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INTRODUCTION 

development televlsfon^a^used baaio?d °Ur lives* In its f-îrst 
to increase the cultural level of the^n8-!&*?eanS °f entert,Ainment 
training. But through the ÏIÎeîoDmentPo? îati0!? and in Geological 
expansion of the material terhn????^ ï technical means and the 
our country, it hS be^’to nMetííte^h.li:ÍS8trlal.capabUlt1« 
scientific activity. CoSteSpowv teÍeÍÍÍiÍEh£r?a of ln<iu»t»-ial and 
get to know the world betted to 1 íelP8 u® not only to 
more fully our cultural demaAds but also knSWl!dße and to ®»tisfy 
and unattainable and to moîS e?ficïen?îv ua« th« ^visible machines. icientiy use the labor of man and 

photographs°oftthe revlís^side6^?^ooí th®.tJ‘an®mltting of the first 
Soviet robot space station, and undouht¿rnhi$h-iWa? P^ot°graphed by a 
the near future to «lance An ?h*»Uîî??Ubtediy televl®ion will help in 
telescope, but with8thí tele vis ioí^ev^of^^! J00?' n0t t$lroue^ a 
observatory, and perhaps, by the eves of a v«h?bT'atfrre8tr^al 
lunar surface We wait < e or ft vehicle traveling on the 
of life on Mars and the nature^f^v**106 that day* wh«n a picture 
to be only the f Si to? ^ an2 °îher Planets «^1 ceas? 
artists, but wiiríppeír Sefo^Sïi Writer8 
directly from space. And thi£ day is clSse? f televlsion reportage 

only dreüed1iboïtttilïîïîiSytîî£îSîîîî^80frMrMbr0thei’ republlc® 
look at them. But that is not all t«?? fr°» Moscow. And now they 
programs to all the most reSoîe ^rneïs oí relay television 
Is it possible to bring not oniv 58^0^ °lir Poun<*le8s native land’ 
Picture of its life t^tîîe mos^dî^anÎ n? °f Mo8COW8 but a visibîe 
possible, without leaving onestowí aS^Pl 2e8*on earth? Is it 
on the ether side of thS®wS™dt Yaî ?" what 18 happening 
television communication is taking its first^w18 real* Universal 
steps.# And this problem can be solved Í yery successful, 
spacecraft launching and control. 6d Wlth the help of means of 

Space television is the vouncest fv.«* ^ 
However, already even here is^^r^tfoí^iíM.1^ 
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sophisticated instruments, but methods of transmission of treatment of % complicated that they are probabïy ÎÎ So other «lïon of 
application of television. But rest Its are indubitable: the whole 
world, holding its breath, watched as, for the first time in history 

aíd ^p¿ed#in?o S¿ace?r0naUt A* 0pened the d00r of hi8 8hl^ 

^ . Selection of technical means for creation and transmission of 
television signals is a complicated thing. The complexity of 
launching a heavy spacecraft of large dimensions limits the weight 
and volume of elements of airborne television systems and their power 
supplies. Furthermore, the problem of designing space television 
systems is complicated by the necessity of developing television 
system elements which could work during a very prolonged period — 
híf,í%índ m?níhs.“ without observation and adjustment. These systems 

re8i8t strong vibration during launch and work in a medium, 
temperature of which is close to absolute zero or higher than 

Sn1?? ?f water» ¡iere atmospheric pressure is absent and 
ÏÎÎÏÎhÎ'ÎÏ«1 t? zero* Thay can he subjected to intense 
irradiation by electromagnetic oscillations of different wavelengths. 

Petioles and micrometeorite flows. Therefore, every systfm of 
its ow>Seiîthïian«ïeqUir?! application of special equipment and uses 
teleíuiSn^i^aíí.01*6*141"®' transmitting, receiving, and processing 

We will endeavor to relate in this small book how these 
complicated problems are solved. 
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CHAPTER I 

PRINCIPLES OF TELEVISION TRANSMISSION 

Obtaining of television [images, pictures]. Electronic 
television. 

The form of communication in which the object of transmission 
is a moving image (transmitted from nature with help of film, 
magnetic, thermoplastic, electrostatic tape, or from any other 
information carrier), and transmission of information about 
representation is carried out by electrical signals on radio or wires 
is called television. It is based on use of such physical processes 
as conversion of light energy of an optical representation into energy 
of electrical picture signals, transmission of picture signals from 
transmitter to receiver and the inverse transformation of electrical 
energy of received signals into light energy of the reproduced 
representation. 

This process of conversion of light energy into electrical energy 
and the inverse transformation of electrical energy into light energy 
is intimately connected with the properties of human sight, mainly 
with inertness and final resolving power. Thanks to structural 
peculiarities in the retina of the eye, continuous changes of 
reflectance of objects are reproducer in the form of a point structure, 
i.e., images visible to us constitute a unique mosaic, composed of 
elementary light spots. This property is used in television. Every 
object is examined as a combination of a large number of points with 
different reflectance. Different quantities of light, reflected by 
separate points (cells) of the examined object, are converted into 
electrical signals corresponding in value, which are then transmitted 
to the receiver for an electrical communication circuit. For 
production of electrical signals proportional to the luminous fluxes 
serve photoelectrical converters, the simplest of which is the 
photocell. f 

Transmitted electrical signals on the receiving side will be 
converted back to light signals in the form of luminescent points 

FTD-MT-24-229-67 1 



a® ^ ^®e°^1naí?ntThus,i8hcreÍted1iLÍ0CatlOn °f WhiCh ls the same 
of the dimensions of the cells scannlng- With decrease 
quantity) quality of Image ecannlni1?? ^orreaP°nd'ng Increase of their 
known limit, which u ¡¡EtermlnSS E? the ?líar?éfií?Ter' 0nly to a »ye. * ne 1 mal resolving power of the 

csennations 

the human eyl! ^h^^inticiDate^simnifíStemS coPled the structure of 
from all cells of the optical renrABAn£o??°US transmission of signals 
ñhott0 Wiled in the trînsStteî 2 nüï? °Lîhe obJect* for which 
photocells (modelling the Dhotoseno-»+ q Pane^ with a large number of 
eye), and Ù receive a paS^ wî^ îL ' Cells of the hetlna of the 
‘“bae (modelling the vieSal centers 5f ?ïïeh,!Îînîity of incandescent 
tnK«Ce br‘e transmitter should have he„n brain) • Each photosensitiv 
?bbas of the receiver hy separate wlreaeu?+K°nilected wlth correspondlnj 
included in their circuit ^th«oa.e«Wire8uwith electrical batteries 

fihene of Ihe vU^i^^^^i^lon clrcults were"o model 
the brightness of the senar*t-a ««q *.'* ^ery tube was to reproduce 
representation. Such Mthídí J Í2Í* °f the transmitted eproauce 
signals turned out to be practicalCüüíefÍ?? hi eleotrical picture 
a huge nurauer of communication charm-í2r?íliÍable' slnce they needed 
wires) fur production of a clear^ríseÁtatiOT?8 °f thoU8ands of 

instead of8slÍu?tanê*Í?nt!Ü!-“;hnP-<.1-, ^^et' y«v, proposed, 

cells of the representation, to carry ou^thi1*!^1 signals from all 
of signals corresponding to the bîiïht22Î th ®uccessive transmission 

rePresentation of the^bSct tmsePffate cells of the 
signals from all cells over one oí*«*™ P^itted transmitting 
P. I. Bakhmefyev was bas2S Zn ull Zr îyZ1^ \ ?roP°®al of ^ 
visual perception. of the inertness [persistence] of 

«rac^ ífrÍtat*°ne^yconst22tWiít¡Sit2 t22iSs2titer beginnlne °f gradually grows [increases! »nd sensation (apparent brightness! 

ii?vh?Uy dropa (d«ï~ï«j: SSrlSTsif^"??10" °f iffiiatlon, 688 
brightness of an examined oblect tho f^^cien^ly fast changes of 
changes and perceives onlv th» ml» be ceases to react to these 
appearance of aeñeI"on Md ÏS. ^.™iUe of brl«htneas. ae Uml of 
composes the tenth part Sf a slcoíd »ní pbe8ervatlon of visual image 
brightness and color For nrnHii/>q-q and cGanges with change of oblect 
ft®?? °^transmissioA of it? s2p?íat2 2omn coaJescent re^fesentation, 

the eve stii?f reProduction of the last ceïïeSf8thh°Uld be 8u<:h that> 

^lníusSííü Sr^e^r^^^rSí^hVrom^he^lSLe^^r^'10"- 
transmission of an Image by 0.11^,¾^8^¾^^ a series 

travelftffifion)i?ãntbê8?rMt8debí’aa?a151?ressl°n of continuity of 

"SécTi^ï0'18 Khl<:hi«"0onsecit?ve ?iasesPo?CtTnt ”otl^*88 
»Ject (as in a movie), if one ,,ere tp t^lñsmít^oJfc^ed“ 
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The luminous flux passed through the hole in thp rHnw +1-1« 
transmitted cell of the representation Gets on tie pho?oceU whîch 
üïïi«5 the luminous flux falling on the photocathide into 4l«t£ical 
current. This current is proportional to the briahtne«« o? ;i®CLrica-L 
transmitted element of the representation. 

Picture signals created in the photocell circuit arp 

ïï^lso^sera Sïnko^Si«^8^^^ t0 the receiver- m the^ecelver ?° u?ed a Nipkov disk, only instead of a photocell aftpr tha 
pnnïroiiEÎ&Ked a ^11 neon tube, the brightness of glow of which is 
of thP ,fiby,reCeiyed si6nals °? the representation. During rotación 

^ ^«-rthrn^nuSriid^n^Ss^tii? 

MÍíiid ?epSs^uoÍriSnnirt?íethItC?totSPOnlÍ1?6 Phlnt or the tranam-i♦•♦•saíí TÏZ * 18 true* at that moment, when there is 

tube reproduces the brightness of the second cell, ftc? ' h 

riyoi-1», îhe fîr?t sta6e of development of practical television ftha 
first successful experiments were performed in 1925-1926} was hp«h 

aí decrP?SÍílon" chiefly with'the'help ÔÎVSipkov 
use of meyhanical systems were also used. During the 
ïpn» ír Lscanning the representation was scanned on sfveral 
tens of lines. The maximum number of image disoersion ppiic Gral 

hító^aíní11^.0?? faohed 20'00°. 'hen as rSr production Í? a 

of^^ïli^o^niroan^cSdiraÏÏrtÎc^urrc^c^iror"'18 
îmDoaaïhi»l0n<Wlth accePtable dimensions of the disk is practicallv 
impossible, since a considerable decrease in the dimension« or ?Íly 

SSÍiL".111 "i1“6, t0° sma11 a Vinous flux to fall ôn Üe phoioiïil 
During transmission of movie films, luminous flux of oowerfu? arn’ 
arriving at one cell of the repies^ntation L s^fîcienï ïor Deduction 
?fmî ofneC??Safy 8ignal* ^18 ^plained the use during a certain 
mîïhprforPiî'Cal"mpChanical systems for movie film transmission Th£ 
number of lines of decomposition in these systems did not «!"¿d 

Electronic Television 

telPvisiin°IipoJSia? 8cientist B- L- Rozing proposed to use in 
fait ÎhÎÏ electronic scanning, which later (in the 30's) led to thP 
fact that mechanical television systems were in general? rejected! 

scanniníXÍÍPÍedeíicetíithm¿tÍÍ^i^1ÍÍ¿ht0spotS(FigU82?6 *1*°tronic 
of light energy in this device is^sed^roje^tion^iectron^pf°UiCv 
possessing great brightness of glow The screen o^thl ? Kb um tube 
line drawn through it in a definite‘sequence by an eíSctínn^p«8 a 
a resuit of which is created a screen ?ompoIed o? a?^rnI?elv ' &8 
flashing points. The screen is prelected on thp 0v4¿Ífnat?ry 
moment of time, only one cell ofthe obiert i!hfi?bJí At every 
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photocell or of the photomultiplier and creates a picture signal. 
During slip of the scanning light spot on the surface of the object, 
in accordance with change of its reflectance (or the optical density 
of the slide), is changed the value of luminous flux get tin«: on the 
photocell and the value of the obtained picture signal. Picture 
signals are strengthened by amplifier and enter a communication 
channel, on which they are transmitted to the receiver. 

Reproduction of the representation in the receiver is also 
produced electronically with the help of an electron beam tube. The 
electron beam in the receiver tube moves strictly in coordination 
with the beam of the scanning (translucent) tube of the transmitter. 
When the first line is traced in the transmitter, the electron beam 
of the picture tube traces the first line on the screen. The 
distinction consists in the fact that the electron beam of the picture 
tube changes its intensity with change of arriving signal, and on the 
screen an image is reproduced from a combination of differently 
luminescent points, whereas on the screen of the transmitter tube 
of the installation, a screen is created from equally alternating 
luminescent points. Electron beams in electron beam tubes move under 
the influence of electrical oscillations created in sweep generators. 
The work of sweep generators is controlled by synchronization signals 
which are created in a synchro generator. Electronic scanning is 
obtained during the passing of current along two pairs of deflecting 
coils, which encircle the tube throat. 

In the scanning process the electron beam evenly shifts from left 
to right in a horizontal direction and simultaneously is displaced 
downwards on the width of the line (Fig. 3a). Having traced the line, 
the beam of electrons quickly returns to the left, after which it 
starts anew to shift to the right, but along the following line. 
This process continues until the electron beam has traced the last 
line. Then the beam returns to its initial position, the upper left 
corner of the screen. 

So that beam will evenly move in one direction and shift fast 
to its initial position, it is necessary to use sawtooth deflecting 
currents, the form of which is shown on Fig. 3b and c. The frequency 
of oscillations carrying out frame scan (beam displacement along the 
vertical), should correspond to assigned frequency of replacement of 
frames, and the frequency of oscillations, carrying out line scanning 
(beam displacement along the horizontal), should be z times more than 
the frequency of frames (z is the number of lines on which the picture 
is scanned). Beam movement left to right under the influence of 
horizontally deflecting coils is called straight-line movement of line 
scanning, and its fast return to initial position is called reverse 
movement of line scanning. Analogously, the slow movement of the 
electron beam downward under the influence of the field of vertically 
deflecting coils is called straight-line movement of frame scan, and 
its fast return upwards is called reverse movement of frame scan. 

The time of return of the beam to its initial position should be 
minimum, since during this time, desired signals will not be formed. 
At this time the beam is locked (the tube darkens) by special quenching 
pulses, so that on the screen there are no additional lines of reverse 
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Fig. 4. Form of full television signal 
(frame synchronizing and quenching pulses 
are not shown). 1 — signals from bright 
picture details; 2 - signals from the 
dark parts of the picture; 3 — level of 
black representation; 4 — synchronizing 
pulses of line frequency; 5 — quenching 
pulses of line frequency; 6 — return 
period per line. 

forming a right angled screen. However, right angled form of frame 
and line linear scan are not always expedient. From the point of 
view of best use of surface of tubes and optics, it is more profitable 
to use a round screen. 

/o, A round screen can be obtained during the use of spiral scanning 
(Fig. 5), which is created, when through the vertically and 
horizontally deflecting colls of the tube are passed sinusoidal 

currents, shifted 90° in phase; the amplitude of these oscillations 
is simultaneously changed from zero to a certain value (Fig. 5a and b) 
The screen during spiral scanning will be formed by one spiral, 
starting in the center of the screen and going to its outer edge 
(untwisted spiral) or starting from the edge and going to the center 
(twisted spiral). Describing one such spiral, the ray quickly 
accomplishes reverse movement also by a spiral, but by a steeper one, 
and starts to describe a second spiral. Such spirals are repeated 
with the frequency of replacement of frames. 

What are merits of spiral scanning? 

Scanning oscillations are comparatively easy to create and to 
transmit by cable over a distance; furthermore, a large advantage is 
continuity of scanning and absence of time losses connected with 
this on reverse movement along line. Use of optics and transmitting 
tubes has been improved and synchronization of generators of scanning 
oscillations has been simp^i/ied; synchronization signals are necessary 
only during replacement of frames. Accordingly, necessity decreases 
for devices for separation of frames and small synchronizing signals 
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Fig. 5. Formation of spiral screen. 
Currents in first (a) and in second (b) 

deflecting coils are shifted 90° in phase. 
1 — straight-line movement of scanning; 
2 — reverse movement of scanning. 

But spiral scanning has a number of deficiencies: image sharpness 
is not identical throughout the field; it is maximum at center and 
decreases toward the periphery of the screen, due to unequalness of 
speed of electron beam along the spiral (in the center speed is 
minimum, and on the edge of the screen it is maximum) there arises 
heterogeneity of brightness of glow on the field; due to more prolonged 
excitation of the luminophor by the electron beam, the central part 
of the screen turns out to be brighter. For levelling off of 
brightness on field, it is necessary to pass a correcting signal to 
the control electrode of the picture tube. Inconstancy of linear speed 
of electron beam on spiral also causes the signal formed by the 
transmitting tube to decrease as the beam approaches the center of the 
screen. It is true that there are methods of getting rid of or 
decreasing these deficiencies. With the help of television systems 
with spiral scanning can be solved certain soecial problems, which 
cannot be solved using an ordinary line linear scan. Thus, the origin 
of the spiral very accurately determines the electron optical axis of 
the transmitting camera. This circumstance can be used for the 
solution of a number of problems, when the television system is used 
as a measuring device. If the transmitting camera is in a quickly 
rotating object (for example, in a rocket), then during certain 
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angular^veíocltj^of'thls‘rotation^h«^ ‘ï6 (Camera “U1 rot**te' 
and speed of foíwaí-d mo?i™ îî characterizes speed of rotation 

Of representation can be compensated ^^ receiving^evÍce!*0^11011 

momentary effect^i^the^luminous111^i °f ^elevision are systems of 
is used only durín« a shorí fluí îrom every transmitted cell 
of the Nipkov disk fin thp rTaln°f time, while the scanning hole 

the system with scanning^bymaCrunninc °^the llght SP°^(ln 
given cell of the transm-itt** sP°t) coincides with the 
light in them is eÎtraordïÎIriïy^^^ffactor of 
ia influenced at every moment 4 1 

representation, which consists of i of all lucinous flux forming 

optical representation (n is the number of cells of one frame). 

made SssiMe^tSe m«hoÍ8o?naccSíuí:?ÍSÍlo?SlÍmh?lgh qUalUï 15 

by photoelectrical converter not onlv dírÍL ííght ®nergy stained 
of the given cell, but also for thp rimH16 time of transmission 
frame. ' aiso for the ful1 duration of transmission of 

televil\onbtíbes?g"on Fig^^il shoin^h^ c;jnt®mPorary transmitting 
up energy with the help of a pho?o?eïl fh£r,inClpl: 0Î light ^^diHg- 
capacicor. The transmitted representation isUDro?L? HWhiCh charges 
consisting of a large number Î? 7 Projected on a panel 

?;;nacT>Íh“eSe¿a“ahthrflagU^-aÍhanWonde an 

"rngghhtaiSeTte °‘pa<!l°°r î°«d'refîïtaSÎe H^athUnderSlíifÍÍ®nce 

to the lllSmïnancetôf°thli?aphoto?ïthSdesIS Ph°t currents Proportional 
corresponding canacitor«? tr. i°des' photocurrents charge 
photocells. With the help of switch^ p° llluminance of 
by turn discharge throughPload ïOOiïtÏArp n it0rSu?f every Photocell w 6 ‘^ougo -Load resistance R„, on which as a result of 

connected photocells?arin°formatinn0i:’rrt|0nal to llluminaoce of 
of light n times larger than in th11 signal participates a quantity 
light acts on In p£o?0c0îîs áeJcribed earlier, for y 
the result of continuous accumulation ob^alned voltages are 
between the two discharo-PQ 'r>1?'atl0n charges in the interval 
representations wn^^exïït^p”11^ tra^smission of 
comparatively weakly illuminated. * where transmitted objects are 

on one°ctlirô/rlprttlnltllon tí SUCÏ system' it is necessary that 
by the Soviet standard'of'broadcasting " t^fn' ^ Photoce1^ i.e., 
500,000 photocells in all It il still necessary to have 
representation, there are several Ih^1 b?íter on °ne cell of 
to dispose panel with millions of phltlllnl* F¡ÍrÍÍher WOrdf: We have 
necessary that during thp timo P“01'00®-1-1-8• Furthermore, it is 
representation, i.e?f 1/25 s the °f °ne frame of •e., s, the switch bypass contacts from at least 
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Fig. 6. Diagram of television 
transmitter using accumulation of 
cnarges. 1 — representation of 
transmitted object; 2 — objective; 
3 — panel of cells; 4 — capacitors; RH 

— load impedance; K — switch. 

500,000 photocells. Can such a task be accomplished? Back in the 
early thirties, this problem was solved by creation of the iconoscope 
(Fig. 7), which was invented by Soviet scientist S. I. Katayev. The 
main node of this instrument is light sensitive mosaic or target. 
Mosaic is applied to the lamina of mica and is prepared in the 
following form. On plate is deposited -hin layer of silver, it is 
heated, layer bursts, and silver is distributed in separate isolated 
drops. On these drops are created light sensitive surfaces by 
precipitation of cesium vapors. In this way are obtained millions of 
photocathodes. Metallic film covering other side of mica will form a 
second capacitor plate for every photocell. As switch passing through 
millions of contacts is used electron beam created by electron gun. 

All elementary photocathodes of mosaic are continuously 
illuminated by corresponding image points of object formed by 
objective. This means that charges are stored continuously thanks to 
electron emission under action of light. Electrons are attracted by 
anode. Positive charges stored on mosaic will form electronic 
representation. Electron beam neutralises charge of every cell 
(including whole group of photocathodes) once during scanning of every 
frame of representation. These discharges give rise to current pulses 
through resistance R. Voltage pulses created on terminals depend on 
illuminance of scanned picture cells and serve as a picture signal, 
which is strengthened by electron amplifier. 





CHAPTER II 

TECHNOLOGY OF SPACE RADIOTELEVISION COMMUNICATION 

Optical systems of television cameras. Photoelectrical 
converters. Receiving instruments. Television signal and 
its peculiarities. Amplification of television signals. 
Transmission of television signals over distance. Recording 
of television representations. 

Picture signals are created in a television transmitting camera 
on an unpiloted or piloted spaceship. It can be delivered to the 
moon and the planets of the solar system and can be on earth. 
Problems, to be solved by a system of space radiotélévision 
communication are very different, and, accordingly, actual 
constructions, cells, and electrical circuits of transmitting television 
chambers must be different, not to speak of methods of treatment and 
transmission of picture signals. But independent of system a 
transmitting camera always has the following basic cells: objective, 
forming optical representation of transmitted object on light sensitive 
surface of photoelectrical converter: photoelectrical converter, 
converting light energy of optical representation into electrical 
picture signals; amplifier of picture signals; generator of electrical 
oscillations, carrying out electronic scanning; generator of 
extinguishing and synchronizing signals; device of automatic control 
of operating conditions of camera; sources of electrical energy. 

Selection of these cells and conditions of theii work determine 
surveyed area (caoture), resolving power (number of transmitted cells 
of representation) and sensitivity (minimum illuminance, necessary 
for production of assigned quality of representation). 

Optical Systems of Television Cameras 

As optical system in television camera can be used lens objective 
(refractor), mirror objective (reflector), or mirror lens optical 
instrument. 

13 
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Fig. 8. Types of lenses and 
construction of representations given 
by them, a — biconvex; b — 
planoconvex; c — concavo-convex; d — 
biconcave; e — convexo-concave; f — 
construction of representations of 
collecting lenses; g — construction 
of representations of dispersing 
lenses.

Fibers (light conducting) optics are beginning to find wide 
application.

Objective usually consists of several optical lenses. These are 
pieces of optical glass (quartz, plastic or other transparent 
substance), limited from two sides by spheric surfaces (one of them 
can be flat). Surfaces of lens can be more complicated — cylindrical, 
parabolic and others. If middle of lens is thicker than its edge 
(Fig. 8a, b and c), then it brings the beam of light rays passing 
through it to a point and is called collecting. If middle of lens is 
thinner than edge (Fig, 8d, e and f), then lens transforms the beam 
passing through it into a divergent beaun and is called dispersing. 
Straight line passing through centers of surfaces forming lens Is 
called main optical axis of lens. Point on axis to which collecting 
lens brings rays parallel to Its optical axis is called rear main





from which lenses are made. 

eniírUmentsPar®e=Phe?lceand°otherr?r and mlrror lens optical 
raía CUay? of »taUar^cSuwtí^enf ml"or' mirror 
of prôje?ï'eï «n«r°r? pos3esa » nÍí!feí S?'mSttÍ?nV?X fírr°r dl8Perscs 
furthermore^ theurtn"11^10"8 are absent or occur êonÍ?eÍheKidlBtortlons 

is depos 1 ted^Trectly^n'concave^surfacè 

piwet'l °Pa«d”f°f^IsÍbL^iLfo^S06 or planat planet is connected with forai io +1, eKion H of surveyed 
representation on photocathod¿ °f optical 

ë tuce h by expression 

b=Il. 

scale6 bruertLenfaUOn- ¿' ¿LSI ?SeSe?oVceíl0?.JeCÍK18 ^««Ated 

different proble^*"^ u^ÄV0?8^“^ 
f representetioH on photocathode hei Y sflected- Dimension 

qSfutii ITlrt dÄe^^^^SssSonJÄ 

rtíiífs Ä- « 

ilgBiicsKálflSsíiíc»»» 
cS^ïd^râïrje^îeï?61'6“88-5 araa - °f 

■aCiS?STsS‘Ä saa^ *■* 
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Fig. 10. Dependence 
of field of sight of 
optical device on 
width of zone of 
survey and height of 
satellite. 

of object is 100 m, and diameter of working part of photocathode is 

10 mm? We obtain 

f25000 = 2,5 m. 

With increase of focal length of objective length of the actual 
oMective strongly increases and distance from surface of lens o 
objective to light sensitive surface of photoelectrical converter is 

increased. 

For projecting of representations of remote object on 
sensitive surface In big scale, telephoto lenses a™ seated. They 
have distance from last surface of lens to photocathode of a few times 
less than focal length, where length of objective u.uaily 
exceed 0.50-0.75 focal length. Construction of te^photo lenses is 
complicated enough, and in case of observations made from 
this complexity increases still the necessity to use a l^ge diameter 
lens. And this is necessary because the greater the ratio of diameter 
of lens to focal length (which is called relative aPer^Y4^* p 
bigger the illuminance of representation on light sensitive surface. 
Illuminance is proportional to the square of r®laJ^e 
us assume that an objective is applied with relative aperture l*1*. 
From this it follows that at focal length 2.5 ^ J;8 necessary to 
aoDlv a lens of about 65 cm in diameter, if we wish to observe a 
region 100 m in width from a distance of 250 km. It is clear that an 
objective with such lenses can be used only on especially big 
spacecraft. Thus, diameter of objective for largest European reflector, 
which is in Crimean astrophysical observatory, is 2.6 m at iocal 
length 10 mm. Diameter of mirror of the world's largest reflector is 
equal to 5 m, and diameter of the world’s largest lens is about 1 m. 
Diameters of refractors of majority of lens objectives does no 
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exceed 65 cm. 

t heir lumbers oraene ss ^mlr ror^ens0^ t icajhftt0flenSeS an<S to 
focal lengths. As an examole systems are applied at large 
lens of Maksutov system isPshown on Fig^b?”1 °f mirror lens telephotc 

it Is possible6 10esmoothly6change foíal^e^th6 fHCal len&th’ in which 
representation, resoectlvíiv pL ?? 1,îength and scale of 
besides continuous ?han¿e ¿f*scaleU¿faÍÍÍL°f îhffe °Ptical systems, 
of constant distance between obleet jrePresentation, is preservation 

during change of scale orrepre^nia??on fie?cntatlon* For this 
be ensured independent shift of at 1 necessary that there 
system, where system comoonent« L1! St components of optical 

different position at different*scales"'orrepreslítítion?01'1'3 °CCUPy 

optical^system.Wl0n Fig^i^i^showí6!??th ÍS the most comPlicated on Jig. 11 is shown diagram of multlcomp^nent system 

fo^/^ngth1®^81?11 ?bJe^tlve wlth variable 
sets of ifnMs^i 3fT dJrection °f shifts of 

7, 9. Í0 i fíx®d_«tBn*íeíerñ.d.a’et8 °f 

control Sof forree t ion ' of distort Ions °in'"w ho 1 mol>Ue oells ensures bes 
For decrease of distance batwÜïn h le range of focal lengths 
of rays with help of mirrors is used 0^80^1 ïî0í0íathode, re^acti< 
construction of section of oblert?™ sP^ial interest is 
length, since this ensures chí^^of íií??s0o¿eCÍÍVe 0f varlable foca: 
length without replacement of f adJuatment of focal 
to say that this CinÏÏobjectïve 'î' “ 18 Possible 

objlctîvL^iLrgÎôSp'orîènses'^a^n VlT’^s^of" 

TTLZ ITlength conp°8'8 100-500 ^ 
Pig! 11), range^composes^SOO-loOO ™ e^8«ll«r p0sltlon (8' on 

focai er‘8UreS ^ 
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Fig. 12. Passage of light on glass rod 
(a) and transmission of representation by 
flexible braid of fibers (b). 1 — 
direction of sight; 2 — objective; 3 — 
light leading fiber; 4 — representation 
being transmitted; 5 — transmitted 
representation. 

Fiber optics. In recent years much attention is allotted to use 
of fibers optics in television. This is the only optical system of 
its kind. It is in the form of a flexible beam of light leading fibers 
and replaces complicated systems of Lenses and mirrors during 
transmission between two points which are not on one straight line. 
Furthermore, this optics permits weight of board equipment to be 
significantly decreased, and gives a number of special effects. For 
example, it is possible to produce change of dimensions and picture 
format, conversion or splitting of representations, and also to remove 
certain aberrations of optical systems, to obtain coding and decoding 
of representations, to decrease loss of contrast of representations, 
to increase light effectiveness of light collecting and light 
radiating systems, etc. 

Principle of use of flexible optical cable for transmission of 
optical representation is shown on Fig. 12. Cable consists of a 
large number of thin transparent fibers made of glass, quartz, or 
plastics (Fig. 12b). Rays of light falling on one of the ends of 
cylindrical fiber spread to other end of rod at the expense of multiple 
reflection (Fig. 12a). Inasmuch as a very large number of reflections 
occur, it is necessary that fiber have smooth not contaminated surface. 
Furthermore, for lowering of light losses, material used should possess 
great transparency for rays of needed part of spectrum. 
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Photoelectrical Converters 

nr rePresentation, and also region of application 
of installation and its possibilities are, in considerable decree 
determined by photoelectrical converters - the most responsible cell 

describidSb?nuF Hi nUm?er °f Ph°toelectrical converters described by iis in television systems of momentary effect are used 
photomultipliers and electronic dissectors. In system! usiíl the 

withdDh^to?e8WAÍPle ?f li6ht energy are applied transmitting tubes 
mirtiV?!?aî?reSirtancÎJ lma8e orthicons, supericonoscopes and 
properties°of0difbefore examining devices and 
ten lío" Photoelectrlt«l converters, it is useful to 

, ^i2i££ells. These are the simplest converters of energy of 
Tnetor£ma?netip*WjVes oi> opiieal spectrum into energv of electrons 
photoeffect®y extf1instruments using different forms of 
p otoeifect. external, internal, and photoeffect of barrier layer. 

. ,~tefnaliPí0tQe:fect consists in extraction of electrons from 
thí^ãr^aíwí^fa0î1On ofvll6ht falling on it. In metais 

af® aiYay® fr®e electrons, but they cannot spontaneously escaoe 

fíí?ís InU holl ?Lrtam11C eîectr?de- beoause lts âSï?«e"wear i orces wnicn hold th€.>m. For extraction of electron outs 1 dp it ic 
necessary to accomplish certain work on surmounting of f¿?c4s 
connecting free electrons with solid. This work fwork of 

p?ppfCOmplÍphed aí th® exPense of communicating additional energy to 

pnpt<£TvUron€KheatinG of metal appears thermionic emission. Additional 
b! oon^unicated to electrons of substance, by irradiating 

material by beam of electrons. (Emission) of electrons aorparimr g 
uring this emission is called secondary electronic emission. ^ 

Fig 13aan^GlasR Wlth Photoemission is shown on 
pÍnto^í*nGí*SS ball°on of instrument from which air is pumoed 
created oÍ?níprn»?ÍtÍVp cath°de and metallic anode. Cathode is 
in ttio p ernal surface of glass bulb of instrument or is fulfilled 

of* semicylinder, corner or lattice cylinder, Covered with 
sensitive layer from that side whence radiktionis Trlaleá 2s 

roSs iïlniVÀÎ1^ "'i6; frame' grid> Perforated Ïe2?,g2pî^*or 
N^b¿r of created DhotnSÍp2?Cath0<?e electrons are emitted from it. 

Ä!LS.r?at£ í? ÍÍÍÂ0?o°í„oae 

fî“ P“” ”etals- complicated cathodea íf 

í™c:.í^ia,retníslolbi.rlcby 8ma11 work function 

20 



T 
1 

1 

^^■[AT^TSuss SAxaBiaa 3 

Cm 
o 
w 
o 

•H 
-P 
W 

•iH 

P 
<D 

■P 
Ü 
CC 
P 
cn 
x: 
o 

I 
>> coo 
o 

w 
<u 
o 
I <u 

>5 c 
G -H 
O H 
E CÖ 
•H 
•P H 
G 
ro 

exp1 
E x: 
to bO 

O- CO >H "H 

o 
JZ 

-p 
c 

co 

' G 
Ë 

co 
G 
•P 
o 
CD ß,«H 
W . *H 

1 2 T) • G 
C K\ CD 
CO X3 W 

s^- • •« O 
^ 0) -P 

>>T3 O ■ bO O 
g x: 

Cm +J >i 
o x: <o 

t)ÛT3 
G 
<D i 
>> >> 
co co O 
H T3 •H 

<-* I 

I 

CO 

t"- x: 
bD 

5m H 
0) c 
>5 O 
co O 

<—) Ë 

(U I 
JZ > 
(X-rl CT\ 

p 
G 
co 

0) 
o 
o 
■p 
O 
x: 
CITO 

co 
Ë 
G 
G 
ü 
co 
> 

LP 

P 
CO 
O 
o 
p 
o 
x; u 
D- T3 

O 

I -I 
W o 
G G 

<M 
O 

:: 
: 

a 

JZ 
P 
cc 
o 
o 
p 
o 
X 
CLP 

0) 
Ë W 
G . 

G 
0> 
P 
w 
bD 
G 
G 
P 

X 
P 

OJ 

rc\ w <u 
<U T3 
cj o 
G X 
G P 
O co 
W O -=f 

W P 
(u^o s 
o I <U 
G <D X 
0) T) G 
> 
H Cm 

P P 

bD 

tn g 
w 

1 t 
p 

21 

l 

L 

of
 
l
u
m
i
n
o
s
i
t
y
 
o
f
 
e
y
e
 



On Fig. IJb are shown spectral characteristics of spnsino- 

Dhotop?pitî?t0?ath0deS+and PhotosenGitive layers) of contemporary 
inmîno«??? iS 1 co^erters, and there are also given curve of 
i^os^y of eye (dependence of brightness perceptible by eye on 
óf íaSlaílon^'n WUh dl"eren! "avei.ngths and Identical ^oweis 
rííeíídl Î1 nd curves characterizing spectral composition of 
different sources of illumination. oi 

Practically utilised luminous fluxes create in circuit of 
vacuun, photocell, very small currents (not more thaS severaî ui) 

lnIîanlfïcaÎ?aînreSi8tanCS8.are-.0':’ta'Lne'i plcture signals which ¿re insignificant in value and insufficient for useful use. What 
hinders us from using these signals? One would think if it is 

definiteyvalue^tthpn0?t0-iltPU^eeí' J;elevislon camera a picture signal of aeimite value, then it is sufficient to use amplifier with 

£oiever°nthif is^ot*^11^??^100!í*CÍ°r and Problem w111 be solved, 
smaïînlss i t kD1Í£ C!¿lty ls Caused not by the actual 

ig? ^ b^ by the fact that simultaneously with 
6 stren«thened and parasitic signals and noise. If 

these interferences appear commensurable in value with picture 
Quality of representation will be extraordinarily low 

ncJ if level of signal is considerably below level of interferences 
then tnere can be no speech about reception of representation in ’ 

general. To ensure sufficiently good quality of représentâtior it 

by ae1rlíríensaofVtaÍmL0f 8lg"al vll oílítar^íence oy several tens of times. It is necessary to struggle with scurcp«; 

ín fî erenC?? ln 811 Cells of device. However, their main Saíger 
ampíificatioSeatflrt«hero desire<j signal is engendered and where its 
amplification starts. On representation these interferences appear 
in the form of unique blinking ripple like incident snow. PP 

f^?ÍQmulbÍPj:lers‘ Necessity to have photocells on high 
sensitivity, which ensure large working currents and high signal to 

îhe de1ca°0?nwhï^Uh îea<V° c«atl°" of electron pEofSmuîfî^ie™, tne device of which is based on the use of the phenomenon of 

cuírenrins^^fh1110 f"11!3101" for nultiple amplification of photo- 
serïe^of aCt^fï vac!¿U[n device. Instrument consists of 

b des with surface treated with cesium (Fig. ) The 
0fnïhfm serves as Photocathode, but the last one served 

oïoofC. *hobocathode is applied in the form of thin layer on 
electrode, in form similar to intermediate electrodes — emitters 
It can be carried out in the form of semitransparent covering on’ 
interna! surface of multiplier bulb. The number of emitter? in 
different instruments is different. Emitters are connected to 
power supply through voltage divider ao that their p™en1al grows 

photocathode? °f 8erlal num’5er of electrodes, starting from 

From surface of photocathode under action of luminous flux 

electrical They are acceîeïaîed by 
electrical field and bombard first emitter, punching from its 

arTlffVrt ?f S1KCtr°nS exceeding the number hitting. Such 
an effect is attained by definite selection of material and 
corresponding treatment of surface of emitters. Emitters used at 
present can emit 5 and more electrons on one primary electron* in 
other worcis, coefficient of secondary electron emission of surfaces 
of emitters attains 5 and more. sunaces 
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Pig. 14. sy|tem In*e7 
photocathode; ö1> o2, ••• ' 

H — wire gauze; C — light beam. 

secondary electrons coming from fl rs^emltter^et 

emitter, which is ander aarge poten leotroris. Thus, electron 
and punch from it to anode continuously increases, 
flux on the way from Photocathoda ^r®^eCo°eiderably exceeding 
and in circuit of anode will fi^oCur^ti°aiiv it is possible to 
photocurrent obtained from cathode. instrument of 1-100 
attain amplification of photocurre comDiiCated construction, 
million times, but in ^^^f^'^^^nncation k depends 
aonPlvaÎÎeaof0cofmcïenterfrsecondary ¿mission o and on the number 

Of emitters n in the following way: 

ifc = o-. 

The real amplification factor 
amplification factor, therefore, it is neces y and ^ not 

electrons get from one emitter fecial ladle-like form, 
fly past. For this electrodes®r^g ..mprous experiments. According 
which has been found as unit of many of to the described diagram is built the multiplying^^ ^ several 

the photomultipliers produced y . nrinciples of direction of 
types of photomultipliers ^iîL0ï00anoïheï The Lventor and 
electron fluxes from one emitter to another. Tne h L> Ai 
creator of the first photomultiplier is the bovie^ 1« 

Kubetskiy. 

It is impossible to strengthen yTheÏÏÏo£ 
v’ith the help of eiectron multip ^ P^ photocurrents are amplified 
amplification is usually applie. f the£ amplification of picture 
»«“fd by°electron-vacuumttubeaor1translstor ( semi- 

conductor) amplifier. 
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Electronic dissector. 1 _ object: 
2 ~ 05-íectivei 3 — semitransparent photo¬ 
cathode; 4 - optical représentâtionPof object* 
5 - focusing electrodes; 6 — electronic * 

mn?î‘f8?rtati0Qi 7 “ inlet of electron 
multipliers; 8 — electron multiplier; 9 — 
focusing coil; 10 - deflecting coil; n - 

flYx®s* not getting into the 
multiplier inlet at a given moment; 12 — 

lí"- °f 

this iÜ?ümentCls1Õfe^e-nt^yeeffec,;tr°nTtU^1Pller Ph°t°tube, 
essential merits and cm ?lñd anríi^íi'en Í„P SfSfes a number °f 

on1?^?1??: Onafurface " f-tronîc «ssec'ïo^u'êho™ SP<,Ce 
semitransparent photocathode? on^hi^^ls^rojected transmittrdated 

SSSSÉl? SsHSE r 
accelerating field is created bv civinJ1?? coil* but electrostatic 
to rings located between photocathode Md eïecIrSn SïïtîpÏÏe??16"“818 

only eÍSc“L"0?rSmÓ«tcÍ“lPa?Srep«seníatÍÓneoassr0npr1ÍiPllerS 

multiplier andrafte^muï^ipïrampïl?!1^? flrSt Stag8 °^Celectron 

anode circuit is^^^Â^^c^’on^hï^ïr^eaSd 
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voltage proportional to the number of electrons, getting on anode 
of electron multipliers. 

For series obtaining of voltages of signals from all cells 
of representation is produced scanning, peculiarity of which is the 
fact that inlet of electron multiplier remains motionless, and the 
whole electronic representation shifts in space so that against 
hole in series, cell after cell, line after line, there pass electron 
fluxes from all cells of transmitted representation. The number of 
electrons getting into hole changes all the time in accordance with 
change of density of electrons. This process is carried out with 
help of two pairs of deflecting coils, on which are passed linearly 
variable currents. 

Supericonoscope . Transmitting television tube of supericon- 
oscope is instrument of storage type, which is more perfected than 
iconoscope. Supericonoscope was invented by Soviet scientists P. V. 
Shmakov and P. V. Timofeyev. Bulb of tube consists of two sections 
of different diameter and throat (Fig. 16). On internal side of 
flat front section of tube bulb is applied a semitransparent photo¬ 
cathode. At a certain distance from it, parallel to its plane, is 

Fig. 16. Device and circuit diagram of 
transmitting television tube of supericon¬ 
oscope. 1 — object; 2 — objective; 3 — semi- 
transparent photocathode; 4 — conducting 
covering; 5 — target; 6 — signal plate; 7 — 
coil for focusing of electronic representation; 
8 — focusingly-deflecting system of scanning 
beam; 9 — electron gun; 10 — scanning electron 
beam; 11 — secondary electrons; R — load 
impedance. 
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®erves as storage unit of energy. It constitutes 
fvrií r.h, lami?a (thickness near 100 urn) of mica or glass, covered 
*f^mjrerSe S^df by metallic film which is signal electrode. From 
the side turned to photocathode, target is covered by layer of 
material possessing large secondary electronic emission. 

of Dhoiocathnn!6'1 îuPre1Senîatl?n is Projected by objective on surface 
il ; The electronic representation which has been formed 
electric!? Photo^th^e to target with help of magnetic and 
h 1 fif1<:la* Magnetic field is created by transmission of 
of tnhP p?nt al°ng *he c°il. set on the protruding part of bulb 

i F<? Production of electrostatic accelerating field, the 

several ^hundred potentlal of Photocathode by 

nnnrahQoltting ®gainst target with high speed, each of photoelectrons 
dist£?bu??onrnf no?0"??1? e?;fcîrons» and on target there is formed 
distribution of potential which corresponds to distribution of 

°n Photocathode of tube. To lighter sections correspond 
more postitive potentials of target sections. 

Distribution of charges on target will be converted into 
aroun!8!?? fignal wî-th hflp of electron beam, which by turns runs 
around all target elements. Electron beam is created by electron 
gun, which is located in narrow cylindrical throat of bulb. Above thi'’ 
throat is focusing coll, which serves for reduction of divergen? 

bj hoï“Ôn^î0and"“tïcaï: deflectlon coil °f =lectron beam 

potentiajpdifferenc^of^th^order ïllLll llKllL scanning 
beam bombards target with such high speed that the coefficient of g 
econdary electronic emission considerably exceeds one. Electron 

beam brings target potential to a certain constant potential, which 
exceeds poiential of internal conducting covering of bulb (collector^ 
by several volts, where this potential does not depend on potential 
earlier existing on target. Value of current of secSndaîv electrons 
depends on depth of potential relief formed earlie?? ^er !lc!ídarv 

t!?g!t°thanrfro¿eu!??tÍ0 colla?tor from more Positive sections of 
cíínnLÜ ! ? Positive sections. The signal current formed by 
econdary electrons flows on closed circuit: target — collector — 

awensePÕfa?urr7n?a??Cltfí!Ce °f tar8et- 0n loaä Resistance at the expense of current flow there appears picture signal voltage. 

For production of signal of sufficient value, illuminance nn 
photocathode should compose several tens of lux. This is 

^Sídrably leSS than the ^luminance required by the iconoscope 
bT!^f^rl Lr; ®ersitivity of supericonoscope is explained 
y the fact that in it, in contrast to iconoscope, is applied not 

a mosaic, but a solid photocathode. This permits fuller use of licht 
alen!?1!? ^rface* Furthermore, here occurs multiplication of 

e?^Pe¡}se of secondary electronic emission, which 
appears during bombardment of target by fast photoelectrons of 
t^íy eiactí'?nlC rePr®sentatl°n. Heíe all fhotolïJctï™s get to 
target. Finally, supericonoscope permits the using of more short- 
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focused optics, since photocathode is on front wall of bulb. 

Below are described tubes possessing higher sensitivity than 
supericonoscope, although it still finds application, since pictures 
obtained with its help are distinguished by their high quality. 

Image orthlcon. Image orthicon is arranged in the following 
way (Fig. iVj: in front section of large diameter (76 mm) tube is 
carried out creation and transfer of electronic representation, but 
in rear part of tube of smaller diameter (52 mm) is produced 
scanning and amplification of signal by secondary electron multiplier. 
Tube is placed inside long focusing coil, which creates uniform 
magnetic field, lines of force of which are directed parallel to its 
axis. 

Near photocathode edges is set accelerating electrode, which 
serves for creation of field, to transfer electrons to target. 
During their travel to target, electrons emitted by photocathode 
preserve in planes of focusing a distribution of density on section, 
which is analogous to distribution of Illuminance on photocathode. 
Accumulation of charges is carried out with help of target, a thin 
glass semiconducting film 3-5 urn thick, which is secured on ring 
together with small structure grid, which is located before target 
from the side of photocathodej at a distance of several tens of 
micron:. 

During travel photoelectrons collect considerable speed. 
Therefore, they do not settle on grid, but fly through it. Hitting 
against target, photoelectrons punch secondary electrons from it, 
and on target will be formed potential relief corresponding 
to distribution of illuminance on photocathode. Secondary electrons 
do not return to target, but are captured by grid (since they have 
small speeds), to which is applied positive voltage of the order of 
1-2 V with respect to cathode of electron gun. 

