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SOWE PERSPECTIVES OF THE DEVELOPHENT OF
TELEVISION BROADCASTING TECHNOLOGY
- USSR -

[Following is a trenslation of an article by S. Te

Katayev in the Russian—language Monthly Scientific-

Technical Magazine, Organ of the iiinistry of Culture

USSR, Tekhnika Kino i Televideniya (Television and

Clne?a Technology), Moscow, No. 6, June 1960, pages
1‘8 e

(This report was delivered by the author before the All-
Union Conference of Radio and Television Broadcast Workers on
8 January 1960.)

The busis of this short analysis of the contemporary stats
of television broadcast technology is the study of new trends.in ,
solving the most important problems of this technology in the field
of increasing the size of the territory being served by television,
broadcasting, and improving the quality of the television image.

Tt is noted that the use of a cosmic relay station makes it possible
to double the frequency band carried on one television channel,

This allows the simplification of the diagram of color television,
the doubling of the horizontal clearness of the imege of monochro-
matic television sets, and the transmission of a sound track in
several languages.

The relation of populetion to television, both in the Soviet
Union and abroad, judging by the demand for television oetu, is
such that it is hard not to consider Lhem as items of primary ne-
cessity.

Last year in the U. S., thﬂre were mors than forty milliion
television sets, that is, an average of one television set to four -
versons. BEvery year the number of television sets increases by
several million. It would herdly be en exaggeration to suppose
that in approximately ten years there will actually be enough tele-
vision sets to make the average cne for every three persons. This
average consumption means that 1t will be necessary for the Soviet
Union in the future decade to have a stock of 70 ~ 80 million tele-
vision sets, ‘

Concerning the television broadcasting network, it can be
said that in the chief cepitalist states, in the next few years no

-] -




place will remain which is not reached by signals transmitted by
television stations,

A similar tesk in the Soviet Union appears harder, in view
of its large territory. This task means it would be necessary to
send & television program to any point in a territory of about 22
million square kilometers. The difficulties of fulfilling this

task are furthermore aggravated by the fact that it would not be
economically advantageous to make television transmissions to the
northern and eastern areas, which have an exceedingly small density
of population. However, the task of introducing television pro-
grams into all areas of the Soviet Union appears exceedingly
urgent. ,

What is the way to resolve this task?

A1l existing possibilities of resolv1ng 1t are expedicntly
divided into three main ways:

(a) creation of a network o* district stations united by
radio-relay or cable lines; ‘

(b) raising the power of transmitters and setting their
antennas for best utilization of distant propagatlon of wide band
ultra short wave signals; _

(¢) placing an active relay station on a man-made satellite.

The first way was judged by its concreteness, its ease of re-
search, and by the availability of experience and finished models
of equipment. However, this means is not economically justified in
all casese.

‘The way mentioned in point b can be divided into two means.
One is the use of tropospheric and ionospheric reflectors and radio
wave scatterers for the purpose of decreasing the number of inter~

mediate radio-relay stations, but with this means, new difficulties
are encountered which complicate attaining a hlgh quality of distant
transmission of wideband television signals,

Another means relating to that same point is the utilization
of the vhenomencn of the anomalous propagation of ultra-short waves
for sending television programs directly to individual receivers.
This phenomenon owing to its irregularity, it seems, should be in-
vestigated rather as serious interference to the task of covering
large territories by television broadcasting, than as a useful help
in this matter. Cases participating in the irregularity of distant
reception of television centers witness to the lowering of expec-~
tation of the quality of the reception of signals from a televi-
sion center on account of interference, even within the limits of
its normal radius of action. Interferences of this type are grow-
ing with the increcase of the number of television centers. In the
world at present, there are more than one thousand television radio
broadcasting transmitters, and this number is growing without in-
terruption, together with the growth of power of the transmitters.
For this reason, interferences of some television centers with the




reception of others increases without interruptlono

Tt is well known that the protability of & hit of eignals
of tihe interfering station on the receiver is dlleculy propoi’-
ticnal to the engle in whose borders the diagram of the direction
of the receiving antenna on the horizontal surface wes encloseda
For this reason, ons of the ways of lessening the danger of inter-
ference caused by cases of anomalous propagation of ultra-short
woves ab present is the conversion to use of waves of the micro-
wave band range on which it is easier to get the direction of the
receiving antenna, and cases of disbvant DFOPantLOﬂ are less fre—
quent, But in thc field of these snoruer weves, unfortunately the
shielding effect of buildings, groups of trees, and cbstacles in
the path of radio wave propagation are more strorgly pronounced.

In connection with economic and,technical difficulties,
cited abové, of performing the task of covering large territories,
described by the methods above, the outlook for utilization of
artificiel reflectors and active radio relay stations for tele-
vision is gaining ircrcasingly more attention from the specialists.

