it is indicated that this is

valid for stations which operate with carx!ier phase shifts at an interference ratio.
|

of 30 db., i

Distortions due to Color Television :ltations. In such a case, in addition to

the foregoing, it is necessary to detemirlxe which distortions of color signals may
_|be expected from similar signals of the irtterrering station. In Fig.8 (curve IV),
it can be seen that the interfering signal which falls into the color subcarrier
region must be 45 db below the picture caxl'rier of the received station. If only the
__|distortions due to color signals of the interfering station which are 12 db below the
_|picture carrier are considered, interference ratio of 45 db - 12 db = 33 db between '
_|the two color signals will be sufficient when the stations operate on a common fre-
__|quency channel. In such a case, it is claimed that, since an interference ratio of
46 db must be maintained between the picture carriers , no mutual distortion must
__|take place between the stations.
At the present time, black-and-white television stations operate with carrier
_Iphase shifts at a protection of 30 db., Color television, as showh above, requires
__la protection of 33 db in the subcarrier region, Due to the fact that the color sub-
carri:zrs are also shifted, the actual interference ratio required will be less than
30 db; for this reason, it is assumed that no distortions will take place in such a
case.
The measurements carried out have alslo showﬁ that no distortions of color te}o-

__|vision, due to stations operating on adjacent channels, are expécted.
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