On left (on figure) side of target is created deep positive 
potential relief with large potential on sections corresponding to 
bright cells of representation. Further positive charges are 
transferred from left side of target to right side at the expense 
of displacement currents. Thus, on reverse side of target, distribu¬ 
tion of potentials on surface will be precisely the same, as on the 
side turned to photocathode. 

Potential relief will be converted into electrical picture 
signals with help of electron beam. Scanning here is produced from 
reverse side by beam of slow electrons, i.e., electrons, the speed 
of which conditions the value of coefficient of secondary electronic 
emission, which is less than one. Thanks to this the target under 
influence of electron beam obtains potential which is equal to 
potential of cathode of electron gun. 

Electron gun consists of thermocathode, control electrode, 
and anode. Electrons coming from gun through narrow hole in 
diaphragm accumulate in very thin beam, which is deflected further 
by the magnetic field of the deflecting coils. Electrons approach 

27 



mít¿ln¡'tellíuior?nS»rC;ilí dlagram of tra^- 
and diagram of tïâveï^f oW?ge orîhlcon type (a) 
orthlcon (b)° i - ob,e?r.eïecti°';» image' 

transparen - photocathode ; f Z ac«Íaía?í„l ~ Seml- 
electrode; 5 -crid- 6 - 

electrode* 8 — fnpnc-irirr arSet; 7 — decelerating 
eoll; io i Se7Â^?ÎeCîrdaî 5 - focusing ® 
IS - second aíodeofgínn ~ =îrre?tlP« coil; 
gun; 14 — emittprQ + anode of electron 
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secondary electrons; 2f ^straight^inp6?^0118; 23 
electron beam; 25 - return finv nr a.flux of 
26 - secondary electroí ?îux^ electron beam; 
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target with low speeds, since along the way their travel is gradually 
delayed with help of special decelerating electrode. Its negative 
voltage will be selected so that velocity of electrons decreases to 
zero near target. If potential relief is absent on target, then all 
electrons of scanning beam will appear turned in the opposite 
direction, and, according to their reverse travel to electron gun, 
velocity of electrons will increase. 

However if positive charge is on target, then part of electrons 
from scanning beam will be attracted to target, and, thus, every 
time after passage of scanning beam, potential relief of target 
will be neutralized ("erased"). The number of elactrons removed 
from beam for neutralization is directly proportional to potential 
of target in a given point, but this means that the number of 
electrons reflected from target will also depend on potential relief 
of target — the more illuminance of section of photocathode and, 
consequently, the higher the positive potential of the corresponding 
section of target, the fewer electrons will be in reflected part of 
b e am. 

Reflected electrons move to anode (Fig. 17b), being accelerated 
during return by the very same field, which braked incident beam. 
Overwhelming number of electrons get on front surface of disk of 
electron gun anode and punches secondary electrons from its surface. 
Anode constitutes first stage of secondary electron multiplier. An 
electron beam intensified approximately a thousand times (or more) is 
collected by collector of multiplier, into circuit of which is switched 
load resistance. 

Electron beam does not head for the same point of target, but 
accomplishes travel by defined law, and, during the time of 
transmission of frame succeeds in running around all points of target. 
In each point, the beam must receive back a different number of 
electrons. Since charge of every point of target depends on 
brightness of corresponding section of representation, density of 
beam changes all the time, following light and dark places of the 
representation. Accordingly, the value of signal voltage is 
changed on load resistance of electron multiplier. 

Image orthicon sensitivity is so big that it permits working 
at photocathode illuminance, which is measured in fractions ol a 
lux. Important tube deficiencies: are complexity of construction 
and corresponding complexity of its exploitation, necessity of 
creation of strong focusing and deflecting fields, and large weight 
and dimensions of the actual tube and its focusing-defleeting system. 

Vidicon. In transmitting tubes described earlier of the 
storage typé (iconoscope, supericonoscope, image orthicon), light 
energy into electrical energy using photoemission, but energy 
was accumulated using secondary electronic emission. Sensitivity 
of these tubes is limited by, among other things, small value of 
quantum output. In them on one quantum of incident light, less than 
one electron is necessary. In photoconductive layers (which change 
resistance when irradiated by light), quantum yield can appear 
greater than one, and sensitivity can be increased as compared to 
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Fig. l8. Device of transmitting television tube of 
vldlcon type (a) and processes on target during its 
scanning by delayed electrons (b): 1 — object; 2 —
objective; 5 - glass; 4 - signal lamina; 5 - target; 
6 — grid; 7 — metallic ring; 8 — focusing electrode; 
9 — control electrode of electron gun; 10 — cathode; 
11 - filament; 12 - deflecting coll; 13 - focusing 
coll; 14 — correcting colls.

photoemission layers. This permits creating a tube of simple 
construction, a so-called vldlcon — a cylindrical glass bottle 
(Fig. 18) with built-In light conducting layer and signal lamina 
with gun to create commutating beam. Role of signal plate Is 
played by finest metallic film, which is applied to internal and 
face of the bottle. The film is so thin that it is transparent for 
light rays. This film is united with a metallic ring, which is 
welded to the face wall, and with the cylindlcal part of the bulb.
To the metallic film is applied a thin layer of photoconductor 
(several microns in all). As material of this layer (target) serves
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antimony trisulfide, selenium, and others. Spectral characteristics 
of these layers are shown In Fig. 13 (curves 5 and o). 

Representation of transmitted object is projected by objective 
through transparent signal plate to photoconductor, which 
reverse side is commutated by beam of electrons. Through ano“® 
diaphragm the electrons of the beam pass with a speed corresponding y 
to a potential difference of 300 V. This speed is changed little 
before passage of electrons through grid; after which they get into 
a strong retarding field. Paring approach to target, velocity of 
electrons drops to a value which is determined by potential of 
section of target surface. This potential, in turn, is det®rrJline“ 
by potential of signal plate (20-40 V) and value of conductivity in 
this section of target. 

In darkness the resistance of the photoconductor is very great. 
Electron beam, passing along photoconductor, leaves electrons on it, 
charging photoconductor to potential of election gun cathode. In 
these conditions a potential difference of 20-40 V is created 
between sides of target. Current flowing under action of this 
potential difference through layer of photoconductor is very small 
in darkness. Therefore to the following income of electron beam, 
potential difference will be changed very little to nonilluminated 
part of the target and compensation of change of charge will require 
few electrons. 

Another thing is observed on illuminated sections of target 
(see Fig. l8b). Resistance of these sections is small. Therefore, 
during the time of absence of electron beam (during the time of 
scanning of one frame of representation), voltage on signal plate 
and on commutated side of target can, in great degree, be compared 
with each other (at the expense of fast discharge of capacitance 
of target), and commutated side of target will be charged positively. 
At the time of commutation by electron beam, potential of this 
side of target is again led to potential of cat5°?® ^ z®ro. 
This occurs at the expense of that which through illuminated section 
of target (point 3 on Fig. l8b) a large current flows. This 
booster charge current, flowing through load impedance, will create 
picture signals. 

Tube with photoconductor is simple in construction and in 
operation and has good resolving power, small inherent noises, and 
small dimensions (diameter of bulb of usual vidicon is 25 mm, 
length is 150 mm, in a miniature vidicon, they are 12 mm and 75 mm 
respectively). These merits of tube permitted its wide application 
in airborne transmitting cameras of spacecraft. 

However, this tube has a number of significant deficiencies —* 
at low levels of illumination, it does not permit transmission of 
representations of fast-moving objects, but in the structure of its 
target are heteogeneities. 

Improvement and creation of new transmitting tubes. In connection 
with growing requirements presented to applied television 
installations, transmitting tubes were improved in order to increase 
their sensitivity, to decrease noise level, to remove smearing during 
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transmission of representations of moving objects, to increase 
sharpness during minimum illuminance of objects, to expand working 
spectrum of optical waves, to increase reliability, etc. 

With improvement of image orthicons, effectiveness of processes 
of readout of charges is increased; highly sensitive photocathodes 
are used. Multistage transfer and amplification of representation 
before accumulation of information on target are promising. The 
simplest method of amplification of image brightness is optical 
connection 03 image converter with standard image orthicon, when 
of the object image, which has been intensified in brightness, is 
projected by objective on photocathode of transmitting tube. 

How is this attachment, this image converter, arranged? It 
is a device in the form of a glass shell (Pig. 19a) with double wall 
and double bottom. On bottom of external glass is applied semi¬ 
transparent photocathode, but on bottom of internal glass is applied 
a layer of luminophor, which forms a screen. During projecting of 
representation from every point of photocathode will break loose 
photoelectrons in a quantity proportional to illuminance of this 
point. Being accelerated by electrical field, electrons bombard 
screen and make it glow. Sensitivity of image orthicon is increased 
when light losses are covered by light amplification in image 
converter which is before image orthicon. For this two-state and 
multistage amplifiers are needed. But in this case the instrument 
obtained is bulky, suffers from poor image sharpness and requires 
application of high voltages. 

It is more profitable to combine image converter and image 
orthicon in one instrument (Fig. 19b). Then representation is 
projected on photocathode of image converter. Photoelectrons, 
emitted by photocathode are focused by electrical field on luminescent 
screen. Glow of screen (brighter than optical representation on 
photocathode) causes photoemission against second photocathode. 
Accelerated electrons bombard second luminescent screen on thin mica 
plate. Glow of this screen causes photoemission against third photo¬ 
cathode which is on other side of plate and starts the usual section 
of transfer of the image orthicon. Two-stage image converter permits 
the obtaining of 300-multiple current sunplification. A limit to 
increase in the number of stages is imposed by decrease in image 
sharpness. Experimental samples of image orthicon with two amplifier 
stages permit the obtaining of representation with sharpness of the - 

order of 100 lines during illuminance of ub^tocathode 10“^ lux. 

The aim is to increase sensitivity of vidicons. Usually 
vidicons require illuminance of target of the order of several lux, 
and this is difficult to ensure. Sensitivity of eybicon (vidicon 
with image transfer) is approximately 100 times higher than 
sensitivity of usual image orthicon, but a photocathode illuminance 

-4 
of 5*10 lux is sufficient for its operation. 

For work in infrared region of electromagnetic radiation spectrum 
there has been created vidicon, in which chance of elementary 
capacitance of target under influence of infrared radiation is used. 
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eïementarydeapacîtance,provided ?í^efrlc °f every 
slightly above the polAt of Curie for In'?? ^ °f tube is maintained 
In this case potential di?^ Sí ce on f ±ng target m^erial.^ 
capacitance will be chanced lí 1 of every elementary 
corresponding cell of represeititSÎS^6 Wlth lllumlnance of every 

of temperature6of oneCofmeîectrodeseofCtr°n beam, lt causes increase 
and Increases potential diffpr^n^ every elementary capacitance 

the ^electric constant atuf mSrJ Jhls* ln tSrn* lo«rs potential difference ^ causing further change of 
each of capacitances‘lefd to ippeaSSS or protentlal difference on 
load resistance of vidicon. A^íídiSL pulses through 
beam to surface of target, there during travel of electron 

Which is induced hy PrfjeîteS^nfïered'repre^ntet^“ Signa1' 

deflectedaMd'fTCusedtby8n^|¿|tí?1fleÍdseS’i?'leCtr0n bea"' is have been created in which fnr,,e?«fÍeljSô At Present vidicons 
are carried out by electrical fieids^S?6^60*'1011 electron beam 
in power cons’omption in the foííIiS'aídSp??™^^ 8 Sharp decrease 
weight decrease due to rejection ofgfh^df'oeflfCtlng circuit and a 
Circuit diagram of such ?Sbe Is shíwí on Mg!S!;daf’eCtln« system- 

electrostatic ríí díagram of vidicon with 
el^tïïclî «„Íh i*18 ^ defl®=tlon by 
verticallv ~ wenching pulses} 2 _ vertically deflecting oscillations- 

osclllatioAs; i" - 

6 -8ví¿ticálÍÍrdíf?ícíÍy deflectlng Plates; 
focusing'electrodes?011118 PlateS; 8 . # 

ferromagníti?tstít?U5feaibod!?adislppIí?s’í^e, ab°Ve whlch the 

34 



As will be shown later, it is often necessary to lower speed 
of scanning in transmitting television chambers. Working parameters 
of usual vidicons do not make it possible to introduce television 
systems with slow scanning. This is explained by small dark 
resistance of photoconductive layers of usual tubes, whereas in new 
tubes dark resistance (with unilluminated target) is considerably 
increased. 

Transmitting tub-3 and fiber optics. Application of fiber 
optics to join stages permitted the perfecting of the electron-optic 
brightness amplifier in transmitting television tubes. In already 
examined image orthicon with two stages of electron-optical 
amplification (see Fig. 19b)> optical communication between stages 
is ensured with help of thin glass or mica plates (cells 7 on Fig. 
19b); this considerably worsens resolving power of tube. And here 
beams of fibers located in the appropriate way permit carrying out 
communication between stages with considerably smaller losses, and 
resolving power of electron-optical amplifier of brightness Is not as 
worsened. 

In order to simplify airborne television installations, flexible 
optical cable is applied jointly with special tubes of the vidicon 
type. Now for camera stabilization are used expansive and cumbersome 
Cardan suspensions, whereas flexible beam of light conducting fibers 
with lens objective on one end, which is connected by other end to 
screen of fiber optics vidicon, does not require stabilization. Screen 
of fiber optics vidicon is here called washer made of a large number 
of fibers, which replace front glass surface of bulb. On internal 
side of this washer is disposed target of vidicon. Fibers are 
distributed evenly with respect to center of screen; optical axes of 
fibers which form washer are parallel to axis of vidicon. To ensure 
great strength the thickness of the fiber screen (washer) is made 
1.5 times thicker than front surface of bulb of usual vidicon. The 
most complicated problem encountered in the process of mastering 
the technology of manufacturing this tube was developing a method 
of obtaining a transparent conducting covering on that side of washer 
which is turned inside tube and plays the role of vidicon signal 
plate. 

Receiving Instruments 

Electron-beam picture tube. Basic instrument serving for 
reproduction of television representations, is receiving electron- 
beam tube. It consists of electron gun, focusing and deflecting 
systems, and luminescent screen. All electrodes of tube are placed 
in glass or metal-glass bottle, from which is pumped air, in order 
to decrease probability of collision of electrons with molecules of 
gases. Depending upon method of focusing and deflection of electron 
beam, several types of tubes are distinguished. 

On Fig. 21a, is shown arrangement of tube with electrostatic 
focusing and deflection of electron beam by magnetic field. Electron 
gun consists of several electrodes, which serve for radiation, 
focusing, and change of intensity of electron beam. The gun is 
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^8» 21. Arrangement of electron-beam tubes, 
a; with focusing by electrostatic field and 

con'tro1 of beam by magnetic field; b) 
with focusing by electrostatic field and 
attitude control of beam by electrical field. 
1 — filament; 2 — cathode; 3 - control 
electrode; 4 — first anode; 5 — accelerating 
electrode; b — second anode; 7 -• conducting 
covering; 8 — coil of vertical deflection; 9 — 
coil of horizontal deflection; 10 - electron 
beam; 11 — layer of luminescent substance 
(screen of tube); 12 - terminal of anode; 13 - 
plate of horizoncul deflection; 14 — plate of 
vertical deflection. 

assembled in throat of bulb of tube and contains a heater cathode 
which controls and accelerates electrodes and first and second anodes. 
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Cathode is nickel (or tungsten) cylinder, on end of Mjhich an 
emitting oxide surface is created. It is heated from within a 
tungsten filament, which is covered by insulating material. After 
cathode is disposed control electrode, full cylinder with hole, 
located opposite center of cathode. To control electrode moves 
voltage from several to tens of volts which is negative with respect 
to cathode. Changing potential of control electrode, quantity of 
electrons directed to screen of tube changes. Furthermore, ™ 
control electrode plays an important role in the common formation of 

the beam. 

Near cathode accelerating electrode and first anode create 
electrical field of high intensity, which is necessary for formation 
of electron beam. To ''irst anode moves a voltage of several 
hundred volts which is positive with respect to cathode. Somewhat 
more voltage moves to accelerating electrode, becond anode is con¬ 
nected with conducting covering of tube bottle; to it moves voltage 
of several thousand volts. Voltage of second anode 2etermllfs 
velocity of electrons bombarding screen. Terminal of second anode 
is produced through glass in conical part of Ter!í!Ínf 
remaining electrodes are made on base of tube which is on throat 
of bulb of tube. 

Electrical fields created by differently charged electrodes 
of the gun, will form electronic lenses. They collect divergent 
electron beam created by cathode, into convergent (according to 
approximation to screen) narrow beam of electrons. 

Screen of tube is created by thin layer of luminophor, powdery 
crystal sut stance capable of shining under the action of electron 
bombardment. Fast moving electrons bombard luminophor and return 
to it their energy, which is partially separated in the form of 
heat, but partially excites atoms of luminophor. Transition of 
atoms from the excited to the normal state appears in the ¿orm of 
radiation of electromagnetic oscillations with different frequencie , 
including the visible region of the spectrum.. Narrow beam of 
electrons creates on screen a luminescent spot of very small 
dimensions, which is cell of screer which determines dimensions of 
cell of representation. Chemical composition of luminophor and it 
structure determine brightness, color of glow, and ability to 
preserve glow during a definite interval of time after cessation 
of irradiation by electron beam. 

Travel of electron beam on screen is ensured by deflecting 
system, on throat of tube. It consists of two pairs of deflecting 
coils, the axes of which are mutually perpendicular. On one pair 
of serially connected coils is passed sawtooth current of line 
fre mènev (see Fig. 5c), and on other is passed current of frame 
frequency (see Fib. 5b). Under action of variable magnetic field 
of horizontally deflecting coils, electron beam passes horizontal 
line from left to right with constant speed, then returns quickly 
to the left, renews the same motion to the right, etc. Magnetic 
field of vertically deflecting coils simultaneously imparts to 
beam much slower motion, so that after tracing one line the beam 
does not return to the beginning of this line, but passes to the 
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beginning of the following line. When the beam passes the last 
line, sharp change of vertically deflecting magnetic field will return 
spot upwards, in order to start scanning the following picture frame. 
Let us note that lines of force of the horizontelly deflecting 
magnetic field are located vertically, and lines of force of the 
vertically deflecting field are located horizontally. 

Brightness of glow of luminophor is proportional to speed 
of bombarding electrons, current density of beam, and duration of 
bombardment. If electron beam runs around screen and picture 
signals are simúltameously fed to control electrode of tube, then 
beam current and, accordingly, brightness of separate cells of 
surface of screen are changed. Totality of light, gray, and dark 
points will form television representation. 

In the process of exploitation, negative ions will be formed 
in tubes. Like electrons, they rush to screen. During deflection 
by magnetic field, angle of deflection of charged particles is 
inversely proportional to square root of their mass. Since mass of 
ion considerably exceeds mass of electron, ions are deflected at. 
a smaller angle than electrons and, possessing greater mass, 
destroy in time the central part of the screen. Darkening of 
central part of screen is called ionic spot. For preventing of 
appearance of ionic spot, electron guns with ion traps are created. 

To increase brightness and contrast of images and to prevent 
the appearance of an ionic spot, the surface of tube screen is 
metallized again, i.e., a thin layer of aluminum is applied to the 
luminescent layer. Film of metal, "transparent” for fast-moving 
electrons, delays heavy ions well and protects screen from formation 
of ionic spot. Furthermore, aluminum layer reflects in the 
direction of the spectator the part of light rays which would be 
irrevocably lost for him, departing inside tube. 

With the help of such tubes, representation of a high 
quality picture can be obtained. Their screen has large dimensions 
for a relatively small length of the tube itself (thanks to large 
angle of deflection of beam), but deflecting system is heavy and 
consumes much energy. 

For board equipment of spacecraft, electron-beam tube with 
electrostatic focusing and deflection of beam by electrical fJeld 
(Fig. 21b) are apparently more appropriate. Here for television 
scanning on electron beam is exerted influence of electrical 
fields created by two pairs of parallel metallic plates, to which 
are linearly set of line and frame frequency voltages, which are 
variable in time. 

Screens of electron-beam tubes with light conductors. As front 
section or bulb or tube can be used rigid fiber light conductors, 
washers, consisting of a large number of transparent fibers adjacent 
to one another. This will allow utilization factor of luminous 
flux to increase considerably during high speed recording on screens 
of tubes. 
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It is impossible to record representations reproduced on screen 
with usual tubes by way of direct contact of light sensitive film or 
paper with front surface of bulb of tube. This is prevented by a 
certain thickness of glass. Therefore objectives are usually used 
to transfer a clear picture from surface of luminophor to light 
sensitive layer of film. In many cases such a method of recording 
is completely acceptable in spite of certain losses of light energy. 
However, during recording of fast scanned representations, such a 
method of projection turns out to be ineffective. Application of 
high-transmission optics is economically unprofitable. 

When washers of light-conducting fibers are used as screen, 
then every fiber transmits luminous flux of cell of representation 
from luminophor deposited from internal side of screen of tube, to 
external surface of screen of tube (Fig. 22). On film tightly pressed 
to external side of light-conducting washer, the clear image 
reproduced on the luminophor will be recorded. The coefficient of 
optical transmission of representation can be increased as compared 
to other optical systems. Resolving power of such fiber optics 
is limited by diameter and number of fibers. Experimentally it is 
established that true resolving power has a value of the order of 
1.5 times diameter of fiber. 

Instruments of large television screen. Maximum dimension 
of diagonal of contemporary receiving electron-beam tubes (kinescopes) 
does not exceed 53 cm. And what if it is necessary to have 
television representation of considerably large dimensions, for 
example, close to dimensions of movie screen? After all, during 
reception of television transmissions from space, it is important 
to obtain large pictures, so that they can be simultaneously 
observed and discussed by a large group of specialists. 

There are many methods of obtaining television representation 
of large dimensions, many of which are now being developed and 
investigated in laboratories. For production of television 
representations on large screen, the most wide-spread is the method 
of optical increases of image from screen of projection tube on large 
screen with projection lens or mirror lens objective. In the first 
case (Fig. 25a), television representation from screen of electron- 
beam tube is projected on light-diffusing screen with help of 
objective — combination of lenses. But lens objectives permit using 
only very small part of luminous flux radiated by screen of tube. 
Now In projection television installations are chiefly used special 
high-transmission reflective optical systems (Fig. 25b). Concave 
spheric mirror of such system creates increased representation of 
object, if it is before mirror between focus and center of curvature 
of reflecting surface. For removal of image distortions due to 
spheric aberrations are used correcting lenses in center of 
curvature of mirror. Utilization factor of luminous flux for 
mirror-lens systems is 5-10 times higher than for usual lens 
objectives, and composes 20-30%, 

In these installations is used projection kinescope with 
screen of small dimension, but high brightness of glow. Large 
brightness of screen is attained mainly at the expense of increase 
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Fig. 22. Electron-beam tube with fiber 
screen: 1 — bulb of tube; 2 — focusing- 
deflecting system; 3 — photographic 
lilfn; ^ •“ glass fiber; 5 ~ Covering of 
glass fiber; 6 — luminophor-V? - electron 
beam. 

of beam current (to several milliampères, instead of fractions of 

voîta«7?cr5o1ïoSr^'ryttUSeSi “V^lOerable Increase o? a^cde 
o? iíS ¿0"100 kv Astead of 5-16 kV in usual tubes). Bulbs 
of such tubes are prepared from special glass, since during nrolonced 
bombardment by fast electrons, ordinary glass darkens quickly and g 

t^es0areemetai?;zL0ftht:reen °f tUb° brlps- ^ ProJe“?on lümfLïï meiallized; they are prepared from thermorésistant 

s^e2nPofrtûbpT?^Ppnnt?t ove!,heatinß of front glass of bulb the 
screen of tube io continuously cooled by air blast forced by pump. 

nrvMooT^ n®cessary to note that projection tubes are used for 
light spo£ lng °f represe^ations according to method of running 

in rfPeatedly made to create television reproducers 
in which television signal is controlled by light valve device 
modulating in intesity luminous flux of extraneous source of light. 
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Fig. 23. Projection systems with lens (a) and 
mirror-lens (b) objectives. 1 - reproducing 
electron-beam tube; 2 - focusing-deflecting 
system; 3 — television representation; 4 — 
lens projection objective; 5 — light-diffusing 
screen; 6 — increased television representation; 
7 - spheric mirror; 8 — correcting lens. 

One of varieties of such light valve system is electron-beam tube 
with dark recording - skiatron, the principle of action of which 
is based on change of transparency of certai^ cfystaf 
durinc change of power of electron beam irradiating them. Screen 
of skiatron consists basically of thin layer of crystals of alkali 
halide salts (usually sodium chloride). Parts of such screen 
sublected to bombardment by electron beam obtain ability to 
absorb rays of visible light. Electron beam runs around surface of 
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coïïs? “SírL^ch^rofCfí^íí “el?s °f °f deflecting 
signals, semitransparent representation1?«11^011 ?e^m by accepted 
Plays role or o?<T , entatlon is created on screen. It 

system. Light oassêd by screen*^^? tro^1?^^ J-lluminatlng 
projection system on llght-dlffusíng sc«eíl. P Ojected by special 

it can^e^applled^nly^n^uci^svflt larg« Persistance. Therefore, 
transmission of low mJhîîitTïep^^.t^r^ 

h^rôriî^^tîSnirssuïiSr'ôriïihï0 iif ?\be cre*te« ^ is shown in Pig. 24. Sou^^0? 

source^ôf of light. 1 - 
lr±d. U ^igï ^lghti 2 “ condenser; | - 
grid• 7 Z Sb w?îing 5 - objective; 6 - 
i?re4n- Q îillî™'' 8 “ i^t-diffusing 
deflect 1 nrr , el®Ctr0n S™i 10 - foCUSiOg- 
deflecting system; 11 - electron beam. 

00, in which0isClScItedrthinriaylr ofÍmodulatÍUml?ítÍ?n Plane condenser 2 is set erid ^ of Q?+er °£.modulatlng liquid 4. Near 
opaque bands. With help^of objective1?6 Selî^?1 tra”sParent and 
of grid 3 is focused in plane 0'0'uvll near pla*?e 00* nepresentatJ 
alternating bands is set TM« «eoo^ere,! ?econd «rid of* 
so that representation of luminescent interv«? orJented in space 
opaque bands of vrid 6 if olvïe SCení ln^ervals of grid 3 get on 
In this case light from point Hwhirh°?Ul?tin? liquid is Plane, 
pass further thin *rid 6. 2' ‘ ls in plane d°es not 
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If, however, surface of viscous liquid 4 . 
electron beam, then it is deformed, and rays of 
will be deflected from initial direction (due to diffraction 
light) and will partially pass through slot system 6, forming an 
image on light-diffusing screen 8. Thus, the points not reached 
by electrons of beam (for example, point H2), on screen are not 

depicted, since light does not pass through grid 6- h°"^er, 
electron beam bombards a certain point, H^, then light is reiractea 

in this point by film, and luminescent point appears on screen. 

The more intense the electron beam bombarding a given point, the 
brighter the representation of this point gleams, since an even 
greater part of luminous flux from source of light 1 will pass t 

screen. 

Mechanical and electrical data of liquid (film of special oil) 
will be selected here in such a manner that deformations appearing 
on surface of oil film faded during the time approximately equal 
to duration of transmission of frame. Thus, surface of oil film 
serves not only as modulator of light, but also storage cell of 
projection system. Electron beam controlled by television picture 
signal traces on surface 4 a television screen consisting ® 
definite number of lines. And on film 4 will be .ormed potential 
relief corresponding reproduced representation. Electrical charges 
of which this relief consists, cause surface strain of film controlling 
luminous flux, which, passing through slots of grid 6, creates on 
screen 8 a corresponding television representation. 

Television Signal and Its Peculiarities 

All television signals. Independently of contents of transmitted 
representation, are characterized by the following peculiarities. 

Scanning beam of transmitting television tube, accomplishing 
next process of decomposition (series conversion of light energy 
of cells of optical representation into sequence of electrical 
signals), returns to initial position (most frequently in upper lef. 
corner of screen) and starts following cycle. Thus is caused 
periodicity of television signals. If transmitted a frame of 
representation does not aiffer in content from the preceding fra e, 
then television signals of these identical frames will oe Identical. 

Let us asstime that before objective of transmitting chamber 
is clean sheet of white paper. Than during transmission of 
separate frames of pictures, no changes of^te}evl3io^1 , 
occur (Fig. 25a'; maximum constant value of signal will be proportional 
to illuminance of photocathode of tube. If instead of white sheet 
of paper, we project a black sheet of paper on the photocathode, 
then illuminance of photocathode will greatly decrece, where only 
level (constant component) of television signal (Fig. 2^b) will be 
changed. Let us assume that on photocathode is projected white 
sheet of paper, in the middle of which is a black point (Fig. 25c). 

Then once each £ seconds (where k is number of frames) appears 
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Fig. 25. Change of form of television signal during change of 
contents of representation. 1 — part of screen not transmitted and 
not reproduced because of beam suppression during the time of 
reverse movement on vertical; 2 — part of screen not transmxtted 
and not reproduced because of beam suppression during the time of 
reverse movement on horizontal; 5 — direction of travel of scanning 
beam; 4 - actually transmitted and reproduced part of frame; 5 - 
level of white picture signal; 6 — level of black picture signal;
7 - small quenching pulse; 8 - small synchronizing pulse; 9 - video 
signal from dark cell of object; 10 — video signals from dark cells 
of object; - duration of transmission of picture signal of one
line; - time of extinguishing of electron beam during horizontal 
scanning; - time of action of synchronizing pulse of horizontal 

(line) scanning.
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change of voltage. This variable component of television signal is 
a periodic function of time with the biggest period equal to time 
of decomposition of one frame of representation. 

Now let us assume that on photocathode are projected alternated 
black and white square cells with side equal to height of one line 
(Pig. 25d). Let us assume that number of lines of decomposition 
equals 625 (as in Soviet television broadcasting) and ratio of width 
of frame to its height is equal to(4/5). In this case on one line 
are packed 625*(4/5) = 835 cells, but in full representation are 
packed more than 500*000 (625*(4/3)*625). If this representation is 
transmitted 25 times per second, then the total number of electrical 
signals sent per second on television communication channel will be 
equal to the number of cells in one frame multiplied by the number 
of frames, i.e., 12.5 millions, but corresponding frequently of 
electrical oscillations turns out to be equal to 6.25 MHz. One 
6.25 MHz frequency variation corresponds to two cells of representa¬ 
tion: positive half-period corresponds to one white cell, but 
negative half-period corresponds to second black cell of 
representation. 

In systems of space television, the number of transmitted cells 
and the speed of their transmission can be other than in examined 
example. In general highest frequency of television signal is 
determined in the following way. The number of cells of 
representation actually transmitted for one frame is equal to 
n = aßz2, where z is the number of lines, and a and 0 are coefficients, 
which consider form and return period of scanning, respectively 
(in examining numerical example, losses at the expense of final return 
period were not considered for the sake of simplicity. If every 
representation should be transmitted k times per second, then the 
total number of electrical signals, S, sent per second on electrical 
communication channel will be equal to the number of cells 
multiplied by the number of frames, i.e., S = aBz2k, and the highest 
frequency, on transmission of which this channel should be calculated, 
turns out to be equal to 

Thus, for transmission of television signal without distortions, 
communication channel should be calculated on transmission of wide 
frequency band — from minimum, equal to frequency of replacement of 
frames, to maximum, highest frequency. Such a wide frequency band 
of spectrum of television signal, as will be shown later, causes 
a great number of difficulties, which must be surmounted during 
transmission of picture signal from transmitting tube to receiving 
tube. Furthermore, in television signal are contained lower 
frequencies than frame up to constant component. However, trans¬ 
mission of them is carried out indirectly. 

We mentioned parameters of work of scanning devices 
(coefficient 0 in expression for passband) for the following reason. 
In examining the principle of formation of a linear line raster, 
the fact was discussed that having scanned a line, the scanning 



cell accomplishes fast backward mrdH™ 
This return period oract 1 “ reverse movement about line 
line, i.e., toíaí time of dScr^d^L^ leSS than 10^ Period o? ' 
After the whole representation ham°Vement ab°nt line, 
reaches lower right corner of fraL^6?? scanned and scanning cell 
initial point - SppeS lSft ? qui?kly returns to 
frame). Practically' return D2Síndf0írame*íreverse movement on 
5% period “6f frame/ Period along the frame is not less than 

Spondl5as“eSsa0nSfrS fevlUl^LT exceed corre- 
time of reverse movement on frump Ucoredf °f tirnesi during the 
accomplish over ten useless fcannln6 ceH succeeds to 
movements on lines and frlL feaminfSeeíillneS\ Durln« «verse 
same cells, which it passed ^aT^^^TÄn^?* 

electron íeMsrof'transmitting andn?eclivinKntubreenifí transcri»ers, 
be turned off for the time of travel Sr «íog Í 63 Wl11 Periodically 
movements of lines and on the Ihoït r*î scannl?g cell on reverse 
Consequently, durin« thiS tVL 1 rfturn Period on frame, 
actually Produced, oí ¿orderl’o? ^^® °f «P«s™tation is not 
should unevenly chanc-A in ami f ^rame» speed of scannin« cell 
Practically'thls Sít ?e ('"«ghitude] and dlrectioif 
motion of scannin« cell diinS^Ávi In order not to see retarded 
is made somewhat larger than visiblp%°f directlon of travel, frame 
turned off as long af scar^in^ i ,And electron be¿m is 
frame. Thus, edge of frame will not1^ bey°nd the borders of visible 
ensure such pictSre o/scamS ? Sfen (see PiS- 25). To 
off by quenching pulses somewhat befor^th1*00 Seam Wil1 be turned 
the time near 16/period of lina the and of each line for 
10^) and somewhat before every straight6 return Period about line 
period of frame (durin« returí m°vement on frame on 7.556 
of time (when representation °n îrame• Total loss 
Intervals of timS S ele??roS is about 21^- 
are used for transmission of diff^eS/SSri^ ediby ?uenching Pulses 
synchronization si«nals J servlce signals - 
beams on transmitting and receivin^0^0110^8 travel of scanning 
about average illuminate of trlnsíílt^ ní fySte7^ ^formation 
and others. ransmitted picture (constant component) 

servietpulsestatbetther thatittiat^'tí°n °f transmlssion of 
over, there can be no quethin« nnitl ? CaSting television. More- 
required frequency band of ™£,,£Ylsf? ln general. Accordingly. 
Inactive time o? Scatíng dtw^pf10? Cífnnel wil1 be chaSgSd. 
is considered by introduction^? ctfficitt°ß.°f frequency band 

Amplification of moievlslon R1rnfl1n 

of photoSïSStïicaîeconÎSrtirSigteStnot?lne? °n l0ad resiatances 
for direct transmissiSS SS tcett ?no¿°W ^ PeWer to be used 
billionth of a watt). Therefore telí?lslon°slgíafSMaíÍÂ ííaí 
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completely open it, creating condition for flight of all free 
electrons to anode. This strong influence of grid voltage on value 
of anode current of electron tube is used for amplification of 
oscillations. This occurs in the following way. 

Voltage subject to amplification is introduced into control 
grid circuit. To ensure necessary electrical conditions on control 
grid, besides source of strengthened signals between control grid 
and cathode, there is swtiched on another source of constant emf 
(voltage source of displacement), creating negative potential on 
grid. In anode circuit of tube a source is switched on which 
creates positive potential on anode with respect to cathode, and 
load impedance R^. Positive voltage of anode creates electrical 

field, which accelerates travel of electrons in the direction of the 
anode. Source of constant emf in grid circuit creates electrical 
field, which repels electrons back to cathode and allows to pass to 
anode only part of electrons proceeding from cathode. If positive 
voltage of signal proceeds to input of amplifier, then this 
voltage is subtracted from bias voltage, and negative, repulsive 
action of grid field is weakened; a large number of electrons pass 
to anode. If negative signal voltage is set on input of amplifier, 
then this voltage, which is combined with bias voltage, causes 
large braking of electron flux proceeding from cathode, and, 
consequently, causes decrease of anode current. Thus, during change 
of grid potential under influence of arriving picture signal, quantity 
of electrons going past turns of grid to anode of tube changes. 

4 anode current creates voltage drop on load impedance. With 
SVíiEient v!lue of load resistance, output voltage obtained on it 
will be considerably more than input voltage given in grid circuit, 
i.e., electrica! oscillations are amplified. (Ratio of increase 
of output voltage to increase of input voltage is called 
ampiifioation factor of circuit). During amplification in anode 
CC;rC4 considerably higher alternating current energy is 
obtained than that given in the circuit of its control grid. Source 
uf intensified energy is anode battery, rectifier, or other source 
°f 14^4°^ ^Urreni* Prom this follows that electron tube in electronic 
amplifier is converter of direct current energy of anode source 
into alternating current energy of strengthened oscillations. 

It is usually necessary to obtain more signal amplification 
than a single-tube circuit can provide. Therefore, multistage 
circuits of amplifiers are created, where output voltage from load 
resistance of first single-tube circuit is used as input voltage 
of second single-tube circuit, etc. General amplification factor 
of multistage amplifier is equal to product of amplification factors 
of separate stages. It is necessary to note that in amplifiers of 
picture signals more complicated tubes, pentodes, are more 
frequently used. Video amplifier is characteristic by the fact that 
1 should be calculated on transmission of wi.de frequency band, 
,44^.^4^^4.fre<^uenc^ kand of television signals creates serious 
difficulties for their amplification and transmission on distance. 
For improvement of technical characteristics during amplification 
of oscil..ations in wide frequency band additional correcting cells 
are introduced into video amplifier. 
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With development of technology of semiconductor instruments, 
the fields of their application are expanding. At present 
possibilities have appeared not only of replacing electron tubes 
with semiconductor devices, but of practically evisi°i? 
equipment, electrical circuits of which are collected wholly or almost 
wholly on semiconductors. 

Semiconductors possess a number of considerable advantages 
as compared to electron tubes, and their application is especially 
promising in television equipment on board spacecraft. Consideraciy 
smaller voltages of power supplies in semiconductors and absence 
of filament circuits and, accordingly, of sources of preheating 
lower power drain tens and hundred of times. These instruments 
also permit considerable decrease in dimensions and weight o 
television equipment, since their weight and dimensions 8re 
considerably less than weight and dimensions of electronic devices 
with equivalent technical characteristics. Natural period of service 
of equipment is increased, since semiconductors last considerably 
longer than electronic tubes and can be compared in period of service 
with such parts of electronic equipment as resistances, capacitors, 

etc. 

What then are semiconductors and how do they work? 

The simplest semiconductor device is a semiconductor diode. Its 
principle of action is based on use of phenomena which occur in 
p-n junction, which will be formed during contact of two semi- 
conductors with different types of conductivity — n-type conductivity 
and p-type conductivity (Pig. 27d, e). 

N-type conductivity of semiconductor can be caused by 
introducing into crystal impurity atoms of a substance with higher 
valence than valence of basic substance of crystal. Let us assume 
that in crystal of germanium (a tetravalent element) is impurity 
of atoms of arsenic (a pentavalent element). Then four electrons 
of outer shell of arsenic atom will form valence bond with four 
neighboring germanium atoms, but fifth electron of impurity atom 
is detached and causes n-type conductivity of crystal (Fig. -7a). 

Part of semiconductor having impurity of substance with 
smaller valence possesses p-type conductivity. Let us assume that 
such impurity in crystal of germanium are atoms of boron (a 
trivalent element). Trivalent imparity atom of boron for formation 
of valence filled bond with neighboring four atoms of germanium 
(Fig. 2?b) rushes to attract to itself missing electron from other 
atom of germanium and leaves there breach (hole), which is easily 
filled by any other electron of already another atom. Formation 
of hole is equivalent to formation of positive ion. If electrical 
field is applied to crystal, then positive ion formed can be 
neutralized by electron detached from neighboring neutral atom 
under the action of thermal vibrations, i.e., one hole is filled 
and a new one appears somewhere else. Passing from one atom to 
another, hole shifts to negatively charged end of crystal, but 
electrons shift in opposite direction under the action of the same 
electrical field. 



Pig. 27. Semiconductors and semiconductor devices, a) donor 
impurity in about grid of semiconductor, determining impurity n-type 
conductivity; b) acceptor impurity in crystal lattice of semi¬ 
conductor, determining impurity p-type conductivity; c) n-type 
semiconductor; d) p-type semiconductor; e) straight inclusion of 
semiconductor diode; f) reverse inclusion of semiconductor diode; 
g) circuit diagram of semiconductor triode (transistor) type n-p-n: 
h) circuit diagram of transistor of type p-n-p. 

Current in semiconductor diode passes in the following way. 
Let us assume that positive pole of emf source is united with 
part of crystal which possesses p-type conductivity, but negative 
pole is connected with end of crystal which possesses n-type 
conductivity (Pig. 27d). In electron field, free electrons of 

, semiconductor will be repelled in the direction of p-n Junction by 

w:- 
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oí tube and bringing of energy of power supply into oscillatory 

sinusoidal oscillations. 

Values of capacitance and inductance of °£Cillatory circuit 

determine frequency of created oscillations. The Je J* t^e faster 
nf coil the less its inductance for a given dlameter',?““ ^ 
current * intensity in circuit changes. The T^.^fg^^ging 

MÄrge? ^erlSref tÄer MtLce induc^ 
the shorter the period of “^i^^ion, the shorter the a gf 

capacltance^or inductance^hange^frequenc^of natural^oscillations 

of circuit. 

In order to transmit picture signals on the radio, it is 
necessary to exert influence by these signals of some moaulatlon 
hiah-frequency parameter oscillation, i.e., to carry 
of ^high-frequency oscillations by picture signals. 

What parameters characterize harmonic íf^®ÍÍ?"?toAcStrôíe' 

any^ofHthese^arameters^in^accordance^with^which^the^three^posslble 

forms of modulation are called amp hn* amo?ituïïe‘ of high frequency 

Process ofmodulaWm is ?aíried out by modulator - component part 

of television radio transmitter. 

Modulated high-frequency oscillations are strengthened^and^are 

fed to transmitting antenna. During f aonear Continuously 
around antenna electrical and ^““"fîl^nÏAgle electro- 
changing £ Yf^and ^®¡£s from aítema into surrounding space. 

feedingfcurrent as 

ÍSS^^3í?ÂÍceIw^ãdia?epÍ™/iíeí?f^thrrent 
is greater than (1/10) wave of radiated oscillations. 

Spreading from transmitting antenna wi^v®Tocity °J Tight, 
spreading uv electrical oscillations in all 

expendedí^wíth^dlstance fíom radio transmitters, radio waves 

gradually fade. 
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dimensions, and configuration of antenna. 

radiat ioí^oí^many^radic^st at ions íefrom°ant (c°rresP“«"S t° 

o^ïî‘t‘rJ%^àtrsâ EK~ 

ä« ä ÄiiS ibiFr-rof slgnals r? "Sïiîîrt8; ínp0r^nt Pr¿pertyeo?r?íoli?e? îsaÏÏsSse!efÎîmy 

of JW ïadio staïlLs oSris^iïaïïonf SPS?ÎÎnf fr?” f radio transmitter f defined television 
subjected to certain othpr tmncf*^108^008' accePted signais are 
detection — process invprcso ^rtf?r+?tÍOnS ‘ 0ne such conversion is 
from accepted aid iAtensi-e raSío1^1011! ^In process of detection, 

Älgti!oÄeSighpicC?i;eVlif) fr~ oscillation^were1011 

cÍÍÍroí°ilect^ehÍ? Stíí^tube ^0^68 t0 

of6icaÍe%^1;hLehCSmrÍfPeÍ?ceiveTÍyCteh0f °' ^^-"nt'poíitl 
television representation! 1 d by the spectator as coalescent 

brS;ssíoci;^d;^dii-8ie 

andÄframe sjnichronizing°puí' 
control work of generators of iine and1r^r5er?ïe1cta^0nosSc1fîlatSlons. 

determSnrselection1’^ elfo^ÕÍ^10? “paCe c°™ioatlon are 
and for receiving eq¿Ínmeít ?íe??ÍondríCeS ?oth for transmitting 
unfit for work in region Sfrfo^îî !ífces with control grid are 
During amplificationgand generatioi of'^scïlîÎtr*®1' radi° waves- 
to ranges of long averao-p an^ ov,11 + oscillations corresponding 
be considered inertialeßgeInatnoÍ?V^8¿ electron tube can 
current changes. However with inonaïhlCheiïstantly reacts to all 
work of amplifying and transmitting tuhe«0^ frequel?cy of oscillations, 
influenced by intfrelectíoSe capiSt^íe? ?JVeí incraaai"8ly 

e^ct%d«?rSy' and flnal tlma °f tl^rif^ecí“^ between"'“810118* 

conclusionsewilirformCosclllatorv ciníSi ^ t^uctance of its 
frequency with which tube can still wo£ktS,i??h+í¡h llmlt highest 
high-frequency enerev on hP^in^Ü furthermore, loss of 
from them and^1 So fn heatiS^Sf on radiation 
tube sharply increase with i^L-^ meiallic and dielectric parts of 

of useful oscillatory power giveaway brtïbêCy* WhiCh leadS t0 fal1 

KaSœSS SSâîïï- 
54 





axis of spiral. This field is created by solenoid or permanent magnet, 
on axis of which is tube. Input electromagnetic oscillations, which 
are subjected to amplification in traveling-wave tube, move to the 
end of spiral nearest to the electron gun. Intensive high-frequency 
oscillations-are removed from other end of spiral. 

Action of traveling-wave tube consists in the fact that 
electrons flying through spiral return part of their kinetic 
energy to electromagnetic wave moving on turns of spiral. Spiral 
is needed in order to compare speed of shift of electrons and high- 
frequency field along axis of tube. On wire of spiral, high- 
frequency field spreads with velocity of light, but along spiral, on 
its axis, field shifts as many times slower as the number of times 
length of wire of one turn of spiral is greater than its step. 
Speed of electromagnetic field decreases because a speed greater than 

TTT the speed of light cannot be imported to electrons even at 

voltages of several thousand volts between cathode and collector. 

When signal, i.e., strengthened electromagnetic oscillation, 
goes on beginning of spiral, it exerts influence on uniform electron 
beam, regrouping in it electrons by their speeds. Grouped flux, 
advancing along spiral, in turn exerts influence on electromagnetic 
field and, return its energy to it, strengthens it. According to 
advance on spiral, field is continuously strengthened. Traveling- 
wave tubes can strengthen oscillation with wavelength up to 1 cm. 

Distance of ground radiotélévision communication is 
intimately connected with range of utilized radio waves (Pig. 30). 
A huge range is used from less than 1 mm (300 billion cycles and 
abovej to over 10,000 m. In contemporary radio engineering, (less 
than 30,000 cycles). However, transmission of television picture 
signals In television broadcasting is possible only on ultrashort 
waves, length of which is less than 10 m (frequency over 30 
million Hz). Cause of this consists in that for undistorted 
transmission, carrier frequency of radio transmitter should be 
5-10 times over highest frequency of modulating signal, but highest 
frequency of television signal in Soviet television broadcasting 
is equal to 6 MHz. 