The idea of the practical use of mounts supparted at a great
height above the earth by force of inertia alone gitracted the
thought of research specialists cven a long tims before the perfec-
tion of the first artificial satellites. The desire of using arti-

icial satellites_for_radio connection has been shown by Soviet and
foreign authors /i, 6/.

Two essentially different ulternatlves are possible for re-
solving this problem: ,

(2) wuse of passive cosmic reflectors, and

(b) use of active cosmic relays.

In the U,S.A., they are trying to use big balloons with diar-
eters up to 30 meters, made of a thin plastic and covered with a
metal coating for increasing the capability of reflecting radio
waves for passive reflectors. These balloons are launched in cir-
cular orbits with help of rockets and are sent in circular orbits
comparatlvely close to the earth!'s surface (50 - 3000 kilometers)
in special containers, and then they are inflated to the recessary
size there by water steam. :

- The calculations cited by Plrs and Kompfner [u/ ghow that
by using radio stations with a power of about 80 kilowatts, and
precisely directed receiving and transmitting antennas reflected
from these balloons, the signals can be received on earth with the
aid of radio receivers equipped with molecular dmpllflcrs, if there
is a sufficiently good ratio of signals to noise. This presents
the prospect of realization of a multi-channcl telcphone and tele-
graph link at intercontinental distances.

By further raising the power of the transmitting otaulOHS
and improving thc quality of reflectors, it would be possible by
the very same way to transmit television programs between similarly
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equipped television centers set at an interval of several thousand
kilometers.

In order to make the link between the transmitting and re-
ceiving station reliable enough that the reflecting balloons that
are in constant and irregular movement, the number of balioons
sinultancously rotating around the earth should be big enoughe.

The calculation of the probability that, within the limits of
opbic visibility, of the two points circulated at 3.3 thousand
kilometers, the fact that only one of these ballcons would be
visible shows that for maintaining contact 99% of the time (1%
interruption), it is necessary to have about 30 such balloons.

Among foreign sources, it is noted that even in spite of
relatively high cost of the yeariy expense of replacing such bal-
loons, this system of communication offers not only technical but
also economic adventages in comparison to radio relay lines.

For the purpose of simplifying transmitting and receiving
antennas, sending balloons in a circular orbit along the equator
on which the satellite makes one revolution around the earth in
2, hours, is also being investigated. Being released into the side
of the carth's rotation, such a satellite can be seen from the
carth like en immovable star. The height of this orbit above sea
level is about 36,000 kilometers,

The basic advantage of this disposition of the radio wave
reflector just on this orbit consists of the fact that, with this
method, the number of balloons necessary is decreased 30 times.
Interruption of communications on account of having a determined
probability of the moments of absence of such reflectors in the
zone of visibility of both correspondents are excluded. The main
thing is that with this method all ground antennas, both the rece-
iving and transmitting ones, cen be made irmovable and therefore

mp.l.er.

However, in conformity with television radio broadcastlng,
it is considerably more effective to decide to propose to send into
a stationary orbit an artificial satellite carrying a sufficiently
powerful relay station for itself with independant sources of solar
electrical supply and giro-stabilizing devices guaranteeing the
necessary orientation of the receiving and trensmitting antennas.
In this case, transmission of television power of the transmitter
installed on the relay station should be within the llmlts of from
one to several hundred watits.

The first of these figures applies to the case of applying
special interference-resistant kinds of transuitter modulation for
the reception of these transmissions on a big expensive anteﬁra
and for use of molecular amplifiers in the recelver,

The second figurc applies to the case of reception on an
almost conventional radio broadcast television set, equipped with
directional antennas of moderate complexity and cost. In this




second case, is meant the applicution of antennas of ' comparatively
high directional sensibility which allow directing 21l its improved
high quality energy to the given territory, for cxample, that occu-
pied by three-fourths of the time belts in the Soviet Union (Figures
2 and 3). o ‘ ‘ ' B

Three transmitters loccted at three points on the orbit
would guarantee the transmission of television programs between &ny
trro television centers. ‘ ‘

‘The second of the cases menbioned above is significantly
more difficult in its technical completion. This possibility means
a more remote outlook for starting world-wide tolevision broadcast-
ing, that is, such broadcasting with which auny ownzr of a televi-
sion set equipped with several complicated antennas could pick up
the transmission of any television center cn his sets

4t present, it is nard to determine the time required for
resolving these tesks. It is well known, however, that the alter-
native of balloons of 30 meters diameter and thz alternative with
low power active cosuic reiays, which are still not of the compara-
tively narrow band type, are at present already undergoing experi-
mental rescarch in the U.3.A. (Figure L). Various forcign institu-
tions and firms are planning the release of active television relay
stations in a stationary orbit in the period betwesn 1962 and 1968.