Limitation in range of utilized waves leads to limitation of 
distance of radiotélévision communication. Ultrashort radio waves 
do not possess ability to spread as far as short, average, and long 
radio wave. Radio waves of the latter three ranges can spread far 
beyond the limits of straight line of visibility due to refraction 
in ionized layers of atmosphere sind diffractional diffraction by 
radio waves of earth’s surface (the longer the wavelength, the 
smaller the role played by refraction in ionosphere and the bigger 
the role of diffraction of radio waves around earth). Ultrashort 
waves behave differently. They pierce right through ionosprere and 
Irrevocably depart into interplanetary space. These waves almost 
do not round earth's surface and spread rectilinearly within limits 
of straight line of visibility; therefore, range of ultrashort radio 
stations is small. 
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Fig. 30. Spectrum of electromagnetic oscillations 
observed in nature.

Distance of straight line of visibility is increases at the _ 
expense of rise of antennas. For reception of programs of television 
broadcasting, TV viewer usually cannot set receiving antenna on very 
high altitude; therefore, antennas of television centers are set 
on high masts. However, height of antenna is not the only method 
to increase distance of radiotelevision communication. Television 
signals are transmitted on ground cable communication circuits 
and on radio relay lines. The latter form circuits of ground 
automatically acting transceiver installations.

Huge possibilities of transmission of ultrashort waves on 
whole continents is opened by use of artificial earth satellites.



Recording of Television Representative 

in possibility0*^reproduce SSly ?ftîeleïlslon consisted 
by means of television. TeleviïinnC^ÎepreSfntatlon transmitted 
once born, it vanisheS righÍ IÍaí aídPíf^níatí01? Was short-lived; 
more than several hundredths of lts life was not 
to repeat television frames. & second. And it was impossible 

representations^to^ecoi^them^n^P-iî0 preserve television 
in scientific investigation^ in nati^1^ durin« use ^ television 
national education. There h4ve aí^»^ í econ^y, in system of 
«^cesses in the technology of recordiL^6? aJ:tflned considerable 
which allow multiple usage of e see Mai'?6 íeJevlsion transmissions, 
opened wide possibilities for exchangedi?p?re?tJ'ng proSrams* This 
between different cities, ccurtîïe“8^fcontóte? 

such 'rãrtetrif^Ír^leoenrõrreMrdlM of ^,levJs^on ”>eans requires 

“p^Snt^^lïS-no^t^^'r --^ïn* oiSteïeîSï^ntatl0nS 
most interesting problems whic^ilíp«^^ î?0t able to decide those 
thanks to television. Ne cess it V ÎÏ «nní, t0?!y are accessibK 
of space television is a result^f manv1?»^060 recordlng in systems 
signals on huge, space distances oerinfíi^f68 transmission of 
spacecraft (frequently only^Jn short timp?11? °f aPPearance of 
reception of signals and usp nf Î1? ' above P°int of 
thorough study of obtained informât?^81?11 rePresentations for 
television coinmnicat“n beÍS«nía«¿r»??0SSsMllty of 
point when airborne television 2on?^e f ft and 8round receiving 
and others. Vid¿S rec^ïw0perSïîrdPni^eate8 picture 
space television radio communications? ldÍ^ V€ry many Problems of 

differentrmethodseofSr^Sídingeteíevir?nd engineers have developed 
continuously improving and finding more are 

represéñláíÍun0?rom1scíeenno?erep?oducíngnrñ fRecording of television 
Photographically with help of filming in? inftrurnent is produced 
usual photographing, in this case simnît£nratUS* In contrast to 
produced of separat^ cells of object S^ÏÏ8 fUfVey is not 
given moment of time only small light soot whi^í!*011 ?creen in every 
brightness during shift on screen hï?h Y&rie8 lts 
consists in that process of fîiE?™ °Jher Peculiarity of recording 
replacement of televïI?on ?r¡me ?h!^Uld,be coordinated with ® 
hamper filming from screen of t1’,h0TEE! +^nd many other Peculiarities 
differently sgraountlS^dÍÂt^.ÂM1"1^ 

and whlte^epresentation^i^showS on Flg1C3ir0r of black 

oftproJectlon1tube?trRepresentatlontfoln^n i^y o^bea^of"electrone 
beam tUbe 18 projected^^objectlve 
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Fig. 51. Diagram of devices for filming black 
and white television representations (a) and 
recording electrical picture signals on film (b).

I

feeding cassette. After exposure the film enters recieving cassette. 
Thereafter, as and during usual filming, filmed film is processed.

Colored television representations can be recorded on one 
colored film or on three black and white films simultaneously.
There is a method of recording colored television representations 
on one lens-raster movie film with black and white light sensitive 
emulsion.

Representation recorded on film is perhaps transmitted in 
required time on television by the same means by which movie films 
are transmitted. Recorded representation can be reproduced with 
help of usual movie projector directly on light-diffusing screen, 
without application of television installations.



Optical method of recording television signals. Not the 
picture Itself, out picture signals, can he recorded. On Pig. 31b 
is shown diagram of one of systems of optical recording of picture 
signals. Under influence of scanning voltage, scanning of one line 
is produced on screen of tube. For this period luminescent spot 
shifts from left extreme position to right extreme position and then 
returns quickly to initial position. To vertically deflecting plates 
of tube is applied voltage on frequency near 15 MHz, which is 
modulated on amplitude by signals of representation. On screen 
appears luminescent band, height of which varies in accordance with 
change of value of picture signal. Representation of this bi-nd is 
projected on evenly moving film. After photographic treatment, 
parallel lines appear on film. 

During reproduction the film is stretched in analogous device 
and transilluminated by running light spot of constant brightness, 
which is also formed on screen of electron-beam tube. On other 
side of film a photocell is set, which will convert change of 
luminous flux passing through film back to electrical picture signals. 
After amplification these signals move to television transcriber. 

Video recording by ultrasonic dlffractional modulator of 
1 ight. I’hotographic recording of television representations can 
Fe produced with help of modulator of light, action of which is 
based on diffraction of light in high-frequency (ultrasonic) waves. 
It is possible to record signals with frequency band up to 20 MHz 
in dynamic range, which reaches 1000si. Diagram of device is shown 
on Pig. 32a. Narrow slot D1 illuminated by source of light 1 and 

condenser JI1 with help of two lenses Jl^ and is focused in 

plane 00', where its representation is covered by special opaque 
flap. If electrical signal on modulating ultrasonic cell 2 is lacking, 
light does not pass through flap. If, however, electrical picture 
signal is fed to cell 2, light rounds flap, as was shown by dotted 
line. Value of passing luminous flux depends on value of picture 
signal. 

Ultrasonic modulator 2 constitutes vessel with liquid, in which 
is vibrator — piezoelectrical plate 3# Vibrator is excited from 
generator by oscillations with frequency between 10 and 20 MHz. 
Oscillations of generator are modulated in amplitude by electrical 
television signals. In liquid excited piezoelectrical plate 
creates high frequency traveling waves of different intensity. 
High-frequency waves create periodic changes of index of refraction 
of liquid. 

Powerful source of light and high light effectiveness of 
dlffractional modulator of light permit applying low-sensitivity, 
high-resolving films for photographic recording, which promotes 
increase of quality of recording. Light sensitive material is 
set in motion with a speed such that one line of representation 
is scanned by light reflected from one mirror of revolving drum. 
Second line is scanned by light reflected from second mirror of 
drum, etc. 
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2 

Fig. 32. Diagram of diffractional modu¬ 
lator of light for recording of television 
representations (a) and device for repro¬ 
duction of television signals recorded 
with help of diffractional modulator of 
light (b). 1 — source of light; 2 — 
modulating ultrasonic cell; 3 — vibrator; 
4 - video signal; 5 - mirror drum; 6 - 
film; 7 — photomultiplier; 8 — video 
signal; — condenser; Jlcj* 

Jig, Jly — projection lenses; — diaphragm. 

After treatment the obtained film constitutes a series of 
lines of variable density. During reproduction (Fig. 32b) the 
film is traced by running light spot. Depending upon density of 
separate cells of film, there occurs corresponding change of 
luminous flux passing through them, which procede to photocell. 
On output of photocell appear electrical signals, which are fed to 
receiver. 

Main deficiency of examined methods of preservation of 
television transmissions consists in necessity of photochemical 
treatment of film after recording. In recent years recording 
systems have been developed which are without this deficiency. 

Recording of television signals on magnetic tape. Essence 
of method consists in the fact that change of value oT television 
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o T+ Ir considered that recording on magnetic tape be 
reproduceable'aftei^prolonged storage of film, let us say, after 

several thousands of years. 

Basic difficulty of creating high-quality recording and 

«•“SsSrSLvs: "«'S 
matter here? 

sâvæ ss::sf ISSsSilSH'»... 
äSSSw'ä «TTSss 
^e^i^Ss^S^thSr^JSSjleW (aetermlnede^ 

magnetic head caSow ?Sf ïïdeoPsigna? remains 

constant ’ during half-period of hj8hest frequency. If one were 

compose ^ “îs L^Æ^f^^ld attain 

practically unreallzahle value v - o.b T " 1,5 ^8- I,e<:orii1^ ^ 
monohour television transmission would require magnetic tape 4700 

km long. 

Deceleration of travel of tape is ^gh îthPimproved 
recording heads with small not8only by length, but also 
properties, or use of magnetic tape, not oiay oy ±eufe , 

iioVãv, oM s S^íhS^rsfv^^Ki:one 
In^ertaln^ystems^recordlng is produced on several tracks along 
length of tape by several recording heads. 

The most useful for wide application are 
recording is produced, not by length of tape, b . spee(j 
with help of revolving b®ad8‘ ^^gV^^ich i^low and convenient 
of drawing of the magnetic tape to recording head, 
for explotation, and high speed °£, nC4es General diagram 

rrsriHÎ^o^Lro?h4rW^ChrevriÆnr4airp^^Tha|fto 

relative shift of tape and rotor, recording on tape is slml 

rîÂl™ÎÂ$ start8frscordlngdfromdopposite side 
Ärstr/Ä« video slfals occupies c-tral Part 

“ígries-an nsei gnlls0 ft:PoUala2rfi-t:eC3peed oï shift of tape 
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Fig. 54. Diagram of device for recording 
picture signals on wide magnetic tape in trans­

verse direction.

is as low as in ordinary equipment of sound recording. Thus, in 
domestic system of video recording, speed of drawing of magnetic 
tape (70 mm wide) composes 38I mm/s. During capacitance of roll of 
tape of 915 m (354 mm diameter of roll) continuous recording of 
television programs during 40 minutes is ensured.

However, video tape recorder with four revolving heads is a 
rather complicated device. Therefore, much attention is allotted 
to development of new systems with one and two revolving heads.

Basic deficiencies of existing methods of magnetic recording 
and reproduction of television signals are insufficient resolving 
power and large relative speed of heads and tape. Therefore, new 
methods are created of recording television signals.

Recording of television signals on thermoplastic tape. There 
are several methods of recording by electron beam, based on chemical, 
thermal, magnetic, or electrostatic influence of electron beam on 
carrier.

On thermoplastic tape, change of value of television signal in 
time is fixed in the form of permanent deformations. For recording 
is taken three-ply tape (Fig. 35), the base of which is prepared 
from plastic with a high melting point. On base is deposited 
transparent conducting covering, but on it is deposited thin film 
(about 12 um thick) of thermoplastic material with low melting point. 
In contrast to so-called thermoreactive plastics, utilized thermo­

plastic plastic (celluloid, polystyrene, polyethylene, polyvinyl 
chloride, polymethylmethacrylate, polyfluoroethylene resin and others) 
does not lose ability to be melted during secondary heating and 
cooling. Permissible operating temperatures for majority of
thermoplastics oscillate within limits from 4o° to 100°C.



Fig. 55. Simplifi ircuit of instal¬ 
lation for recording celevision signals 
on thermoplastic tape. 

Television signal is fed to apparatus of recording from usual 

television camera. Signal is recorded.wJt^1^¿Pe°si®nIÍ Elector 
which is modulated in density by recorded Pfcture 
beam, created by special electron gun, visits surface of film 
according to the law of television scanning and leaves on film 

negative8electrical charges proportional in valV® ^^tron^eam 
picture signal from transmitting camera. Scanning °f electron beam 
bv line is carried out at the expense of deflection of ^eam in 

electron gun by horizontally deflecti5gs¡S!£eo¿ fïL^rewound from 
frame is carried out at the expense of shift of film, rewouna 

one coil to another. 

After irradiation by electron beam film, passes special 
hi«h-freqSencï heater? At achievement of point of fusion of fusible 
thermoplasti^electrostatic attractive ^^ces between negative 
rharzes brought on film by electron beam, and positively charged 
cSffinÄr causes lowering of level of softened thermo- 
ninc+ir until these forces are in equilibrium with i orces ox 
surface*tension an^hydrostatic pressure, which is rushing to restore 

level of surface. 

During further travel of tape, deformed liquid^("manifested") 
section of film emerges from zone of action of high- equency 
furnace, is cooled at the expense of transmission of heat to base 
laver and solidifies. Deformation of film turns out to be as if 
"frozen". Processes of recording and manifestation continue during 
one hundredth of a second. 

During scanning by electron beam of line, a narrow line of 
charges is created. After heating and cooling, on this place of 



film there will be formed a groove, on bottom of which are tiny 
protuberances and cavities. During scanning by electron beam of 
whole frame of representation, on surface of film there will be 
formed a series of parallel grooves, depth of which is determined 
by value of recorded signal. 

Thermoplastic recording can be removed, and film is used for 
recording repeatedly (several thousand times). Erasing of 
recording is carried out by heating of film to higher temperature 
than during "manifestation''. Levelling off occurs of surface of 
film at the expense of surface tension of melted film and runoff 
of charges from it thanks to increase of conductivity. 

Fig. 56. Diagram of installation for 
optical reproduction of television signals 
fixed on thermoplastic tape in the form 
of deformations of film: 1 — projection 
tube; 2 — protuberance; 3 — second grid; 
4 — objective; 5 — flat surface of film; 
6 — thermoplastic tape; 7 — condenser; 
8 — first grid. 

Recording is reproduced with help of special optical system 
(Fig. 36). Light from outside source of constant intensity, 
passing through slots of grid from opaque rods, gets onto 
condenser, which directs light passed by grid to system of opaque 
rods, which forms second grid. Thermoplastic tape is located 
between lens and second grid. If there is undeformed film between 
lens and second grid, then rectilinearity of propagation of light 
is not disturbed, bands of light get onto opaque rods of second grid, 
and projection screen remains dark. In the presence of grooves 
and protuberances in projected section of thermoplastic tape, paths 
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of light rays are the more distorted the deeper the groove. As a 
result partyof light rays passes slot of second grid anJ 
projection objective at point of screen, corresponding to position 
of deformed section on projected exposure. 

On thermoplastic film can also be recorded color television 
alimais Recording of signals of colored representations is 
produced by e?ect??n beam^which is split either into four or into 

two rays. 

Bandwidth of thermoplastic recording considerably exceeds 
width of magnetic recording; quantity of information recorded 
unit of surface of thermoplastic film is also considerably greater 

than on magnetic tape. 

For optical reproduction of recording on 
it is not obligatory to use projection system. Changes of surface 
strain of film can be converted anew into changes of electrical 
signal After transmission on required distance, these electrical 
liStls can be given to usual television receiver, on screen of 
which earlier recorded representation will be reproduced. 

For production of electrical signal corr®8Ponding 
recorded representation, it is possible to apply scanning de 
with running light spot. 

Basic deficiency of system of thermoplastic recording consists 
in necessity to use vacuum pump for constant pumping out, since 
creation of thin recording electron beam is possible only under 
conditions of vacuum. 

TMor+ynstAtie registration of picture signals. For registration 
of representations on Irtinicial earlh 
developed a system of recording optical representation with the help 
of electrostatic converter, into composition of which enters ^ 
gun with focusing and deflecting systems and special target, called 

phototape. 

Phototape (carrier of recording) consists of transparent basis, 
thin transparent intermediate underlayer of conducting ferial, 
layer of semiconductor photoactive material and layer of insulating 
material (Fig. 37a). On each side of phototapes are located 
metallic lines 15 urn thick for electrical contact between cells of 
svstem which are connected with carrier and conducting underlayer. 
Sise lines prevent, furthermore, mutual contact of separate turns 
of tape during winding of it on roller. 

Electric circuit of system of recording and its equivalent 
diagram are depicted on Fig. 37b, c. Process of recording consists 
of*two operations; preparation of carrier and recording proper, 
niifirur orenaration phototape is darkened or evenly illuminated, 
nünurface^of layer of insulator, which is moving with constant speed 
S electron^eairMLs ?ocísed, whi¿h carries out its scanning. Electron 
beam by turn locks circuits R, (^, Cp (which are equivalents of 

distributed parameters of phototape) on source of direct current U. 
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Pig« 37« Diagram of device for electrostatic regis¬ 
tration of picture signals (a), its electric circuit 
(b) and equivalent diagram of electric circuit (c). 
1 — metallic band; 2 — electron beam; 3 — electron 
gun; 4 — polystyrene insulator; 5 — antimony-cesslum 
photoconductor; 6 — transparent conducting layer of 
gold; 7 — transparent basis; 8 — conducting covering 
of bulb of gun; 9 — collector grid of tube; 10 — 
signal electrode. 

As a result every cell of surface, i.e., every elementary 
capacitance Ci, is charged to value corresponding to applied voltage 

U. Then electron beam is extinguished, and circuit will be opened. 
Thus, on phototape the remainders of potential relief from preceding 
recording are destroyed. 

Then from the side of base layer recorded optical representation 
is projected on photoactive semiconductor. Electric circuit of 
system is again locked through conductivity of electron beam. Under 
action of potential difference, which is preserved on insulator 
after operation of preparation, on elementary circuit RC^ will 

go current of discharge of capacitor C^, value of which will be 

greater, the smaller R is. The least value of R corresponds to the 
brightest illuminated cells of phototape. After cutoff of electron 
beam, on insulator of phototape there remains recording of optical 
representation in the form of surface distribution of electrostatic 
charges. After turning off of electron scanning, potential relief 
is preserved on tape not less than two hours. 

The same device is used for reproduction of recording. Photo¬ 
tape with constant speed is stretched past scanning electron beam, 
which by turn locks circuit of cells RC^. Current of recharging, 

which flows on resistance R^, will form on it voltage of video 
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rollers Intended for drawing of paper. Single-turn spiral can be 
carried out either in the form of spirally bent plate, strengthened 
by appropriate holders on axis or in the form of turn of wire, 
superimposed on cylindrical drum. 

Plan^ continuously pressed to paper with the help of 
springs; picture signal is applied between plank and spiral of 
cylinder. Since paper possesses electrical conductivity, electric 
recording circuit is always closed. 

During rotation of drum, point of contact of paper with spiral 
shifts parallel to axis of drum and every turn of drum corresponds 
to one line of representation. Longitudinal shift of tape is 
carried out with help of tape-winding rollers. 

, F°r large sizes of reproduced representation, recording device 
with spiral turns out to be very bulky. Indeed, the longer the 
recording line, the bigger the diameter of spiral should be so that 
angle between plank and spiral is net less than 45-60°. At smaller 
angles resolving power of device, i.e., ability to reproduce small 
pictorial details, sharply descends. 

For decrease of dimensions of recording device second spiral 
is used instead of writing plank; then reproduced cell is created 
at point of crossing of two revolving spirals. One more improvement 
of such two-spiral device can be application of multiturn spirals. 
Usually one of spirals is made multiturn, where speed of rotation of 
drum can be decreased many times as there are turns of spiral. Such 
construction permits obtaining small dimensions of reproduced cell 
even for long lines for comparatively small diameters of spirals. 

Paper utilized for recording possesses property of electrical 
conductivity and is able to give so-callfd colored reaction on passage 
of electrical current. Essence of colored reaction of paper consists 
in that at the time of passage of current, there occur in it chemical 
transformations, as a result of which, substances with color of one 
color are turned into substances with another color. Electrochemical 
conducting papers possess ionic conductivity of electrolytes. Passage 
of electrical current may cause change of color of paper preliminarily 
treated chemically (at point of its contact with plank and spiral) 
as a result of such processes as electrolysis, discharge on electrode 
in contact with paper, and others. 

Fj-ectr°Photographic recording. During electrophotographic 
method, on conducting foundation is deposited thin layer of light 
sensitive semiconductor material (selenium, sulfur, sulfurous lead, 
oxide of zinc and other materials and their combinations). 
Semiconductor photosensitive layer is charged to a certain potential 
(order of several thousand volts), i.e., they stretch it past a 

^av^-n6 a potential of 5-8 kV. On surface of wire occurs corona 
discharge. Since electrical conductivity of photosensitive layer 
is very low in darkness, its surface holds a charge for a sufficiently 
long time. Then on this light sensitive layer, representation is 
projected or is recorded by moving light ray. It lowers resistance 
of semiconductor layer in corresponding places, as a result of which 
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on „.„.face Of the last one will be formed deep potential relief - 
electrical Representation not visible to the eye In the form of 
distribution of charges of different density. 

aurfacror?^aLlRrCSrs^;o;^i!1?AeiJa?ricrer£wr^3vee 

ÄÄn^Sacr^ ^ 
R^eR^^^ ^cr^Re^ortRR^^SV l^have small Photo. 

RrSeVÍÍÍearnofPpRwdeí: Ce!L°SrfuÍfacf onighrslnlltlve^layer 

due01oWincreas^of9photoconductivitya0f layRr; they are not in a 
RïRte to R«ract particles of powder and therefore remain light. 

to R“nbere^^^afrrfo^rbJyp^drrPer 

Is later transferred to paper). ?"^^1^ír^n®apeRedes?eRds, and 

39a)^8PDrum slowly revolves. 

of electrophotographic recording: 
naier- btape from electrophotographic paper; 

rg^devlce; 2 -'duster; 3 - PaPe?i.? - "“"f 

Fig. 39. Diagrams 
on 
charge _ _ 
light beam; 5 — scanned line; 
paper; 7 - charge device; 8 - 

6 — electrophotographic 
tape winder. 

part of surface of 
is illuminated by 

lotoconductive layer at first is charged, then 
julated beam of light and is pollinated by 

71 



Q°i°ring P°wcler, after which dye is transferred on ordinary paper. 
PVflmiC?nStrUCti0n °f transcriber permits almost immediately 
examining representation on imprint. 

sti11 simpler to record on tape from electrophotographic 
Fig? 39bArranßement 0f similar recording apparatus is shown on 

Powders on paper are secured by heating of latter in such a 
pnïïrr+that poï[d®r deposited on its surface, in composition of which 
nanpr 1 hpÍ7 s^b®tances* is melted and thereby durably secured on 
graphic Ipthort°tLPr0CeSS 0f treatment during use of electrophoto¬ graphic method takes several seconds in all. 

did noPip+n™ fy®tems °i recording of moving representations still 
did not return all, on what are able, and in laboratories are 
alreacy being checked all new systems and ideas. In one of 

ißa ed ®eJ;hod® of recording, electron beam modulated by 
picture signal irradiates thin plastic plaste. Under action of 
*H?Ctr°nS' of P°larization of polarized light is changed and 
this is used during optical readout of recording, in other method 

H0n.beft:n^irrfd1-ates film of mag”etic material, evenly 
section o" f ltS plane* Electron beam heats small 
are ^turrad ííto wpaíe^aííre' f VhfCh sbrong-magnetic materials are turned Into weak-magnetic materials. Thus, under influence of 
electron beam, initial magnetization is destroyed? When section 

Sírioíi oeighS,0rîng sectlons reverse its magnetism in the opposUe 
direction. During readout of recording, rotation of plane of 

Possibilities^rp1?041*0??®11^^ eaVe ln magnetic field can be used. 
fo^îïiî1? ! investigated of recording and readout on 
ferroelectric and several other methods. 

. . Television storage transmitting tube. On Fig. 40a diagram 
tranRm??+°H transmit^1^i device, where information about 
transmitted representation is recorded electrostatically and is 
preserved in the form of electrical charges on special ta^T Optical 
o?P^hpnta^i0n+0f obJe^.ls projected by objective on photocathode 
of tube. Electrons emitted by photocathode are accelerated bv 

wîng? 0f ?bOUt ^5000 V and get on sboraige uni? tlje? Befoïe 
buginning of recording, tape passes through device for erasing and 
primary treatment and is charged negatively. Under influence of 
electrons potential relief is created on tape from electrical charces 

«suit of secondary electronic emlsslon or appe^raS« 
of induced conauctivity on tape. After recording the tape is reeled 
onto a second coil, whence it can be rewound for readout. Both 

meters^of “^rans,nlttine colls can contain up to several tens of 

wHlcn Is^measured^ln^lïîlonth^o^^sécond^ ll to 

lock c^ aíso0brSseU Perlodically °Pa™tlonal mechanical 

. + ?f storage unit tape (of film of nickel or Conner 
about 0.04 mm thick) is shown on Fig. 40b. On 1 cm of tape are 
about 2300 sharply outlined grooves. On long side of every step is 
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Fig. 40. Television transmlttingestorage^unit 

tube with tape (a) 2 _ device of erasing and 
1 - feeding cassette, 2 recording gun; 
primary treatment, c _ storage unit tape; 
I¡ _ receiving accelerator; 8 - 6 - photocathode;J~spiralcoii for tape. 10 _ 

focusing coil; 9 “ focusing coil; 12 — 
deflecting coil; f°iect?on multiplier; 14 - 
correcting co^®itP15 Electronic lock («00 V 
rit^ïësfecrÂoL); 16 -galvanoplastie 

fluoride). 

eposited film of dlel®ctr1îcWl^lchepermltstavoiding destruction 

,n r0ller‘ nnlt of usual image orthicon 
Reader is analogous to r®^d^obtain possibly smaller diameter 

md is designed in such a w^y face 0f tape under influence of 
S beam. Reading beam scans Burface^of^^ sections of target 
naenetic fields of deflecting ^ d by recorded signal to 5 , 
ShSe surface of dielectric is charged oy in those plaCes of 

e.paeirarr«aïëcrrifît o|rrged to -a V, ^ro^s^re^ollec^e 

Äe7as C Lfy electron multipliers turns out 
to be Signal modulated earlier. 
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Indices of work of this tube ar<? very high. Main merits of 
tube are its high specific resolving power, which reaches I50O lines 
on 1 cm (let us note that dimension of one frame is 5 x 5 cm)> and 
possibility of multiple readout of information of recorded picture 
frame (up to' 2000 times). Time of storage of recorded information 
exceeds ÖO hours during negligible decrease of signal. Further 
improvement of construction of cells of tube, its storage unit tape 
in particular, will allow these parameters to improve considerablv. 
This tube is undoubtedly very promising for application in airborne 
equipment of spacecraft, since here are combined functions of 
conversion of light energy into electrical energy, recording of 
information for storage until the moment of the most favorable 
transmission and the functions of readout at very high resolving 
power. The basic deficiency of tube — necessity of vacuum 
installation for pumping out of gases from bulb of tube is 
insignificant under conditions of space application, since there is 
a natural vacuum there. 
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CHAPTER III 

SELECTION OF PARAMETERS FOR SYSTEMS OF 
SPACE TELEVISION 

Selection of number of lines of decomposition. Frequency 
of frames. Form factor of frame. Required frequency band 
of communication channel. Sensitivity of television 
systems. Conditions of accumulation of transmitting tubes. 
Required illuminance of transmitted object. Illuminance of 
real objects. Threshold contrast. 

In television broadcasting, transmitting part is controlling 
link of television system. Contemporary television center in 
cities constitutes complex of constructions with complicated radio- 
electronic, lighting engineering, cinematographic, and other 
equipment. For simplification and reduction of prices of television¬ 
receiving link of system, maximum of all functions is placed on 
television center. In order to ensure sure reception of signals by 
receivers on television centers, radio transmitters of high power are 

used. 

When spacecraft are used for relaying programs of television 
centers long distances, then airborne equipment (or simply reflecting 
surface of artificial earth satellite) serves as intermediate link of 
radio relay communication circuit. 

In a number of systems of space television intended for solution 
of scientific and national economic problems (meteorological, geodesic, 
communications, artificial satellites, outer space observatories, 
piloted spaceships, spacecraft for study of moon and planets of solai 
system), the most stringent requirements are presented to transmitting 
airborne equipment (small weight, compactness, simplicity of 
adjustment, reliability). Therefore, controlling link of such 
system is ground equipment — system of complicated engineering 
constructions . 

Parameters and basic qualitative characteristics of system of 
television broadcasting have to anticipate possibility of television 
transmission of objects in different conditions. For this a number 
of television studios is necessary with several transmitting cameras, 

i , i i'll1'' 
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intended for transmission of nature scenes, and also movie projection 
cameras for transmission of movie films and movie inserts, mobile and 
reportage television installation?- for transmission from stadiums, 
from theaters, etc. 

Dr,r,nT^efe-iisJn? recessity for similar universality in systems of 
teîe^S4?n' therefore» technical solution is often simpler 

n?dron^ 5 definite problem in front of it. But the higher the quality 
Theïefo^ ÎJ}® more complicated the television system. 
Therefore, it is obvious that system simplification depends on how 
qoLîïm1! P®1*®1881151« in given conditions to impair picture quality. 
Sometimes it is possible to reduce number of lines of decomposition, 
but in a second case to reduce the number of frames, and in a third 
to lower requirement for accuracy of work of scanning devices In 

and ^kin«Sit S0^uîlon P®rmit8 simplifying installation 

sorneSt frlater demi? U° St°P °n theSe que8tlonB ln 

Selection of Number of Lines of Decomposition 

with llneS deconiPosition of television system, along 
with its other parameters, determines resolving power i e minimum 
dimensions of object revealed with help of telfvisîo^systêi. 

0f ^elevlsion broadcasting, number of lines of 
Enroso iS TSTet Pfoc®®dlng from peculiarities of perception of 
thïf hî^frî10?’ 8P®cta^or is at such distance from screen 
that his viewing angle is 15-20°. Therefore, spectator sees whole 

(aîiaîwoîw+hP Î!^1Vlî!g POWef 0f eyei it hs in central (axial; zone (the latter has angle value in 25). when pictures with 
s^1,1 Parts are examined, there occurs continuous travel of eves 

õf sLllSanaleSUC^d"i0 t1} inteTes^s objects within limits 
What is examinad; in 1 minute the* eyes 

change their point of fixation about 120 times, it is most convenient 
r®Pre8®ntation, when ratio of distance of examination to 

linear dimension of representation is within limits 6-8. When 
television representation is examined from this distance, line (raster 
structure of representation does not have to be noticeable If one 

ttefnumba“"/??“1"1"? poMer °<^ght' then there ïm be ^1^ 
600-1200 f 11 f decomP08itlon should be on the order of 

o T 4 D^rinS determination of number of lines of decomposition in 
applied systems, it is possible sometimes to put up with the fact 
that scanning structure is noticeable, since the determining IhL 

18 ValVe^°í minimum part, which should be confidently 
valup n? nîiï revealed in field of sight, where value is not absolute 
value of part, but ratio of dimension of part to field of sicht 
Depending upon focal length of objective which projects reprfseAtatlon 

seïsltiY? s"face of transmitting tute^ pa?ï caí be dlpSíed 
both big and small. The larger the part is depicted on receiver 
screen, the fewer lines of decomposition can be selected If in 
field of sight of objective there should be simultaneously several 
small parts, without background surrounding them, then it is always 
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possible to set Ja^f^*’ceiis’^shSld''b^pacLd on
u“2?'SLnLoflJ itasi p2t! ILn noSber of lines can be detemlned 
by the formula

a=4<'-
Where h Is height of picture field, and d Is minimum dimension of 
part.

tal^SSSiSlpSSiEsS^
d5r?ng\cannir.g of its i?ea?trSom°2i?c?alts).

on insufficient if
configuration of part is complicated.

attains foo-800 lines; for vldlcons ^ does pertain

image orthioon faa°l^ln| '‘'^HoiOTeirspadXi'transmlttlng tubes
to standard transmitting tubes, riowe , P ^ 20OO-5OOO lines
can be created with “S^^SorSn^sur^ of targets
and more (ao one expense 01 pn-cita^^-^^^fand others). But it is 
and photocaonones, oecrecse ox . . airborne

not permissible to increase .:f-4of weight and
installations, since uh_s _n necessity of application

S ?eS?ara?iri change of focal

length.

rrsiPslES^^
!lpiitHFofSv!ffni!s^^
representation relative to transmitt.ne, tube.

?recu£r.cv of Frames

??eq5eSJ''of''4Ss/LfSocKdr;! frS^tLS'^nditions less
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GonsidBrabiy frequency band of signal, then, in such cases, the number 
oí trames is sharply reduced. For reproduction of representations 
are used electron-beam tubes possessing property of "memory" (prolonged 
preservation of information, device of recording on magnetic tape, 
film, electrochemical paper, and others). 

Form Factor of Frame 

V. , Jn television broadcasting ratio of width of frame to its 
height is accepted as equal to 4/3 and close to ratio of sides of 
1 rame (11/8). This selection is based on the fact that viewing 
angle of eye in horizontal direction is greater ■‘■fan in vertical In 
applied television, ratio of sides are sflectec from considerations 
of the most eifectlve use of photocathode area (target), which usually 
h^tn\form of a clrcle. The most effectively used is area of 

systerns with spiral scanning. In this case the whole 
surface of photocathode is occupied by representation, since round 
screen here is completely inscribed in photocathode circle. 

However, preferential propagation in space television was found 
by systems of smaxi scanning, where celevision screen constitutes 

v?o£a«?1%2lt?4deflned number of straight lines. From the point of 
ShL ?Se ?hotoC£-u-c¿e, the most profitably ratio of 
sides of frame during linear line scanning is 1/i. in this case a 
square screen is inscribed in photocathode circle; as is known, of 

biggest^area rectangles Ascribed in that same circle, square has the 

However, in a number of systems another ratio of sides is used 
due to necessity. 

,., us assume that from a spacecraft in circular equatorial 
orbit, transmission is conducted of representations of earth's 

earthCMfn°?da 0f , the time of one turn around 
earth (1 h 34 min 32 s, or 5672 s, a band of surface 100 km wide is 
surveyed.If ratio of sides of frame is 1/1, then in one turn there 

rMv<'rfPd pl£,rure -rames (length of circumference of eauator l 1004km2c lOT production of representation of band of 
earth's surface in the form of mosaic of 401 nonoverlanning frames 

înr»1?«1“ ? SCannlr-5 0f 0r-a ?= tq^i 
one i;urn divided into number of transmitted frames). 

From considerations of more effective conversion of optical 
representation into electrical signals, considerably smaller duration 
of transmission of frame can be required; 1 s is permissible. Then 
the spme point of earth's surface will be examined in 14 frames of 
r«SÎ,n?e?taî:L?n, which ls absolutely inexpedient since system of 

(the?e is g?eat exS)!“""10" 1S USed Wlth lnsufflolent efficiency 

For decrease of excess is 
frame, longer side of which is 
of travel of spacecraft. For 
with height 10 km and width 1 
1 frame per second with small 
form of screen area of round p 
very ineffectively (Fig. 4la). 

required (in similar case) very narrow 
oriented perpendicularly to direction 

example, frame of reproduced object 
i0 km will be covered at frequency of 
excess. But during selection of such 
hotoc&thcde of transmitting tube is used 

In order to avoid this, methods can 
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Object Object 

Objective 
fcF^çaí Anamo r phi c 
lí Msystem 

Objective 
Light sensitive 
surface of 
ransmitting 

tube 

Light sensitive 
surface^pf ■ 
transmitting 
tube 

Fig. 41. Formation of wide-size screen on 
light sensitive surface of transmitting tube, 
a) with the help of usual objective; b) with 
the help of anamorphic objective. 

)e aoDlied of optical conversion of projected representation, for 
Sample, wlïh heip of anamorphic optics (Fig. ^) • A“houghwide 
¡creen cameras with anamorphic optics have ?P*lc®ore 
system, they permit obtaining best results. In 
complete use of working surface of photocathode permits obtaining 
ligher sensitivity and best signal to noise ratio. Furthermore, 
mamorphic optics gives smaller fall of illuminance on edges of 
representation during vertical angles of picture which equal wi e- 

3ize camera. 

Such wide screen representation cannot be reproduced on screen 
of usual kinescope. Values of scanning oscillations in receiver are 
set such that a raster of necessary size is formed 
hooN However, for large ratios of picture to its height, screen 
area of receiver tube is used very inefficiently. But this deficiency 
is eliminated in a two-tube reproducing device. There, picture is 
reproduced on two rows of established electron-beam tubes where only 
the corresponding half of the picture is formed on each kinescope 
screen (Fig. 42b). Electrical circuit of two-pipe transcriber is 
considerably more complicated, than circuit of monopipe receiver. 

For production of representations of large dimensions, on 
screens television projection systems can be used °f °^ervati 
electron-beam tubes. Large dimensions of representation can be 
obtained with the help of two-pipe projection devices (Fig. 42b). 
Prolection of wide screen representations on big screen can be carried 
out with help of other earlier examined devices. 
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Frame

Light scattering 
screen

1i
I f 1

%

Wk

Fig. 42. Reproduction of wide-size tele­

vision representation, a) on screen of one 
tube; b) on screens of two tubes; c) on 
projection screen.

Above described systems of reproduction of wide screen 
representations serve basically for control of movement of space 
television transmission. Documentary data, i.e., imprints on that 
or another paper, can be obtained by one of above described methods. 
Moreover, in a number of recording systems, no fundamental 
difficulties are encountered in obtaining needed dimension of imprint.

For production of representations of surface of planet with high 
resolving power in wide field of sight in direction perpendicular to
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direction of flight of spacecraft fiber optics can be successfully 
applied. Light sensitive surface of applied transmitting tube is 
used rather completely. Basic cell of such television system is 
fiber optical converter of frame, which will convert usual television 
screen into <3ne long line (or into a small number of long lines). 
During manufacture of such converter, fibers of screen are divided 

í™rmin? Çarallel iines of screen on external 
^ulîe (Fig* ^3). Use of such converter permits 

obtaining with television transmitting tube calculated on series 
decomposition of, let us say, fifty lines scanning of one line of 
fifty-multiple length. 

Let us assume that each of 50 lines contains 500 cells of 
decomposition. Then one compound line will contain 25,000 cells. 

not P0ssessed by one television system. 
Scanning of £ield of sight in direction perpendicular to one line is 
attained at the expense of travel of spacecraft with camera on 
board. 

of observed site more sharply on light sensitive surface 
nr dlrect °Ptical contact should be ensured between input lead 

HpnnQiï°HVerîer and P¡}Otooathode of tube. For this the photocathode 
nii!r.hoS°nrte<? n0t«.?v smooth glass, but on disk consisting of a great 

which are parallel to axis of tube. This 
disk tightly touches input lead (braid of fibers) of converter of 
aspect ratio. 

in theifoïïeo?1^r?iîCCepted by §round station are at first reproduced 
îü»ïthe o?1™-,multi-line representation on screen of electron-beam 
ratio ,?dÄ?0?8ly with+helP fibers optical converter of aspect 

1 converter of airborne television installation), 
multiline representation will be converted into single-line 

methoria11^1^1 WitS î**5* number of cells of decomposition. Various 
methods can be used to record such representation.. For example 

asDPPt ?í*?nntaCt Prlnting of single-llne output representation*of 
îfPra™aîÎ?o£?nVe£ter 21? another carrier. For sharper projection 
of repiresentation from kinescope screen to input lead of receiving 
fiber aspect ratio converter, it is screen of receiving electron- 
beam tube must be in the form of a fiber disk. This ensures optical 
converter^ luminophor surface with input lead of aspect ratio ? 

Required Frequency Band of Communication Channel 

to gr0Und and alrborne television systems and space 
to earth, earth to space, earth to space to earth, and space to 

ofat?ansmitteddfTOMsdDUre °ítth? ??St various combinations of number 
SL K ^ ,°68 per unit of time and aspect ratio. An attempt 
Mnnn onnrTi? t0 lnc^ease resolving power of certain television systems 
iinPs~flrp0<;nf:5?SiOn<-fpame and mcre)‘ But ln certain cases 100-200 

s^fficient for production of necessary information. 
^ort+iSi°n £rame can be transmitted in some cases for very small 
fractions of a second, but in other cases, duration of transmission 

hours6 frninínf<-hePre8entat/0n C&n occupy tens of minutes and even 
hours. In all these cases (taking into account aspect ratio and 
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parameters of work of scanning devices) there will be a defined 
frequency band required for undistorted transmission picture sign 
on communication channel. 

Sensitivity of Television Systems 

Sensitivity is a very important parameter; it establishes 
ability of system to work under small illuminance of transmitted 
objects. As was already noted above, television transmitting t 
and other cells of system create and strengthen signal of interference 
as well as desired signal of representation. Getting in 
of video signal on control electrode of receiving ^be' 
interference appears in the form of a more or less big and brigh 
ripple covering the whole representation. This ripple, 
considerably lowers quality of representation, is more visible on 
gray and dark places of representation and less visible on light 
places. Quality of representation is characterized by ratio oí 
maximum value of video signal to average quadratic value of 
interferences (noises); this ratio is designated by It was 
determined that at ¥ = 10:1, quality of representation can be 
considered satisfactory, at ¥ = 30:1, it can be considered good, and 
at ¥ = 50:1, it can be considered excellent. One may assume 
approximately that representation starts to be visible against the 
background of interferences at ¥ = 1. 

Television system sensitivity is frequently determined by that 
illuminance of photocathode (or target) NWlt5jamelv 
which representation of good quality is obtained (¥ - 30.1). Name y, 
to this case pertain all requirements for Illuminance given in 
division dedicated to photoeleccrical converters. 

Conditions of Accumulation of Transmitting Tubes 

When parameters of decomposition are different from parameters 
of broadcasting television, system sensitivity changes according y. 
Although change of frequency band connected with change of parameters 
of decomposition is in rather wide limits (from 10 to 1 MHz in case 
of image orthicon and from 10 to 4 MHz in case of vidicon and 
supericonoscope), luminosity of noises changes little; sensitivl y 
of system is changed due to change of value of picture signal 
generated by transmitting tube. 

During reduction of number of frames of decomposition, sensitivity 
is increased at the expense of much time, during which accumulation 
of charge is carried out by storage cell of tube. Still more increase 
of sensitivity can be attained by applying method of pulse readout 
of signal, when usual scannings are used in system, but they are 
switched once through several frames. 

This method, in contrast to the preceding one, preserves constant 
speed of readout of accumulated charge and thereby excludes fall of 
signal, which is induced by deceleration of discharge of storage 
cell of tube. Increase of sensitivity by shown methods is attained 
at the expense of impairment of transmission of mobile objects and is 
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c?ïï}e9^e^ loss of resolving power during their observation and 
with increase of discretion of created information. 

When high resolving power is not required, then sufficiently 
sensitive syStem can be built with tube of momentary effect - 
electronic dissector. This tube, moreover, has better operational 
characteristics than other tubes. In contrast to tubes using 
building-up principle, electronic dissector does not give decrease 
of value of signal on deceleration of readout of value of signal with 
decrease of readout speed, but absence of accumulation excludes 
residual signals, which hamper application of small frame during 
observation of moving objects. Necessary illuminance on photocathode 
of electronic dissector (during decomposition into 100 lines and 
transmission of 25 frames per second) is equal to 25 lux at a signal- 
to-noise ratio of Ÿ = 10. 

Required Illuminance of Transmitted Object 

^ are sensitivity of camera tube and illuminance of transmitted 
object corjiected among themselves? Illuminance of light sensitive 
^rS<;!n?ft.Pï0t?vle^tf3-Cal converter % is connected with illumination 
of object E by the following dependence : 

m _ rTêEO* 

where r is coefficient of brightness of part of object (from 0.02 
for wet chernozem to 1 for freshly fallen snow), Tq is coefficient of 

transmission of objective (from 0.9 for small lens to 0.6 for 
multilens objects), 0 is relative aperture of objective, which is 
equal to ratio of objective inlet diameter to focal length (square 
°íaP«rture is frequently called aperture ratio of 
objectivev is linear increase. 

The greater relative aperture of objective, the greater 
tí Photocathode of tube will be. Let us assume that 
+ reflected by part of object (r = 1) and is 
oï r^oîï?rd by Rective without losses (T = 1); then limiting value 
rÎnï!ioîî:ÏJZpeïtureJwÎ11 equal 0 = 2:1 Illuminance of 
representation formed by optical system is equal to illuminance of 
object. However, for this the diameter of leases should approximately 
twice exceed focal length of objective. ^ y 

anßles of sight is it possible to create optical 
systems with relative aperture close to limiting value 0 = 1:0.5. 

by.the fact that with lncrease of relative aperture, 
aberrations increase and that it is necessary to make fast 

objectives from a large number of lenses to prevent them. At 
present are constructed objectives with relative apertures of 
i:o.0-1:0.0. 

+. i At large distances between observed surface and airborne 
television chamber, it is necessary to have long focal length for 
production of sufficiently high resolving power. Increase of 
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^7in1^r5i^Ägra„aÄ 

illuminance of representation by substituting 
of object. This value is obtained from last formula oy su 
in it values T0 = 0.625, r - 0.4, 0 - 1:50. 

Illuminance of Real Objects 

Durir.g natural illumination, and 
Q + tn parth's surface depends on latitude, angxe u 

moon with respect to horizon, "®a^d^“Cs^etd™ îlluminance 
transparency of atmosphere). Duri g sun's^ravs and scattered 
is composed of direct llluminancecreatedby sun s ^aa^1^nce 

is^about^ 1 ghorders'i ^"i^-snS h^ i. polar regions 

reiît^r^fïSô.O^ïuxro^h^er^ieSÂ^tmosphere, 

it is about 135*000 lux. 

in the absence of sunlight, source of illumination of earth's 
surface is ll^t of moon and stars. Illuminance ?ar“f 
by sunlight rlflected from moon depends on phase °Jld°°";iatJ ' 
moon with respect to horizon, and iightrays of sun 
hemisphere of moon on the whoie reflects 7« of light rag ° dl 

í^^afefwík ^%m^i !:tleír n da rr rs Jj^lumlnance 

^t1líumí^:%SreiarbrfuflmSrrts|eBatmosphereiOfnce¿rth 

decreases^ "not1 proportionally torrea of iight part of disk, but 
faster. Thus, illuminance from half of moon is 1/10 illuminance 

from full moon. 

Total percentage of durln^which^llumlnancejs create^ by 

ïîin ïo ïuxndSîing05S-62/of5‘°tal tlme- Sun and moon Jointly ensure 
illuminance greater than O.04 lux d-ing ^prox^telyj^i 

the * expense^f11 sters?^zodiacald light (sunlight dispersed by dust in 
spacefand lîght of galaxies. Total illuminance from all these 

sources is equal to 10-3 lux. Zori [no translation ^rans * 
pH nn+p^l and slow of atmosphere create illuminance of the sa e 
S^Hpr or higher but inasmuch as luminescent atmosphere is between 
spacec?Îfïlnd surface of earth, contrast of representation worsens. 

illuminance of lunar surface depends on latitude and angle of 

^beVhL as 

SatS’Ä surface VÄ^TtaTsUght of 

,|. ¡il't-1í i' '“i I*'1 ' ' " 
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full earth on moon is approximately 100 times more than moonlight on 
earth's surface, which is explained by larger area and better 
reflectance of surface of earth. 

From given data it follows that observation of surfaces of 
earth and moon is possible not only during illumination of their 
surfaces by sun, but also at night. It is true that during creation 
of television systems for night observations, selection of 
transmitting tubes is very limited. For this it is possible to use 
(even with fast optics) only vidicon with transmission of 
representation or image orthicon with two-stage image converter. 

Threshold Contrast 

Illuminance characterized by sensitivity of camera tube is 
illuminance of light section of representation, but measured signal 

corresponds to maximum contrast in representation / B*™c ~ Bxvn . 

o n\ ^ ^j»aKc 10 
= i.e., white section of representation borders with its black 

section. High contrast of black and white object are rarely 
encountered in practice. 

If different contrasts between separate parts are on object, 
then television system reproduces this relationship of contrasts 
(half-tone) in distorted form. However, of biggest interest is 
minimum value of contrast with which it is still possible to obtain 
signal sufficient for detection of observed object. This value, 
usually called contrast sensitivity of television system, strictly 
speaking, depends on level of illuminance and contents of transmitted 
scene. Of great value is contrast sensitivity of the transmitting 
tube itself. Thresholds of contrast sensitivity defined during 
working illuminance are equal to 3-8% for image* orthicon, to 8-10# 
for supericonoscope, and to 10-15^ for vidicon. Electronic dissector 
possess high contrast sensitivity. Let us note that given values 
are valid during transmission of big objects, dimensions of which 
exceed dimension of cell of decomposition at least a few times. To 
the above it is necessary to add that all reasonings were conducted 
t*1? a2sumP^on that there is no medium which absorbs and disperses 
light between television camera and observed object. Such conditions 
practically take place during observation of surface of moon from 
spacecraft. 

u 4 v,?e ®ncounter the worst conditions during observations from 
height of surface of Mars, since it has atmosphere. And conditions 
will be still worse during observations of surface of earth from 
spacecraft since terrestrial atmosphere has considerable thickness, 
and contents of vapors in it vary. However, the worst conditions 
for observation from considerable distances are presented by Venus, 
which is wrapped in a dense layer of clouds. * 

Rays of light reflected from object of observation and local 
objects surrounding its (background) pass through layer of atmosphere 
and get into television camera. Atmosphere contains small particles 
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which absorb and disperse light energy (molecules of air and steam 
gases, but also, depending upon conditions, sílts) 
and oAlid narticles - smoke, small crystals of ice and -1 * 
Terrestrial atmosphere disperses radiation of.^y ^^^aratively 
absorbs mainly that radiation which was aPPor^one^t^n^^s of 
narrow sections of spectrum - "absorption band " 
gases entering composition of atmosphere. In visible region of 
spectrum of electromagnetic oscillations of sP^t™m, absorption 
bands are practically lacking. In infrared region ^ere is a whole 
series of absorption bands which mainly pertain to molecule., 

steam. 

Part of scattered radiation in the form of light smoke gets into 
oblective of television camera and is put on representation of o ,j , 
and back.Krc.und, by which descends contrast of representation on 
photocathode11 of transmitting tube. The move object Is observed and 
the more atmosphere is dimmed, the smaller contrast will be. 
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CHAPTER IV 

PROBLEMS OF SPACE RADIOTELEVISION 
COMMUNICATION 

mnQt-UIvnSH?f ?°ïSe* DoPPler effect and bandwidth. The 
DiatanS fre?uencles for space communication. 
Distance of communication and required power of signals, 

°f very important to convert optical represen- 
tation of object into electrical signals, but it is no less important 
to transmit these signals on distance, but distance between lmp0rtant 

communlífltreceJver in systems of space radiotélévision 
c°ntemP°rary experiments already attains tens of 

kilometers- Even if distance is not very great com¬ 
plexity of space radiotélévision communication is caused bv^wide 
frequency band of transmitted television signals! índ mequiremeSt 

apply in airborne equipment comparatively simple and light 

rTatlTrlksTttll? C2mplÍCated and Sma11 antennas, aid îow capacity 

r problems.W^A^great £ Í™ertãVhe —stabmLfír 

consiîtsbirnefhQfr0?lem-,0f S?ace radiotélévision communication 
4ÍSv.ln that slSnal arriving at radio receiver is so small 

os?iliatïmmmmS ÎSrenSïrH?le Wlth values °f electromagnetic 

o bransmlttedesignal^ChTherefore^fsuccess 

(cmíritr fîLSeÎcïl^rne^md^î1?11 transmitted rf^resentation 
its recenti^ of transmission of signals, method of 
its reception and treatment, correctness of selection of sensitivitu 

«“SmÍMserseíec"lonn!ñ%£?SSír 
lnteSl?y3o?n„S?Lrs? °f n°1SeS' ltS 10Cation' and character6 
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Sources of Moisés 

For sure radio communications, it is necessary that on input 
of receiver, useful signal ensured by communication circuit be 
greater than noises created by different sources. What is source 
of noise? Noise is undesirable electromagnetic oscillation oí tne 
same nature, as useful radio emission. In nature there are a grea. 
number of sources of these disturbing electromagnet.c oscillations. 
Any electrical spark is already a cause of appearance oí electro¬ 
magnetic waves. Radio interferences are continuously created by 
atmospheric electric discharges. And radio reception is hindered 
by all possible industrial installations (high-frequency industrial 
devices, electromedical equipment, electric transport, motor vehicle 
electric welding equipment, and others) and instruments generating 
electromagnetic oscillations. To external sources of noises belong 
inconstancy of voltages of power supplies and mechanical vibration^ 
and also noises caused by absorption of radio waves in the 
atmosphere and radiation of earth's surface. To number of external 
sources of noises belongs space itself. 

In order to admire southern night sky on moonless night, 
special instruments are not necessary - myriad of stars are seen 
excellently even with the naked eye — but to reveal invisible 
electromagnetic oscillations generated by space, very sensitive 
instruments are necessary. Therefore humanity learned about 
existence of infinite space radio emissions only in the thirties 
of our stormy century. From space arrive radio signals in very 
wide frequency range, and all of them are interference to r&dio 
reception both for airborne radio reception installations and for 
ground radio reception systems. It turned out that different 
celestial bodies and objects serve as sources of radio emission: 
sun, planets, stars, stellar systems, interstellar gas. Up to now 
several thousand sources of space radio emission have already been 
put on map of firmament — distant fogginess (gigantic clusters oí 
stars), rarefied interstellar gas, and space dust. 

It is possible to estimate noises quantitatively by various 
methods — by power, voltage, current. It is convenient to estimate 
value of noises by so-called effective temperature of noises. The 
less this temperature, the less noises. At zero effective 
temperature, noises are absent. 

Among discrete sources of radiation, one of the basic ones 
is the sun. Radio astronomical investigations of sun showed that 
its radio emission very greatly varies with time. In separate, 
indeed, rather short periods of time, radio emission of sun is many 
times greater than in usual "calm" moments of its activity. At 
the same time, solar radiation in range of visible rays is very 
constant. For all geological history of earth there were no such 
periods when solar radiation even doubled or halved. 

For unit of flux density of radio emission is accepted value 

equal to 10“22 W on 1 m2 of surface and on a Hz frequency band. 
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Density of radiation of solar noises during active solar activity and 
bursts of radiation increases as compared to normal value at frequency 

200 MHz from 10"21 to 10-1® W/m2*Hz, and at frequency 300 MHz — from 

10"20 to 10-1^ fo/m2*Hz. Density of radiation of moon is about 

7.6*10”22 W/m2«Hz. Radiation of planets is small. Thus, density of 

noises for Mars at a frequency of 9OOO MHz is 6.5*10 W/m *Hz, and 
-26 2 

for Saturn and Venus is 4*10“ W/m *Hz. 

Discrete sources of galaxy have following value of radiation 

density: Lutetium — 10"22 W/m2.Hz at a frequer.cy of 200 MHz and 

lO-2-5 W/m2*Hz at a frequency of 3000 MHz, approximately the same 
radiation of Swan, but radiation of Bull is constant in this frequency 

range - it is equal to 10-25 W/m2*Hz. Noises of comparatively high 
power will be accepted in the case when direction of maximum of 
antenna radiation pattern of receiving antenna coincides with direction 
to discrete source of radiation. 

Distributed galactic noises have maximum lying along Milky Way 
and minima directed to poles of galaxy. Along with radiation of 
galaxy, which is observed in wide range, radiation was revealed on 
fully defined wave, namely — on the order of 21 cm. Source of this 
radio emission is interstellar hydrogen. Among extragalactic sources 
of radiation sources are encountered, radiated power of which is 
comparable with radiated power of the whole galaxy. 

Applying directional antennas and correctly selecting orbit of 
spacecraft, it is possible to weaken considerably influence of cosmic 
noises on radiotélévision communication. The most unfavorable case — 
location of source of interference, spacecraft, and ground receiving 
antenna on one straight line — will certainly be encountered not 
frequently and will be of short duration, since angular dimensions of 
discrete sources are very small (only 40 discrete sources of radio¬ 
radiations have angular dimensions greater than 20'). However, hit 
of sun (angular dimensions of which for ground observer are 0.5 ) 
are very undesirable in field of sight of receiving antennas even on 
short time. If molecular amplifier is set on input of receiver, then 
it is possible to put it out of commission; therefore it can appear 
expedient to disconnect receiver from antenna for the time of passage 
of sun through radiation pattern of antenna array. 

In addition to noises of extraterrestrial sources noises can 
appear in receiving antenna array which are caused by absorption of 
radio waves in oxygen of air, vapors of water (fog and clouds) and by 
scattering caused by precipitation. These noises should not be 
confused with low-frequency (lower than 20-30 MHz) noises induced by 
static . 

Electromagnetic oscillations are absorbed by ionosphere, however, 
at frequencies higher than 30C MHz, it is possible to disregard this. 
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Earth emits radio waves caused by thermal Jh*£f®dthey 
particles in earth. With this it ^necessary to consider when they 
are nerceived by lateral lobe of radiation pattern of ^ceivinfc 
antenna. During reception of signals by spacecraft, ear ^ alrborne 
already get into basic lobe of antenna radiation pattern oí 
antenna (on earth-space communication circuit;. 

Totality of these external noises determines so-called equivalent 
noise temperature Ta, which Is connected with power of noise tup an 1 

passband of receiver F by relationship 

P„ = kTS, 

where k is the Boltzmann constant. 

Value T strongly depends on section of firmament at which 

antenna is directed. With increase of frequency, value Ta decreases 

and attains minimum at frequency of 8-10 GHz . At a ^e^Scyd°pending 
1000 MHz, noise temperature can be changed from 10 to o00 , \ 
upon characteristic of antenna and conditions of work. 

It is possible to decrease external noises. For this it is 
sufficient to fulfill antenna itself thoroughly and to select 
correctly frequency and method of transmission of signal. 

One of basic limitations in any receiving system is internal 
noises Limiting sensitivity of any receiving instrument is limited 
by level of Intefnal noises. This can be exÄ °f 
human sensations. Even for people with very good aluG 
of the weakest sounds which they are able ^ ^ 
noise caused by blood circulating in arteries of head. The weaxest 
Ugh? which can be seen by the eye Is limited by the presence of dim 
blinking spots from motion of liquid inside the eyeball. Bot 
ear and the eye can strengthen extremely weak signals very 
eoLiderablv- however, because of internal noises, we can neither 
see them nor'hear them. Precisely the same phenomenon is observed in 

radio receivers. 

In radio receiver noises appear due to so-called electrical 
fluctuations in different parts of circuit : «Rances, capacitances, 
inductances, radio tubes. Fluctuations lead to the fact that at 
ends of resistances and in circuits of receiver as a result of random 
motion of free electrons, changing voltages continuously appear 
evenwhen there are no signals on its input. Value of voltage drop 
is proportional to value of active component of circuit resistance. 
If value of this resistance does not depend on frequency, then 
spectrum of fluctuating voltage turns out to be practically unitorm 
up to ultrahigh frequencies. For counting of voltage of noise, on y 
those frequency components of fluctuating voltage which lie within 
limits of passband of receiver are taken into account. 

Disturbing voltages are generated by radio tubes, too. Vacuum 
tube noises are connected with oscillations of values of anode and 

91 

■ H ii iiiiiii i ¡h "i 'ni * i1 'i 



grid currents near mean values at constant supply voltages. Basic 
cause of oscillations of anode and grid currents consists in that 
emission current does not remain constant due to continuous change of 
number of electrons flying out of cathode. 

Especially harmful are noises appearing on input of radio 
receiver (in input circuit and first tube). If value of interferences 
caused by different causes on input of first amplifying stage exceeds 
force of received signal, then reception will be difficult or in 
general, impossible, since in further stages of receiver, both 
signal and noise will be strengthened a huge number of times. Thus, 
noise limit limiting sensitivity of receiver; in other words, on level 
of interferences depends how small a signal can be accepted by a 
radio receiver. As was noted above, for production of television 
representation of good quality it is desirable that amplitude of 
voltage of desired signal exceed effective value of noise voltage 
by not less than several tens of times. 

With help of different constructive measures, it is possible to 
decrease level of interferf.nces caused by external causes. And with 
noises appearing in t/incmitting and receiving devices from electrical 
fluctuations, it is necessary to be reconciled; they are inevitable. 
It is true that they can be weakened, but it is impossible to remove 
them completely since we are not able to stop thermal motion of 
molecules. 

Power of noises of radio receiver can also be expressed through 
equivalent temperature of noises: 

=*r a pa f mi. F. 

For usual vacuum tube receiver, equivalent temperature of noises 
for a frequency of 200 MHz is 580°K; for a frequency of 1000 MHz, 
it is equal to 870°K, and for a frequency of 3000 MHz, it already 
reaches 1160°K. 

Summary power of noises caused both by external and by internal 
sources of noise and recounted to input of receiver is proportional 
to sum of temperatures of noises of antenna and receiver: 

Pm = AkF ( r. + = AkFT. 

Now it is easy to determine required power of signal fed to 
input of radio receiver - its amplifier. For this it is necessary 
to multiply power of noises by required signal to noise ratio 

== tyP 

For decrease of minimum permissible value of power of received 
signal, it is necessary to ensure minimum values of temperature of 
noises of antenna, which, at best, can be one to two orders less 
than natural noises of usual vacuum tube radio receiver. From this 
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follows that decrease of leveller n&turalyhois®increase ^ sensitivity 
receiver conceals in itself 8 which possess small equivalent 
temperatures^ 1weré cÏÏaïe^^fh^se^rf U^—hanical an, 

parametric amplifiers. 

Equivalent temperature of amplifier (on 

electronic^or3 semlconductorsUdevices) and can attain 100°K. 

Temperature of noises of that^mdio1“^iina^amplifters 
ar^now'ereatedJ8internaimnoises^of1which^are iess than noises caused 

by external sources . 

It is necessary to note, ^of1 grams^then weight of 
amplifier is measured by tens of hundr d f^g ^ high]_y sensltlVe 
parametric amplifier ^ ^eady measur^e than'100 kg# Thus, ground 
quantum-mechanical amplifie • g 4.v.p.ir c-ensitivity are close to the 
Soard radio receivers receivers should not be bulKy 
limit set by external ls considerably less than 
and heavy; therefore, their sensitivity howeveri value of signal 

of 

rafl^speeforÄrsÄ’Äuon. 

Doppler rrfpr.t and Bandwidtji 

In connection with hl8h.,sPJ®gC°ftoP¿etermine^1handwidth of 
necessary to consider Doppier effect t°a3eterm ^n'recelving slde 
transmission of receiver. This ei ln the form of 
during travel of ^“J^f^ecïïomlnluc oscillations. If receiver 
frequency shift of rece?;ve.b pverv second receiving antenna 
and transmitter approach, -he ^ ln the absence of travel, 
encounters a greater ^“f°^“!ted “^naï increases. If, however. 
This means that frequency °f acceptée a® other, then 
source of oscillations an secondly receiver will be less than 
number of waves perceived every secón y stronger, the 
in the absence fJ^Z^shilï of receive? and transmitter v 
“ftÄÄe wavelength of oscillations X. 

Bandwidth of transmission of receiver Ffl, taKing into 

Doppler effect, is 

Ft = F + {. 

Curing very h^fh speeds^of^flight^ratiWX ’ 

decrease’o^distance of radiotélévision communication. 
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The Most Expedient Frequencies for Gpace 
Communication 

On Fig. 30 was shown spectrum of electromagnetic oscillations. 
In principle electromagnetic oscillation with any wavelength can be 
used for transmission of information. However no electromagnetic 
oscillation is used any longer for radiotélévision space communication. 
Here there are a number of limitations. The first of them is caused 
by width of required band of communication channel. 

As was already noted, carrier frequency should be a few times 
larger than maximum frequency of spectrum of transmitted picture 
signal. Second limitation is put on by dependence of conditions of 
propagation of radio waves on their frequency. And the third is put 
on by the dependence of level of space noises on frequency of 
electromagnetic oscillations utilized for communication. 

During organization of space radiotélévision communication, it 
is necessary to consider influence on passage of electromagnetic 
waves of, not only surface, atmosphere, and ionosphere of earth, but 
both properties of interplanetary space and influence of surfaces, 
atmospheres, and ionospheres of planets close to spacecraft. 

Influence of earth's surface, atmosphere, and ionosphere on 
passage of radio waves has been studied sufficiently well. At a 
height of the order of 100 km above surface of earth start regions of 
atmosphere which are strongly ionized by ultravi. et and corpuscular 
solar and stellar radiation. The state of these ^.ayers (their 
thickness, height above surface, degree of concentrations of charged 
particles) depends on time of day and year. Influence of these 
layers on radio communications at different times of the day and year 
is distinguished accordingly. Depending upon degree of ionization 
and air density, these regions differently affect passage of radio 
waves of different frequencies. Separate layers of ionosphere are able 
to reflect and to absorb radio waves of that or another frequency 
range. The higher the concentration of electrons in the ionosphere 
and the greater the wavelength of oscillations utilized for 
communication, the more difficult it is for them to pierce layer of 
ionosphere. On Fig. 44 is shown graph of "transparency" of terrestrial 
atmosphere for electromagnetic oscillations of various wavelengths. 

If electromagnetic oscillations with wavelengths over 50 m are 
sent from earth, then attaining ionosphere, they are reflected from 
it and return to surface of earth. Subsequent reflection of radio 
waves from surface of earth causes multiple repetition of this 
process, as a result of which radio waves can attain point 
diametrically opposite with respect to transmitting radio station to 
point of the earth. But namely this property of ionosphere, which 
allows establishing radio communications between remote points of 
earth's surface, is the one that hampers radio communications on 
spacecraft. Forty m radio waves can already pass, not being reflected, 
beyond the limits of ionosphere, but they are weakened. The nearer 
the direction of radio beam to vertical, the less the radio waves 
passing through ionosphere are weakened. Waves shorter than 20 m 
pass through the atmosphere almost freely. Only meter and still 
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Fig. 44. Graph "of transparency" of terrestrial 
atmosphere for electromagnetic oscillations of 
different wavelength. 

shorter waves are able during any state of ionosphere and any initial 
direction of ray to pass through it into interplanetary space or to 
arrive on earth from extraterrestrial radiators. 

In order to decrease dimensions of board antennas, it is 
desirable to use ultrashort waves for radiotélévision communication. 
However, too short waves (less than 3 cm long) cannot be used for 
communication with spacecraft since they are absorbed by lower layers 
of atmosphere and steam are dispersed by the atmosphere. Radio waves 
shorter than 2 cm are especially strongly absorbed by steam and 
dispersed by ionosphere. However, absorption in vapors of water and 
oxygen of air, which is explained by appearance of resonance 
phenomena, is unequal within limits of range of millimeter waves. 
Thus, in range of waves 20-1 mm are two absorption bands of radio 
waves in vapors with maximum absorption on waves 1.8 and 14 mm. In 
the same range, oxygen of air has two absorption bands with maxima 
on waves 2.6 and 5 nun. Since bands of maximum absorption are rather 
narrow, then in range of millimeter waves wide regions can be separated 
in which losses due to absorption are small. 

In infrared region of optical waves, atmosphere absorbs rays 

with wavelength over 30,000 X, and the atmosphere does not pass rays 
o 

with wavelengths shorter than 2900 A (ultraviolet region of spectrum). 
<i » ° 

Thus, optical window of atmosphere has width of about 27,000 A. Use 
of optical waves, as will be shown later, conceals within itself huge 
prospects for space radiotélévision communication. 

During passage of radio waves through ionosphere of earth, plane 
of polarization of radio waves turns. Accidental change of plane of 
polarization of radio wave during reception on linearly polarized 
antenna leads to additional weakening of signal. This effect is 
stronger the lower the frequency; it must be considered at frequencies 
lower than 100 MHz. 

, 
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From the point of view of influence of cosmic nni nn 

™J:SÄ0Pra;ir fre<!UenCleS 0f ‘—cation Se^in^he 

photosphere^o^sun^ fî!’ °°nSlf ^ basically of chromosphere and 
It is conswered^ha? r “ ?rb and dlsPerse tadio waves. 
radin Wflvfoin+d causes produce weakening of power of 

dio waves 10 times during passage of a distance of 100 million km. 

T.OH1 of frequency is also influenced by required cower of 

SS3 IS-- T—- 

frequency "since eJff^ení^Tf 
frequenev At nrAQon+erCy installation decreases with increase of 
efficiencv of^iSatffrequencies lower than 1000 MHz is obtainec 
1000 MHz°yisfobtlinedaîo°So5f for frequencies higher than 
it is bi¿*pr d Regarding, however, radiated power, 
fr-AnnoSi^g^ (^uring use of directional antennas) the higher the 

q cy of electromagnetic oscillations utilized for communication. 

Distance of Communication and RenulrPd power 
õ~f~!jlgnals -- 

e^a®ined Parameters determining work of system of scace 

dîstance^-cSlSÂÔfaûd are Í" iufly ^fmed^de^ndence Suh 
This interconnection is detemÄf ÄlaT^t^e : 

H =ii/Z 
is “ ÜÏTi 

'0,467 Hrw > 
f upturn 

T Fi, 

where H is distance of communication (in km); P is power of 

radio transmitter (in W); G is amplificatioffactor of receivin 

an enna, Gnepe^ is amplification factor of transmitting antenna: F is 

(inS°K)j í1isHwavelengthUrinrkS'fí'tíní noiPje temperature of system 
output of radio receiver. * ^ iS slgnal to noise ratio on 

radiot^^vîsïSn'coSL'atfon^?^^^?^JrthLParameierS °f SpaCe required power of radio transmitter thfm are given. Thus, 
can be determined from expression ' h remainin6 Parameters given. 

/> = _ 0,218 • Knofft 
G G • ■»P»A ■H'aa " 
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CHAPTER V 

INCREASE OF DISTANCE OF RADIOTELEVISION COMMUNICATION 

Increase of radio transmitter power. Increase of power 
of board sources of electric power. Directed transmission 
and reception of electromagnetic oscillations. Methods of 
narrowing frequency band of television signal. Realizable 
radiotélévision comrunications. Transmission of television 
signals on optical waves. 

From the distance formula given in Chapter IV, it is clear that 
to ensure radiotélévision communication on assigned distance it is 
possible to simplify parameters of one part of radio link at the 
expense of complicating its other unit. Hence one may see, for 
example, that distant television communication can be ensured by 
many methods : at the expense of application of powerful radio 
transmitters, reduction of frequency band of transmitted signal, 
increase of sensitivity of radio receiver (decrease of its equivalent 
noise temperature), application of antennas of directional effect 
(increasing thereby their amplification factor), application of 
methods of transmission of television signals which permit lowering 
required signal to noise ratio. 

Increase of Radio Transmitter Power 

The most evident method to increase of distance of radiotélévision 
communication is application of radio transmitter of sufficient 
power. 

In order to achieve maximum simplification of board equipment, 
one should increase power of ground transmitters to a maximum. But, 
after all, television representations will be transmitted more 
frequently, not to space, but from space. Therefore, it is necessary 
that board radio transmitters be sufficiently powerful. Maximum 
output power of ground radio transmitters can be brought to tens of 
millions of watts. Such transmitters are needed only during 
communications on very great distances — millions of kilometers. On 
lines of space radio communications of comparatively small extent 
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írr?éq¿l^dmn“d™SSno? hu„dki„1r^ers) n0t Very hl* 
to note that called maximum tho^sand w* It is necessary 
more difficult lo obtain than radi° transmltters arey 
oscillations. igher frequency of electromagnetic 

dimensions of the actua^radio^ransmíttt6d !?0t °nly by wel6ht and 
the problem of power supply o? iístllíatÍín mUSt consider 
power can exceed radiated power in ; The fact is that inPut 
times. power ln several tens and even hundreds of 

Increase_of Power of_Board Sources of Electric Power 

by power from 100 to^OOC^W^Creation of spacecraft radio transmitters 
rockets and improvement and creí«oí Sr Í m°re and more P^erful 
energy permit relying on ïhe flSÎ SS^^S^ sou^es of electrical 
will be considerably increased. Basic diffiSuit radi°iransmitters 
of power supplies of electrical r,iffiCUlty consisis in creation 
power transmitter during proloigld time hÍsÍnSSUl?r?nfUre WOrk of high 
contemporary generators on since efficiency of 
then a 100 W trllsmi?«r tr°S tubeS ls on the order of 
300 W. if transmitter were whollvrL?rn suPPlies of more than 
then their efficiency would incrííse to 6(S °UÎ °n sfrniconductors, 
contemporary spacecraft, large Ilît of Ji X ecîulPment of many 
fulfilled on semiconductor devices- howSÍfCtr0niC e<^ulPment is already 
of ultra high frequency rldiS tmís^Ír ^' power^l output stages 
application of elect^íil dívi^ rlÍÍT ?fe sti11 constructed with 
traveling-wave tube) Creation of oí” aPP}ication was found by 
working in range, fòr examplí 0ffdSciIS?SrÍtter °f more than 10 w 
semiconductors will apparently sti i ? waves completely on 
few years. apparently, still be impossible within the next 

consider that elect rica l^nerlí P°wer Piant, it is necessary to 
only by television camera amplifieil^1116? °n board spacecraft not 
sipals, and radio transmitte^^Elíctn?Stem of/ecording of picture 
scientific instruments and controlpnííím p°war is expended to power 
ship, and also in insirSctioI ímerns íf r^M°r different ayatlms of 
devices of telemetering channels ?? df communications and in 
required power of powe? plant coAsiíírI?íy ínlrílses^ 00 b0ard' then 

to SoSrSls^e^lreTL^sS^^ondítioL^r18'' aUth°rs' «« 
activity. Required power for diffeííííTL? human vital 
equipment has following ordei- malïptLÎÏ 1 cnts of scientific 
micrometeorite counter - 2.4 W dît^tor “ 5/' microphone- 
mass spectrograph - 17 w eCt°r of cosmic radiation - 2 W 
navigational equipment in glidllce Iïftemly f°r instruments of 
same order. ^ nce systems - of approximately the 

energyhcankbedsoïIr!nchSicaïrCtherIIlPreferra?le? The source of 
known at present have the following enér^ ToLlnlsTe^UoT^ls 
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Of substance (kW-hAg): nuclear fission of uranium- 2.2^, 

radioactive Isotopes - 4.4-10^ chemical sources - 2.65, fuel cel . - 

1.32, silver-zinc storage batteries — 

The most widespread cobertera of ch^c®p 
electrical energy - galvanic batteries - are applied duri g 
periods of exploitation up to hours) Construction^ 

using them in heavy condltio^f^}°^cv of such sources consists in 
conditions of outer space. Deficî.en^ Retteries can wo-U 
high ratio of weight to reserve of ene^6y• periods of 
satisfactorily only in a ^arr°^ ^ng!lthoUi,hPt^ s deficiency could be 
Seí ^^e^rrio^^irtctivaÄt^iL or ensure storage 

of batteries at low temperature. 

in board equipment are applied different forage batteries, 

working Jointly with converters of ^ use<¡ mercury galvanic 
energy. In the beginning ^sp^fî^aratlvely small weight, 
batteries possessing high capacitance P turned out that at 

However, later they £ad Op capacitance of such batteries decreases 
rÄa? r!Ï8^nth?y,C^agnrraîr=annot ensure work of 

equipment. 
The best characteristics are possessed by silver-zlnetbatteries 

(Fig. 45a), which can be applied «alvani^^^^ll^^ ^ be charged 

batteries. However, siJ;v®^Tz^nc_f11T._nv limits region of their 

possess high specific capacitance. 

As sources of energy of ^uipment of spacecraft^« long-^ 
term fuel batteries carrying out (Urectconversio measured 
into electrical energy. Efficiency of these devices c therMi 

by value of the order of 60-80^, «hereas cffi'i®n^tterles wlth the 
machines hardly attains 35%. oxvgen and hydrogen is used. 

s« ifÄ rlf»S^: î°5bfle«ls of 
vessel, egrolyteo(for ejample^solutlon^f^austic 

example^graphlte). Through i^-na1 cavities of electrodes 

passed gases under pressure - hydroge^R °p?troivte On hydrogen 

fetro^ÆYç^ 
which join oxygel? ®J:^gsd®ock circuit, where water being generated 

ES?£?Âsps“ssárg'Â"S“i.t;s*r 
system can attain 35-90 W-h/kg. 

rrvno Qun is an inexhaustible source of energy. Maximum value of 
power of solar radiation reaching earth is approximately equal to 
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Pis» ^5. Board sources of #»1 1 
arrangement of silver-zinc ^ ^?ergy of sPacecraft. a) 
out direct conversion of chemical*Pn2».dia?ram of cell, carryine 
c) arrangement of cell of sill ron nü electrical energy g 
of solar turbo-generating plant* e? ^5>electrical generator; d^*diagr 
generator di?gram of thefmoeleítrié gentíato?f !T*?ar turb°-generati 
fnhfîît0r* 1 ~ ne6ative electrode roxidpao? Jia6ram of thermion 
substence not transmitting metallir nÎïtfn?f \lno ln pack from 
sprvZer platec)j 3 - plastic box* 4 £ Dluff1/^ * 2 ~ Positive electrod 
7 Lí3 e4lectrolyte); 5 _ porous granhitr tn^8 caustic Potassium 
7 — water in stream of hydrogen* fig te ^1563^ ^ — electrolyte; 
Of_boner Wiîh n-type = Siduc11¾ty• _1 ¿ Í,f-tyf6 c°"ductlvlty; ^ojLlGrî j[2 —• tu T* hi no • ah * f parabolic mirror* 
16 - boiler; 17 U- viator;0« - pimpf6 

realtSf ri fro» 
cola Joint; 27 - h0t 28 - 

1000 W/m2, and beyond the borders of terrestrial * 
power attains 1400 W/m2 Use of sol 11 atmosphere> th*s 
electricity on board speicecraf? has^Ltfor Auction of 
not require reserves of fSel _ anfn h Î huge advantage that it does 
space. Therefore solar batter!ocnprgy^is scooPed directly from outer 
contemporary spacecraft ofíiíflreírassSenÍ?6 appllcatloí0onOUter 
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In the quality of photoelectrical generators converting energy 
of solar rays directly into electrical energy are widely applied 
silicon cells, which are considerably more e£fectiy® f, _iencv 
photoelectrical generators of other Theoretical efficie y 
of silicon solar cells does not exceed 10-20/o, and for best sample , 

up to 14-15$ of solar rays getting into Photoc^is Sives 
directly into electrical energy. On surface of earth, th 

power of about 100 W/m2 at specific power of about 89 W/kg. 

On Fig. 45b is shown cross section of silicon cell, one 
variants of construction. This is a lamina of two layers of silicon 
with different types of conductivity. Surface iayer, containing 
impurity of trivalent substance, possesses p-type conduct! iy, 
internal layer possesses n-type conductivity. Contact electrode 
àeposïïed oí these layers. During hit of sunlight on ^rface of^ 
cell electrical current appears in external circuit. Vaxue 
emf on terminals of one silicon cexl is from hundredth and tenth of 
volt to 1 V Connecting a large quantity of such cells, a battery 
of barrier-iayer photocells will be formed with help of which necessary 
Voltages and Currents are obtained increase of produced voltage, 
cells should usually be connected in seiies; in order to increase 
current, either the illuminated surface of every cell must ^increased 
or a larger number of cells must be connected in parallel. Sections 
of batteSes are disposed on external surface of spacecraft housing 
or on frames oriented to sun. 

For production of electrical energy of sufficient power, it is 
necessaryPto use battery of large area, the more jo, because incident 
energy decreases with decrease of angle between direction to sun and 
plane of panel from 9O0. Power of real photoelectrical generators 
during large heating of panels decreases. During use in about 
cosmos to these factors is added erosion under influence of 
micrometeorites and also presence of sections of orbit, PE 
is in shadow of earth, and deflection of orientation of panels from 
optimum. Correcting for these factors and considering peculiarity of 
construction of panels, one may assume that majority fic 
sources of energy for spacecraft ensures power of 80 W/m at specif! 
power of 4.4 W/kg (this is without orientation of apparatus). 

Increase of output power per unit of area of battery can be 
attained by application of special planes, which concentrate solar 
energy on irradiated surface. Such surfaces can be concave ji^ors 
and focusing lenses, but simpler devices can also be used 
reflectors, the more so, because they ensure desirabie uniformity 
of illumination of panel of solar cells. On spacecraft can be used 
inflatable reflectors or reflectors composed of folded petalo 01 
various form and area. 

Thermoelectric converters of solar energy into electrical energy 
have been created and are being used. One such thermoelectric 
generator is a battery composed of serially connected thermocouples. 
Such a battery gives electric power when one of its sides is heated 
by concentrated solar rays and the other side is cooled by water or 

air. 
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In ether, thermionic, generator, a great number of vacuum diodes 
is^ed-, Wí:th help of system# focusing sunlight, temperature of 
cathodes is brought to 1170-1420°K. Cathode emits electrons, which 
head to anode. From anode they return to cathode through external 
load circuit consisting of consumer of energy. There are already 
thermionic converters with cesium cathodes, efficiency of which 

operating temperature of 1550°K. Calculations 
of* Pef’ebolic mirror 2.75 m in diameter can ensure work 
of thermionic generator with output power on the order of 1 kW. 

or soltr raJiation can also be concentrated with the help 
of multiunit focusing mirrors. In one of thermoelectric generators, 
every thermocouple is collected in the form of a modulus with it's own 

A11J?10^uli are secured on panel. Every modulus 
¡:fDfuFPlied, a devlce which accumulated thermal energy in order 
that there be no interrruptions in supplying board equipment with 
electric power, when spacecraft passed through shaded zones. One 

P?ïfer supplies, without accumulating devices, weighs 8 kg. 
At intensity of solar radiation obtained earth's surface, it ensures 

°f 243 W' °r 30*4 W/kß* If spacecraft 
sun and ln Pr°cess of flight does not pass 

ough shaded zones, then specific power can be brought up to 47 W/ks 
During passage of apparatus through shadow regions, this value 7 g‘ 
descends to 18 W/kg, since it is necessary to set system of 
accumuiation of energy. As a result weight of storage batteries and 
radiator on each installation attains 57 kg. 

All converters of solar into electrical energy considerably 
exceed steam-power units; they are simple and have no moving parts. 

Thermal energy can also be converted into electrical energy 
The source of this thermal energy is either solar energy or chemical 

energy can be converted into^lectrical 
îhe h?lp of dynamlc systems (usually turbogenerators and 

magnetohydrodynamic generators now being developed, based on use of 
of pJasma) or static systems using thermoelectric, 

thermionic and ferroelectric phenomena. 

4.v^n maSnetohy<3rodynaniic generator, electrical current appears 
at the expense of energy of moving gas plasma heated to high 

^ousand degrees), which intersects lines of 
flfld- Thls Process is analogous to excitation of 

emf in conductor moving in magnetic field, but, in this case role of 
conductor is fulfilled by ionized gas, but, therefore, theX aïe no 

par^s in tî?e generator. Such generator, accordingly, is 
simpler and more durable than thermal electric power stations, but 
its efficiency by theoretical calculations attains 40-50$. Till now 
maximum power of operational generator has not exceeded 12 kW. 

/Steam-power units have developed which use energy of solar ravs 
(Fig. 45d). In one such installation, calculated efficiency of 15 kW 
of power is 25$; total weight of device is 570 kg, specifi^nowpr-i f 
40 W/kg. Working fluid here is rubidium heated to necessaryP 
temperature by solar rays focused by mirror. ^ 
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Thermal nuclear sources of energy are intended to power board 
equipment of objects in outer space, when solar converters cannot 
ensure fulfillment of problem on hand. These sources have to ensure 
obtaining high power during prolonged time during flight of spacecraft, 
when intensity of flux of radiant energy turns out to be insufficient 
for normal solar battery operation. In nuclear power supplied an 
isotope or a nuclear reactor can be used as a powerful source of 
heat. 

More than 800 radioactive isotopes are known; but not all of them 
are useful for use in spare since for this isotopes have to have 
relatively high specific power and long half-life, ensuring work 
during prolonged flights; furthermore, isotopes have to be accessible 
and require minimum shielding from radioactive radiation. The 
highest specific power ox energy release as compared to other isotopes 
is possessed by polonium-210. However, its rather short half-life 
limits duration of work of installation by several months. 

Plutonium-238 is good fuel for space power engineering. Thanks 
to long half-life, it can ensure work of power plant during 10 years 
without decrease of output power. Furthermore, plutonium does not 
require shielding. 

Thermionic converters with atomic reactors can find application 
on spacecraft. Electronic converter can be placed inside reactor. 
Surface of every fuel element of reactor will simultaneously serve 
as surface of thermionic converter emitting electrons, but anode will 
be cooled by the reactor heat carrier. 

Atomic energy can be converted directly into electrical energy 
in exactly the same way as solar energy. 

Energy of radioactive isotopes can be converted by the method 
of direct of charging, with which electrons, flying away from 
radioactive isotope at high speed penetrate through insulating space 
and accumulate on external conducting electrode. The latter obtains 
negative charge. However, only small currents can be obtained in 
thus way if it is impossible to use large quantities of radioactive 
substances. 

Another method consists in using contact potential difference 
between two heterogeneous metallic electrodes. Radioactive radiation 
ionizes gas contained between these electrodes. Ions and electrons 
formed to to oppositely charged electrodes united by external 
circuit. Current is also small for such batteries. 

If radioactive source irradiates semiconductor p-n junction, 
then in junction appear carriers of charges, which are then divided 
by field of semiconductor junction. However, efficiency of such 
batteries is still small, and the p-n junction under influence of 
radioactive radiation is destroyed in time. 

Intermediate conversion of energy of radioactive isotopes into 
light energy with help of photocontact devices and subsequent 
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conversion of light into electrical energy is possible. 

Very high P°wer density, but short half-life 
imits its application by periods up to six months. Of interest is 

high pow£0San?íty?rlUm half-life of 20 years and 

In fission reactors the only product which can be used for 
arhaífgi?fp°íí oft installations is strontium-90. This isotope with 

:life of 28 years can ensure 10-year, work of power plant 
sieh°ÏÎstaîîat1lty 0f off P°"er- However, for service of 

oorresplndîig shïeïïlSg^ P ^ St laUnCh slte wlU be re<ïulred 

Thermoelectric generators with sources of heat in the form of a 
radioactive isotope at levels of power, ensured by contemporary 
solar cells with storage batteries, are characterised by the same 
£nrnï?nHgïeater vaJue of specific power as solar batteries not 

concentrating devices. Application of radio isotopes in 
thermoelectric generators is expedient at a level of power up to 
several hunared W. From contemporary thermoelectric converters one 
should mention ["SNAP-Ill"] ("CHAn-IIl") and "SNA^-I," electriza? 
power of which is 5 and 125 W at 2.27 aAd 79 kg, resectiveï^ 

P°ssible bbat f°r production of high powers under 

planets and°L?píi^flíght ^and in stationary installations on other 
reactors win hf1^163^4-3°Ur^ei °f exectrical energy with nuclear 
íonm«íh?nWÍ114-í mcSt useful* Both machine method as well as 
energy^cañ b^Ssed^ COnverting nuclear reactor heat into electrical 

with ¡Selpfr iE Shown of inrbogenerating plant 
which ïs1??ÎJdaCtSr\heat-tr!nSfer agent and working substance in which is liquid. Heat separated in nuclear reactor is grasped bv 

exchanffpCftnrifl r»+ Licljjid heated to high temperature enters heat 
exchange apparatus — boiler — where it returns its heat to working 

lTnlTv\ulSlCf°Tïy CirCUit-< After that PriTnary heat-transfer^ agent by pump of high pressure is again surpassed in reactor Basic 
orking cycle is carried out in secondary circuit, where working 

substance (aiso liquid) is heated at first to boiling point in boiler 
but then here is completely evaporated. 6 P lnt ln Doller' 

rotatIsP?otoíeofSnrdínoenCe °" workinß blade of steam turbine and 
from tSrbîne eníer^ achine electric generator. Exhaust steam 
azain tnrnpd ÍJ166^01*' Where' beln8 condensed, it is 
again turned into liquid, etc. Only method of yield of heat in 

inïtirnfÎ?S SpaCe iS radiation* Therefore, refrigerator of space 
qnnînii«1^011 serves as heat radiator. An example of such power 
^PPlles for space systems is American device ^Snap-II," where 
Rom1!}6 subsban^e is mercury. Thermal power of installation is 

screens)r|Í0dkg'eCtriC CapaClty 5000 W> wel«ht (without proactive 

^'*'e«lr^ca^ nucTear installations are being developed for 
spacecraft with output power in 30 and 60 kW; their weight will be 
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pm «1 (without shielding devices) to 675 and Í130 kg# respectively. 
Creatlon^o^nuclear sources of electrical energy with power of fron. 
300 to 10,000 kW is considered possible. 

Diagram of thermoelectric generator with nuclear tor is 
shown on Pig. 45e. It" operation is based on obtaining thermal emf 
with the help of thermocouples. The higher the temperature of hot 
joint of thermocouple, the more improved the 
These thermocouples have low efficiency — on the order of 7% 
in perspective - 15*. First working installation of similar type is 
Soviet reactor-converter "Romashka. 

In "Romashka” heat is obtained at the expense of fission of 

U255 active zone. Active zone, which is cylindrical, consists 
of fuel elements in the form of plates of uranium dicarbide and 
graphite constructions. Uranium is fissioned by fast neutrons. 
Active zone is surrounded from all sides by beryllium reflector. 
Returning neu.rons to active zone, reflector permits reaching 
beginning of chain reaction with smaller quantity of uranium. Reactor 
is controlled with help of four rods located in side reflector. For 
supporting of power of reactor on assigned level is used automatic 
regulator — rod of beryllium in shell of heat-resistant steel. 

Thermoelectric converter is on external side of reflector. 
Converter contains thermoelectric cells of silicon-germanium alloy. 
One side of thermoelements is heated by heat of reactor, the o't“61* 
side is cooled. Appearing current with force 88 A and power 500 W is 
removed to external circuit. 

Best characteristics are given by another nonmachine method 
energy conversion — thermionic. Principle of work of nuclear power 
system with such converter is shown on Fig. 45g. Heated to high 
temperature, cathode radiates electrons, which get on cold a..ode, 
thanks to which emf appears. It is considered that an efficiency 
over 30* can obtained. 

To number of sources mentioned of electrical energy for board 
installations, it is necessary to aad one more — ground. For feed 
of board equipment can be used electromagnetic oscillations of 
superhigh frequency, which are transmitted from earth to spacecraft 
in the form of a focused beam. Energy transfer is also possible 
from one spacecraft to another, but-this is prevented by large weight 
of antennas and necessity of théir exact guidance. For transmission 
of ultra high frequency energy to spacecraft can be used antennas oí 
different construction — horn antennas — antennas with parabolic 
mirrors, systems of many flat reflectors and others. Received ultra 
high frequency oscillations will be converted into direct current 
by board rectiller. 

Well-known successes have been attained in generating of ultra 
high frequency oscillations of high power, have been created rectifiers 
of ultra high frequency oscillations and so-called rectenna, or 
rectifying antenna. It is prepared from a great number of little 
dipoles, each of which Is supplied by it's own diode rectifier. They 
are connected to busbars of direct current, which are connected 
among themselves in series-parallel groups. 
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Antennas of such type could have been prepared of anv needed 
form and dimension in the form of a thin sheet of flexlbS plastic 
Such an antenna could be scanned on spacecraft. Inasmuch as it 
possesses smali directivity, there is no neces¿ity“ñ“igM 
construction or strict orientation. The fact is very essential that 

oscillations?PS subsequently of rectification of high-frequeícy 

powerFQfUd 1 ft*»6e curves líhich Permit comparing value of output 
service1 energy dePendlng upon period of their 
nearest‘yelîr tentatlve data are valld* naturally, only on the 

Fig. 46. Comparison 
weight of power plants. 

Directed Transmission and Reception of 
Electromagnetic Oscillations- 

fío^ideí dïreïïïôn Îî'ï'" ^ °f el«fomagnetlc wave 6 

r“e1?î^- 
any o? ïhelrlppîîoatiS?10''^ parameters °f Just for 1 

im^rtlnt^Samlíer^f^nttmfl^n^oIiigLli^P-"!^^ 

^rpo^o^r^: cróÃSü^Le 
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during reception on antenna of given type as compared to power which 
can be obtained by applying a simple half-wave ^/î^^uct 
antenna. Coefficient of maximum amplification G is equal to product 
of directivity D and efficiency of antenna q: 

G — f[D. 

The half-wave dipole, the directed properties of which are 
selected for unit of measurement, constitutes conductor, length of 
which is equal to half of length of utilized electromagnetic 
oscillations. This conductor is divided by insulator into two equal 
nflrta To near ends of this antenna are set electromagnetic 
oscillations (in case of transmission). Perpendicular to the dipole, 
radiation is maximum, and along axis of dipole, it is ^ero* 
Directed properties of half-wave dipole are shown on Fig. ya oí 
antenna radiation pattern. Segments of straight lines coming ou . 
point 0 are proportional to intensity of radiation o* antenna in 
given direction. 