The startling tempo of the development of the technique of
release of heavy satellites demonstrated not long ago by Soviet
scientists, made known to the whole world by surveying the back
side of the moon, the possibility of compulsory orientation of the
satellite in space, and by the wide possibilitiss of contemporary
radio technology bear witness to the probability of shortening the
periods mentioned above. ‘ -

Projects are evolving for realizing world-wide television
broadcasting with the aid of three satellites set in stationary
orbits with the pattern for directional transmitiing antennas lying
within the limits of 16°. 1In the case of such a wide diagram of
directional transmitting antennas, iten times more power 1s needed
for the transmitter, than the power necessery for serving the terri-
tory encompassed by one state. However, this carnot constitute an
unsurmountable obstacle to realizing such a relay in the future
when releasing multi-ton satellites into stationary orbit will be
successful, _ ' o

Apparently, already toward the end of the present decade,
and possibly considerably sooner, world-wide television broad-
casting with the aid of cosmic radio relays will be a common fea~-
ture. ' : o

One of the most important methods of raising the technical
qualities of television transmission could be the conversion to
color television. However, experierce in the U.S.A. shows that
introduction of color television on a wide scale encounters &
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number of serious difficulties.

In spite of the fact that since the time of the introduc-
tion of standard color television in the U.S.LA., about seven years
ago, the number of color television sets consists of only 14 of
all television sets in the U.3.A. The main thing, however, is
thet there cre no signs that this proportion will change radically
in the next few years.

Apparently, con51dor1ng everything in the UeSehe, the com-.
bined color system of television was not within the reach of the
mass of buyers on account of its costs. Here it is necessery to
bear in mind that not only the cost of the television set itself,
which is still just about three timss as expensive as the mono~
chromatic television set, but alsc that of the cost of operation
is considerably higher than that cf the monochromatic one,

If this system of color television is considered, then it
is also necessary to consider that there is no more substantisl
way of redically reducing the cost price of the television set
than by rationalising and automatising the methods of producing
all basic elements of the television set. The search for new
methods of technology, however, is a rather long process, which
does not guarantee the achievement of large scale successes. From
this consideration comes the conclusion that it is necessary to
continue the persistent search for new, more economical systems of
color television, that is, such systems for which the cost of a
color television receiver would not be much higher than the cost of
a monochromatic receiver.

Inasmuch as monochromatic television is continuing to de-
velop intensively, it is nccessary to further perfect primarily
those of its qualities which still leave it in an unfavorable
situation in comparison to the cinema.

The application of more highly perfected electronic optics
and more effective white phosphor tubes offers the necessary in-
crease in the brightness and clearness of the inage. Using a great
number of types of picture tubes of smoked glass affords a notice-
able increase in image contrast.

Trangparent screens and flat tubes are being studied and
developed in which the increase in contrast may be gained without
substantially decreasing brightness. In this relation, there are
definite prospects of attaining results like those that cinema
technology affords. A gradual increase in the screen diagonal
leads toward a deepening of the television set, that is, whose

ize is measured in the direction perpendicular to the screen.
By using tubes with a 110-120° scanning angle, this condition ha
become mcre unified, but by using flat tubes, it will be 3 -
times more unified.

The conversion of the cinema to the wide screen presents a
similar problem as that facing television. Apparently, there will
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be sucenss in finding a soluticn that offers the possibility of
raceiving wide screen films on convertional television setse

" In connection with the rising demands of viswers for clear-
ness in the television image and with the appearance of transmit-
ting and receiving tubes with a clearnsss of more than cne-thous-
and lines, (in the literature, there are notices of creation of
picture tubes' guaranteeing a clearness up to E,OOO lincs) there
ariscs the p0351b111ty of considerably lncreaulng the clearness
of tae image. :

In our journal, one of these possible means fcr con81der-
ably increasing the clourness under ‘conditions of gidening the ,
frequency band of the video chennel by two times /57 hes alrcady
been nentloned.v

Bucih a widening of the band in the llm;ts of the bdnd range
sncounters &almost undeterminable difficulties of an economic and
organization-technical character. liore possibllities are offered
in this relation in the microwave band range, however, on account
of the necessity of building a great number of stations on a lim-
ited territory, similar difficulties arise with this method.