Fig. 47. Antenna radiation 
pattern of half-wave dipole 
(a) and parabolic reflector 
antenna (b). 1 - half-wave 
dipole; 2 - feeding feeder; 
3 — antenna radiation pat¬ 
tern of half-wave dipole; 
4 — segments characterizing 
intensity of radiation in 
given direction; 5 — wave 
guide; 6 — camera; 7 — 
supply of high-frequency 
electromagnetic energy; 8 — 
parabolic mirror; 9 — 
direction of radiation of 
electromagnetic energy. 
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Sharper antenna radiation pattern can be obtained during use of 
not one, but several dipoles. Increasing number of dipoles changing 
distance between them, placing them in several rows or changing 
condition of feed of dipoles can produce the most diverse antenna 
radiation patterns. 

One method to increase antenna directivity is to apply reflectine- 
metallic surfaces, in this case diameter of reflector should be 
considerably greater than wavelength of electromagnetic oscillations. 
Figure 47b is an antenna of such type. Energy from transmitter is 
set to antenna inside hollow metallic pipe called wave guide. Wave 
guide ends in chamber with two holes, through which occurs irradiation 
of antenna mirror. Form of mirror promotes concentration of radiated 
energy during reflection in direction of axis of mirror. Directivity 

of such antennas can be very great (up to 10^-10^) at width of ray 
"jetions of a degree. A general rule here is that the greater 

the diameter of antenna d, the narrower antenna radiation pattern 
(narrower ray) 9, the higher the directivity at constant wavelength: 

6 ^ 58 

where is effective area of antenna. 

The majority of controlled ground large superhigh-frequency 
antennas belong namely to this type of antenna with parabolic 
reflecting mirror. An example of such an antenna is the radiotelescope 
antenna in Jodrell Bank (England). The diameter of its parabolic 
mirror is 76 m, and the width of its antenna radiation pattern, taken 
on half-power points, is less than one degree. At present this is 
one of the greatest contemporary mobile antennas. Parabolic mirror 
can revolve around horizontal and vertical axes with the help of 
powerful electric motors. Total weight of radiotelescope is 2 
thousand t; weight of foundation is 10 thousand t. 

Motionless antennas of radiotelescopes have still greater 
significances of directivities, since their mirrors possess huge 
surfaces. Thus, in radiotelescope in Latvia we have being built, 
paraboloidal antennas will be placed on two cross-like located arms — 
each 2 km long. 

Described antennas should be considered unique constructions. 
In systems of communication with objects in outer space, mobile 
parabolic reflectors with diameter of mirror from lo to 26 m are the 
most widespread. Construction of these antennas is also a very 
complicated matter. Form of reflector should be carried out with 
precision better than 1/16 wavelength of utilized electromagnetic 
oscillations. From this it follows that as wavelengths decrease, 
mechanical tolerances decrease. Distance between focus and any 
point of mirror should also correspond to this allowance. 

F°r 1-irge controlled antenna, such high degree of accuracy 
during manufacture and during exploitation of system is accessible 
with great labor. Supports of reflector and radiator have to be 
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especially different °f 

>Ætfâ ÂHld°i;ærtrtre 

?^ÂÂ,bïÂ different for.. 

Influence of environment by a pr mlrror of 

For antennas now ^ 

surfaces' ^ 
transfered by radio meterings. 
by means of op-ical snacecraft can appear 

Since in given place °f,f ¡;f ^«-easa^ to be able ^ 

in any point of ^Î^ïîmïts of the whole-S^^Sr velocity with 
ray of antenna within determined by maxV““ ^ÇÎ Maximum speed of 
speed of ray rllltive to ground station, w the 
rayCcontrol0corresponds To communication with spacec 

iowest orbit. led out on glve„ values,6i.a..t^“^8 
Ray control can ca of precomputed coordi ate^ formS of 

also be ensured. -- -«n sudoc 
UlSLuJLvJ**» * 

be ensured. braced on support 

Reflector ^¿^aiiytperpendicula^axes1 of rb^^^ggi^ed^*011 

.. 

t^a^axis of rotation of earth. organized on level of earth. 

Instrument loca^°tructionrcontaining the ^°areSmoved*together 
sometimes inside a ^onstru united a^0ntal and vertical 

sreu.»r»S-«”“” rS'»”*1” " antenna having a ¿o m u 

and6from^radio transmitters. ^ of ground 

If considerable ^^M^^ation^of ^er^^tlr 

TthTargfdtrecfiX ^sfdlfficultles become much gre 
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all It is important not only to create board directional antenna; it 
Is not less important to direct maximum of radiation of board antenna 
to required point of earth's surface, i.e., to produce orientation of 
board antenna relative to ground points. Here, namely, because of 
these difficulties, board antennas of present spacecraft still do not 
have much directivity. ' 

As was already noted above, increase of directional effect of 
antenna is attained at the expense of increase of its dimension. 
However, increase of dimension of antenna leads to increase of 
dimension and weight of bracings of antenna. According to that, as 
weight of payload increases, which is put into orbit by rocket carriers 
weight and dimensions of board antennas will increase, but their 
weight will not increase very much; it is assumed that an inflatable 
shell is used. After antenna is filled with gas (in orbit), its 
shell can become rigid as a result of hardening of resisn (which 
impregnates material of shell of type of glass cloth) under influence 
of solar rays, or as a result of evaporation of solvent from varnish- 
like material. Reflecting surface of such inflatable antenna will 
be metallized. During use of spaceships operational within limits 
of solar system, (disk-like) antenna radiation pattern of antenna 
arrays can be used since planet and other celestial bodies move in 
orbits lying in one plane. 

Directed properties of antenna of defined dimensions and 
configuration are increased with increase of frequency of 
electromagnetic oscillations carrying information about transmitted 
representations. However, with considerable increase of frequency, 
it is necessary to take into account interference of ionosphere and 
atmosphere to passage of radio waves to earth's surface. This 
difficulty can be bypassed by applying intermediate relays, which can 
be on moon or artificial earth satellites. Such a relay will 
strengthen oscillations received from remote interplanetary stations 
and transmit signals to earth already on other frequency, the most 
acceptable frequency for transmission through the atmosphere. 

Methods of Narrowing Frequency Band of Television Signal 

Volume of transmitted Information. When the problem of 
transmitting television signals over cosmic distance was examined, 
it was shown that for assigned highest possible power of radio 
transmitter of television signals highest sensitivity of radio 
reception device and assigned parameters of antenna arrays, distance 
of communication is determined by that frequency band, on 
transmission of which communication channel is calculated. From this 
It follows that problem of distance of television communication is 
intimately connected with problem of effective reduction of frequency 
band of transmitted signal is spoken about by information theory, 
which studies general regularities peculiar to both transmitted 
information itself and its transmission under different conditions, 
in particular, in the presence of interference. Under information 
is understood any message, any information obtained as a result of 

ífStS1! The idea* information," is characterized by the fact 
that the observer does not know the result of transmission beforehand, 
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It is necessary to have a single measure in order to compare quantities 
of information of various character. This is made possible by 
probability theory. 

Probability theory studies random events, outcome of which is 
not known to us beforehand. During transmission of messages selection 
is always carried out from the number of possible reports. The richer 
this selection, the more information is contained in a message. The 
simplest information occurs when selection is possible from only two 
messages, for example, in tossing a coin. In such a case there are 
two probabilities: either emblem ("eagle" [head]) or that side on 
which value of coin is designated, "tail" will lie upwards. Tossing 
coin once, it is impossible to anticipate on what side It will fall. 
But let us assume that coin is tossed many times in succession; 
then it is already possible to anticipate somehow, how many times one 
or the other side of the coin will come up. 

If coin was tossed N times and "eagle" fell n times, then ratio 

PN = jjy is called frequency. 

With increase of number of experiments N statistical stability 
occurs due to the fact that deviation of frequency PN from a certain 

constant value P becomes less and less probable. When number of 
experiments becomes very large, value of deviation, of frequency 
PN from certain average level P is practically absent, although some 

insignificant oscillations PN are still observed. In this case value 

PN is called probability of event "fall of eagle." 

All possible values of probability can lie within limits from 
0 to 1. A probability of 0 is assigned to an impossible event. Thus, 
zero is equal to the probability the coin will stand on edge after 
being tossed. An event which will certainly occur has a probability 
equal to 1. For example, the probability that the sun will rise 
tomorrow morning is equal to one. In the example examined of the 
tossed coin, probability of fall of eagle is equal to 0.5. 

Measure of information I of a message is considered a definite 
function of probability of this message 

^=*08« F¡/ 

A unit of information is the information corresponding to the 
simplest case of tossing a coin, when P = 0.5. Then from the preceding 
equation, it follows that 1 log. 2, whence a = 2. Such a unit of 

CL 

information is called binary. Selection of binary digit turned out 
to be very convenient. 

If already known information is transmitted, then P„ = 1 and 
I = 0, i.e., no information proceeds. 

Let us assume that a message about results of tossing Q coins 
at the same time proceeded. Then information will contain Q binary 
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Nu"Jber of equally possible messages in this case m - 
"?aïr S i?î„e/a?ple' the flgure 0 to Vagi“ and the Q’ 
« figure any examined message can be recorded in the 
í<™Hní^.r¿a.™^ency of zeroes 
«OOOHOIIOOOOHOIOOOIOOOIIOIUIOOIIIIII. . . 001101 M signs in all. 

This recording can be examined as a recordinc of a oar-f-n-in 

¡:^TAr-s eructa 
us sariha^Q^ell^aíraTleTo ^ 

signal, which ïs Ten^Lns^tiTH rlcüveT^on^he'-^^ 

inevitable'présence^f^nolses0^ '“^«õns °f 
(binary dibits ^ whirh oan k + Limiting quantity of information 

channel with noises Is dete™ii“S”y“irauia^“ ^°1, 0n oommunlcatlon 

/-., = /T log, (i+£a). 

where Pc Is average power of signal, Is average power of noises; 

of fraMÍband °f CO"munl<:atlon chahhel; T is duration of transmission 

ïïïiîF .¾ ?s;s; ;s- 

f = 
/1¾.¾ 

transSsiLn^f^islaíe^^eitaõ^^ °f necessary for 
duration of transmission inorooc3 dacreased (by way of increase of 
to-noise ratioror deÍ?e¿se o? ?imi?índynami^range' iae- signal- ' aec.ease of limiting quantity of information). 

transmission ofWvideo1signaiadeDendaidth of channel necessary for 
lines on frame and nSmbefof e!??« L°n nUmber frame8/ number of 
From this it fniinwc -1-1-,04. Ce^-Ls representation on every line 

SE -¾¾ ses-Tí rs;K f :»a;ra.si «•> ” 
solution of this Drohipm1^^6?*^ band is the most Profitable? For 
contents of information in iideo^ignal^ t0 quantitatively estimate 

112 



For determination of quantity of information, continuously 
variable television signal represents eluents with defined duration 
and amplitudes. This follows from the fact that for transmission o 
information of continuously changing signals, there ^ J0 £ece y 
to transmit value of signals in all moments fully 
mim Mpnt to be limited by transmission of these signais tnrougn 
defined*intervals of time,^duration of which determined 
band of transmitted signals. These intervals of time At = (VF)* wfiere 
F is ií-eqíeicy banS (Fig. 48a). Continuous function of message can 
be restored in point of reception on values 

, = 1 = 2ff. 

During investigations a whole range of possible values of 
signal split into m equal levels, dimension of interval is taken as 

Fig. 48. Replacement of 
continuous signal by finite 
number of pulses (a) and 
quantization of amplitudes 
of pulses (b). 

not less than level of voltage of interference. Each such interval 
is called a quantum. Replacing continuous signal by sequency °f 
signals and ?oSndin¿ amplitude of every signal to nearest border 
of quantum, we obtain a quantized signal consisting of discrete 
signals with discrete change of amplitudes (Fdg* 4°b)* The b®- J 
advantage such conversion of continuous signal of duration T into 
discrete^ Quantized signal consists in the fact that this new signal 
is determined now by finite numbers q and m. 

The quantity of information on one cell of representation, wit 
equal probability to taking one of m gradations is defined as log2 

As base of system of logarithms is taken 2, i.e., unit of 
information, binary digit is accepted. Message, which can have m 

. •_a_X. T 1 1-. V-Sc* 
information, binary digit is accepteu. i'icdoc6^, - 
possible independent levels, has information of the order of log, 
binary digits on cell of representation. 

m 
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acceptable^quality^can ¿e obía^af'h îhat “ m * Pictures 0f 
considered sufficient for Drart?o«i bUt number of levels m = 64 is 
contain log264 = d^ís^ 0ne Cel1 

determining al^possible different°m ^blnary dlSHs per second), 
communication channel is caííSlated ísShSS °? of which calculated is determined by expression 

Ambc — äßz'/c logs m. 

of informâtio^is determinedbroadcasting* maximum quantity 

/««c=0f77l625*.25.6Ä60 million binary units in 1 s. 

independent and all their amDlitvldpc5CaSe, When a11 si6nals are 
this huge value corresponds to representations^ ÍJrobableí l*6»* 

values?635 °f WhiCh 15 Cha^ed chaPo^iScean^1S??hL0m?i0^?s°offCdei1s1cSrete 

unreal. 1AÍla?gena??aeoffreafntele?iI?oreSentati°n ÍS Practically 
brightness. During repetition 1 rePreSantations has idéntica 
occurs very small fhangfoí Us con?enísPíeSentatl°n 25 tlmes ln ^ ^ 
Thus, in real representltîons ?he?f take nL°m ^ frame to an°ther. 
communications between neishborinï „Pl ? strong statistical 
cells of a series of frames This,intoy.eXamplfi 0r corresPonding 
called correlation. Pmm JÎÎuLÎ;nÎ,er?0.nnection of values is 
that quairETty of information ¿f íe?! sSuîn^of 
is less than that determined from conside^tïon^f16^??,^1^1 1 

example. Value - is called excess. Excess is defined as 

visual perception^arExcess°of picture^sf101^! * S° alS° limitations of 
frequency band or increasing nni^ í signals permits reducing 
power of transmitted signait by ^“¿LnaVS^f 

or naig-wigg^pectrumlre^attd^ôrüte^rsSgístf8?13*1^1 meth0<Ss source of television message ï ? ~ of statistical excess of 

l:: prertaw 
representationseLe neve^so^ompli^Id?260' SinCe real 

°f “O1'1' °f System of Electronic'^teievlslon® feSCVpVon of Principle 

so-caiied prineïpieJoT^KS:eeN^in5)-le-iîolS th/ 
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broadcasting of all countries and in a number of applied television 
systems, not per line, but Interlaced scanning is applied. In this 
case (Fig. 49), after scanning of first line of transmitted 
representation, third line is scanned, but second line is omitted. 
Then fifth and other odd lines are scanned. 

Fig. 49. Interlaced screen. 
A) beginning of straight move¬ 
ment; B) termination of straight 
movement in first field; C) 
beginning of straight movement; 
D) termination of straight move¬ 
ment in second field; 1, 3, 
5 ... — lines drawn by electron 
beam in odd fields; 2, 4, 
6 ... — lines drawn in even 
fields. 

Upon completion of transmission of odd lines, scanning beam 
returns to extreme left position on second line and, moving by former 
method, transmits missed even lines of screen. In television 
braodcasting of USSR, transmission of odd lines is carried out for 
I/50 s, transmission of even lines is then produced for the same time, 
i.e., all contents of frame are transmitted for I/25 s. Twenty-five 
odd and twenty-five even fields are transmitted per second. 

Fifty big fields appear before observer for 1 s, thanks to which 
there is no flashing of representation. The eye does not notice 
appearance of even and odd lines on screen only 25 times per second, 
since distance between lines is very small. 

What gives application of interlaced scanning? During 
transmission of 50 full frames per second (number of lines 625, form 
factor of frame 4/3) required frequency band is equal to 12.5 MHz. 
Interlaced decomposition permitted decreasing required frequency 
band to 6.25 MHz, i.e., twice. 

Transmitted frame can be split into four fields and, producing 
analogous interlacing of lines of these fields, reduce frequency 
of frames and frequency spectrum of signal twice more. However, 
quality of obtained representation turns out to be unsatisfactory 
from apparent effect of shift of lines on vertical and appearance of 
interline flickering. 

Method of Interpoint scanning. During interpoint scanning all 
odd or even cells of every line are transmitted in series, and missed 
cells are transmitted in the following field. Here every line is 
scanned in two receptions. If one were to use interlaced scanning 
simultaneously, then production of full frame of representation 
would require four fields (Fig. 50). One would think that gain 
obtained in frequency band as compared to interlaced scanning is 



Fig. 50. Filling of point screen 
during combination of line inter¬ 
laced and dot interlaced scan¬ 
ning. 1 — cells reproducible in 
first field; 2 — cells reproduced 
in second field; 3 — cells of 
third field; 4 — cells of fourth 
frame . 

equal to two. However, introduced splitting of representation into 
cells along lines leads to decrease of subjectively perceived 
exactitude. As a result equivalent gain in frequency band turns 
out to be less that 1.5. 

Scanning with variable speed. It Is proposed to narrow frequency 
band Tn television at the expense of scanning with variable speed. 
High-frequency part of spectrum of television signal determines 
accuracy of transmission of sharp changes of brightness of 
representation and its small parts. For transmission of big parts 
and smooth transitions of brightness, it is necessary to transmit 
low-frequency spectrum of signal. Let us assume that there is 
carried out such system, in which speed of beams in transmitting 
and picture tubes is not constant, as usual, and changes depending 
upon state of television signal. Thus, at the time of sharp change 
of signal, speed of scanning drops, front of television signal is 
stretched in time, frequencies, necessary for its transmission 
descend. On sloping sections speed of scanning is increased; low- 
frequency components oecome more high frequency. On the whole the 
spectrum of television signal narrows. 

Transmission of coordinates of new values. For restoration of 
initial representation on receiving end, it Is sufficient to transmit 
only brightness and coordinates of those points of representation, 
in which brightness takes values different from preceding. Inasmuch 
as transitions to new values of brightness are more rare than 
transitions to preserved values, similar transmission can demand 
smaller frequency band than direct transmission of initial signal. 

There can be transmitted either both coordinates of the new 
cell or one "small" coordinate, but transition from line to line is 
carried out with the help of a special signal, which should be 
transmitted after transmission of last new cell belonging to a given 
line. Conversion of usual television signal into pulse signal of 
new values is shown on Fig. 51a* b. Application of such a pulse 
method of transmission of picture signals permits comparatively 
simply increasing noise immunity. 

Many methods have been proposed to reduce spectrum, which are 
based on the use of peculiarities of visual perception and psychology. 
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Fig. 51. Usual 
picture signal, a) 
usual signal; b} 
usual signal; c) 
replacement by 
signals of new 
values; d) replace¬ 
ment by signals of 
circuits . 

When special problems are solved, then in one case it is not 
required to reproduce travel of object, in a second it is not 
required to reproduce natural colors, in a third case, it is not 
required to reproduce all distinctive gradations of brightness, 
small parts, etc. It is possible to waive certain performance 
figures . 

Increase of sharpness of transitions. For improvement of quality 
of television representation during transmission with reduced 
frequency band, the method was offered of increase of sharpness of 
transitions. The basis of this method is the assumption that all 
smooth changes of brightness in a received television representation 
appear as a result of insufficient frequency band, and in transmitted 
representation they are sharper. For increase of sharpness of 
transitions, to accepted signal there are added correcting pulses 
obtained by special conversion (differentiation) of the same signal. 
Appearing increase of steepness of transitions is equivalent to 
expansion in receiver of frequency band of accepted signal. 

Successive transmission of high-frequency components of spectrum 
of signal^ For successive exception of one of two high-frequency 
components of spectrum of signal, initial spectrum of television 
signal is split into two parts. The lowest frequency is transmitted 
as usual, and average and high frequency successively through one 
field of representation. High-frequency part of spectrum is 
transferred in its central part, as a result of which, completely 
converted spectrum is only 2/5 of initial spectrum. 

Transmission of small number of gradations. It is known that 
with the help of three paints - blackj white and gray - an artist 
can depict almost any black and white object. Analogously, in 
television it is possible to transmit representation, quantizing 
signal on 6-8 levels. A representation is obtained which differs 
little from original with a large number of gradations. If one goes 
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from transmission of m gradations to m, 
information capacitance decreases ^ 

< m, gradations then 

logtm 
Intimes. 

This decrease of information permits narnawing frequency band 
of communication channel and increasing noise immunity of system. 

■_ffi“1!!1!1581?1'1 of clrcuits. It is most important to be able to 
transmit snarp transitions corresponding to borders between 
representations of objects of different brightness. Namely they give 
arITH£U}g P5'®se^tation about object. After all an experienced 
artist is able to depict a person with several strokes who can hp 
recognized by traits characteristic for him. 

Principle of replacement of usual picture signal by signals of 
*.j.rcuits is shown on Pig. 51. On Fig. 51^ shows usual signal of 

í?PvninntaíÍ0?‘+ In m?ments of tlme corresponding to sharp changes 
^0ValUe Picture signal, with the help of a special device there 
Tf rinv?MÍLVOÍtagi pul®es identical in duration and value (Fig. 51g). 
nr °î pulses if selected equal to duration of transmission 

°ne celI representation, then resolving power and frequency 
band of system remain without change. xrequency 

K V°ltaSe Pulses carrying information about temporary situation 
of DbSÏ Lr8tEaf? ra5i0 transmitter. In receiver uíder influence 
^I^pulSef there is reproduced representation of circuits of 

c<?ntro} electrode of electron-beam tube. For best 
borders in this case, it is desirable to apply 

alternated vertical and horizontal scanning. * 

imirmrJti^nH^Í? °í transmission has a number of merits: noise 
of ï2n£Le£Lt?i™ir\?°Wer' efpeoially considerable during transmission 
background?1 h1' 1 g6 Part °f surface of which uniform 

u^,_of transmission. Bandwidth of frequencies 
Of ïf^n ^ 1o2 a message can be changed at the expense 
of increase of duration of transmission. For this it is necessarv 
s?P^CUmpiate lnitJal signal, after which to transmit with delayed 

Freciuency band is reduced as many times as speed of readout 

ein bePrrod?íprC?rdlng* intermediate recording of representation 
produced* f°r example, on target of transmitting tube with 

clSrs Síní1? 0r thermoplastic tape, and other information 
carriers. During reception of such signal, it is also necpssarv fn 
use âccumulationj accelerated reproduction of recorded signal will 
lead to restoration of initial signal. ö-Lgnax wiij. 

Many other methods have been proposed of reducing snectnim nf 

eîtSërarfin01',!61^.181™/^1' Shlch alone 
stage of theoretical and experimental investigation 

assignment?110811011 in operatlonal television systems of different 

118 





mean that transmission of television signal today from moon is 
unrealizable*. No, this is not so. We already talked about the fact 
that there ara a number of methods to decrease frequency band of 
television signal. During transmission, methods of modulation are 
possible which permit decreasing required signal to noise ratio. It 
is possible to apply directional antenna on spacecraft, for example. 

Let us assume that, some one or totality of methods of reduction 
of frequency band, it was possible to obtain not 5 MHz, but 50 kHz, 
i.e., one hundred times less. Let us further assume that it was 
possible to lower five times, i.e., ^ = 5. Then 

_0.2tS • t0-*> (400 • 103)¾ ppp . 30 • 103 • 5 p 
lotMj • 10 • Kr» 

For such transmitter, a 150-200 W board source of electrical 
energy is necessary. And there are such sources. 

3. Let V'.s now pursue limiting power of transmitter P= 20 

kW and define that maximum distance on which it is possible to 
transmit by a 5 MHz band television signal on a carrier frequency 
corresponding to a wavelength also of 10 cm. It would be possible 
to create a transmitter of such power if one were to use, for example, 
a 60 kW board nuclear source of electrical energy. Let us assume 
that parameters of ground antenna and receiver are the same, as in 
the preceding examples. Then maximum range of radiotélévision 
communication will be equal to 

In this example the signal to noise ratio was accepted as equal 
to 25. 

Limiting distance of possible radiotélévision communication was 
obtained equal to minimum distance from earth to moon. As we see, 
application of a high power board transmitter and a board antenna’with 
small amplification factor (and sme.ll directivity of action 
respectively) does not permit increasing distance of radiotélévision 
communication significantly. 

It is permissible now that frequency band of transmitted 
television signal is reduced 1000 times, i.e., is equal to 5 kHz. 
Amplification factor of ground antenna G 10,000, amplification 

factor of board antenna Gnar,a„= 1000, signal to noise ratio 

Ÿ = 5, total equivalent noise temperature T = 500°K. Then limiting 
distance of radiotélévision communication will be 

ff 
■ 1<U • IQlKHt. loQo 

• 5 . |(tf • 5 = million km. 
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From this example it follows that during assigned parameters of 
board transmitting and ground receiving equipment, radiotélévision 
communication is possible on distances exceeding disatnce to Mars 
in periods of its opposition (these distances are equal to 101-¾ 
million km), to Venus both at minimum distance of it from earth 
(39 million km, lower connection), and at toaximum distance '25ö 
million km, upper connection), to Mercury both at minimum distance 
(92 million km), and at maximum distance (207 million km). 

Television transmissions from regions of planets more remote from 
earth are possible either at other parameters of communication 
equipment or at the expense of transmission of recorded information 
to earth during travel of spacecraft from surveyed planet to earth. 

Transmission of Television Signals on Optical Waves 

Possibility of use for communication of the highest frequency 
electromagnetic oscillations, up to light and gamma radiation, opens 
great prospects. Why is the attention of scientists attracted by 
electromagnetic oscillations of infrared, optical, ultraviolet ranges 
of waves, and also by the range of X-ray and gamma radiation? 

Optical systems of communication, as compared to usual system:; 
working in radio frequency range, will possess the following 
advantages: their weight and power drain will be less, and 
reliability due to absence of electronic devices of high power, 
range and signal to noise ratio will be greater. These systems will 
ensure secrecy of communication (thanks to very small width of ray), 
will be noise-immune and cost of their manufacture and exploitation 
will be small, which is also very significant. Large hopes are 
placed on optical systems of communication designed for use during 
space flights. 

Generators and amplifiers of electromagnetic oscillations of 
optical range. For creation of op-ical systems of communication, 
such instruments are necessary, which permit to be generated 
electromagnetic oscillations of shown sections of spectrum cf the 
same intensity and the same spectral cleanness as are accessible 
during generation of radio waves. Radio waves radiated by generator 
are limited by frequency of very narrow region of electromagnetic 
spectrum and are so free from noises that they can be used to use as 
carriers for transmission of information. Usual sources of light are 
essentially generators of noise, useful only for the most primitive 
signalling. 

All usual sources of light (tube with incandescent filament, 
electrical arcs, etc.) constitute heated bodies. It is true that in 
usual neon tube, walls remain cold, but electrons and ions of gas 
inside it are accelerated to high speeds, which corresponds to 
increase of temperature. Atoms cr molecule continuously pass into 
an excited state, and then, emitting energy in the form of light, 
return to their initial ground state. Where they return to their 
initial state independently from each other in various moments of 
time and thus radiate energy also independently. Therefore, radiation 
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created by them on the whole constitutes totality of electromagnetic 
waves possessing arbitrary phases and differing from each other in 
frequency. Furthermore, this radiation is nonpolarized. Excited 
electrons leaving the heated tungsten filament of the illuminating 
tube also radiate by accidental form and independently of one from 
another. In other words, light waves emitted by some usual source 
of light are spatially incoherent. This means that light is emitted 
in the form of wave packages following one after another in a 
disorderly manner, which reinforce or cancel one another in an 
absolutely random manner. This wave front is changed from point to 
point and is inconstant in time. Thus, a wave would spread on a calm 
surface of water if one were to throw handful of stones there. 

In this respect, light waves of usual sources essentially differ 
from radio waves radiated by an antenna. If sinusoidal current of 
defined frequency flows on wire of antenna, then in surrounding space 
there appear radio waves of the same frequency, polarization of which 
is determined by orientation of wire. Such oscillations are called 
coherent (being in interconnection) since these waves have defined 
phase and frequency of oscillations. 

If one stone is thrown in water, there will appear coherent waves 
spreading on surface of water in the form of concentric circles. If 
point source of light radiates coherent waves, there front forms a 
spherical surface. A source of waves can be made with flat front, 
where electric field strength in all points of wave front will be 
identical. In any of these cases, during passage of wave fronts 
through a certain point of space, field strength will smoothly and 
synchronously rise and fall, being changed from positive to negative 
value. 

I 

If usual generator of radio waves is connected with small dipole, 
the latter will send spheric coherent waves into space. It is possible 
to Join generator to several transmitting antennas, which will begin 
to radiate directed wave similar to plane wave. 

One of basic deficiencies of usual sources of light is their 
small brightness, which is explained by small radiation density. 
Total power of solar radiation, for example, on all wavelengths is 
7 kW from every square centimeter of surface. At first glance this 
is of very great value, however, in fact it is not so big if one 
were to consider width of solar spectrum. Thus, in order to obtain 
1 W of energy in green part of spectrum 1 MHz wide, it would be 
necessary to collect and filter radiation from 8.4 m^ of the sun's 
surface. And radio transmitters can generate 1000 W in a band less 
than 1 MHz wide. 

Usual sources of light similar to sun are broad-band generators 
of noise, dispersing power in a wide frequency range. As single 
frequency sources of powerful radiation, not even gas discharge tubes 
radiating light only in the form of several narrow lines of spectrum 
can be compared with electronic generators. Therefore, attempts 
were undertaken to spread possibility of electronic generators to 
range of shorter waves. However, the shortest waves of oscillations 
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generated by electronic devices have length near 1 mm, or 10 million 

Obtaining of oscillations of more correct wavelengths with the 
help of usual electronic circuits is conjugate with huge difficulties. 
Especially complicated to prepare aie resonator devices, which have 
to be commensurable with wavelength of radiated oscillations. 
Generator of millimeter range is difficult to create. Problem of 
generation of light waves which were three orders shorter had to be 
solved some other way. For this purpose atomic and molecular 
resonators are used. 

There are a great number of different natural resonators which 
can be used in the whole range from infrared to ultraviolet regions 
of the spectrum. However, one separately taken atom radiates very 
small power, and even that in discrete portions. Consequently, it 
is necessary somehow to synchronize radiation of a large number of 
atoms in such a manner that together tney can create powerful coherent 
wave. First molecular generator in radio-frequency band was created 
by Soviet scientists, N. G. Vasov and A. M. Prokhorov, in 1954. For 
works in the quantum electronics field, they were awarded the Lenin 
prize in 1959# and they were awarded the Nobel prize Jointly with 
American scientist Townsum in 1964. In 1957-1958 quantum amplifiers 
were created in the radio-frequency band, using the same principle. 
These amplifiers, possessing low level of natural noises, sharply 
incxedsed sensitivity of radio receivers of centimeter and decimeter 
ranges. In those same years the first ideas appeared about using 
methods of quantum electronics for creation and amplification of 
shorter waves up to optical waves. 

At present there have already been created many variants of 
quantum-mechanical generators and amplifiers of optical range: with 
gaseous, liquid and solids, with different methods of energy supply 
(pumping) and different constructions of waveguide-resonator system. 
Thereby in optical range there appeared sources giving monochromatic 
radiation of light with high spectral density of energy. 

In quantum-mechanical devices, electromagnetic radiations are 
used of molecules, atoms or ions of substance and their components 
of particles, called quantum-mechanical systems. In these devices 
during transition of quantum systems from one energy level to another, 
there occurs absorption or radiation of defined portions of energies — 
quanta. A quantum system, for example an atom, can absorb (or radiate) 
only the portion of energy, which is equal to difference of possible 
states of its energy. In quantum systems, particles are artificially 
(at the expense of energy of auxiliary generator) are shifted to a 
higher energy level (are excited). Under influence of external field, 
particle can radiate portion of energy and to to a lower energy level 
with energy which is smaller with respect to initial state. Such 
radiation of excited microsystems (called induced) is used in quantum 
generators and amplifiers . 

Figure 52 schematically shows component parts of quantum generator 
of light. Resonator here will be formed by two exactly oriented 
mirrors. One of them is absolutely opaque, and the other passes a 
small part (0.5-8$) of the light falling on it. Among these mirrors 
oscillations are excited for which distance between mirrors Is an 
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Fig. 52. Schematic repre¬ 
sentation of arrangement 
of quantum-mechanical 
instruments, a) working in 
conditions of generating 
of optical oscillations; 
b) working in conditions 
of amplifications of 
optical oscillations. 1 — 
source cf light signal of 
pumping; 2 - light signal 
of pumping; 3 - active 
substance; 4 — mirror, 
completely reflecting 
light; 5 - partially trans¬ 
parent mirror; 6 — light 
signal on output of instru¬ 
ment; 7 — weak input 
optical signal; 8 - inten¬ 
sive signal. 

substance ™ b1" intei7al mirrors active 
impurities ofPa?oma’ofcertaîn Afinad eîSent" 
substance have to possess two enlra? states Ííref °mS °í !ctlve 
corresponds to radiation on ™.vPLS£ateS' difference between which 
excited state is ne?es«r? so äl? ted,7e3Uen7' SurPlus ^toms in 
over absorption! Atemf^e shteíL ?íUCed.ra2latlon Predominates 

caned ^ !pumping!^iiiumlnatlon^auxiliary radLtteS)!" 18 

Fig. 5?!gr!n thePabsence°of“pumping" at“s“!!fg!!hr!t0r 15 Shown on 
unexcited state (Fie 5¾ï TTnHÍ¡ÍgJv,?Í0mS °f fub£itance are in 
part of atoms of active medium is tríía3f au5Ci}iary radiation, 
circles on TP'io- kxk3 m a. ^ translated to excited state (white 
tesSlfo? tran¿l?lo¿'of^™7rfne!;lc “motions created as'a 

?FigyÍM>(Fl6d 55C)- Attalnlne onfSr“r! Sate^nfbe te?îfctedS 
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SKfiríÂS!“" S;'“ ÎMH'“s i-«.. « 
representing SutpStSbeamSsemibransParent mirror'(Fig! 53f) 

in high degree îs monocSroLtîc^since'Sc^d^^ïaÎîo; 1fl0ut¿Ut ^ process. Output beam win iincljCed radiation is resonance 
only electroml^neti? osi^lationfwí^^ ^row-directed, since 
and not experiScing aw essential &Ï1 thousandfold reflected 
are emitted. Finally, if outout si^5T’eCel0nd.rr0T axls of instrument 
is close in form to plane wave °f 0Ptlcal quantum generator 
should be coherent in ??me?bteSin °ne dlrectl°h. then it 
strict be tween "oscillât ions rStetÏÏ*“ that phaSe cohfo™lty is 
between oscillations radiated in alertaMS teter^/S? time. 
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determined by characteristic resonance of concrete substance utilized 
in quantum generator, then only radiation of a limited number of 
waves can be generated in a given material. For example, pink ruby 

radiates electromagnetic oscillations with wavelength 6943 A, dark 
red ruby (with smaller number of impurity atoms of chromium) — with 

wavelength 7OO9 and 7041 A. During use of crystals of calcium fluoride 
with ions of samarium and uranium, oscillations are obtained with 

wavelengths 7080 and 25,000 A. 

Now as active medium different glasses, plastic materials, 
liquid, gases and even plasma are used. Optical quantum generators 
of different types permit obtaining oscillation with wavelength from 

5900 ï, i.e., O.59 M-m, in yellow section of spectrum to 35 nm in 
middle of infrared region of spectrum. Induced radiation was 
observed even on waves as short as 0.3I (j.m in ultraviolet region of 
spectrum. 

Quantum generators with gas active medium possess a number of 
positive properties. With their help can be obtained radiation in 
wide range of wavelengths, where, as a rule, they work in continuous, 
and not in pulse conditions and require not optical, but electrical 
pumping (by way of electric dishcarge in gas). 

Both gas-discharge optical quantum generator and generator on 
solid have low efficiency. Their output energy usually does not 
exceed 1% from consumed. Quite recently, when a new class of quantum 
optical generators on semiconductors was opened, it was possible to 
remove this deficiency. After fundamental investigations leading to 
creation of such generators, in 1964 Soviet scientists B. M. Vul, 
0. N. Krokhin, Yu. M. Popov and A. P. Shotov were honored wi^h the 
Lenin prize. 

If dimensions of generators on crystal of ruby are measured in 
tens of centimeters, but gas generators in meters, then dimensions 
of semiconductor quantum generators are tenths of a millimeter. Power 
radiated by them counting on identical volume, is hundreds of 
thousands of times greater than for the best ruby generators. Such 
generators can work in pulse and continuous conditions and modulate 
their radiation very easily — for this it is necessary only to change 
the current feeding them. Probably, the most remarkable property of 
semiconductor quantum generators consists in that with their help it 
is possible to convert energy of electrical current directly into 
energy of light waves. They permit reaching conversion of energy 
with efficiency considerably exceeding 10$, and possibly evt¡ close 
to 100%. 

Diagram of arrangement of semiconductor optical quantum generator 
is shown in Fig. 54b. Until now only miniature constructions of such 
generators have been built, and their output power does not exceed 
1 W, however, apparently, creation of considerably more powerful 
devices is completely possible. 

Maximum power of impulse of light of optical quantum generator, 

?nnUMWWhlCh 1111 n0W haS been reP°rted in literature, is approximately 
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density at the surface of radiating body. Thus, at the surface of 

sun, radiation flux is 63»10^ W/m^. No optical focusing attachments 
can create radiation with large flux density of energy. And coherent 
monochromatic radiation of quantum optical generators can be focused 
within limits of area, dimensions of which are commensurable with 
wavelength. It is considered that value of corresponding site is 

4X . Degree of obtainable concentration of energy can be Judged from 
the following example. If radiated power on wavelength of 0.5 uni is 

i5 W, then during focusing of this power on area 4X2 = 4*0.25 

urn2 » 10“12 m2, flux density will be (15/10-12) = 15.1012 W/m2, which 
is 250,000 times more than density of radiation directly at the 
surface of sun. 

From these examples it can be concluded how important optical 
range of waves is for radiotélévision communication. However, what 
are the conditions of propagation of these waves? Is it possible 
to produce modulation of optical waves utilized as carrying 
oscillations, as signals of representation? Is it possible to detect 
modulated optical oscillations, therby separating transmitted picture 
signal in point of reception? 

Absorption of optical waves in lower layers of terrestrial 
atmosphere excludes use of waves of optical range for transmission of 
information under conditions of bad weather (rain, fog, snow, hail, 
etc.). Propagation of optical oscillations is hindered by resonance 
phenomena in atoms and molecules of gases forming atmosphere. 
However, in contrast to absorption in drop formations which made 
inaccessible for communication whole range of waves shorter than 
2 cm; in regions of resonance absorption there remain regions of 
lowered absorption, where transmission of information is possible. 
The biggest transparency has section of range from O.75 to 0.33 um. 

Consequently, electromagnetic oscillations of optical range 
can be used for transmission of information under conditions of clear 
weather in the absence of any kind of precipitation and smoke puffs. 
Connection with objects in outer space can be carried out with help 
of stations of optical range placed on aircraft or artificial earth 
satellites, flying at high altitude above layer of overcast of 
terrestrial atmosphere. It is possible to dispose such stations on 
high mountains or in regions characterized by a small quantity of 
precipitation and chiefly clear, cloudless weather. Ground 
communication is possible with the help of light conductors. For 
communication on optical waves between spacecraft there are practically 
no limitations. 

A system of communication using quantum instruments would 
consume considerably smaller power as compared to microwave or 
incoherent light (or incoherent infrared) systems. By one appraisal, 
optical system of communication on quantum instruments requires only 

10 W on binary digit per second, whereas a corresponding microwave 

or incoherent light system usually requires 10-^ or 10-10 W on binary 
digit per second, respectively. 



Communication between different part of space station can 
appear one more region of application of v-ptical waves, especially 
in those cases, when station consists of several parts nonrigidly 
connected among themselves. Such a communication system will have 
small dimensions and consume a little energy; furthermore, it will 
not create interferences to systems of radio communications of space 
station. 

Frequency of oscillations created by optical quantum generator 
can be changed by many methods. Thus, frequency of oscillations 
created by ruby generator depends on temperature of crystal. Frequency 
of quantum generators can be changed by external electrical or magnetic 
field, or changing level of pumping signal. In gas quantum generators, 
frequency can be regulated by change of density of composition of 
gas. 

Methods are distinguished of external and internal modulation 
of optical quantum generators. Internal modulation renders action 
on carrier frequency in the optical generator itself, but external 
modulation renders action on light signal already outside the actual 
quantum generator. One of the methods of internal modulation of 
carrier frequency is based on change of pumping power. Ultrasonic 
oscillations, electrical fields, and magnetic fields can be used for 
this. External modulation is produced with the help of modulation 
substances which are placed on the path of ray coming out of 
generator. Acoustic, magnetic, and electrical effects in different 
materials are usei. 

Figure 55 shows variant of communication system, in which 
transmitter is optical quantum generator, and receiver is optical 
quantum amplifier. Television signals from transmitting camera are 
fed to modulator after corresponding amplification. Modulated light 
bundle with help of optical system of transmitter goes to optical 
system of receiver. Here light bundle is strengthened by optical 
quantum amplifier, after which it goes to light sensitive detector 
and demodulator, which restores useful television signal. Receiver 
with optical quantum amplifier has high selectivity, inasmuch as 
signal on output of amplifier will appear only in that case, when 
frequency of input signal is accurately equal to that frequency on 
which induced radiation appears in amplifier. There are a great 
number of other variants of communication system on optical waves. 

In optical range it is comparatively easy to carry out sharp 
directivity of radiation. During equal diameters of antennas, width 
of antenna radiation pattern on optical frequencies is several orders 
of value less than in range of superhigh radio frequencies. Thus, 
antenna radiation pattern with radiator iO cm in diameter on frequency 
of 300 THz (1 M-m) is estimated by units of angular seconds. In order 
to obtain the same directivity in the microwave range, in particular 
on a 3 cm wave, it would be necessary to use an antenna about 3 km 
in diameter. 

Such a high degree of concentration of electromagnetic energy 
in quantum optical generators permits using light waves not only for 
targets of communication, but also for energy transfer to spacecraft. 
Such wireless energy transfer on huge distances will be produced with 
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picture signals are used for amplitude modulation of light ray of 
optical quantum generator — laser. Power of light bundle is 500 uW; 

wavelength is 6528 A. Modulated light ray paoses a distance of 1.8 
km, before it gets to entrance of receiver. Oo receiving side is used 
Inexpensive system, diaphragm of field of sight *nd narrow-band 

optical filter (passband 50 X). Narrow-band filter and diaphragm of 
field of sight are necessary here for management of transmissions in 
daytime. Further light rays get on photocathode of photomultiplier, 
from output of which signal is fed to amplifier, and then to control 
electrode of receiving electron-beam tube. 
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CHAPTER VI 

UNIVERSAL TELEVISION COMMUNICATION WITH HELP 
OF EARTH SATELLITES 

Orbits of communication satellites. Satellites as passive 
radio relay stations. Satellites for active relaying of 
television signals. Practical systems of communication 
with space relays. Ground stations of systems of 
communication through satellites. 

For transmission of television programs and other information 
on intercontinental distances, systems are proposed of communication 
with help of artificial earth satellites. The tendency to use 
artificial satellites for super-range communication is not accidental. 
Dup interest toward events of internal and international life, 
increasing cultural level of Soviet people, thrust to increase 
knowledge require not only safeguard of the most densely populated 
regions of country to local television broadcasting, but also 
omnipresent reception of television programs of central television 
broadcasting, exchange of television programs between big cities and 
with foreign television centers. 

It is considered that volume of information transmitted on 
communication circuits grows at least in proportion to square of 
industrial potential. And much of this information must be transmitted 
considerable distances. 

During the last few years, about which we have already talked 
there was mastered a number of new methods of transmitting broad-band 
signals great distances. Considerable propagation was obtained by 
ground radio relay and cable communication circuits. But how is 
communication carried out between inhabited localities on different 
continents and divided by ocean? Ocean extraordinarily complicates 
television communication. Well-known difficulties appear during 
organization of television broadcasting in paints distant from each other 
and located in regions which are difficult to reach. 

One of the most promising methods of transmission of considerable 
volumes of information (television and phototelegraph representation. 
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of a large number of telephone conversations, teiegraph communications, 
etc ) on distances is radio-relay communication with help of artificia 
earth satellites, but, subsequently, with help of its natural 
satellite - the moon. 

What then is the essence of similar communication? With he ip 
of earth satellites, relay means rise on high aititude, and this 
ensures transmission of ultrashort radio waves on huge distances, 
since between source of radio signals and radio cePt^^n^^geme 
in this case axxeauy taere aie au meu^niCal ^airier ^ noints of 
radio waves. Such satellites will be silfulta^eously P t? ?s 
the earth located on thousands of kilometers from each other. It is 
true that presence of lowered layers aJfect®. °fthat 
oscillations of defined frequencies. From this it foilows that 
distance of communication depends on haieht. °f ^p^iencv of 
satellite, its orbit, properties of relay utilized, and frequency o 
electromagnetic oscillations selected for communication. 

Similar systems of communication consist of ground receiving and 
transmitting equipment and a certain number of satellites in constant 
orbit at an altitude of several hundreds or thousands of kilometer. . 

Artificial earth satellites intended for application in systems 
of communication, which are being theoretically ana experimentaily 
investigated at present are subdivided into two types: passive relays 
not carrying radio electronic equipment and operating as reflective 
aniennasfc? relaying of signala from one point of earth to another 
and active relays carrying radio electronic equipment for amplifica - . 
of signal before its relay to earth or another satellite. As vari 
of system of communication of second type is used ^athod .. 
transmission with delay in time, assuming accumulation of information 
and its transmission to ground receiving station after obtaining 
corresponding instructions. Shortcoming of such system consist, in 
the fact that satellite does not have to be simultaneously in field 
of sight of both ground stations. 

What sort of considerations follow during selection of parameters 
of systems of space relays? What ere the practical successes in this 
field of communication? 

Responding to these questions, it is necessary first of all to 
stop on selection of orbit of communication satellite. 

Orbits of Communication Satellites 

Altitude at which satellite revolves around earth is determined 
bv area of earth's surface from yrhich it can be seen at a given time. 
The higher the satellite, the bigger this area and the more points 
from which it will be possible to see it simultaneously. Area equal 
to half of earth's surface constitutes theoretical maximum. 

To ensure communication it is important not only to determine 
required height of satellite revolution, but also inclination and 
form of orbit. One of the basic requirements in selection of 
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Fig. 57. Possible orbits of 
communication satellites. 1 — 
equator; 2 — equatorial orbit; 
3 — polar orbit; 4 — inter¬ 
mediate orbits; 5 — unrealizable 
orbit. 

During determination of working surface of earth (simultaneously 
visible from communication satellite), it is necessary to consider 
that for production of small damping of radio waves, angle of 
elevation (angle between 1 ‘ ‘ection to satellite) 
should be not less than 

If with help of satellite in polar orbit, communication should 
be established between Moscow and Khabarovsk, then at orbit altitude 
of 1900 km and corresponding time of revolution of satellite of 2 h, 
during every turn of satellite only 10 min can be used for reception 
and transmission. With increase of height working time increases, 
and for a satellite revolving in circular polar orbit at 20,000 km, 
duration of simultaneous visibility of satellite from Moscow and 
Khabarovsk will already attain 4.5 hours (during every turn). 

One satellite on polar circular orbit during its sufficient 
height can support radio communications between points located on 
close latitudes for a comparatively prolonged time. 

For communication between points located approximately on 
identical longitude, but on different latitudes, polar orbits are 
absolutely unfit because of very short period of visibility of 
satellite from both points (for example, on Capetown-Tripoli 
communication circuit located on southern and northern parts of 
African continent). For communication between points located on 
various latitudes, but having close values of longitude, duration of 
communication will be greater if one uses equatorial orbit of 
satellite. Satellite revolving directly above equator will always 
have the same orbit (with respect to surface of earth), independently 
of normal rotation of earth. Turns unutilized for communication, 
which occur in case of polar orbit, are absent. 

It is much more profitable to put satellite into orbit (having 
minimum inclination) from a place located as near as possible to 
equator. Maximum speed of rotation of earth around its axis is used. 

155 



SÄ* s^r^C3 ®°ves around center of earth with speed 

equaïoriaî orbit? * add6d t0 Speed °f rocket durin« 

wasJPossible to launch satellite into equatorial 

fïom which îltellllTl^eqT7\Jhe greater the latitude of site 
of plane of oïbi^of s»to?ï?ïhe ^îhe 6reater the angle of inclination 
ui.. .. ne 01 °fblt of satellite with respect to plane of eauator 
However, creation in the USSR of maneuvering satellites now permits 

during^itsPlaunch?n1^f,an^r desirabie orbit of communication satellite 
Union? launching from P°inb of the territory of the Soviet 

hoirï ^Per:ranße television communication between two points with 
till ? ?nly °ne sateHite during the biggest time of continuous 
work during every twenty-four hours is possible only during strictlv 

<:onirerslon- 0rbit of artificial L?emte y 
constitutes ellipse almost motionless with respect to stars AnH 

í° er?U?d p?lnt8 idue b° rotation of earih aíoínd iîS own 

everv^twentv'fonr^hn6 terrastrial poleS^ a cïmpîete devolution 
thl %then Pr0j?Ction of its Path °n surface of 
Width "of th^ form of a large elSht, crossing at equator. 
Width of eight depends on period of satellite revolution. q t0r* 

aonears ÍiClal ®atellite through defined time periodicallv 
iabOVí! bhe sarae site, it is necessary that it revolve an y 

.ntegral number of times in a stellar day. Number of revolutions 

belts? ^riíg travel forming Van-Allen radiation 

u0LSpig-t^SSrSS lb auch^conditions^ 

with the worst charactertstiosOVeAiïgôf0thÎ? aPPl? stabler instruments 
weight of satellite equipment!‘ requires increase of 

¡BSLz 
e^rcu^gs^rsh^SeS^^ ln 
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Another deficiency of low orbits consists in that satellite does 
not oome out fro. terrest.ial^^consiO.r.Ole^art 

sïoragêeiatteriaS Therefore for no^al booata^charge ^^torag^ 

^auí^lt^s^e'ces^ lolncrelae number of oott^^/Ï^LbJec^d65' 

ï‘ frequentSa^ sSaro-fll^on^^TempeÍatu« hut hence appears 
necessity of installation of a thermal control system. 

rnirinff use of low orbits, simultaneous direct visibility and, 
rhr-rH mri V ‘’table rad i ote levis ion communication through satellite 

can°be^supported**onIj^with6stations on relatively s»ll section of 

earth's surface, and even that short term. 

Fqnort cf satellite requires considerable complication of 

irlfoZHTon ÄÄSio^rÄ^Ms^e of 

satellite. 

In process of satellite tracking, ray of antenna radiation 
pattern of ground station should shift within limits close to 1B0 , 
and this oromotes appearance of mutual interferences between this 
“auon a£d o?her Sdio stations. All of this considerably complicates 
problem of separation of frequencies for systems of radio 
communications with use of satellites in low orbits. 

However, even during identical period of revolution, forms of 
satellite orbits can be different. How should we be guided in 
selection of form of orbit? 

At first let us remember that according to second law of Kepler, 
segment of straight line connecting material body, which moves in 
an ellipse relative to one of its foci, describes equal areas in 
equal intervals of time. This means that at perigee, speed of Iody 
win hp the biegest, and in apogee, it will be smallest. Inereior , 
if form of orbit is elliptical with apogee in zone of simultaneous 
visibility of satellite, then satellite motion will be considerably 
slower in it than in that case when it is put into circular orbit 
with that period of revolution. This means that during ellip 1 
orbit^time6of°continuous television broadcasting ^sured satellite 
rpiAv station per day will be greater than during its travel in 
circula^orblt^withthat periof of revolution. Fobthermore durInK 
identical power of carrier rocket, on elliptic orbit it 1 P n 
to deliver heavier payload than on circular orbit with identical 
apogee. However, satellite with small altitude of perigee suffer^ 
the same deficiencies as low altitude satellites. 

Travel visible from earth of equatorial artificial satellite 
revolving in elliptic orbit can be oscillatory: that ff01î1clYeBt[-Q'\ 
east then from east to west and again from west to east (Fig. 58). 
Por artificial earth satellites moving in first zone, apparen 
dlrectlon^of travel wlllcoincide with real direction of motion since 
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Pig. 58. Motion apparent 
to terrestrial observer of 
equatorial artificial 
satellite following 
elliptic orbit. 

\ 
..r 

Tru« travel of sate lilt» 

Apparent travel of satellite 

angular motion of satellite is faster than daily rotation of earth 

«ÎHh/Î8 aXlS* Por other stellites passing pratiall? in swond 
a?dJhirduZOneSi ?PParent and real direction Sill coincide onlÎ Dart 

way; when satellite is near earth, its angular velocity is 
greater, and it seems to be moving eastward (second zoneAccording 

In ^ter2onal border^ it gradually de^y¿ traïeï, g 
east to westtalnin6 lt' t0 St°P lnstantly and start to move from 

During use of periodic satellites there occur interruotions of 
communication. This can be avoided if there is sïmuïtISslv a 
fiTfh+nU^ber satellites. Where their number depends on height of 
ThífhtinfoídP?fforblB and mutual location of communication satellites. 
ichAwiiLS h6 4t0 oîwUre ^aranteed communication between Moscow and 
ÎSS 99^40f the day, it is necessary to evenly dispute 

artificial communication satellites in polar orbit 3700 km hich 

satelllte^are^uffIcient.helght 9000 

Communication satellites can be placed accidentallv or 

o^ateïîïtes^i^th6^0 ef?h other* accidental distribution 
ÎpouÎÎph11^?? and their orbits, a large number of satellites is 

of Satellites ShP^ïh î° reaKh synchronization of relative motion 
oi satellites, then their number could be considerablv decrpaapH fn* 

W?r^?yIitem of communication. SoÍaver, this «q^ref 
complicated stabilizers. Six satellites revolving in regular 
sequence in equatorial circular orbit 14,000 km high? cSTeSsure 

ÂeVi^írííí^T^!10^ ÄfsSe&r Shnto 

?í;?0?anmet?or?“to1ae1arr?í?tl0n' Wl11 aPPear after 6aCh 12 ^urs^foíf ° 

+ q^tity of communication satellites necessary to ensure 
îhP °f television programs on almost the whole territory of 
c?f+-farth is, equal to three. Orbits of such satellites, called V 
stationary, have to be circular equatorial orbits with altitude 
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information to territories of all countries of South America, the 
United States (with the exception of Alaska), part of territory of 
Canada and Greenland, Western Europe, countries of Africa (with the 
exception Somali and part of Ethiopia), and one stationary satellite 
launched above the Indian ocean, ensures 24-hour transmission of 
information to a large part of the territory of the USSR (with the 
exception of islands in the Northern Arctic Ocean and Chukotski 
peninsula), countries of Eastern Europe, Asia Minor, India, China. 
Australia, and part of Africa. 

for creation of system of satellites ensuring 24-hour transmission 
of information to territory of Polar basin, it is expedient to use 
satellites in elliptic orbits with apogee in the Northern hemisphere. 

During use of satellites in stationary orbits, a large part of 
the limitations inherent to low altitude satellites is taken away 
Stationary orbits pass considerably above internal Van-Alien belts 
with their powerful penetrating radiation and above zone of intense 
radiation of upper Van-Alien belt. It is natural that antiradiation 
shielding in this case is considerably less difficult and does not 
require such complicated construction as during use of low altitude 
satellites. Magnetic field strength of earth at altitude of 
synchronous orbit is one hundredth of field strength of earth at low 
altitudes, and time of decay of rotation of stationary satellites 
is increased accordingly tens of thousands of times. Stationary 
satellites are almost always (99# of the day) are illuminated by the 
sun (short-term shading occurs only at midnight for meridian above 
which satellite is), and this essentially simplifies problem of 
generating and accumulating electrical energy and decreases number 
cycles of change of temperature of equipment. 

For a satellite revolving in a stationary orbit, the time 
necessary for passage of radio waves from ground station to satellite 
and from it to another ground station is one tenth of a second. This 
is not interference for television and other information-carrying 
systems in one direction. Such decays are essential only during 
telephone communication. 

Creation of artificial satellites in stationary orbits encounters 
a number of difficulties connected with considerable complexity of 
methods of putting satellites into orbit, necessity of exact control 
of satellite orbit and adjustment of its position with respect to 
surface of earth on whole extent of useful period of service of 
artifical satellite. 

esPeclally difficult to put into a stationary orbit 
satellites which are stabilized on three axes. In this case, payload 
°£ last stage of rocket, which ensures putting satellite into orbit, 
should have a complicated system of guidance and orientation. 

tr^e that during the putting into orbit of satellites of 
stabilized rotation, system of guidance and orientation of carrier 

used only in apogee of transfer orbit. In this case 
difficulties consist only in installation on satellite of correcting 
jet engine included in apogee of transfer orbit. Besides 
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simplification of process of putting into synchronous orbit, 
stabilization of satellite by rotation essentially simplifies control 
system of position of satellite in orbit and control of its 
orientation. However, during stabilization of satellite in rotation, 
construction of connected antenna array is considerably complicated. 

Transmission of television signals can find application with 
certain delay in time. In this case it is not necessary that satellite 
be simultaneously seen from both points leading exchange of picture 
signals. Flying over one of them, equipment of satellite (on command 
from earth) will record transmitted television signals, but above 
second point will transmit television signals to any point of the 
earth. Certainly, time of recording of information and time of its 
transmission will depend on orbit of satellite. But, let us say, 
for transmission of two-hour television program to a flying satellite 
will require less time, if television signals are preliminarily 
recorded, and readout during transmission is produced with high speed. 
Information recorded by equipment of flying satellite can be 
transmitted to another point with any speed of readout. Similar 
transmission of television signals with delay in time can be performed 
only with the help of active communication satellites, carrying on 
board receiving, recording, and radio transmitting equipment. 

Satellites as Passive Radio Relay Stations 

Diagram of radio relay line with use of satellite as radiation 
coupled reflector of electromagnetic energy is shown in Fig. 60. In 
points of contact of tangents connecting satellite with surface of 
earth are located points A± and A2. In point A± is placed radio 

transmitter, oscillations of carrier frequency of which are modulated 
by video signal. Electromagnetic energy radiated by transmitter 
antenna goes to satellite. Reception of energy reflected by satellite 
is possible at any point of surface of earth within angle 7. The 
most remote point lying on surface of earth inside angle 7 is point 
A2. Irradiating satellite-reflector of energy is directly proportional 

to power of ground radio transmitter and directivity of antenna and 
is inversely proportional to square of distance between satellite 
and radio transmitter. 

Electromagnetic wave falling on satellite-reflector excites on 
its surface high-frequency currents, which in turn lead to appearance 
of secondary electromagnetic field, which spreads into space; simpler 
talking, occurs reflection of high-frequency energy. For effective 
reflection of incident energy, minimum dimensions of satellite- 
reflector have to be many times greater than wavelength of 
oscillations. 

Energy reflected from satellite is weakened during propagation 
to receiving ground point. As a result, ratio of power of received 
radio signal to power of radiated signal is determined by expression 

P 
‘ apuair 

7> 
'»♦pn 
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Satellite-reflector 

Pig. 60. Use of artificial 
earth satellite as reflector 
of electromagnetic energy 
in communication system. 

^lthei*:8ü8ÍfSiiseeffe?ti?etrefl«tiMC8urfacnd%0n area 0f antenni 

surface. Bffeètive l0„ueed of effective reflecting 

•n8le of incidence of eLctrSL^e^c'ener^.0^6“ 18 a ^««o» 

61). ^^pher^refiects^eleetrom»^ Î?® for” of a sP>>ere (1 on Pig 
directions; its effective ÎÏÎÎZSfnetlc enersy evenly in all g* 
square of its diameter! Thefshoîî?L?Urfa$e 18 ProP°rtional to the 
of arrangement and Ion« oeriort of such a relay is simplicit’ 
satellite, furthermo?^ dolí^o? r«n^e* ,Su2h a commSnicatioS * 
to considerable losses of enerov iee or^en^a^^one However, due 
powerful radio transmitters ÍSFieaíM n«cessary to use on earth 
and also to increase effective^IeifÍH™ °f very hlgh sensitivity, 
considerable Increase of dlmnsíÕL oí sftelSe! at the eItpen8e oi 
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Fig. fl. Passive reflectors and active relays. 1 —
Inflated sphere; ? — sphere with holes; — netted 
sphere; 4 — flat reflector; 5 — angular reflector;
6 — reflector of double curvature In the form of a 
saucer; — barrel-shaped reflector; 8 — cloud of 
artificial Ionosphere of half-wave dipoles; 9 — pas­

sive satellite-reflector with biaxial gravitational 
system of stabilization; 10 — unorlented pseudolso- 
troplc relay; 11 — retranslator with ring-shaped 
radiation stabilized at the expense of normal rota­

tion; 12 — "balanced" active relay In which weight 
of antennas and power of trf.nsmltters arc In optimum 
relationship; 13 — oriented active relay with 
antennas, radiation of which covers defined area of 
earth's surface.

Angle reflector (5) sends Incident energy back In a rather 
narrow beam covering a relatively small section of earth's surface.
It Is possible to apply a complex of a large number of angular 
reflectors, but In this case, there appear oscillations of amplitude 
of reflected signals.

Plane (4), dimensions of which greatly exceed wavelength reflects 
energy at an angle equal to angle of Incidence. Maximum of reflected 
energy Is observed during perpendicular Incidence of wave on surface. 
For best use of satellite. Its plane must be oriented per;endlcular 
to blssectrex of angle Included between Incident and reflected rays. 
Flat round surface possesses large effective reflecting surface. If 
a flat disk 23 m in diameter Is required for communication on a 
frequency of 3000 MHz during diameters of ground antennas of 60 m.
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tnen, t° obtain the same value of reflected energy by spherical 
satellite, its necessary diameter should be 129 m. 

It is possible to use barrel-shaped, cylindrical or saucer¬ 
shaped reflectors. Barrel-shaped and cylindircal reflectors have an 

^ that for stabilization of position in space, it is 
sufficient to give them rotation with respect to axis perpendicular 
to plane of orbit during launching. For saucer-liKe reflector, 
constant orientation is necessary with the help of a special system. 
However, for such a satellite, utilization factor of incident energy 

In curvilinear reflectors, in contrast to flat ones, 
width of refitted ray little depends on frequency of electromagnetic 
oscillations utilized. A curvilinear reflector can be more rigid 
than a flat one; furthermore, during its manufacture, in contrast to 
resonance reilectors of the plane and half-wave dipole type, there 
is no necessity to sustain strictly tolerances to geometric dimensions 

ected satellltes-reflectors. In spite of Carried out and_ 
the iact that systems'with passive relaying require use on ground 
stations of powerful transmitters, complicated servo systems and 
sensitive receivers; these systems are considered very promising 
because of simplicity and reliability of construction, and also 
-hanks to reliable interference elimination. 

f+v, i11.1960 there was artificial earth satellite "Echo-1" 
of snh^ed otate!)» having form of sphere 50.5 m in diameter. Surface 
of oPoft f' cov!fed wlth a thln. -ayer of aluminum, had reflectivity 
£0 >*9? fadi° waves up to 4000 MH"* Shell weighing total of 
of inuform °f a bellows, was put into orbit with the help 

* k^t; Here shell was separated from rocket and in air space 
înt° aAbrllllant sphere at the expense of evaporation o? 

? ^ter* AveraSe height of satellite orbit was I600 km. For 
surfaceif)ht*f^ 10^ # and distance of communication on earth's 
in íheck?nã rt?f? ï iS^e F16* 6o)* Purpose of experiment consisted 
r£fw+ïan?idlfÎ r î?4 forms of modulation during communication by 
their fadeoutnflÍH,nÍíVe?tÍfttÍOn fluctuations of reflected signals, 
se?îed riZati?n* The firSt four months the satellite 

T efle^tor ?f radi0 waves until solar radiation and 
disn?ri^%o?W?i?2 reflectance of satellite. Pressure of solar rays 
aBÎS irfid f e 1 S, °rïlt and returned it asain three times. 
By the middle of 1963 diameter of balloon had decreased to 18 m. 

H0/1 Satellite-reflector "Echo-2," launched at the beginning of 1Q64 
balToon So6 °f ^ m and weighed 227 kg. Inflatabll sphefic 9 * 
B Sm Qcarrled ?UÏ fr0m tWO layers of thin aluminum foil by 
q um tMok' a5?ng which there was a film of plastic material (mylar) 

H?ÍCk¿ Structure of shell of this satellite is 20 times harder 
than structure of preceding satellite-reflector, which was carried 

tharmí?mn¡ííí’arifÍ'lm4a0VSred by one layer of aluminum. To ensure 
bïenMfoSSnir01 hphh16* shell was covered from internal side 
covprinS^f^ïfï 0f ïlack paint, but from external side has a point 
Sith ¿sf of thisesa?pn;f Performances of long-distance communication 
itn use of this satellite were conducted by Soviet Observatory of 
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Scientific Research Radio Physical Institute of Gor'kiy University 
in Zimenkakh and the English Observatory, Joc’rell Bank, of Manchester 
University. Signals transmitted from England and reflected by 
satellite were taken in the USSR, and conversely. Provision is made 
(for) carrying out experiments in establishing direct communication 
between the USSR and the United States with the help of this satellite. 

Creation is outlined of satellites-reflectors in the form of 
light spheric balloons of still larger dimensions and lens-shaped 
satellites with gravitational stabilization based on the use of 
gravity gradient (9 on Fig. 61). 

In order to decrease pressure of solar radiation and prevent 
destruction of satellite by meteorites, it is proposed to fulfill 
them from wire grid (? on Fig. 6l). Dimensions of cells of grid will 
b», directly proportional to wavelength. If one were to use gas 
brttle of plastic film, then satellite will be able to be inflated 
in space. For this a special film will be applied (called foliating), 
which will be evaporated under action of solar rays, after which 
only wire frame will remain. Other proposal consists in putting 
metallic covering on grid of plastic bands by method of precipitation 
from vapor, i.e., making a grid capable of reflecting radio waves. 
Such fibers can possess effect "of memory": after going into orbit, 
mechanical energy stored in them under action of solar heat will 
force satellite to take a definite form (to emerge from compressed 
state). 

Creation is anticipated of an experimental system of communication 
with help of satellites-reflectors launched in series on several pieces 
with the help of one rocket carrier. 

In May 1963 the United States created in orbit around earth a 
belt of dipole reflectors. Each such dipole (250-350 million pieces 
were launched in all) constitutes a copper wire 1-2 cm long and O.03 
mm in diameter. Weight of one dipole is 0.0001 g. These dipoles 
are calculated on reflection of 8OOO MHz electromagnetic oscillations. 
Number of deficiencies of this method of communication excludes 
application of belt of metallic dipoles for transmission of broad¬ 
band signals. However, this belt of dipoles can bring many troubles. 
These needles already in the very rear future can create well-known 
interferences during astronomical and radio astronomical observations. 
Prolonged existence of this belt conceals danger for artificial earth 
satellites, since the latter can collide with these needles. As is 
known, orbital speed of needles will be about 8 km/s. If artificial 
satellites are directed toward revolution of belt of dipoles, then 
their relative speed can reach 16 km/s, and will increase probability 
of damage of artificial space body by needle. Such collisions are 
especially dangerous when the satellite is manned. Needles which are 
thrown out at high altitude can long remain near earth, which is also 
very unpleasant since they can hinder space communication. 

Moon as passive relay. Possibilities have been investigated 
of using surface of moon as reflector of electromagnetic energy in 
systems of super-range ground radio communications. After first 
reception of radar signals reflected from moon (performed by 
Hungarian researchers in 19^6), several analogous experiments were 
made on different frequencies, where possibility was proven of use of 
moon as passive relay on lines of ground communication of large 
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“ auxerent phase shifts, but due to rockine (libra-Hnrn o-r 

Thesé phen?mImaeír|hSsta?aSfout,Í:|? sîfnaÎ.CO"POrlentS Sre Change<J- 

P^?Ëalïfî?T^ÂÂS“- ?° "?a?í¿í ??laSeedof 
excluded ïf antannflcdUfííÍg Pass®ge through ionosphere and can be 

siPi* =s giss^ssa‘:“ 
HÄ îL^r1^1* POSS“le °" ”^tanCd:f upP^WdoS! £om «ls> 

on t he Xwho le ^i t emay1 be ^ c one lud ed °t ha tS rad,latlon coupled reflector 
signals by surfaced moon pa??Jve reflection of radio 
transmití™ apparently, will not be used for 

FoTthlTXoLPiT?senaÄf?Uattr, f televi8lon broadcasting, 
active relay (Fig. 62). Profitable to use moon as carrier of 

Fig. 62. Use of moon as space 
relay. 1 — ground radio 
transmitter; 2 — lunar relay; 
3» ^ — ground receivers. 
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Satellites for Active Relaying of Television Slgnaljs 

Such satellites will convert and strengthen signal received 
from earth, and will send radio signal to earth*s surface after 
amplification. If considerable amplification of signals is performed 
on satellite, then this will allow essentially decreasing power of 
ground transmitter and will make possible reception of relayed signals 
to earth with the help of receivers which are not very complicated. 

Equipment of active satellite relay station. Active relay is 
first of all broad-band transceiver• Froni output of receiving board 
antenna (in communication circuit earth-satellite) signal joins 
input of receiver on one frequency and, after corresponding conversion 
and strengthening, is radiated by transmitting antenna on other 
frequency (in satellite-earth communication circuit). Use is made 
of various frequencies for reception and transmission so that radiation 
of board radio transmitter does not hinder work of its receiver. 
Board equipment of active satellite relay station is very similar to 
equipment of intermediate stations of ground radio relay communication 
circuits . 

Type of relay on board satellite is determined by method of 
organization of television broadcasting. Thus, for simultaneous and 
independent exchange of television programs between several points, 
board equipment should ensure relaying of several independent broad¬ 
band picture signals. If, however, it is necessary to relay only 
one television program for number of points, then board relay should 
reemit only picture signals of one television channel. 

Aerial unit of satellite can be simple antenna in the form of 
dipole or directed radiator. It is impossible to Increase excessively 
directivity of board transmitting antenna. If transmitting antenna 
has very narrow antenna radiation pattern, then reemitted signal can 
be received in only comparatively small part of earth's surface, 
which is turned to satellite. Thus, highly directional board 
transmitting antenna does not create conditions for simultaneous 
reception of television programs at several ground points very remote 
one from one another. Therefore, width of antenna radiation pattern 
of board antenna should be not less than angle under which there is 
seen from satellite the part of earth's surface whither it is proposed 
to transmit television picture signals. 

Application of directional antennas on board satellite requires 
space orientation of satellite (or its antennas). The higher the 
directivity of board antennas, the more serious the requirement for 
a system of space orientation and to ground guidance systems on 
satellite of receiving and transmitting antennas. It is true that 
increase of directivity of board antennas promotes decrease of 
required powers of ground and airborne radio transmitters and 
decrease of required sensitivities of ground and airborne radio 
receivers. 

In time errors are stored in system of orientation and 
stabilization of satellite relay, therefore necessity appears to 
change its attitude (or position of board antenna). Furthermore, 
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^iiecîl0n °£ orblt from assigned one can demand correction of 

a??^CoSSinínríerliteJelay Statl0n* A11 of thïs ïln“e done only 
orbit of f0r!?atí0n4.C0ntalnine necessary data about cells of 
orbit of satellite and about work of system of orientation Such 

transmitted aboS^a?*^ teJmetering link* ^ which data ar¿ also 
systems^ted b tS and °Peratln6 conditions of all airborne 

satellit^riw^h^ analysls of a11 information transmitted from 
ateliite relay station, corresponding instructions are formed whioh 

satellitemltinstrnp?trrOW'band radi° link 0i’ co™nication to Instructions are again formed-from received signals whioh 
vhen go to actuating mechanisms which finish off these instructions^ 

It is necessary to reach high reliability of work of 
saSlfífiT of ‘«vision sisals, since“urïng pittïL of611“6 

temper®?* ítaff ih^ge? of 

of propnyu5ti?Cdee?aer?u"d^d*1Sii*|dj^Le0™. ^ 

oí ^diddeer??c??rlng Sele0tlOn 0f clrcuit^nd^designing 

diffe?entatv^teHir?iay sîatiois wlth directional antennas of 

can be used. Spirming^atenitls^fanflfon^íg^l)^e^tabiUzed ESS 
-Ä doe^not 

of orientations to obtain inf°™ation about change 

^orrecbing systems are set on board satellites for 

eex1âF1ta:1^etaaîP^ïâfsdîr?^1?SS1 J^1**1"? for of sateilltp A nr>o e^168*« *wthe.^orm of wings, fastened to housing 

e0nfe^:ieithe0?ee^?!d1ot?l?1dS^âe^d1*aOïsaS?S*1On°SSOlar 

db?31??S?edUnt^taac1^C? betWer ab80?P«»" itadiaBSÜatan 

afa0nia?rs ¿^tion^f^^Änl XX ^ 
not 

Satellites of such type 
exceeding several hundred are more profitably used at altitudes » 1 .e., in such region, where magnetic 
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field of earth possesses sufficient intensity and has well-defined 
polar symmetry, in consequence of which it can also be used for spin 
stabilization of satellite and orientation of axis of its rotation. 
This simplifies problem of attitude control of satellite in flight. 

Interaction with magnetic field of earth can be carried out 
with the help of electromagnet powered from special airborne audio¬ 
frequency generators. Magnetic field of electromagnets interacts 
with magnetic field of earth in such a way that satellite has imparted 
to it torque about necessary orientation of axis rotation. 

When directional antennas are applied' of type of those 
depicted on Fig. 61 (12, 1?), then it is necessary to ensure 
orientation of whole object in such a way that reverse ray is 
directed toward center of earth. On board satellite a device can 
be used of the automatic gyrohorizon type. Height of flight of 
satellite will be accurately measured by radio engineering means. 
Correction instructions will be transmitted from earth to satellite 
on narrow-band radio links. Satellite is controlled with the help 
of low capacity engine rotation of anchors of which creates torque 
during insignificant consumption energy (watts or fraction of a watt) 
even in reference to very large satellites. 

In order to prevent probable deviation of axes of satellite 
from assigned attitude during falling Into it of small meteorites 
or influence of some other forces, current-carrying wire rings 
can be fastened to housing of satellite. During interaction of 
magnetic field of rings on magnetic field of earth damping forces 
appear ensuring stable position of satellite in space. 

If airborne antennas of very high directivity are used, it is 
more profitable to secure exact orientation and stabilization of 
not the whole satellite, but only the antennas themselves, solar 
batteries and other units working on solar energy. Orientation should 
be ca-ried out on all axes by control signals transmitted from earth 
or with the help of an airborne automatic system. Possible means 
are very manifold. 

Number of satellite relay stations required for organization of 
communication depends in considerable measure on height of orbit. 
However, one should note that although higher orbits ensure value 
of mutual visibility, cost of these launchings considerably increases 
because of the necessity of installing transmitters of increased 
power on board satellite relay stations. The more power required, 
the bigger the weight of the actual radio transmitter and weight and 
dimensions of its source of power supply. Furthermore, required 
power of radio transmitter is connected in a definite way with 
period of service of satellite relay station, since the smaller the 
radiated power, the simpler it is to ensure prolonged supply of the 
system with electrical energy. 

It is true that height of flight of satellite can also not entail 
considerable growth of power of radio transmitter, if directivity 
of satellite antenna is increased simultaneously with height of flight. 
However, here limitations are already put on by properties of system 
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signais to the nearest of three stationary earth satellites, which 
retransmitts television program to all territory under it. 
Simultaneously the same television program goes through outer space 
to two other satellites, which in turn irradiate with electromagnetic 
waves carrying picture signals remaining part of surface of the earth 
(excluding polar regions). 

During organization of relaying of television signals both 
according to the first (Fig. 63^, and in terms of the second (Fig. 
64) diagram, the TV viewer will not manage to use oscillations radiated 
by satellites directly on screen of his home television set — 
representation will not appear. The fact'is that signal is received 
on earth from board transmitter of small power is so small that it 
requires application of the most sensitive receivers. The best of 
them use the principle of quantum-mechanical amplification of 
received signals characterized by an extraordinarily small level of 
natural noises of amplifier. Low noise temperature of quantum- 
mechanical amplifiers will appear useless, if antenna array introduces 
foreign noises togehter with received signal. Consequently, highly 
directional receiving antenna should serve two purposes: the best 
collecting of arriving picture signals and information to minimum of 
outside noises. It is clear that radio reception system will 
constitute complicated, bulky, expensive engineering construction. 

Radio reception system strengthens received signals and sends 
them to local television center. And here signals which go from 
television center can be received by antenna of ordinary television 
Ret. Thus, local television center plays role of relay, which takes 
program of remote television center and transmits it to its TV 
viewers. Antenna of television center receiving signals from 
satellite relay station is perhaps used and for radio transmission 
of program to satellite, and relaying to other television centers. 

TV transmissions from satellites become accessible to TV 
viewers directly (passing television center) only if it is possible 
to create satellite relay stations with the help of radio transmitters. 
Power of board transmitter of stationary earth satellite required 
for direct transmission of program to TV viewers depends on frequency 
of oscillations utilized for communication, directivity of antenna, 
sensitivity of television receiver and applied antenna. 

Let us assume that contemporary series television set, connected 
to usual receiving antenna dipole is used, but on satellite such an 
antenna is set up on the satellite. Then, if I500 MHz electromagnetic 
oscillations are used for communication, it will be required to set 
radio 800 kW transmitter on satellite relay station. For comparison 
let us note that power of radio transmitters of contemporary 
television centers of big cities is measured in tens of kW. If, 
however, it is considered that such huge power (8OO kW) must be 
obtained on space apparatus, then complexity of problem is evident. 

But we have examined the worst case. Let us assume now that on 
satellite there will be used an antenna with large directivity, 
televiewer will have antenna of more complicated construction, but 
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television receivers have great sensitivity; then required power of 
board radio transmitter will considerably decrease. It will no 
longer exceed units of kW and hundreds of W. Huge ac^ieveme^ t 
theßfield of rocket technology and radio electronics in our ^ou Y 
oonv-ínnp one of the fact that the problem of creating space re y 
“ees™ved! ïn ïhe beginning it will be ^?ions 
without television center relays, but then satellite relay station 
will undoubtedly be created, their signals will be receiv^ ^y^° 
antennas of series television sets, sensitivity 
increase by then. 

When will this become possible? In order to answer tM® 
question, we will tell about means necessary for case when ^ 
re lav transmits television signals at a frequency W 
Q+atlonarv satellite is used with effective radiated power of 35 W, 
ty-ien on Srth there will be required a cup-shaped antenna about 3 m 
in diameter and a parametric amplifier on input of /^In^ 
Doubling power permits using antenna wl^h ,^^terTr°fh^h cases between 
2 m and cheaper than amplifier on tunnel diodes. In ^ case^between 

preamplifier and series television receiver, <,4 „„010 on frequency 
set converter which serves to ensure reception of signals on frequ 
exceeding limits of frequency range of given receiver. Converte 
consists of frequency converter, in the composition of which 
a low capacity oscillator (heterodyne), and amplifier. 

It is possible to create already in the next few years stationary 
artificial earth satellite with effective radiated power of 35 W. 
For this source strength of power supply on direct current of about 

210 W is required. 

Inasmuch as system of three stationary satellites will not 

irradiate whole surface of the earth with ^^^^/^^rvice 
be necessary to create a network of polar satellites for service 
nf DODulation of territories with latitudes of more than 0 . 
necessary t^add ttet to ensure reliability of television communication 
with hêS of space relays it is necessary to have reserve ooard 
equipment and even reserve satellites. 

Problems of conversion of television standards. 
problem of transmission of television signals on large dista 
not unique. During exchange of television Prof^8sbe^!!í;cesffere 
r> mint ri ps there appear problems of language, tastes, finance , 
standards * of^televïsion scanninS, different carrier frequencies. We 
will examine the most essential of them. 

in television broadcasting of different °f 
cpvpral television standards are used. Thus, in England the picture 
is decomposed into 405 lines and 50 fields are transmitted per secón . 
In the United States, Canada, many countries of Latin America, a: 
TaDan standard is used of 525 lines and 60 fields. In USSR, in 
socialist countries of Europe, Italy, and ^rt^in ^eld^are 
pnuntries picture is decomposed into 625 lines, and 50 afe „ 
transmitted per second. In France, the Vatican, and in that part of 
Belgium where French is spoken, a standard of Ö19 lines and neias 

is used. 
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diffe^tnftaídardgethí tel®Yision Programs between countries with a 
mi,,;6 4^ standard, the problem appears of conversion of standards 

5re0Cefh^ 

and England^ i^ÍSS^i^r, televisíon Programs began between France 

sfer^issgsa- 

out: re transmi t ted ^te le vis ion* siiTnals^a°W^n^ Processes are carried 
electron-beam tube of high qualitv11 Pi rtnrSent to reProducin6 
tube is projected with heln^f + if6151”0011060 on screen of 

of t ransmi 11 ing tube^ of ^te le vis i o^came ra °n ¡aínn^^ 
tube is carried out aceorHinrr fr» e-f-o ^ transmitting 
country to wSÏch ÏÎe pJSg^ls sS?" S?f?ír^í°mP0Sltl?n °f that 

;ssÄ“?;,s£~Äf2SF-“ 

communication chanSîî and Sny StÜeí c^Ls?Uen°y characterls«cs of 

outpu?1o?1converterfweamdTs?i?í «presentation on 

signai should o?íeí ”sr?ong cîreuU of Líín faf ^ 

gets fo conÎcr«îaSf1aï^dI«se»er?lgiUm """ Pran0e’ befora “ 

-•¿s.riráS-Ss“- 
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Distinction of standards of different countries of world, 
different separation of carrier frequencies and signals of sound 
escort, distinction in carrier frequencies themselves, in forms of 
utilized modulation of oscillations of carrying sound escort, in 
languages of sound escort — all of this will appear additional 
obstacle for reception of television programs on space relays if 
power of electromagnetic oscillations arriving at antenna of television 
set appears fully sufficient. If, surmounting all difficulties, 
we obtain a picture on the television screen, then its quality should 
be high, because during space relaying to coupling network, there 
are considerably fewer intermediate sections, than during ground 
radio-relay communication between countries. The fewer intermediate 
sections, the less distortion is introduced into transmitted 
television signal. 

Practical Systems of Communication with Space Relays 

For creation of constantly operational communication circuits 
with use of satellite relay stations, it is necessary to produce 
theoretical and experimental investigation. An example of similar 
investigations is construction and check of experimental satellite 
relay station "Telstar-l" (the United States, July 1962). Period 
of revolution of satellite is 157.8 min, maximum removal from earth 
is 5645 km, minimum removal is 951 km, speed of flight of satellite 
at point of maximum separation is 29,000 km/h, at point of minimum 
removal is 18,000 km/h, and inclination is 44.8°, Since separation 
even at perigee is very great, influence of atmosphere on orbit of 
satellite is small. Period of stay of satellite in orbit is estimated 
at 200 years. On satellite is a 2.25 W radio transmitter. Signals 
of ground stations are strengthened 10 billion times on satellite. 
Besides connected transceiver on satellite "Telstar-l" there is 
radio tracking beacon, telemetric system and command receivers with 
decoders . 

Satellite "Telstar-l," total weight of which is equal to 76 kg, 
has form of cut sphere (88 cm in diameter) consisting of 72 flat 
aluminum panels (Fig. 65). Where on 50 panels are placed sections 
of solar batteries of 72 cells each. On remaining panels there are 
strengthened transducers of testing equipment, but on one panel, 
there is a mirror to ensure optical observation of flight of satellite. 
Internal frame of satellite is carried out from fluted leaf magnesium 
alloy. Both halves of housing of satellite are fastened among 
themselves by bolts . 

All electronic equipment is placed in aluminum housing 51 cm 
in diameter. Aluminum container is covered on the outside by film 
of gold and is suspended inside satellite for damping on nylon tie 
rods. For shielding from overloads and vibrations, every electronic 
unit is enclosed in an envelope of spongy polyurethane. Units are 
shielded by gold foil 0.075 mm thick. Collected units were assembled 
inside container and were again covered by a polyurethane shell. 
After distribution and strengthening of equipment, container was 
soldered, air was partially pumped from it and air was replaced by 
argon. Inside container an excess pressure was created of 0.7 atm. 
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Fig. 65. "Telstar-l" 
and block diagram of 
ground system of communi¬ 
cation circuit with use 
of active satellite relay 
station. 1 — receiving 
station; 2 — television 
center; 3 — equipment of 
conversion of signals; 
4 - television signals; 
5 - signals of telephone 
communications; 6, 7, 8, 
9 - amplifiers; 10 — 
transmitter; 11 — 
receiver; 12 - distrib¬ 
utor . 

and temperature was maintained at approximately 50°C. In order to 
decrease heat radiation, whole surface of container with ?£e 

SC^?nf?L“V?^ anciIIlo,rer Paq) is covered by heat shielding 
* uPPer and lower part have covering in form 

umbrella, which is cell of temperature control system of container 

HeiShtPif everv1ft°h which.is based on change of heat radiation. 
Height of every fluted covering can be changed with help of bellows 
whfUKaí°rS iontainlnS easily volatile liquid — methylene chloride — 
which is extraordinarily sensitive to oscillations of temperature 

hïïbyhtCerdlng 0f temPerature causes expansion of liquid, where 
ís1?nÍT^Lo?rrUgat!;<? c?verlnS ls somewhat increased and heat radiation 
is increased accordingly. During lowering of temperature, liquid is 

rLraeu^: respectively^ted COVerlng de™S« 

anH îhere are Placed communication relay, modulator, 
two f transmitter, transmitter of radio beacon, 
and iritcMÍg equipment.Contro1 instructions, their decoding unit¿ 

^emiconductors are used in electronic systems of satellite The 
only vacuum device is a traveling-wave tube with magnetic focusing 
Output power of tube is 2.5-3 W, and its efficiency (neglecting 
consumption of power on preheating) attains 35#; full weight of 
tube with focusing magnet is about 3 kg. weignt ot 

»hoii+interes^ing J0 note that out of 15,000 parts of satellite, 
aI® ïSed.î-n dlectronic equipment (1064 transistors, 

1 nHiin+înoCOndyi'es* 2800 resistances, 1150 capacitors, 340 

of frequency and'5 Stte?npi?™)re' 10 relayS’ 5 qUartZ stablllzers 

of s/telfti: 3?rl“UÍLpífngrwasacarÍ^d0our^cSfabS¡:gee^rrnof 
parts which passed rigid tests. Thus, during Se per^of seveíaf 
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months about 58.800 semiconductors were tested. For every component 
a special registration card was started; for board equipment parts 
were selected with the best indices of reliability. To increase 
reliability, installation of equipment of satellite was produced in 
industrial locations with high cleanness. 

Along equator of sphere, there are mounted two main connected 
antennas of centimeter range in the form of two systems of waveguide 
radiators. A system of ?2 waveguide radiators is intended for 
reception of signals, but system of 48 radiators is intended for 
transmission of intensive signals. Inside every cavity there is 
placed a radiator, to which energy is sent in strictly controlled 
phase. This ensures correct composition of radiation patterns of 
every cavity. 

Effectiveness of radiation of these antennas is approximately 
identical in all directions, besides regions of^poles of satellite, 
where effectiveness descends to zero. So that "zero radiation ol 
antennas is not directed towards earth, when satellite is above 
northern hemisphere, it is stabilized along the axis of rotation. 
With help of main antennas of satellite, transmission of signals 
of radio beacon is also carried out. 

In lower part of satellite, there are two small pivoting 
antennas, utilized for reception of remote control instructions and 
transmission of telemetric data at launch and on initial stage of 
orbit. One more antenna in upper part of satellite is produced from 
its housing by pyrotechnic mechanism at the time of dropping of 
deflector. This antenna is used simultaneously for transmission on 
a frequency of I36 MHz of telemetric data and signals of radio beacon 
and on a frequency of 120 MHz for reception of remote control 
instructions. 

In comparison with other cells of board equipment, the least 
reliability is possessed by board nickel-cadmium batteries. Storage 
battery consists of I9 cells and is recharged from solar battery 
consisting of 36OO silicon cells on external surface of satellite 
housing. 

When solar rays fall perpendicular to equatorial plane of 
satellite, then solar batteries can develop power up to 15 W. Every 
cell of solar battery is mounted on ceramic plate, secured in plate 
frame, and has protective covering of artificial sapphire. Sapphire, 
platinum and ceramic material are selected because their coefficients 
of thermal expansion are close to coefficient of thermal expansion 
of silicon, and this ensures preservation of integrity of construction, 
in spite of wide limits of oscillations of temperature. 

During simultaneous switching on of all systems by board 
electronic equipment of satellite "Telstar" about 30 W is consumed, 
which exceeds power developed by solar batteries more than twice. 
Therefore board equipment of satellite should be switched periodically 
by instructions from earth. 
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Requirements for band of transmitted frequencies, analysis of 
conditions propagation of radio waves and calculation of level of 

led to selecti°n of band of frequencies 3700-4200 MHz and 
3925-6425 MHz. Communication on line, satellite-earth, is carried 
OUí fretluency 4169.72 MHz, and communication on line, earth- 
sateliite is carried out on frequency 6389.58 MHz. Frequency 
modulation is used in system of communication. 

diagram of board connected satellite relay is shown in 
lig. 66. Frequency modulated signals of ground station are received 

Fig. 66. Block diagram 
of built-in system of 
communication circuit 
using active satellite 
relay station. 1 - 
converter which 
decreases frequency of 
arriving signals; 2 - 
amplifier of interme¬ 
diate frequency oscil¬ 
lations; 3 — converter 
which increases 
frequency of intensive 
signals; 4 - system of 
automatic control of 
amplification; 5, 7 - 
filter; 6 — traveling- 
wave tube; 8 — modu¬ 
lator; 9 - generator of 
high-frequency oscil¬ 
lations of centimeter 
range of waves. 

* nondirectional antenna and through filter join input of 
first frequency converter. On output of this converter, there will 
14 í?í^dinJgnalH?f^dÍ^ferenCe fre3uency» 90 MHz, which moves to 
x^-stage intermediate frequency amplifier with passband 50 MHz The 

Joins second converter, displacing central part of 
signal in range 4169.72 MHz, after which through series of cells it 
t£?ou?hV° an*llflr fage on lamP of runningßwave movement of wMc 
ÍStSSrant^na!^06 ^ ^ady gets to 

Telemetric complex of satellite "Telstar-l" jointly with 
necessary transducers and converters ensures transmission of separat 

5 parameters, including data about volume density and energy of 
ree protons, temperature of satellite, pressure inside housing 

0f ?0lar illumination of different sections of surface of 
satellite, value of currents and voltages in different points of 
equ pment, influence of particles of high energies on semiconductors 
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Satellite will be turned on and off by radio instructions 
transmitted from earth on about 123 MHz. For capture and rough 
escort by ground antennas, satellite radiates undamped signa o 
radio beacon at I36 MHz through antenna serving for reception of 
instructions (see Fig. 63). This signal serves as carrier frequency 
for transmission of telemetric data to earth. 

On satellite "Telstar-l" two rather coarse systems are used of 
stabilization along the axis of rotation. Gyroscopic stabilization 
is ensured by the fact that third stage of carrier rocket before 
separated satellite is made to rotate with speed 180 r/min. As a 
result there occurs stabilization of axis of rotation of satellite 
in space. 

Second system of stabilization of attitude of satellite is 
calculated on suppression of magnetic moment mainly created by 
permanent magnet of traveling-wave tube. 

Already in first days of work, "Telstar-l" ensured transatlantic 
transmission of television representations, telephone conversations 
between the United States and Europe, and also transmission of 
photographs. General duration of simultaneous visibility of satellite 
by station Andover (the United States) and by western European 
stations in twenty-four hours is 102 min. Maximum time during 
which satellite will be seen simultaneously by American and English 
stations is 30 min per revolution. For various causes for 
communication there can be practically used not whole period of 
simultaneous visibility of satellite by receiving-transmitting 
stations, but time of communication is about 20 min. 

With help of satellite relay station there are conducted 
transmissions of colored television programs, where quality of 
representations obtained is excellent. Soviet TV viewers with help 
of satellite "Telstar-l" and system Eurovision-Intervision were 
witnesses of tragic events connected with murder of John Kennedy in 
the United States in autumn 1963. 

Artificial satellite "Telstar-l" was also used for transmission 
of meteorological maps, which required eight times less time than 
during use of usual ground communication circuits of radio links. 
For this purpose a special phototelegraph apparatus was used with 
raised speed of rotation of drum. 

Results obtained from experimental communication with the help 
of satellite relay station "Telstar-l" showed possibility of use of 
active satellite relay stations for establishing intercontinental 
communication for transmission of both television and many telephone 
messages simultaneously. 