The most favorable possibility for helping solve the prob-
lem of freedom from crowding in the band range of very short and
micro-waves, appears to be the cosmic relay btaLIOﬂS,‘beCQUSO in
this case the number of transmitters serving 2 given Jarge area
is reduced by several times. Together with this, they limit the
required number of wide-band channels set aside for television,
which offers the substantidl possibility of widening the frequancy
bands of cach separate channel. By the same token, the use of
cosmic relay stations permits an incrsase in clearness of mono-
chromatic television on account of the rise in horizontal bright-
ness (for 5xamolc, with a channel band of 1 Megacycles) dpnroxi—
mately to 1,000 lines; that is, almost to the clearness of the cin-
ena, and remarkably simplifies and cuts the cost of color tclevi~
sion receivers without damaging the quality of the color image,

The essence of this method of simplifying the color tele-
vision receiver consists in rejecting the use at present of channel
frequency division multiplex obtained by use of quadrature modula-
tion of color subcarriers and interlacing of spectrums of bright-
ness and the color,signal. ' Instecad of this, in the simplified
system, color information sustains the spectrum of signal bright-
ness, as shown in Figure 5. Under these conditions, the diagram
of the receiver is substautially simplified, if the cost of the
tubes is not considered. The lowering of the tube price is to be
sought in the field of rationalization of technology, which, with
the simplified principal of decoding color information, leaas in
this case to the addition to the conventional plan of the mono-
chromatic television receiver of only the two band filters L} and
5 (Figure 6), of the two detectors 6 end 7 and of the uncomplicated
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matrix ccnverter 2, the prospcct is achieved of not only lowering
the cost of the receiver, but at the same time of improving the
quality of the coler image, as well as simplifying the operation
of color television sets.

The line of resistance uecessary for improving the lag is
obtained by filters L and 5; in this case they can be completely
dependant on the equipment of the television center, which still
further simplifies the receiver.

In the simplified diagrzm of color television, illustrated
in Figure 6, the diagram of the differential {developing) ampli-
fication regulator 8 will oscillate the level of color signal in-
formation unequally in comparison to the oscillations of the sig-
nai level on such a wide band as 1 megacycles, on account of the
especizlly distant diffusion of the ultra-short waves. The ques-
tion of the necessity of this plan in the case of the use of a
cosmic relay station, however, is still subject to the experimental
explanation, because the condition of passing the radio signal ‘
around a sharp angle through the atmosphere can be further facili-
tated than passing these signals in the troposphere parallel to
the earth's surface. Therefore, it is not dismissed that this
diagram is not entirely necessary in using the cosmic relay sta-
tione. : :

The increase of the size of the territory in which, in the
near future, transmission of major television centers of various
countries can be received also emphasizes the question of simul-
tancous transmission of the scund track of television in several
languages at the same time. This consideration arises, at pres-~
ent, if a new technical problem is not to be presented in effective
new technical decisions. According to all signs, it is not far
off thet universal receivers will be required on which the viewer
can choose the accompanying language at will. Nevertheless, the
deciding fate of such television progrems could possibly be made
by finding a sufficiently wide circle of users. . , = = : .

" The question has several means of technical solutions. For
example, latitudinal phase pulse modulation transmitted during the
reverse course of the horizontal sweep and auxilliary sound car-
riers and others could be used.

If such requirements for quality of sound reproduction,
which are usually required for the sound track of television trans-
mission, are to be claimed for these auxilliary sound channels,
and at the same time considering the prospect of raising the image
clarity on account of ‘the possibility of using wider frequency bands
for realizing cosmic relay stations in the future, then, appar-
ently the use of several FM channels whose bands can be arranged
as shown in Figure 5, will be more suitable for the purpose of
transmitting alternative sound tracks. ' :

The magnetic recording of television programs, in line with
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the recording of movie films, is being used more &nd more. In

a number of large foreign svations, all television transmissions
are made exclusively by recording which permits a better version
of stage transmissions, and which is alsc the neccssary way to
supply it with the necessary report commentaries for transmissione
This also permits the complete sepzration in tie verritorial and
administrative relations of the production of television progrems
from the tasks undertaken by television stations.

In the equipment studied, the tendency of successful use
of vidicons gained from more complex tubcs was ooserved in all
new positions.

The creation of devices for the replacsuent of studio back-
ground decoration by movie film reeordings, promise the prospect
of considerable enrichment of the quality of studic transmissions,
as well as cconomy in studio space, and the costs of stage equip-
ment.

Semi-conduchor television sets have appeared, permitting
&n economy of electrical encrgy of 8 to 10 times in comparison with
tube television sets, and, at the same time, inereasing the useful
life of the television set.

Considering the huge economic effect of replacement of tubes
in television sets by transistors, it is necessary to consider this
problen one of the basic trends of the contemporary technology. of
building economical television receivers in the neer future [I/.

This account testifies both to the great possibilities of
the further expansion of territory served by television and to the
existance of a number of concrete ways for considesrably improving
its quality attributes.
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