In May 1963 satellite "Telstar-2" was put into orbit. It differs 
little from its predecessor. From semiconductors of satellite air 
and other gases are removed. Instruments are placed in vacuum, which 
protects equipment from radioactive radiations. Apogee of this 
communication satellite is 10,720 km, and perigee is 969 km. 
Satellite is in zones of intense radiation less time, and, consequently 
will be less subjected to destructive action of radioactive radiations. 
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Stftef^nr^rope^OT^hoS??’11*8 transmlsslon between the United 

Americarthe^followingSorder0ls°acceDtedSl0pi proRrams ír°a to 
representation, „hlë^ ?oo" sLndaS I's Xl^s^nS sS^ÍÍL's" 

SSs0SeísÍS„íerêS?oÍífrsÍonTln SWl,tChlnK «"ter of lur“lslonP" 

oÄ^fHe^ 

converted to acooídInoe „mdBÍitlshrMS0íre !lgnalS w111 be 
(525 lines) standards Televtotoí ines) and the Ametlcan 
standard is transmitted bv cahi^ tn r,®na?' ^°rresP°ndin6 to American 
on microwaves to neighboring grouíd ítntíí11?"00!”13 and 
"Telstar." "Telstar^ relavf f?r transmission to 
signals are then transmitted on microwavesSto Portlfl^0^*^ TheSe 
by coaxial cable to M°w York for ° Portland and further 
network. k f°r dlstribution on broadcasting 

Transmission from the United ç-f-o-t-oo +■* r>, 4 « 
reverse order, with one excantíon. oî to Europe is fulfilled in 
standard is produced in London. ’ nversi°n of American to French 

form of truncated ovramld t-í-q UpP®f part of satellite has 
height 81 cm, weight ó^kg îîmeÎer is about ^ cm> 

^í:ill°LlnfhÍ0™a^V°Ve " aa"^i‘e KJíh aerlal 

to tw¿ mSdes Íetoroíe!waye?™ÍlcÍMyS’ rT °f «°rk 
for bilateral transmission of telephone'^slenal^^'^''^ sifnals or 
oscillations radiated bv relav lg?alf* Power of 
broad-band signals is equal to 10 w á^rin^ transmission of 
telephone messages is 40 W As a T<prnn of 
one should note 7 reserve blocks rSnnorÎ Ï1^ of this satelHte, 
of electronic equipment, which essentially í" parallel t0 basic units 
satellite operatlonV essentially Increases reliability of 

the UnltedhStates t^Europe Africa an^S31”1?il0n mS conducted from 
etc.; voice, telegrapríeports btoc? wh?rZUJ fr?m Brap11 t0 
representations wfre transSto?id! * 0° °red tele''lal°" 

Preparation is conducted for orpafirm — 
with help of stationary active aïtîî^Î»? communication system 
successful launching of aíti^rtlí Ík1 efr?h satellites. First 
United States) was perfomed^n1^!? îq6^SatqaÎiî'?^Sinkom"2" (the 
at first on strongly elongated orbit Í?t2* SatellJte was launched 
36,210 km. Five fíd one-haï? hoîrs a?íe5 225 km and aP°gee 
satellite was increased by instructions from e^tS^anHfpaísed 
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on an almost circular orbit (perigee 54 247 km and aP°f =^,628 km) 
Due to the fact that satellite was not launched exactly into stationary 
orbit, it accomplished westward drift with speed 7.5 
Subsequently, multiple switching on of board engine of satellite 
produced correction of its orbit, as a result °f . 
was brought to 0.04° in twnety-four hours. Height °f. 7q^ 
changed within limits 35,568-35,582.4 km (by other d^a ,^680-35,793 
km) j time of revolution was 23 h 55.9 min. Because U 
of equatorial section of earth from circumference, additional 
displacements were noted of satellite within limits up to • 
This satellite cannot be considered truly stationary, since it 
describes an "eight" above Brazil and the'southern part of the 
Atlantic ocean. Upper and lower loop of eight touch P0^ts on 33 
northern and southern latitudes. Satellite is to be maintaine 
assigned position at least two years with the help of jet ^titude 
control system where nitrogen and hydrogen peroxide are used as fuel. 
Satellite moves along orbit with spe^d 10,800 km/h, whereas speed 
of rotation of earth at equator is equal to 1664 km/h. 

"Sindom-2" consists of two concentric cylinders (Fig. 67a). 
On external cylinder 71 cm in diameter and 39.^ cm hJ|h are Pj-a^d 
3840 silicon solar cells; power provided by them is 25 W. .etween 
external and internal cylinders there are placed engine of control 
of speed and orientation of satellite. Radio electronic equipment 
of satellite (weighing 25 kg) is placed in internal cylinder. Weight 
of all satellite without fuel is 41 kg. 

Large part of radio electronic equipment of satellite Is 
duplicated: on it there are two connected transmitters and two 
receivers, each of which can be connected to any transmitter. One 
receiver has two narrow-band channels on 500 kHz, second has one 
channel 5 MHz wide. Reception of signals is produced at frequencie 
of 7361 and 73¿3 MHz; transmission is produced at frequencies iöia 

and 1816 MHz. 

Block diagram of relay is shown on Fig. 67b. Signals at 
frequencies of 7361 and 7363 MHz, which are received by slot antenna, 
loin one of receivers, which is triggered on command from earth. 
Received signals will be converted by frequency; frequency ^ops to 
1814 or I8I6 MHz. Converted signals go to adapter, output of which 
is united with two transmitters. Output stages of transmitters are 
collected on traveling-wave tubes; output power of transmitter is 
2 W Every transmitter is switched by instruction from earth. 
Transmitting coaxial slot antenna, which is located along axis of 
rotation of satellite, radiates high-frequency enerp in limits of 
flat ray 25° wide, plane of which is perpendicular to axis oí 
rotation of satellite. 

Antenna radiation pattern of antenna has the form of an eight. 
Weight of board equipment of communication is about 3.5 kg, power 

drain is 16.3 W. 

System of reception of instructions has two receivers, two 
pulse decoders and turnstile antenna consisting of four pins, which 
is also used in telemetric equipment (Fig. 67c). Each oí command 



L_|—
I - - ■! ,-■ ■--- - "vv.

Fig. 67. Construction of satellite "Slnkom-2" (a), block diagram of It. relay (b) 
and system of receftlon of Instructions and telemetry (c). 1 - telemetric and
command pivoting antenna; 2 — Jet nozrle of system of orientation; ' — nickel- 
cadmium storage batter; t — receiver; '5 — balloon for hydrogen pero.^.de; 6 — 
coaxial connected slot antenna; 7 - transmitter with traveling-wave tube; 8 - 
command receiver; 9 - bottle for nitrogen; 10 - sunseeker; 11 - timer of system 
of putting Into stationary orbit; 12 - Jet engine for putting satellite Into 
stationary orbit; 13 - Jet nozzle of adjustment of speed of flight, working on 
compressed nitrogen.

KEY; (a) Receiving antenna; (b) Transmitting antenna; (c) Receiver; (d) Trans­

mitter; (e) Mixer; (f) Heterodyne; (g) Transition device (h) Coaxial switch; '1) 
Instruction; (J) Drive of antenna; (k) Turnstile antenna; (1) elemetrlc trans­

mitter; (m) Coder; (n) Input of teleraetrlc system;
receiver; (q) Filters and detector; (rj Adapter; (s_ „_ _ _ _ _ _ _ _ _ _ _ _ ...

Instructions; (t) Output of switch of Instructions; (') Svn hrcnltlng puis's; 
(7^ Colin - rirv!

o) Dlplexer; (p) Command 
Logical system of reception
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receivers is calculated on reception of 25 instructions — 12 for 
switching on of radio electronic equipment, 13 for attitude control 
of satellite. Receivers work on a frequency of 148 MHz with amplitude 
modulation. 

Telemetric equipment consists of two identical 2 W transmitters 
operating at I36 MHz with frequency modulation. Every transmitter 
is intended for transmission of data about temperature inside 
satellite, power supplies, pressure of gas and systems of stabilization 
and others; I9 parameters are transmitted in all. 

For determination of position of satellite in space, use is 
provided of two forms of information: information from sun sensors 
is transmitted on telemetering link to ground station, but 
determination of position of satellite is carried out by measurement 
of polarization of signal taken from satellite. 

Maximum distance between points on earth's surface, communication 
with which was carried out with help of satellite "Sinkom-2," was 
12,320 km. 

In August 1964 stationary communication satellite "Sinkom-3" 
(the United States) was launched into a circular orbit 35»900 km 
high located in the plane of the equator. 

In October 1964 with help of this satellite, test television 
transmissions from Tokyo to the United States were produced. 

Above described corrmunication satellites were created for 
research purposes. However, in March 1965 the United States put 
into stationary orbit the first commercial communication satellite 
"Early Bird" (which in translation signifies "early bird"). Through 
this stationary satellite, regular radio communications between North 
America and Western Europe is carried out. Satellite retransmits 
television programs, signals of multichannel telephony and digital 
information. Provision is made for transmission on 240 bilateral 
telephone channels with width of spectrum from 300 to 3000 Hz each. 
On each telephone channel, it is possible to transmit more than 22 
signals of telegraph messages. 

"Early Bird" is more powerful and more universal satellite than 
apparatuses of type "Sinkom." Satellite is equipped with two 
broad-band relays with bandwidth of transmission up to 25 MHz each, 
which permit transmitting television programs of sufficiently high 
quality for commercial television communication circuits. 

Satellite receives signals from earth on a frequency of about 
6000 MHz and carries out relaying of received signals on a frequency 
near 4000 MHz. Radiated power is twice radiated power of apparatuses 
of "Sinkom" and is 4 W. Transmitting and receiving antenna of this 
satellite have been considerably improved. Where function of command 
and telemetric subsystems are united with functions of system of 
communication, but secondary telemetering links are eliminated. Rated 
power of power supplies is increased from 29 to 45 W, for which 
number of solar cells is increased to 6OOO. For their distribution 
it was necessary to increase width of cylindrical surface of satellite 
to 60 cm. 
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23 Apri1rî96wÎhCS?riofamÎïï1^»telUte,"i0lrllya-1" was launchad 
launching, elliptic orbi? o? rocket Directly after 
height of apogee is 3Q ^ Hr km follc-wing parameters: 

of orbit is efo, penod of révSlÎtïon°lsPlî h^R18/97 ï"1' lncUnati°' 
orbit is above Northern heml^nhíUo k,,! 114h 48 min * AP°See of 
hemisphere. Satellite acromnMQh6^ ^Ut peri®ee ls above southern 
hours around earth. On one of them ^^^ions in twenty-four 
the Soviet Union, but on ?he otíer it full ^OVe îhe íerritory ^ North America. otner, it flies above territory of 

Moeco^and^l^Ívoitok^enenH^8"60“8 ,'vlalt’lllty" Of satellite from 
deflections of period*ofRevolution^f"1«i°rMt- ^rlrg large 
period, correction Is proved Íí?h a ?llireKfrom cal=“lated 
Such correction of period ,f help of boarti Jet engine. 

2 May 1965. PeriL of revolution afte? th«tCbnCiUCteCl' for el<amPla. 
hours, height of oerio-ef» czuq vi°n a£t®r that became equal to 12 

, xei&nz 01 perigee 548 tan, and height of apogee 39,957 km. 

cyllnd?ícaí1ÍÕrêMwi1?íyl'ir (f1®- 68> hermetic housing of 
cylindrical form with conical bottoms, on the outside of 1?, there 

Fig. 68. Diagram 
of distant radio 
communications 
with use of satel¬ 
lite Molniya-1." 
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are 6 panels with solar cells and 2 parabolic antennas. During 
orbital injection of panel of solar battery, antennas were in formed 
state and, after separation of satellite from carrier rocket, 
automatically opened. Correcting propulsion system and microengine 
are set on bottom of housing. Orientation sensors on sun and earth 
are located on other bottom. For thermal control are used radiator- 
refrigerator of cylindrical form and panel-heater in the form of a 
flat ring, which are braced to housing. 

Radio electronic and other equipment are placed inside housing, 
where necessary pressure and temperature are maintained. 

As sources of energy for feed of board equipment a system is 
used consisting of solar batteries, chemical sources of current and 
automatic device of adjustment of power supply. 

For production of energy from whole area of solar battery, 
satellite is oriented during whole time of flight to sun. 
Simultaneously with orientation of satellite to sun during carrying 
out of performances of communication, one of parabolic antannas is 
directed to earth and with help of special drive follows earth; 
second antenna is reserve. Control of antenna drive is produced 
by signals of orientation sensor. For work with reserve antenna, 
satellite must turn l80° around its longitudinal axis. 

Equipment on satellite "Lightning-1" permits transmitting 
television black and white and colored programs or carrying out a 
large quantity of telephone negotiations, and also transmitting 
phototelegraph, telegraph, and other messages. 

Work of systems of satellite is controlled by telemetric 
equipment, control of which and also of systems of satellite is 
produced by airborne programmed computer for programs assigned by 
instructions from earth. On satellite "Lightning-1" there is also 
equipment for measuring radiation. 

Since launch through communication satellite "Lightning-1," 
tests are conducted daily of bilateral line of space radio 
communications between Moscow and /ladivostok. Maximum duration 
of one performance of communication exceeds 9 hours. Tests have 
been successful. They showed, in particular, that satellites of 
"Molniya-1" type can be basis for construction of lines of relaying 
colored television programs. 

In literature it is reported that the United States is preparing 
to launch stationary satellites which are to be multifunctional, 
i.e., will be used for communication, for navigational and 
reconnaissance targets, and also as space laboratories. 

Ground Stations of Communication Systems 
Through Satellites 

Peculiarity of construction of network of ground stations, 
applied in systems of communication through satellites will be 
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through satellite.. 

(Maine), station in Hoîmde^and ií ínt? statlon is in Andover 
the station is located in Goonhillv^^ï ^NeW Jersey)î in England 
on Bretagne peninsula to the noît^of ïSnnïnî'' r1,0"1, Palmut; in France 
of Germany in Recting near Munich? ln the federal Republic 
and station are in the Appenïne ^uniai^X^6 receivlng antenna 
Tokyo?2ln the ^=lnityPPof Hlo^de^aneiro; S ZZîïeSi'*™! 

Which are the main ones of these stations? 

communication is on one of the heights ld' Tin stati°n for 
receiving-transmitting antennî ?ithhî ne&r Andover. This gigantic 
and weighs 370 t. AntenSa ?? n^^h?rn reflector is 52.5 m long 
?Îaïhteï* advantage of h^rn^onstmcMCtlVc housine 55 m in 
ínhíí6 fact that diagram of its íadiatiíí h»í °f antenna consists 
lobes, as a result of which that- naîîc11 hf° very sraaH lateral 
caused by thermal motion of chargé Whlch ls 

°^?1nlpCahpnnärä«a?ionnpIueraSw?thas1 î°t?30 m2i0thls P3™“3 utilized in "Telstar" svat-cm1 With s°lution 0.?° at frecuencia 
S?iífeqUenCy 6000 amplif4catiJnßiIna?r? c°ncentration of energy 
million with respect to absolute!v ?tÍf f^ained of the order of 1 
on frequency 4000 MHz is lit-tip mí directed radiation; amplification 
Another important merit of ÎÎ ?re than half of this value 
wide frequency Sand? it: °f the antenna is ^s ability tS wSrk in a 

housing, whichaïS for^ummi^ofln 8*5 x 9 m metallic 
/s equal to 2 kW on frequency 63QO mh-t °f radiated oscillations 
stage of connected radlS ^c^i*3?? 

helical°ãntenna? "rbirSeníTÍ? tra5smitter has Its own four- 
contlnuously radlaSd by sI?“ií?eU?n ff°r recePtl°n °f signal 
of which Is carried out by b?aM Joul™lr?Ue?Cï î36 MHz» modulation 
during transmission of corresponding iSultlon?™61^' trlSSered 

of satellitetisCapproxlmateívak*Cln® ?cour ln three stages. Position 
launching and subsequent observ^tT" fro!f.data transmitted during 
stations at differeSepolntseo?a íe eartí11 h^lp °f 
during receptan of signal of beacon Fi^ caPture occurs 
help of four-helical nni-Qwi»,«1 D?acon on frequency 136 MHz with +-hq 
pattem 20°? ??efo^dïï* Î?S “«th of anteínTíad^lon 

^gaí^o^Lí^ít1^1 ep°attion. SaAf te Precept ion tQf 
precision of ti». Afíer that a 
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switching on connected equipment and radio beacon on 4080 MHz. And 
precision tracking system starts to work which determines position 
of satellite with an accuracy of 0.02°. By this installation of horn 
is attained within limits of zone of capture of vernier system of 
autotracking, with the help of which final centering of radio beam 
with respect to satellite is carried out. 

Station in Goonhilly-Downs, located in southwest part of England, 
is equipped with a mirror-parabolic antenna 25.5 m in diameter, which 
can be directed toward ai -r point of the upper hemisphere with the 
help of automatic control. This antenna is used both for reception 
and for transmission either in system of communication "Telstar," 
or in system "Relay." Width of ray of antenna is equal to 0.15°. 
Full weight of revolving platform with equipment is 8?0 t, power of 
drive motors is about 150 kW. 

Power of transmitter intended for communication with "Telstar," 
is 5 kW, and with satellite "Relay" 10 kW. Information about 
position of satellite on orbit, necessary for control of antenna, 
joins English station on telegraph line from Goddard center of space 
flights, which is located in the United States. In Goonhilly-Downs 
this information is processed by electronic computer. 

French station constitutes exact copy of station in Andover. 
Tracking of stationary satellite "Sinkom" is carried out by system 
"Minitrack." 

Ground stations begin to receive signals from satellite "Sinkom" 
after it reaches a point located 1.5° above the horizon; at a point 
0.5° above the horizon, ground stations carry out capture of satellite 
on signals of radio beacon. 

Mobile station is placed on 10 trailers and can be transported 
by air or motor transport. It consists of antenna, powerful ultra- 
high frequency transmitter, sensitive connected receiver, equipment 
for connection of subscribers, receiver of system of tracking, and 
feed unit ensuring autonomy of station operation. 
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CHAPTER VII 

TELEVISION AND THE SECRETS OF THE UNIVERSE 

MJ^ÍeyÍS!0Velescopes- Extraterrestrial observatories 

Huge distances separate earth from ceipQ-Mai ü. 
in spite of their colossal r°m ^eifstial bodies; therefore, 
earth is very small Of thpinen^i°nSí» viewln8 angle as seen from 
distinguish £0? ^ than ^oS ïhlsf farSi the naked can 
light points. Representa!?ons''^fhmS stafs are to us in the form of 
tively large dimensions but are st???\Planetfí and SUn have compara- 
to be discernableV t0° Sma11' for their structure 

viewing in™ 
by approaching celestial bodieS or bv ?an,be achieved either 
increase viewing angle i e creabinS instruments which 
only an insignifiant ¿aít ¿f ÍIyrS?PM¿ht ïLîa%leHSCOpeS ^CelVe 
by celestial bodies* therefora ^ ofli6ht radiated or reflected 

the°world Seaíope'it ^'gesfteleïcope in 

distance over 500 millions of iSt Jears? ’ fr°m US 0n 

oblects °fjef to ma^e Possible observation of still more distant 

own weight or due to chanSa n? oí\ dlaineter* mirror under its 
objectives, it is difficult temperature sags, and for lens 
transparent and uniform glass prepare lens of large dimensions from 

but ifL0veíytÍmpo?tMtaíoe|tñL0tíer1?1 b0dles inte«st scientists 

qufesUonfisestS3 no? T° oSÏ“a^e?rïr^’ePreSenCe 
questions is still more complicated; therefore, astronomers??? to 
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use all possibilities, which contemporary science and technology 
present to them. 

Television Telescopes 

In contemporary scientific astronomical investigations, photo¬ 
graphic methods are widely used . For creation cf photographic repre¬ 
sentations corresponding to very weak, illuminances, it is necessary 
to increase exposure, but this increase has limit. Properties of 
photographic light sensitive layers are such that during very low 
levels of illuminance, increase of exposure a definite, number of 
times is not equivalent to decrease of luminous flux that same number 
of times. Background of night sky and oscillations of this back¬ 
ground relative to some average value is difficult to distinguish 
from very weak stars of the 22nd and 25rd magnitude. Exposure of 
light sensitive material should be optimum in this case. At small 
exposures, pictures are very low-contrast, and at more prolonged 
exposures is obtained superposition of one on another grains of silver 
of photographic emulsion, and film becomes too tight. Therefore, for 
best investigation of universe, it is necessary to use more sensitive 
receivers of light. To number of such receivers belong photocathodes 
of photoelectrical converters, arrangement of which is examined in 
Chapter II. Quantum yield of photoelectrical converters is a hundred 
times more than quantum output of photographic films, which permits 
signigicantly increasing effectiveness of registration of astronomi¬ 
cal observations. For fixing of representation after telescope can 
be used image converters of light or television transmitting tubes. 

It is necessary to note that external photoelectrical effect 
is proportional to luminous flux in a very large range. It is 
especially important for astronomy that this regularity is preserved 
to least possible levels of light, up to one quantum. Possibility of 
use of electromagnetic radiations of large range of wave lengths of 
electromagnetic oscillations is also valuable. 

During use of television method of investigations from video 
signal, it is possible to subtract signal of uniform light background 
and thereby to increase contrast in needed range of signals. This 
contrast can be increased more at the expense of use of amplifiers 
with nonlinear amplitude characteristic (correctors of contrast). 
Use of television method of observations permits increasing brightness 
of representation after telescope, transmitting representation from 
telescope great distances, and also obtaining on screens of receiving 
devices increased representations, which can simultaneously observe 
a large group of people. Here it is possible to regulate scale 
smoothly, contrast and brightness of representation, memorization of 
representations, etc. 

Serious interference for astronomical observations from surface 
of earth is atmosphere, which refracts rays, going to earth and 
partially absorbs them. Rays of light passing through layers of 
continuously moving air, are differently refracted and weakened. As 
a result decreases visible brightness of stars, they blinkj their 
representation in telescopes shivers and spreads. Intensity of 
luminous flux from celestial bodies is extraordinarily small; there¬ 
fore, during photographing of representations of planets, stars and 
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move to amplifier but then are sent to two pairs of coils, located 
around section of transfer of tube. Axes of coils are mutually 
perpendicular. Displacement of optical representation on slots 
changes luminous flux getting on photocathodes of multipliers and 
increases (or decreases) magnetic field in coils. Change of this 
field leads to displacement of electronic representation on targe, 
of tube. Selection of phase and value of current in coils achieves 
displacement of electronic representation in direction opposite 
displacement of optical representation on slots and photocathode 
of transmitting tube. During corresponding adjustment of amplifiers 
of current of electron multiplier phototubes, electronic representa¬ 
tion on target, and, accordingly, on screen of picture tube of video 
supervisory equipment, becomes motionless. 

In one of observatories, television equipment was adjusted to 
horizontal solar telescope. Using filters passing ultraviole*- or 
infrared rays of sunlight on photocathode of transmitting tube, 
researchers observed surface of sun in these rays. On specially 
built solar spectrograph with television equipment were made spectral 
observations. Thus it began possible to examine on screen of picture 
tube and to photgraph phenomena, which occur on surface of sun, am 
which were not accessible earlier for observation by optical methods. 

Since 1952 television methods have been used in Glavnaya Astro¬ 
nomical Observatory of Academy of Sciences of USSR. In 195o in 
PulK.ovsk.aya Observatory was completed installation of experimental 
television telescope, optical circuit of which permits obtaining 
large increase with small losses of light in optics. Here use 0 
image orthicon is provided for in conditions of prolonged accumulation 
of potential relief on target (during several tens of seconds), but, 
consequently, increase of sensitivity of tube. First experimental 
observations already showed that in conditions of accumulation during 
6 s, it is possible to photograph star of the 10th magnitude. 
IJluminance on photocathode of tube in these conditions was not more 
than 0.001 lux, but gain in brightness reached 30,000-40,000. 

In this observatory Soviet astrophysicist N. F. Kuprevich with 
help of television equipment sensitive to infrared rays in 
obtained unique photographs of moon. These photographs are done in 
infrared rays in 0.8-2.3 W range. Series of lumar photographs 
obtained in infrared rays turned out to be truly remarkable. On 
them are recorded many, peculiarity of relief of our satellite not 
Known till now. Usually "sea of clouds" on surface of moon is 
depicted in the form of plane with indefinite spots and wit^ small 
quantity of craters. And on photograph obtained in infrared rays 
instead of plain it turned out to be annular mountans surrounding 
central part and filling all space "of sea." Light rays, proceeding 
from crater "Tinkho", are usually in the form of double luminescent 
lines. And new photographs, these rays are split into a series of 
craters stretched on Sne line. Other line is similarity of mountain 
range Nearer to center of disk of moon, in region of crater 
Copernicus", till now were fixed dark spots. Now it has beeen 
clarified that these are craters with sharply expressed structure. 
Other appears "Sea of rains." It constitutes uneven, hilly surface, 
where in its upper part (near crater "of Copernicus ) is clearly 
seen structure of annular mountains, usually not designated on maps. 
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Presence of annular mountains 
of moon. is revealed in other places of surface 

with hnitet? States» television installation was used jointly 
ii Tníío«? eSCOpe f0r Photographing Mars during its opposition 
increased to^ diamPt^86^^1^ °f MarS after telescope, additionally 
of suDe?hiffhiï ^Pno?ïf °î 10*5 was ProJocted on photocathode 

p?rhlghjysensitive image orthicon with two-stage electron- 
optical amplifier of brightness (see Fig. 19b). Television eauio- 
îinesWat ^ decornPosition by interlaced screen into^O^ 
lines at 30 frames per second. Representation was examined and wa^ 
photographed from screen of picture tube. . examined and wa0 

Solar bursts and their influence on earth and nearbv soace are 
no longer the subject of only scientific Interest. Foï InhabUants 

actlvltv Sás rtff hy COVer °f atmosPhere, basic result of sola? 
acJiv y was disturbance of radio communications. But when soace 
travellers emerge from under protection of atmosphere, they will meet 
with powerful solar radiation, and dose of irradiatioA even on 

stances equal to distance from sun to earth can be mortal. Specific 

chíoLsoíer^Te' Whl?h co?stitiite catastrophic disturbances of 
cnromosphere, i.e., : lar atmosphere, with appearance both of wave 
and of corpuscular rauiation of extraordinarily high intensitv 

nfSQple PTrt °f sPectrum> radiation is concentrated within limits 
of several narrow filaments; the most intense of them is line H 

(6563 ). During bursts sharply is increased also X-rav and ultra- 

e¿?tf/ad^ti0n and gigantl Particle fluxes of Mgh energy a^ 
streams* Therfforp6^ d^ger £°r J°urneys ^ cosmos is corpuscular 
necessarv h?n ° Predictlon bursts becomes vitally 
in pio- t'hts connection the warning system about bursts depicted 

rayf^narrow^bandVfilter^ti ^13 System Pncludes -ashe? of l?ght narr?W pand filter, television camera on vidicon with corres- 

lishing threshold°^ derie^tio^ and synchronization circuit of estab- 

posltlof circuit?* tr01 Unlt f0r gUlding of and logical 

narrow?ba?de?ÍÍtÍ?n °L!?lar,fsK¿ Passing through ray smasher and 
and filter, passing line Ha, gets on target of vidicon. 

Vicieo signals from output of camera are processed in circuit of P^tah 

circuit of^stablishin^th^^^H îlrcult- SuPPort displacement in 
intensitv o? hi 6 tírashold ls set so that circuit reacts to 
tion of roííhpÍghtA, S?meWhat,eXCeeding exPected intensity of radia- 
of vidicon in íâvsDHrÍit hpíJeCtÍng °f rePresentabion of sun on target 
tion of y PHa it becornes easy to detect burst. For determina- 
zatïon AftÎÎ°Îîp?LÏÏrSt US6d Pulses of frame and small synchroni- 

. After detection of burst and determination of its oosition 

baníesanítudí of^whí htS separate regions there are observed distur- 
burst píedicíioñ oí hnif? aPProaching appearance of 
andIreatmln? o^cTata. tS Wl11 Pr0m°te aUtomatl°n of observations 

MMnÍÍMk •-Mv 
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Television technology in combination with long focus telescopes 
finds application for detection of spacecraft and their tracking. 
This is caused by the fact that observation of satellites of small 
dimensions during large angular shifts of them is practically 
impossible with help of only narrow-band optical systems. At the 
same time, it is possible to track satellites with still higher 
angular speeds with help of cameras on image orthicons. 

Fig. 70. Block diagram of installation for 
prediction of burst on sun. 1 — guiding solar 
telescope, 2 — smasher ray; 3 — solar filters; 
4 — registration on photographic film; 5 — 
filter of line H ; 6 — television camera; 7 — 

or * 

power supply; 8 — generator of scanning oscil¬ 
lations; 9 — drive of telescope; 10 — clock 
and synchronizer; 11 — circuit of establishing 
threshold; 12 — determinant of coordinates of 
burst; 13 — transducer of instructions for tele¬ 
scope with narrow field of sight; 14 — to tele¬ 
scope with narrow viewing angle. Burst, inten¬ 
sity of which exceeds threshold of operation, is 
revealed with the help of guiding telescope 
tracking sun. For detailed study of burst is 
used telescope with narrow field of sight. 

Merits of television methods will appear all the more distinctly 
according to creation of transmitting television tubes, intended 
specially for application in astronomy. In such transmitting tubes, 
it is attempted to increase considerably sensitivity and resolving 
power. Constructions are proposed of tubes allowing storage of 
comparatively large charges and their preservation without change 
during a prolonged interval of time (up to several hours), then using 
them for reproduction of representation. 
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Qll. Application of television systems also permits producing 

In firmament^entatl0n °f telescope in accordance with stellar motion 

Extraterrestrial Observatories 

is nonunifí^dint?tke<j the faCt that terrestrial atmosphere 
densltï^huÎTdî'iu ínHPíiCa Pr°Pertles- Its layers have different 
density, humidity, and temperature and are constantly mixed trans¬ 
ferred by wind, change their circuits. Light rays from stars oa^in^ 
hundreds of thousands and, occasionally, millions of light years 

refractpd6ín °í' atm°sPhere in a practically parallel beam. But being 
refracted in atmosphere, they no longer remain parallel, and become 

benbieIS?L°r Tíerefore> the observer the starf seem to 
be blinking. But besides change of brightness, there occur fast 
vibration ^sPlacements stellar representation, which we call 
vibration of representation. 

of ceÍestialShndÍp«SPh?ÍiC interferences considerably distort images 
^Í^elesílal bodies* They are always subject to deformations of 

representatior^arp6 and ln different directions. Certain parts of 
representation are compressed, others are expanded. Disk of planet 
seems wavy or indented; its image seems to fSam. Therefore obs2?va 

Strong an,J bul^ to°ls are co™t?uc?ed’on 
1 f 1 order to emerge beyond the limits of lower, most contami¬ 

nated and restless layers of terrestrial atmosphere. 

Application of compensator of statics described by us permits 
q;aHty °f ^presentation, but distortions of Kp?e™nWtlon 

caused by statics, cannot be completely avoided. representation, 

is toThrreftí T ^ thls hoPelaa= position, one would think. 
Carriers of the« °^ervatory beyond the limits of the atmosphere. 
!LíTp4rf ?f °uter space observatories can be, in particular 

sïch extrate^reïtr?*?111*63' ?nd °Ur constant satellite^ the moon, buch extraterrestrial space observatories will allow observing world 
of celestial bodies in undistorted form. During construction of 
observatories on artificial satellites it will be possible tS Create 

construction^ f31?t0 Elraplifi' considerably their 
construction. The fact is that in outer space thanks to weightlessnesq 
the problem of nonuniform distortion of mirror of telescope is 
eliminated, which so hampers work of large ground telescopes Thus 

dSL^orVf£l0nS °f lln,lts of atmosPhere7 tflesíopes o? Srgêr ’ 
tapíese«tt^nonê«?ítí are P?sslble ln Principle. It is possible 

10 m arj resolving power bette^thar^O"!!)!?6 However^ln near fixture 

mí?”rnofysucíedíameíer?0t eXPeCt possiblllty °f manufacturing a ’ 

height, where artificial earth satellite will be atmo- 

h any lncfease. whereas in terrestrial observatories a 
thousandfold increase alreaoy causes difficultv Tt í^ Í 
say still that ground observLorïirca^^obs^ve^teÎ^rsky^ day 
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— this is hindered by atmosphere, but observation in outer space 
observatories will not be limited by time of day. It is obvious that 
astronomical observations will not depend on caprices of weather as 
frequently as earth. 

All these advantages of outer space observatories will allow 
observing and fixing representation of stars and star clusters, which 
are inaccessible to terrestrial telescopes. Value of these observa¬ 
tions will increase many times more because there will be increased 
considerably spectrum of electromagnetic oscillations, in rays oi 
which it will be possible to observe representation of bodies of 
universe. It is known that spectrum of electromagnetic oscillations 
which use ground observatories is limited, not only by properties of 
instruments themselves, but also by opacity of atmosphere for many 
rays (see Fig. 44). Thus, for observations there remains only a 
small visible window, somewhat smaller than region of infrared rays 
and wider range of radio waves. This means that many astronomical 
data are hidden from us. Thus, considerable part of radiation of 
solar corona was apportioned to ultraviolet region and long-wave 
range of spectrum. Radiation of planet attains maximum in distant 
infrared region of spectrum, which is absorbed by terrestrial 
atmosphere. Very hot stars are bright in ultraviolet part of spec¬ 
trum; interstellar dust has intrinsic emission in infrared region 
of spectrum. In distant galaxies we see only that part of their 
spectrum, which in spectra of close galaxies lies in inaccessible 
ultraviolet region. Observations of distant and close galaxies in 
comparable regions of spectrum permit deciding question about "aging1' 
galaxies. Observation in regions of spectrum inaccessible at present 
with help of outer space observatories will allow obtaining not 
only expected, but also absolutely new and unexpected results. 

From this follows that for best knowledge of universe, It is 
necessary to lift astronomical instruments higher than tight cover 
of atmosphere. 

What sort of role is played by television and what relationship 
does it have to extraterrestrial observatories? 

Without use of television all reasonings on expediency of 
creation of extraterrestrial observatories can be examined only as 
abstract dreams. Actually, problem of launching artificial earth 
satellites and creation of interplanet stations and ships is solved. 
But how to transmit optical representations obtained on board of 
spacecraft to earth? Best means of transmission of representations 
(essentially, only) is television. 

Certainly, observation with the help of telescope removed beyond 
the limits of terrestrial atmosphere opens very wide possibilities 
for investigations, but engineering problems connected with require¬ 
ments of reliability of work in unknown or insufficiently studied 
conditions are also very complicated. 

At launch the satellite is acted up by very great forces. 
Besides constant acceleration, usually lying within limits from 10 
to 30 g, there is also very strong vibration, which generates 
additional variable acceleration of the order of 20 g with a frequency 
from several cycles per second to several kHz. This vibration creates 
serious difficulties. 
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forces absolutelv ^ín. í 1 orblt^ action of rrechanical 
cSístruc??nÍ Lf P * ThÍS is e°od from the Point of view of construction of telescopes of large dimensions. However absenop 
Of large masses hampers stabilisation and orientation o^tSlseSpe. 

thermal^eouilibrlnm Sí,telílte moves' hanlPers supporting of 
eauiomentq m +i radlation spreading in vacuum can damage 

lower than Soo'km? or‘higher'thane?oaoooykmh°Uíd be elther slightly 

negligible"^11'03*' ^sis^ncTo/a fL°f negligible even on a not quite circular orbit. 

mp^°n^r^Pe?Uliarlty of interPianetary space is field of force s.“i»s ;sis:-;; :s: ™ --- 
srSSr „ a f , nec&ssary t,u direct stellar telescope 
aiming ineiined sectlon of firmament and fi'om time to time to change 

accordance with program of observations. In orocess o?Ê 
he actural observation, orientation of telescope should remain 

constant, of course, within limits of assigned accuracy! 

in order to give rotation in defined direction to 

I^iHollíbÍl r^^o'íse re^íurof oKfíow^of^rsíream:6^10" 

ïfgmagnetîc°forces!m' ^^^^P^^^^rradiaíiín ^influence 

stabilization0Tf3COP?-(-?í' sabel-llte’ in defined direction and 
not only ïoïï cLîroiP°h Î ? Wlth the help of remote control require 
for determination of reaï díre^tlor^opUc^^x^"311 transducer 

a1} °f this is no longer fantasy. People start to ston^ 

there aÍrb^nfappUed6^^^/36 f °Uter sta^ionst^Already 
tion about 0b1eotPof1obc;pÍírffent systems for production of informa- 
there worKed a system in uhïÎÎ,0rt,' f °n a numder of Punched satellites 
used travel and rotation of ïhe ïcroflSï«eîïltef raPreae"taH°n “as 

rogío^o? spentrumdofhel°Ct11S> W°rkÍng ln vuííle^nf tajrirod^10"1 
are 4rovedSPL?Sc°fe^Pd^°fc«^^f.PaPillations Those systems 
for production of representaron. installations are used 

of syñjrSt^erds ??? rinrLíerenrio1earf?íifr¿“:^arreerrlpuon 
of sun from stratosphere balloon. On stratosphere Is 
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a 300 mm reflector. Representation of solar surface created by it 
is recorded by movie camera on film and once per second with help of 
television board camera and radio transmitter is transmitted to earth. 
Presence of television installation permits producing remote control 
by optical focusing and direction of telescope sight. Height of 
rise of stratosphere balloon with equipment is 30 km. 

Now there appeared second variant of such installation, 
"3tatoscope-II." In telescope of this astronomical observatory, a 
900 mm diameter mirror is already used. This installation is intended 
for stellar and planetary photography and infrared spectroscopy. In 
composition of board equipment stratofalcon are two television cameras 
on supersensitive image orthicons. Electrical circuit of television 
system is carried out basically on semiconductors. All feed is 
carried out from nickel-cadmium storage batteries. In installation 
decomposition is produced of representation on 400 lines. Sensitivity 
of television cameras is sufficient for observation of stars of the 
8th magnitude through wide-angle television camera and stars of 
the 12th magnitude through narrow-angle television transmitting 
camera. On stratofalcon is used radio transmitter with average 
output power of 20 W. Already during first two launchings of strato¬ 
falcon, there were obtained data about infrared radiation of moon. 
Mars Jupiter and a number of stars: Betelgeuse, Aldebaran, pPerseus, 
pLeo, uGemini, Lyra, uCepheus. 

For study of stars was created ultraviolet space telescope, 
which was lifted to a height of 240 km with the help of a rocket. 
In this equipment is used a specially developed transmitting tele¬ 
vision tube, a uvicon, which is sensitive to ultraviolet rays. 
Principle of action of uvicon is analogous to vidicon. In this case 
television system serves for transmission of observations. Pictures 
reproduced on earth are recorded on film, but video signals are 
recorded on magnetic tape. So that scientists can obtain at least 
qualitative presentation about spectral distribution of energy of 
radiation of stars, whole ultraviolet region of spectrum is divided 
into five subbands. For transmission of representation of stars 
only corresponding filters are used in rays of each of these subbands. 

Block diagram of electronic equipment of ultraviolet stellar 
telescope is shown in Fig. 71. In television system is used decom¬ 
position into bOO lines. Since representation of stars has the form 
of small light points, then it is desirable to have possibility of 
observing video signal of every separate line of television screen. 
This process is carried out with help of so-called oscillograph of 
line selection. 

Arrangement of uvicon is shown on Fig. 72a. On reverse side 
of input biconcave lens of fluoride lithium (passing ultraviolet 
rays) is located photocathode sensitive to ultraviolet radiation. 
Lens with help of grinding is adjusted exactly under dimensions of 
telescope. Photoelectrons emitted by photocathode are influenced 
by accelerating electrical field created 15 kV voltage drop. With 
help of electrostatic focusing system consisting of two rings, 
electronic representation is focused on surface of semiconductor 
target. Electrical conductivity excited during electron bombardment 
in each point of target depends on number of arriving electrons. 
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Direct i or. 

te stars 

Fig. 71. Block diagram of stellar tele¬ 
scope beyond the atmosphere. 

Further created potential relief is read by electron beam just as 
in vidicon. 

Optical system of telescope is shown on Fig. 72b. This 76 mm 
diameter parabolic mirror is set in special cell, which allows 
regulating angle of inclination of mirror to optical axis of telescope, 
oystem with single reflecting surface is selected because those few 
materials which are transparent for ultraviolet rays have low passing 

but reflecting materials have low reflectance for waves 

shorter than 1400 X. Mirror is made of quartz; on reflecting surface 
of mirror is applied aluminum covering, but over it is applied layer 
of magnesium fluoride. This gives reflectivity of the order of 20% 

for radiation of 1000 a. With increase of wave length of radiation 

to 1200 A, reflectivity increases to &0% and then remains comparatively 
constant for all remaining distant part of ultraviolet region of 
spectrum. 

Four filters (Fig. 75) are used in the form of compact system 
placed directly before sensitive surface of uvicon. Taking into 
account filtrable action of input lens of uvicon, this permits 
dividing whole spectrum of ultraviolet radiation into five subranges. 

At present development of extraterrestrial observatories in the 
United States is characterized by transition from small artificial 
earth satellites to heavier ones carrying several tens of scientific 
research instruments for carrying out different experiments simul¬ 
taneously. This became possible as a result of introduction of 
rockets-carriers able to put payload weighing several tons into orbit 
around earth. 
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Fig. 72. Optical diagram of wide-angle tele¬ 
scope (a) and diagram of arrangement of uvicon 
(b). 1 - drawtube of telescope; 2 - extra- 
axial parabolic mirror; 3 - uvicon 4 - correct¬ 
ing coil; 5 - focusing coil; 6 - deflecting 
coil; 7 — lithium fluoride lens; 0 — photo¬ 
cathode; 9 — focusing electrodes; 10 — target: 
11 — electron gun. 
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Fig. 73. Filter of transmitting television 
installation of stellir telescope. 

Every type of extraterrestrial observatory is created as 
standardized spacecraft with modular sections for distribution of 
equipment and scientific research instruments in them. This permits 
carrying out individual manufacture, test, installation and, if 
necessary, removal or replacement of any unit of equipment of extra¬ 
terrestrial observatory or scientific research Instrument without 
damage to construction of spacecraft. 

It is proposed to create observatory weighing 450-1500 kg. Such 
observatory will be able to investigate planets of solar system, 
galaxies and nebulae without interferences inserted by terrestrial 
atmosphere. It is assumed that qrbital observatory will be stabler 
because of absence of seismic oscillations. Information, obtained 
with help of 760 mm telescope set on orbital astronomical observatory 
will apparently, be equivalent to that information which is obtained 
with the help of 5000 mm telescope in ground observatory. 

ISO 
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in the United States, ^«^00^3 
Of orbital observatories, on board of ^^rticular on first orbital 
with different diameters of mirrors. IJJ P ^telescopes, but on 
^í^r^tSter^srr^rchservatcny is outlined t0esetncna900 -sibii_ 

ifilfSrcre^i^orS^roLS^tr/y^lth one'lîOO ^ and even with 

one 5OOO mm telescope. 

First American orbital astronomical observatory wi^ follOW 
ing dimensions: amplitude at opened panels on *f eon- 
4.3 m, height at lifted solar screen of 4 2m ®^fCoímhedral 
struction of observatory are: ê radiator, issuing into outer 
prism, external Eurface of whih 1 ul ent of satellite; protective 
space surplus of heat* s®Paraxc?ci. ,innpr and lower bases; panel 
screens from solar radiation, ■ tance between parallel 
with solar cells. Height of ^î"^d cyïindrical pipe 
edges 2 m. In central part »f housing is located^cylin^t rPdïflly 
with internal diameter up to ’ e set of frames and shelves. 

HS« SSäSSSB*.?-;“ 
carrylng'out'observatlons0in^hree nearby sections of ultraviolet 

region of spectrum in range from 1100 to JOOO A. With help of fourth 

telescope will be conducted ^^T^g^s^enc^i^orbit^observatory 
assumed that after 12 months of its less than 100 thousand will be able to transmit characteristics of noteless than^^^ 

stars. Ob^^t‘^jrdofamterstellar dust^ atmospheric hot stars, plane- 
faîfn^Sïaflid? possïhîïf external ai.mospheric cold stars. 

Picture signals will be transmltted^to «^in^form^o^a 

continuous signal or in the , sca^ning built-in systems 
with instructions Procee^ing^°ífonll television system will be used 
Suffer qualitatlve^observation^and^f(^transmission of pictures 

of nebulae. 

Equipment of ÏÏÎÎ'be •“four'eïe- 

vision cameras on t^namitting televis ^ [ lnto electrical 
violet radiation help of telescopes); analog and 
signals of pictures ^tainf^w^^tPtwgSe electrical picture signals 
digital equipment transmission on telemetering link); program 
control^system^system epical and optical control, 
stabilization, guiding; power supply. 

„„ä; s sir&ÄÄÄnÄÄUf 

orientations, rate gyroscopes, controlling jet nozzles with large and 
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C°arse exact revolving flywheels with single drives 
ne?™ 1 Ctr+< television system and special installation 
using magnetic cools. 

ín batteries of solar power supplies are used 58,000 cells, 
suring average power of 500 W. Panels are secured on housing at 

îr*75° Î? longitudinal axis of observatory. Possibilities 

with so“r oeLsron sSn. ^ automatlc orientation of panels 

orbitFaïo£ndreirS âf 8œTm?al ls to Put 

J~ere Í3 anjC,Amerlcan project of observatory on the moon. It will 
include system of communication with help of lasers, high-freauenev 
command and telemetering link of communication, telescope, television 
tioSra ,scannJnß and dGVlce of transmission of informa- 

ferl°? of service of equipment is not less than one year, its 
weight is not more than 45 kg. ' 

leal nhserLÍ?^ = SSlfrl,"e?í? °f SyStem 1,111 be tatfYing out astronom- 
leal observations. For this purpose will be used 8-inch telescone in 
combination with image orthicon and photometer as light sensitive 
evice. These instruments will allow observing stars of the 15th 

magnitude and will transmit pictures to earth at 85 frames per day. 
Lxinar observatory will have one more assignment — to obtain first 
reliable information about work of equipment on moon. 

Meteorological and Geodetic Satellites of Earth Which 
Are Equipped with Television Equipment 

Objectives of optical tools on board spacecraft will help to 
study not only celestial bodies remote from us, they will be directed 

oLMrSÎ?0- information obïaïied by such 
practically3 Wl11 appear extraordinarily valuable and will be used 

now wa do not know exact form of our planet. Television 
installations in combination with other devices will help to determinp 
not onxy true form of earth, but also to check how far a?e true 
assumptions that its form continuously changes. Application of 
tele\ision means will allow us to establish whether there exists in 
fact assumed relative shift of mainlands. exists in 

SpknOWn phat for only ^ of suri'ace of terrestrial land 
there exists exact cartography of mainlands. From artificial earth 
satellites it will be possible to transmit represe itation of hardlS 
accessible sites and, consequently, to definitize maps, obsolete0in 
connection with construction of hydroelectric power plants, roads, 
airfields, etc. Large spaces will appear covered by clouds, but also 
this will not serve as interference, since television camera will 
create picture signals at the expense of formation of representations 

tubenfrared rayS °f spectrum on Ptotocathode of television transmitting 
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On earth much depends on weather. Colossal losses and innumer¬ 
able disasters bring to humanity showers and floods, hot drought and 
cruel frosts, strong storms and hurricanes. Therefore, it is vitally 
important to expect change of weather in order to take necessary 
measures of protection in time. There are a thousand meteorological 
stations, which conduct systematic observations of change of weather, 
and there are many aerological stations carrying out vertical soundings 
of atmosphere to heights of about 20-50 km. Materials of observations 
obtained by these stations are used for composition of synoptic 
maps — a basic means of weather forecast. But about 4/5 of surface 
of the ear+h is occupied by oceans and seas, but considerable part 
of land constitutes inaccessible regions (desert, mountains, polar 
regions, impassable jungles and others) and, thus, only a small part 
of the earth is covered by a network of meteorological stations. 
It is obtained that whole main part of earth’s surface, where weather 
is properly formed, meteorologically is investigated extraordinarily 
weakly (episodical ship observations, meteorological station. This 
hampers weather forecast. 

Difficulties of weather forecast can be effectively surmounted, 
if .'or observations of distribution and movement of clouds, for 
determination of cloud cover of earth, borders of warm and cold air 
masses and propagation of storms, there are used artificial earth 
satellites equipped with television equipment. Data obtained will 
allow not only predicting weather, but on the basis of performed 
investigations understanding weather processes and actively learning 
to exert influence on weather and climate. Main advantage of 
meteorological observations from satellites is possibility to obtain 
necessary information about processes in atmosphere for whole territory 
of the earth, and also to carry out continuous tracing of processes 
on large sections. 

We must assume that application of television observations from 
aboard satellite for travel of ices in Arctic seas and oceans will 
be very effective. Seafarers will be warned about ice blockings, 
icebergs, etc. Television installations on satellites will allow 
watching huge massifs of woods and timely signalling about appearance 
of forest fires. 

Huge volume of information from meteorological satellites will 
lead to full automation of its treatment with help of high speed 
electronic computers, starting from registration of signals from 
satellites to construction of synoptic maps or realization of numeri¬ 
cal weather forecasts. For transmission and treatment of this 
information will be created ground centers of data processing and, 
moreover, special communication satellites. 

Well, what now? Have there already been successes in the use 
of television in service of weather forecast on earth? Yes, and they 
are considerable. 

Television equipment was successfully used for the first time 
in April i960 on<meteorological satellite "Tayros-1." Later (in 
196O-1965) 9 more satellites of the same series were launched. On 
these satellites was television equipment intended for transmission 

.... 
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to earth of picture of cloud cover above region located around the 

satellites6^? tMen0rt? la?itu?e and 55° south latitude. On all 
f thí'S serles (besides third and eighth) there were 

"Taííof "id®:®n?le,and.nafrow-angle television cameras, satellite 

tad one wlde-Llle ?Mer““ tWO wlde-an8le cameras, but "Tayros-8" 

belp of wide-angle television camera (viewing angle ^04°} 
« r!soiving P°wer (2.5 km in center and 5 km on edgfs of frame 

produced observation of area having form of square with 1200 km 

side. Camera with narrow-angle objective (viewing anele 1? 7°ï 

a?dSHS?ñr“fVr0:Lring pOWer (°-5 “m 1" ¿entar fnd 0¾ km'L^dges) 
d is intended tor transmission of pictures of areas of smaller 

bymcameraSwith°wide-angle * objective.center °f ^rge square, surveyed 

one f?oÄLSr?f íKy'’Síer0?¡r^eorfecyíÍtaf?ÍcaÍtÍ8?sÍSe0p0Sl3^tl0n 
on external edges of which are mounted ba??erîes of soîarP?eïls ’ 
(total number 9200), completely ensuring need for electric power 

of qqte?f1feChfrSlof 'nickel-cadmium storage batteries. Diameter 
of satellites is 10? cm, height is 48 cm, weight from lió to iSo 
Orbit of satellites "Tayros" is almost circulfr (sï thaî heigh? of6* 
apogee of first satellite of series is 740 km, and perigee if TO^km), 

angle of inclination of orbit is 48-58°. 

.,, "Tayros" satellites are unoriented. During appearance in orbit 
°f tocher with satellite rivoli stabïïï- ’ 

îeîoïïtv o? ?atSS???,0fw125 r/nl- After jaranee In orbíí, angíía? velocity of satellite by way of rejection in sides of lisht 

9?12e?/mn “en sLï^^cka? tW° l0a<ís "el8hlng 1,00 g- decreases to 
angular veloclt?1?;,,???»1 ar?,used for maintaining obtained 

sides Sf ?a?eraï'surfac^o?PII?en?t? tW° ?°C?ets iocated on °PP°alte 

approxlmatelyrfr/rfaCo:cnfla?ÍS“o?e¿xSe:??ofta?Ío“C? s^înta^ 
decreases to minimum with help of -^wo loads whioh non oi fateilite 

northern part of orbit of satellites was’towardgtta su£ ™ thlf 
case satellite passes above Illuminated side of earth In band from 0 

nea?«tn?tahs™“sUsl¿wirdeup0lac^6s?í?hwardPlar’ ^ P?lnt °f °rblt 
and one half after launch, the nearest poïnf in ?h a three 
be southern part of orbit: therefore satellite r,Qhe sun turns out to * Lriereiore satellite passes above illuminated 

side of earth only in a band from 20 to 50° south latitude (in this 
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case observation of northern hemisphere is impossible). And eight 
weeks after launch the nearest point to the sun 
northern part of orbit, and satellitepasses aboye iliuminatcd side 
of earth only in a band from 20 to 50 south latitude. 

Enlarged block diagram of equipment serYin6.for_Jran^^si°n 
of representations from satellites is shown in Fig. 7 • 

Fig. 7^. Block diagram of transmitting 
television equipment of artificial earth 
satellite "Tayros-1." 1 - television 
camera I; 2, 5 - magnetic recording device; 
3, 6 — television transmitters; 4 — 
television camera II; 7 — separating 
filter; 8 — programming device; 9 — 
receiver of command signals; 10 — trans¬ 
mitting antenna; 11 — receiving antenna; 
12, 15 - locks; 14, 15 - objectives. 

chambers work independently from one another. Every “^lsts 
of miniature transmitting tube of vidicon type 12 mm in díamete 
and a lock located in focal plane of objective, ensuring 1.5 ms 
exposure That representation, which was memorized by target 
tube^is * then read with help of electron beam. Scanning is produced 
on SÓ0 line! o!e frame is transmitted every 2 s, and frequency band 
or video signal is 62.5 hHs. Every television device has its own 
video tape recorder, transmitter, receiver of instructions and 
programming device. Equipment is designed in su^h a 
information obtained from both chambers is recorded on magnetic 
tape and is transmitted in series to ground station during that 
time, when satellite is within limits of zone of.J°^c^Í°nk^th 
receiving stations (radius of zone of reception is about 1800 km). 
Thi! period is changed from 6 to 12 min. From this time on 
transmission of recorded signals is assigned 5.5 min. ^1} remaining 
ïïme is produced reception of directly transmitted television radio 
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signáis. On ground station signals are recorded on magnetic tape 
and are simultaneously examined on screen of examination device and 
are photographed. 

Frames of distribution of overcast (their number in every 
series was 32) were taken through 30 s; general length of band of 
sections of surface taken in series is approximately 96O km. As a 
rule, in every twenty-four hours were taken date of observations 
on seven turns (450 television is cadre distribution of overcast 
and 7 tapes of recording of indices of transducers of radiation). 
Transmissions of data are ensured by two 2 W radio transmitters. 

On Fig. 74 dotted line shows circuit of programming device 
which contains board standard of time determining sequence of 
instructions and carrying out synchronization of work of both 
cameras and recording devices. For resolution of problem of 
programming, there were composed beforehand maps of distribution of 
illuminated territory of earth, in zone of satellite. 

Inasmuch as satellite revolves around its own axis, for typing 
to site of transmitted representations, besides position of axis, it 
is necessary to know angular orientation of cameras. This information 
was obtained with the help of 9 sun sensors, located through each 

40 on perimeter of satellite. For rough determination of 
orientation with respect to earth is used transducer of infrared 
radiation, directed towards position, perpendicular to axis of 
rotation, and fixing line of division between earth and space. 

Command-receiving point fulfills two basic functions - it 
gives command to transmission of television representation or its 
programming and receives and processes television information 
transmitted from satellite. 

Necessary indications about program of work of satellite are 
reported on command-receiving point, where they are sent to 
equipment of programming until next performance of work with 
satellite. Sections of surface of earth are indicated, which have 
to be examined, and cameras which should be used for this, and also 
the order of their use; furthermore, indications about launching 
of board standard of time are given. 

As soon as satellite enters zone of coverage of radio 
communications on command—receiving point, program is given 
automatically and with high speed. High speed of transmission of 
program is still necessary in order to use better that time when 
satellite is in region of receiving point. 

Satellites are accompanied by a network of stations located 
mainly on the American continent. Results of observations are 
transmitted by telegraph to space computer center, in which 
parameters of orbit of satellite are determined or definitized. 
Computer center analyzes data and determines what sections of 
surface of earth can be photographed. In the same place are prepared 
individual programs of measurements for each of ground points and 
there are collected data necessary for deciphering representation 
in selected intervals of time. 
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Command-receiving points transmit operational instructions to 
satellite, receive and record picture signals, telemetric data, a^d 
remaining information from satellite. Representations are recorded 
on film, but electrical picture signals are recorded on magnetic 
tape. Filmed film goes to photoresearch center for treatment and 
further study. Magnetic tapes are reproduced immediately after 
recording, thei they go to photoresearch center for investigation 
with the help of special photo-deciphering equipment. 

Meteorological satellite "Tayros-8" is equipped with a new 
experimental system of automatic transmission of representations, 
which produces transmission of representations of cloud cover wi 
slow scanning. These representations are received by 50 ground 
stations, in equipment of which are helical tracking antenna, radio 
receiver of commercial type and standard phototelegraph apparatus. 
Range of operation of ground stations is about 2400 km. For one 
satellite orbit path, every ground station can take up to three 
photographs. Vidicon of this system has additional polystyrene 
layer, which increases capacitance of target. Representations are 
projected on photoconductive layer, but then electrical charges 
are transferred to storage unit layer for their readout. Timing 
system ensures regular cyclic recurrence of work of system: 
preparation, exposure, manifestation and readout. One full cycle 
of transmission of frame continues 208 s, of which ¿00 s are 
expended on readout of signals of representations with speed of 4 
lines per second. Picture signals are transmitted with help of 
5 W transmitter, having a carrier frequency of about 156 kHz. 
Camera works only in solar hours; besides it there is an installation 
able to record on film meteorological data specially important for 
weather bureau. 

What are the results of the work of meteorological satellites? 

Toward the end of 1965, from launched satellites of series 
"Tayros" were obtained more than 270,200 television representations 
of cloud cover of earth, storms, snow, ice, etc. On their basis 
were conducted over 7000 analyses of cloud cover and 900 notification, 
about powerful storms and hurricanes were made. In 1905 number 01 
transmitted representations already exceeded 5OC thousand. 
Treatment of such huge quantity of information presents complicated 
meteorological and engineering-technical problem. The biggest 
difficulty during treatment of maps of distribution of overcast is 
connected with tying of photographies to site. In the beginning 
tying was carried out by superposition on photograph of coordinate 
grids, which, depending upon height of satellite and angle of sight 
were selected from corresponding set of grids manually. Later a 
machine was used for tying. After geographic tying the 
configuration of overcast was transferred on form of synoptic map 
together with indication of characteristics of overcast. Then 
these data were coded and on communication circuits were trans¬ 
mitted in the form of telegrams to interested organizations in a 
number of countries, including the Soviet Union. 

The first photographs revealed already a number of interesting 
phenomena. They showed spiral bands of clouds connected with 
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cyclonic storms, from 800 to I5OO k.m in diameter. There were 
revealed cellular systems of clouds with 5O-8O km diameter cells. On 
photographs are seen strong storms, ice and snow fields, outline of 
sections of land, seas, big rivers.

Analysis of photograpns permits revealing presence of dry or 
humid air, establishing system of airflows, finding position of frontal 
zones with divide different air masses, and alsi. obtaining other 
important information.

PRAPHiC NOT 

RODUCIBLE

. »

Fig. 75. Representation of spiral-like overcast 
of low pressure above southeast Australia, 
obtained with help of television equipment of 
satellite "Tayros-5" 9 August 1961.

Figure 75 gives photography of spiral-like overcast of low 
pressure above southeast Australia, obtained 9 August 1961 with help 
of television equipment of satellite "Tayros-5." On this photograph 
is a grid of geographic coordinates, applied in process of treatment 
of obtained representations.

Along with analysis of separate photographs of overcast great 
interest is presented by mosaics of separate television pictures 
having the form of a photograph. Use of such analysis of photographs 
permits obtaining presentation about synoptic situation on territories, 
comparable with dimensions of the earth. These photographs put into 
the hands of researchers the most valuable material. Investigations
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Fig. 76. Mosaic of representations, characterizing 
distribution of overcast in region of Hawaiian 
islands 18 August 1961.

of distribution of overcast by photographs from satellites in tropics 
and southern hemisphere, on which there are very scanty meteorological 
data are especially interesting. Figure 76 shows mosaic of photo­

graphs of distribution of overcast in region of Hawaiian islands 
18 August 1961, obtained with help of satellite Tayros-3. On this 
compount photograph are seen spiral-like cloudy formations 
determining region of action of storms. Importance of these 
observations is indicated, for example, by the fact that many storms 
appearing on television pictures were not registered by ground 
meLorological stations, which were too far away from places of action 
of storms.

By te.levision representations it is possible to Judge not only 
distribution of clouds on surface, but also density and thickness
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díffirpnt data can be obtained thanks to 
deíisítv ?l cíoudÍ’ having different thickness and 
density. The greater the density of clouds, the greater the 

smill^r^hí^ coi‘resP°ndlng sections of television pictures. Thus, 
cumilus o?hcumfi?nSn?f>,ClOUdS always correspond to well-developed 
whereas ootï^ïî °VrC/f, Possessing high optical thickness, 
istic to sma??1^ 1*1 clouds (for example, plumose) are character- 

11 bfighbness. By obtained photographs embracing 
noaafii! terlt0ry at deferent moment! of time, it ï! 
possible to determine approximately speed of shift of clouds. 

Moreoíer^XwffiT"'3*,“ ís^ossí^ observe snow fields. 
M reover, if television observation was produced during several 

aSh^iWrV161'18 can be easlly ^Isbin^uishedf rom ?íoudst 
dlstïïwion o?1S? CSme °ut white on Phot°sraPh (picture of 
dí?iMbthe O? .COVeri0wnStantly ohahgos, and snow fields during the period of several days change little). Examole of 
compound photography characterizing snow cover in western part of 
North America Is shown in Pig. 77. On this map river valleys^in^ 
Cenada are seen well. Figure 7oa shows separate frame of photo¬ 
graph shown in Fig. 77. On it are seen in more detail valleys of 

section ofV!ite °¡? Flgè 78£ ÍS ShOWn Photograph of the same section of site, but done for 8 days up to the first photograph 
Comparison of these photographs permits us to say rather exactly 
where there is snow lying on mountains and where there ïrlclouds 
For quantitative determination of areas covered by snow, exact * 
geographic tying of representations is necessary/ Th?!’problem 

ädCS.*rÄ Tiltil “ 13 POSSible toydislinguLhbl^er 

shown two compound photographs, obtained on the basis of television 

d¡vníñteríaf Sate“lte "Tayros-3" in March Si w«S a 6 1 
inyreSioi of Th6y Perrnit estimating change of ice situation 

%;°n °f ?alnt Laurence Bay. Cn the left to the right on 
Fig.79a, and is seen Gaspe Bay filled with ice, ice field between 

Island' °Pen wat^r to south of 
Anticosti Island (shore line Is seen distinctly), accumulation of 

ren i?*10??1"1 Islands and Newfoundland /shore linl of the 
latter is noticeable on the actual photograph edge) Figure 7Qh 

SonWnf1AnhOW sltuatio^ changó in^haí !ame/egio! ïn Fdays 
Region of open water was considerably expanded; as a result the ^ 
northern extremity of Anticosti Islaíd (incente!) ?eclme cleallv 

These photographs, which permit distinguishing very 
satellite bu^^d:i-ng of ice fields, were obtained from 
signaîffÎ thf A and+rre ready 30 mlri aft8r obtaining television 

afe they were obtalned in zone of coverage of 
eceiving station, i.e., transmission was conducted without delav 

in time without intermediate recording of signals on magSeiic tlpe). 
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Fig. 78. Separate frame of mosaic, 
represented on Fig. 77 (a)» and 
representation of the same section of 
site, obtained 8 days earlier (b).
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Figure 80 gives photographs of ice situation on the Sea of 
Okhotsk, obtained with help of wide-angle camera of satellite 
'Tayros-4" 12 April I962. Photography embraces Kamchatka (right 
upper angle), Sakhalin (left part of photograph), Kuril'sk islands 
and Sea of Okhotsk (in center). It is clear that bright areas in 
eastern part of sea coast of Aakhalin are covered completely by 
ice, and this makes it hard to distinguish islands. There are seen 
separate large ice fields, shore is clearly outlined. And triangular 
surface northwest of Kurilskiy islands cannot be reliably estimated 
as ice, although its limitation by islands speaks faster about the 
fact that it is ice and not cloud. Photography of the same region 
(not given here), done 12 days earlier, shows large areas, character¬ 
istic faster for ice than for clouds. 

Data of television observations of overcast, ice situât fon and 
snow cover brought important results, which in a number of cases 
were absolutely unexpected. However on the way of use of materials 
obtained from meteorological satellites, only first steps are done. 
In forthcoming investigations, when, experiment will be accumulated, 
will be developed new theories more deeply to be analyzed and 
statistically to be inovated various communications of peculiarities 
of cloud, snow and ice covers, and also specific character of 
weather-forming processes. Large flux of information requires 
essential development of automation of treatment of results of 
observations. Only automated methods of construction of combined 
maps of distribution of cloud cover will allow creating climatology 
of planetary distribution of overcast. Till now still the problem 
has not been solved of tracing distribution of overcast on night side 
of planet. Development of methods of control of vertical power and 
position of borders of cloud cover has important value. 

But already available results of work of meteorological 
satellites instill confidence in the fact that the time is near, when 
weather will be predicted a month or even a whole season ahead. 
And then whole regions will be able to prepare beforehand for 
possible spontaneous disasters. Ahead of time weather forecasts 
will also be beneficial to agriculture. Increased and long-termness 
of weather forecasts will be reflected in other branches of the 
national economy (especially naval and air transport), forest fires 
will be extinguished in good time, etc. 

In autumn 1964 in the United States, there was launched a new 
meteorological satellite "Nimbus-1" (Fig. 8la). Its orbit is 
nearly polar; inclination is about 80°. The new satellite was 
more improved than its predecessors of the "Tayros" series of 
satellites, with the exception of the "Tayros-o" satellite. On 
satellite "Nimbus-1" is used such equipment of automatic transmission 
of representations which was on "Tayros-8." Basic peculiarity of 
scientific program of new satellites is tendency to obtain with 
greatest detailization possible data about distribution of overcast 
on earth, which can be used in operational weather forecasts. 

For solution of this problem on satellite are set three 
television cameras for determination of distribution of overcast in 
daytime. One camera is directed perpendicular to surface of earth. 
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Fig. 8l Meteorological satellite "Nimbus" (a) and its zone of 

T h:S fUrfaCe (b)* 1 - Panel wilh;soí¡r cllls?^ 1 
c P ^ detector; 3 - reservoir with air; 4 - connecting 

bPArAn5arH1?UirerS4.f0r adJustment of temperature; 6 - antenna of 
with hiah rpsn?vinerlng linßJ ^ ~ infrared recording instrument 

resolvi"8 Power; 8 - Infrared radiometer witn high 
resolving power; 9 — television cameras; 10 — antenna of 

automatic transmission of representations; 11 - 

Of Atrbii^L??',U8tm!;nt °f temperature; 12 - housing of system 
f stabilization and control; 13 — antenna for instructions; 

of hor^oSdU?Ir °f directlon of sun; 15 - device of scanning 

ducers • Zl8* õith/°^ar Cell8J 17 ~ cllp wlth tr^s- aucers, it) - antenna; x9 — instrument for recording of 

mprtinm81?? sl8nais; 20 - infrared radiometer for analysis of 
of ÍutnmAti7 fntenna °f infrared range; 22 - camera of system 
of orbit^ï trno«'î1î?Sl0n^0f rePr6Sentations; 23 - direction 

r - position of satellite on N-th orbit; 25 - 
position of satellite on N + 1st orbit; 26 - direction of ravs 

síbu“1 diiecti0'’ °f ^“nVí :r 

?5«ioS8o;".tAr ‘29 _ ”+ l8t orblti 30 - “-■«“o" °f 
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but two others are at an angle of 35 to vertical, ^ Pj;a5iaffram 
perpendicular to direction of travel of satellite. Such diagra 
/pig 8lb) installation of television chambers permits obtaining 
picture of territory with dimensions of 2300 km latitude and 7 
^Cïongi?ude! Photographs obtained In ="1« “re covered °n l°*. 
Pull covering of band of earth's surface along given orbit ^ 
carried out with help of 32 representations from system of chamber , 
where recording 64 such photographs on magnetic tape is provided f . 

For control of distribution of overcast on shaded side of earth 
is applied infrared scanning transducer with small viewing angle, 
ensSSg obíâlniíg of information about distribution of outgoing 
radiation at night. This transducer has viewing angle of 8.4.10 ; 
ïïd înd produce! scanning with speed of 0.67 turna per second. 
Within limits of angle of 122° (from ^ crossing of lines of 
horizon to another), instrument fixos 260 indications. 

During the time of its work (from 28 August to 23 September 
1Q64) "Nimbus-1" transmitted over 27 thousand high-quality 
representations. Spacecraft ceased transmission of informa , 
its system of power supply broke. 

launching is planned of another "Nimbus," and then group of 
satellites of^operational use "Tayros." From first five apparatuses 
of this group, two will be supplied with pair of systems of 
automatic transmission of representations, ^ “L^ons 
o-y-p-r,, 4-hpT'e will be two systems of improved cameras on vidicon . 
Representations will be transmitted with higher resolving power an 
will !over 64?,500 km? of earth's surface. Television signals will 
be recorded on magnetic tape but then ^r^he" 
station which will allow set of meteophotographs all over tne 
earth?11*In the basic plan, to have two satellites continuously 
revolving around earth is provided for. 

Launching is planned of other meteorological satellites, 
including launching into stationary orbit. Stationary meteorological 
satellites will be intended fcr production of global meteorological 
data and are calculated on perennial exploitation. 
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Probably, moon or separate sections of its surface will be 
adjusted for prolonged stay there of people and for carrying ou 
of different observations of earth, sun, and other sPac® 
After all the moon has practically no atmosphere, and, there!ore, 
observation from its surface for large and small bodxes of the 
universe will be many times more effective than from earth. Lunar 
stations will enrich astronomical science by information which wil 
answer many questions and will exceed everything which has been 
accumulated by science in hundreds of years. 

Different contemporary methods of investigation in combination 
with complicated calculations already permitted studying surface of 
moon rather well, establishing its mass, density, dimensions, and 
also regularity of its motion. But many secrets of moon remain still 
unopened. We are ignorant of not only origin of the moon itself, 
but also how formations were born which are on its surface. 
ignorant of the physical state and chemical composition of surface 
layer” of rocks of moon, not to speak of deep rocks constituting its 

body. 

Long ago it was proven that time of full rotation of m00^ 
around its axis coincides with time its revolution around 
This means that moon always turns same side to earth, and opposite 
side is practically not seen from earth. At bimes bher® 
accessible to observations only narrow zones directly adjoining 
visible part of surface of moon. This occurs due to so-called 
libration of moon, i.e., for observer from earth, moon see^.b° 
revolving around its axis nonuniformly — as if it rocks relative t 
its average position. Here this phenomenon permits observing about 
59¾ of surta« of moon, but remaining 41* Its surface Is hidden from 
our look. But even what terrestrial observers see must be checked. 
A number of formations on lunar surface which are on border of part 
of moon visible to earth seem long and narrow to us, and their true 
form is distorted. 

Thus, investigation of side of moon inaccessible for observations 
presents huge scientific interest. This centuries-old dream of man 
was carried out by Soviet scientists, who, with help of designers, 
engineers, technicians and workers^created and launched third space 
rocket with robot cpace station — Luna-5 . 

This rocket, launched in Soviet Union 4 October 1959, was supplied 
with a compound complex of scientific and radiotechnical equipment, 
system of orientation, devices of control of work of board equipment 
according to pre-programming, system of automatic adjustment of 
thermal balance inside station and power supplies. On board of 
rocket was set up a complex of phototelevision equipment intended 
for photographing of part of moon invisible from earth and subsequent 
transmission of this representation to earth. 

Interplanetary station put into Drbit by third space rocket 
constituted thin-walled metallic container of cylindrical form 
with spheric bottoms (Fig. 82). Maximum diameter of container is 
1200 mm, length 1500 mm (not counting antennas), weight of whole 
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Pig. 82. Soviet automatic station "Luna-5", with 
help of whlci was obtained representation of 
reverse side of moon (a) and trajectory of Its 
flight (b); 1 — Illuminator for cameras; 2 —
engine of system of orientation; 3 - sun sensor;
H — section of solar batteries; 5 — louvers of 
system of thermal control; 6 - thermal screen; 7 - 
antenna; 8 — Instruments for scientific investi­
gations.

container Is 435 Itg. Part of equipment (board equipment, chemical 
power supplies and certain scientific Instruments) was located on 
special assembly frame Inside container. On the outside of inter­

planetary station were solar batteries, receiving and transmitting
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antennas, and also part of scientific equipment, not requiring 
hermetic sealing. Bottoms of container were used for distribution 
of camera and transducers of system of solar orientation. In 
upper bottom were small illuminators for sun sensors of sjrTtem of 
orientation. In the same place were established controlling 
engines of this system. 

Trajectory of motion of station was selected in such a way 
that at the time of survey, station was approximately on straight 
line connecting sun and moon. Earth had to be aside from sun-moon 
direction so orientation on earth instead of moon would not take 
place. Passing 6 October 1959, at 7000 km from moon, interplanetary 
station got into zone of strong lunar attraction, which forced it 
to change initial direction of flight; inclination of orbit was 

changed from 65° to 80°. Station started to round moon, ”seeing" 
reverse side of its surface which was never visible before this from 
earth. Then, passing for lunar orbit at a distance of the order of 
100,000 km, interplanetary station 10 October attained maximum 
distance from earth (470,000 km) and returned again to earth, slowly 
gathering lost speed. Two weeks after starting, 18 October 1959, 
station approached earth at a minimum distance of (47,500 hm) and, 
rounding it, again departed on its distant journey with a greatly 
extended elliptical orbit. 

One of the problems, which had to be solved for production of 
unique photographies of moon, was safeguard of corresponding 
orientation of robot space station in outer space. After separation 
of last stage of rocket, station arbitrarily revolved around its 
center of gravity. It is absolutely clear that to photograph moon 
even once, not to speak of a whole series of photographies, is 
impossible with such rotation. Orientation of robot space station 
was produced with help of system including optical and dyroscopic 
transducers, logical electronic devices and controlling engine. In 
beginning of work, system of orientation first of all ceased arbitrary 
rotation of interplanet station around its center of gravity, 
appearing at the time of separation of station from last stage of 
carrier rocket. 

Before beginning of photographing, lower spheric bottom, on 
which were sun sensors, was directed towards sun with the help of 
system of orientation. During this time the illuminator on upper 
bottom, under cover of which were objectives of cameras, was turned 
in the direction of moon. After such preliminary orièntation, optical 
devices of station checked it on light reflected from moon, since 
during process of aiming, station could not be exactly on the line 
from the moon to the sun. Complex of devices producing orientation 
was controlled by solar and lunar transducers converting direct 
energy and energy of solar rays reflected from surface of moon into 
electrical signals. 

When exact aiming at moon was completed, optical devices worked 
a signal, permitting the beginning of automatic photographing. In 
period of photographing, automatic station ensured continuous guiding 
of station to moon; interferences caused by light reflected from 
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earth were practically removed. Photographing started 7 October 
at 6:30 Moscow time; during this time the distance of interplanetary 
station to center of moon was equal to 65.^ thousand km. 

Soviet designers created special phototelevision equipment 
able to work in complicated conditions of space flight, stable to 
changes of temperature conditions and preserving photomaterials, 
in spite or* harmful influence of cosmic radiation. One of conditions 
of work of this equipment was clear interaction of all its 
mechanisms under conditions of weightlessness. On interplanetary 
station was used camera with two objectives. One objective of 
station with focal length 200 mm and relative aperture 1:5.6 gave 
representation of lunar disk, which was completely inscribed in 
frame. Other objective with focal length 500 mm and relative 
aperture 1:9.5 allowed photographing smaller area of moon, ensuring 
great resolving power of photographs. 

Signal about beginning of surveys was given from earth on the 
radio, after which further process of survey and complicated process 
of treatment of photographic film was produced automatically by 
assigned program. Survey was conducted during 40 minutes. During 
that time were obtained great number of photographs. Last of them 
was made when robot space station was at a distance of 68,400 km 
from the moon. 

In order to ensure optimum conditions of survey for differently 
illuminated sections of surface, automatically changing exposures 
were provided for. Photographing was conducted on fine-grained 
thermorésistant film of average sensitivity. 

Unique frames were manifested and fixed by special small 
dimension device. Process of treatment was considered in such a 
way that it almost did not depend on change of temperature inside 
station, and thanks to almost complete weightlessness of equipment 
and cnemical reagents, it was not disturbed. After treatment the 
film was dried, and evaporated moisture was absorbed, by which 
prolonged safety of photographic film was ensured. After treatment 
photographic film also automatically entered special cassette, where 
it was preserved up to moment of transmission of representations 
fixed on it to earth. 

Laboratory mock-up of device, on the basis of which was 
developed working board device for treatment of photographic film 
is shown schematically on Fig. 83. Exposed film proceeds from 
storage unit through elastic sponges to section 3 for simultaneous 
manifestation and fixing. Then, passing squeezing element 5, it 
is subjected to short-term washing in tank 4, again passes through 
squeezing cell and elastic sponges 6 and joins hot drum 7, from which 
it emerges dry and accumulates in storage unit. Up to moment of 
treatment of film, device is closed; this is ensured by the fact that 
elastic sponges are automatically pressed to film, so that output 
of solutions from device is excluded even at strong vibration and 
high accelerations. 
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Pig. 83. Diagram of 
mock-up of small dimen¬ 
sion board arrangement 
for treatment of 35-mm 
thermorésistant film. 
1 — exposed film; 2 — 
elastic sponges; 3* ^ — 
tanks; 5 — squeezing 
cell; 6 — squeezing cell 
and elastic sponges; 7 — 
drum; 8 — picture 
frames. 

Still on earth, before sending rocket in the direction of the 
moon, on photographic film were exposed testing signs, where certain 
signs here on earth were manifested. Remaining signs already appeared 
on board automatic interplanetary station during treatment of 
photographed frames with representation of reverse side of moon. 
These signs were transmitted to earth and permitted checking processes 
of survey, treatment, and transmission of representations. 

Distribution of light and shadow on surface of moon was 
transmitted to photographic representation in the form of different 
optical density of separate sections of film. For transmission of 
different distribution of optical density on frame of representation 
to earth, it was necessary to convert these changes of density 
preliminarily into changes of value of electrical signal. This 
process was carried out by airborne television installation (Fig. 
84a), in which film was transilluminated by running light spot 
created for electron-beam tube. Light beam passing through photo¬ 
graphic film got on photocathode of photomultiplier. Signals 
obtained on load of multiplier were strengthened and were sent to 
radio transmitting device of a few watts. 

Oscillations radiated by transmitting antenna of robot space 
statior had to be passed huge distances in order to get to receiving 
antennas on earth. Radio transmission of. signals of representations 
was produced from distances reaching 470,000 km. 

Signals arriving on earth were very weak. It is impossible to 
carry out sure reception of such weak signals during usual method of 
television scanning. 
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r
Fig. 84. Block diagram 
of television trans­

mitter with running 
spot (a) and point of 
reception of picture 
signals (b): 1 — scan­

ning electron-beam tube;
2 — focusing-deflectlng 
system; 5 — objective;
4 — frame window; 5 — 
photographic film; 6 — 
passing cassette; 7 — 
taking cassette; 8 — 
condenser; 9 — photo­

multiplier; 10 — generator 
of synchronizing pulses;
11 — generator of scan­

ning oscillations;
12 — source of electrical 
energies; 15 — source 
of high voltage; 14 — 
voltage source of photo­

multiplier; 15 — eunpli- 
fler of picture signals; 
l6 — mixer; 17 — mod­

ulated oscillator of 
high frequency; 18 — 
transmitting antenna;
19 — receiving antenna;
20 — radio receiver;
21 — amplifier of picture 
signals; 22 — separator 
of synchronizing pulses;
23 — generator of scan­

ning oscillations; 24 — 
source of electrical 
energy; 25,26 — device 
of photographic and 
magnetic recording of 
picture signals; 27 — 
system of recording on

electrochemical paper; 28 — skiatron; 29 — deflecting system; 30 — 
focusing coll; 31 — powerful source of light; 32 — condenser; 33 — 
objective; 34 — light-diffusing screen.

To ensure sure reception of radiotelevision signals there were 
used on earth very sensitive radio receivers with small equivalent 
noise temperature and directional antennas. Reception of signals 
in large measure promoted considerable reduction of frequency bjind 
of transmitted television signal for light of deceleration of 
transmission of frame of television representation. Duration of 
transmission of one frame with this space reportage was a thousand 
times less them in television broadcasting. Frequency band of 
television signal was reduced a corresponding number of times.
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Rporesentation of reverse side of moon on board of station was 
Q^armfui^hv line for liKht of deflection of transilluminating 
tiro? electron-beam1 tube, but vertical frame sc^ was ensured by 
slow and uniform drawing of all film with negatives. 

On robot space station there were obtained a large quantity of 

^fhirmf^afrequired!6 of transmission 
of information about relief of our satellite U¿Jstant 
conditions of transmission of,signals. When station was distant 
from earth and power of signals proceeding from it very small, 
transmission was extraordinarily slow; during aPP?'oximat^0^„^Q 

p2w22 entering receiving antennas of signals was increased. 

Such an important experiment requi?;fd. acce^a^L°oUt ™£mber 
nf measures, removing some surprises, which could take out of 

circuit of both on board and at ground points of observation was 
doubled. 

Transmission of representations of moon was carried out by 

Sf^sïreÆÂ a^ilToÆ -I s f wes 
also connected to radio transmitters. Signals received by g 

iss liS?™1- 
devices on conducting paper. In tentât ions were recorded repeated picture reproduction signals of ^presentations wer^re^ 

on eafth^recreatedHphotographlc representations on 35-mm photographic 

film. 

During the study of was 
collided with whole series of difficulties, wnere tne 
that obtained photographs were low-contrast. 

Parts could appear on obtained photographs thanks ^ ^ 

2rbd22i2Â°^2?ÿ(aph2I f or 8 example^method6 of super impos it ion 

2LÂÏ^VfphSôJtrlc*ÏMÂl£cre!tiSgedetailedirt 

scientlstsVapproprlated names m^fer^n”nîôbrappeared 
discovered by them on ceverse slde . T lolltovstCy" "crater 
"Sea of Moscow", "Sea of Dream Crater olisioua » 4ronauts" 

of Jollot of curie", “^^to ^ermlie ^e form of lunar 
and many others. I ^ . ~ moon visible to earth since on 
obtalne^photographs.approximately 70« of the surface belongs to 



reverse side of moon, but remaining part presents western edge of 
lunar hemisphere, observed from earth. 

18 July 1965 Soviet Union put into orbit automatic station 
"Zond-3" for carrying out scientific investigations in distant outer 
space, and also for solution of number of problems, connected with 
adjustment of built-in systems of distant spacecraft. Station is 
equipped with large complex of scientific equipment for study of 
magnetic properties of circumterrestrial outer space and inter¬ 
planetary medium, solar wind, low-frequency radio emission of galaxy, 
micrometeors, cosmic rays, and also for investigation of infrared 
and ultraviolet spectra of lunar surface. On board station is 
phototelevision equipment for photographing planets and transmission 
of representations from distances of hundreds of millions of 
kilometers. 

Date of launching station "Zond-3" and its trajectory were 
selected in such a manner so that during passage of station past moon 
there were obtained photographs of its invisible part, which was 
still unphotographed in 1959. Trajectory and starting time of 
"Zond-3" were selected taking into account best illuminance of 
investigated region of moon. 

20 July 1965 at 3:57* when station was still above visible side 
of moon at a distance of 11,570 km from its surface, the order was 
given from earth to start photographing. All further operation 
passed automatically. During the time of photographing, 25 
photographs of lunar surface were obtained. During survey was 
used objective with focal length 106.4 mm with a relative aperture 
of 1:8. Photographing was produced on special film 25 mm wide with 
exposures 1/100 and I/3OO s. Television transmissions of photographs 
were conducted with decomposition of frame into 1100 lines with an 
exactitude equal to 86O cells along line. Duration of transmission 
of one frame was 34 minutes. Board equipment allowed changing 
duration of transmission of frame both in the direction of increase, 
and in the direction of decrease. 

15 September 1965 "Zond-3" was at distance 12.5 million km from 
earth. By this time with station was conducted 75 radio transmissions. 
For radio transmission of television signals were used radio waves 
of the centimeter range. On board station is a highly directional 
parabolic antenna. Transmission began of obtained representation 
to earth 29 July from a distance of 2.2 million km from earth, when 
angle of visibility of earth frcm station became small enough for 
exact guiding of board antenna. When station v*as at distance of 
about 10 thousand km, every photograph embraced a large part of the 
unexplored region of the moon. During the time of photographing, 
position of station with respect to center of moon was changed 
approximately 60°, and every section of unexplored region was 
taken under different angles. Obtained representations have 
especially high quality (Fig. 85). 

New photographs completely confirmed earlier conclusions 
concerning small quantity of extended dark cavities — "seas" — on 
reverse side of moon. If northern part of hemisphere of moon turned 
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Fig H3. Photography of ride of moon invisible from 
earth obtained with help of robot space station 
"Zond-5" ?0 July 1965. Big dark spot on the right 
is "Eastern Sea", more to the left are located 
objects not observed from earth. Among them are are 
a large quantity of craters and sea-like deepenings 
(tallasoids). In the lower left corner is a photo­

metric scale.

to earth is basically covered by "seas", northern part of reverse 
side of moon is occupied by gigantic light height, covered with 
?raterL The greatest interest is presented on reverse side by 
SJ?ensive cavities, bottom of which is studded with cr«ters 
(tLlasoid). On newly obtained photographs, there already .n.pear 
thousands of formations.

Attack of Moon Continues

Scope of scientific investigations in cosmos is wide, and are 
especially manifold projects of different equipment to be u:-ed 
during future flights to moon and planets. There is an American 
p^ojSft b^which investigation will be performed directly on surface 
of moon, hut then transferred to surfaces of planets of so--r
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system. It is more convenient to talk about those problems, which 
have to be solved, having examined certain questions more 
specifically. 

Series of pilotless spacecrafts developed by program "Ranger" 
(the United States) is designed for production of photographs of 
lunar surface from close distance with help of "rigid" landing on 
moon of capsule, in which will be placed instruments for 
investigation of structure of lunar surface. It is to produce 
measurement of gamma radiation, to determine concentration of radio¬ 
active substances on surface of moon, to obtain data about reflection 
of radio waves by its surface and other information about the 
character of its surface, and also to determine seismic activity of 
the moon. 

Television cameras on vidicons have to ensure obtaining of 
representations of region of lunar impact of capsule during 30 min, 
after which it will fly from height from 4000 to 24 km. 
Representation obtained on height 24 km will embrace section of 

surface of moon 350 m^ in area and will have a resolving power of 
2 m. 

This program creates three series of apparatuses. First series 
consists of two apparatuses ("Ranger" 1 and 2), which are intended 
for carrying out flight tests of systems, equipment and instruments: 
second series consists of 3 apparatuses ("Ranger" 3, 4, and 5) for 
delivery of capsule with instrument on lunar surface series consists 
of four apparatuses ("Ranger" 6, 7, 8, and 9), each of which will 
be equipped with several synchronously working television cameras 
for production of detailed information about lunar surface. All 
apparatuses are put into flight path to moon from intermediate orbit. 

All launchings of apparatuses "Ranger" (1, 2, 3, 4, 5, 6), 
performed in 1961-1964, turned out to be failures. And only 
seventh launching could be carried out. Spaceship "Ranger-7" was 
launched to moon 28 July 1964 and 31 July it fell on surface of 
moon. Ship fell into "Sea of Clouds", near shallow "Crater Gerike", 
Total weight of ship attained 365.6 kg; dimensions of it during 
launching equaled 1.5 x 2.5 m, and in flight 4.6 x 3.1 m. 

Basic equipment of ship was television equipment, intended for 
survey and transmissions to earth of representations of lunar 
surface. Equipment, total weight of which attained 173.05 kg, 
containedj six television cameras; two 60 W transmitters working 
on parabolic directional antenna; video mixer; system of remote 
control of cameras and two 35 V batteries, capacitance 1600 W/h. 
Of six cameras two were supplied with wide-angle objective. Focal 
length of cameras remained constant; however it permitted taking 
representation on distances from 1800 km to 800 m. Transmitters 
worked at frequencies 959.52 and 960.58 MHz with frequency modulation. 
Weight of television cameras is 17.21 kg, of electronic control 
systems of cameras - 22.08 kg, of video mixer - 1,48 kg, of regulator 
of sequence of operations 
batteries - 39.12 kg. 

).31 kg, of transmitters — 31.86 kg, of 
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On ship there was also a 2 W transceiver reception of 
instructions and transmission of telemetric data. 

Flight control was carried out Py signals from earth with help 
of special control system and was controlled by board computer. 

Television system was switched on for 16 min 40 s up to fall of 
ship on moon. In these latter quarter hour of flight, during which 
ship passed l600 km, 4516 representations of surface of moon were 
transmitted. Last photograph was transmitted at that moment, when 
ship collided with surface of moon and was split. Fall of ship on 
moon was observed visually with help of telescope. Approximately 
20 s after fall in place of fall was a noticed small black spot, 
which was then quickly turned into a small white cloud, reminiscent 
of a three-leaf clover. This cloud quickly dispersed and vanished. 

On photographs obtained from ship, it is possible to observe 
parts of surface of moon, which lie far beyond the borders of 
resolving power of any ground telescopes. Last representations 
obtained from spaceship show that on surface of moon there are small 
craters by about 1 m in diameter and not more than J>0 cm deep. These 
data have very great scientific value. Since up to now were observed 
only big formations on moon. With respect to x’ine structure of 
lunar surface there were only conjectures. According to so-called 
dust theory, lunar seas were considered deposits of dust a few km 
deep. Representations of lunar surface, obtained from close distances, 
show that "dust theory" is absolutely incorrect. Analysis of 
representations permits making the conclusion that on lunar surface 
there are a great number of little craters with clearly outlined 
edges, which could not be if surface was covered by a thick layer 
of dust. Furthermore, it has been established that on surface of 
planet are craters of large dimensions (diameter of more than 50 ni), 
consisting of bared rocks, thrown out during process of formation 
still larger craters. This conclusion, in the consideration of 
American researchers, is the most important result of the spaceship 
flight. 

Now already is added general presentation about structure of 
lunar surface. Lunar seas consist of thickened lava or substance 
similar to it, whereas thickness of upper layer of dust or ashes 
is not more than 60 cm. Thus, lunar surface in sufficiently durable 
to sustain weight of spaceship, although on it there can be dangerous 
places for landing. From this point of view, representation of 
lunar surface, transmitted from height of 50 km is of great interest. 
Representation embraces surface with 25.5 km lateral faces. On it 
one may see whole socket of small craters; certain of them have 
diameter not over 4.5 m. Such craters are edged with round ridges 
and in future will present danger for spaceships. Recion is 
crossed by one of clear "rays", which originate from Crater of 
Copernicus", having a 90 km diameter. 

From obtained representations it follows that on surface of 
moon are widely spread small craters and cavity. There is not 
one representation, on which there would not be such formations. 
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Fig. 36. Representation 
of lunar surface, trans­

mitted by television 
system before collision 
of spacecraft with lunar 
surface (from height of 
5 km above surface of 
moon).

GRAPHIC NOT 

REPRODIKIBLf
Figure 86 shows section of surface, area of which can be compared 

wit)i area of volleyball site. It is absolutely evident that sur­

face is far from even; everywhere are scattered small craters up to 
90 cm in diameter. Shadows thrown off by walls of craters talk 
about the fact that their depth is approximately ?0 cm.

It is necessary to note that "Ranger-7" transmitted represen­

tations of very limited section of surface of moon. Even first 
photographs, done on rhe biggest distance from moon, embrace an 
area smaller than France. Detailed study of surface of moon will 
demand sending to it many more television prospectors.

For this purpose, in particular, "Ranger-8" and "Ranger-9" 
served as apparatuses. On board of the most Improved apparatus, 
Ranger-9" were set 6 television cameras on 25-mllllmeter vldlcons. 

Number of lines of decomposition war. 1132. Interplanetary stations 
of this series in February-March 1965 transmitted 17,259 clear 
representations of lunar surface visible from earth.

First Automatic Station on Moon

Extraordinarily complicated technical problem is realization of 
smooth landing on moon. For this it is required to conduct numerous 
experiments. First such e/.perlment was accomplish<'d by Soviet 
researchers, who launched 9 May 1965 in the direction of moon a 
space rocket, on board of which was set automatic station "Moon-5" 
weighing 1476 kg. Launching was performed with help of multistage 
rocket, where last stage of rocket was preliminarily put into 
intermediate orbit of artificial earth satellite, but then by 
assigned program it put automatic station into trajectory of travel 
in the direction of moon.
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Then the moon was reached by automatic stations "Moon-7" and 
"Moon-8", flight of which gave much for science and first of all 
for adjustment in natural conditions of system of radio control of 
trajectory, board radio equipment, system of astroorientation and 
instruments of autonomous control. 

First soft landing of spacecraft in history on surface of 
moon was carried out by Soviet researchers. 31 January 1966 the 
USSR launched automatic station "Luna-9", which weighed 1583 kg 
after going into trajectory to moon. Soft landing was accomplished 
3 February at 21 h, Í5 min, 30 s. In region of Ocean of Storms, to 
the west craters Rhiner and Mariya at point of lunar surface with 
coordinates 7 deg 8 minutes of northern latitude and 64 deg 22 
minutes western longitude. 

What constitutes station "Moon-9"? It consists of three main 
parts: strictly automatic lunar station, which should be planted 
on surface of moon "softly" enough so that its equipment completely 
preserves its workability; propulsion system, intended for carrying 
out of corrections of trajectory and braking during flight to moon; 
sections, containing control equipment of flight. Part of control 
equipment, which is not used during braking, is placed in two 
mounted sections, which are separable right before launching of 
retrorocket. 

Automatic lunar station constitutes hermetic container, in 
which is placed board radio system (receivers and transmitters), 
program-time device, system of thermal control scientific equipment 
power sources. Station has television system ensuring possibility 
of scanning range with transmission of representation of lunar 
landscape to earth. On housing of station are set: antenna, 
automatically opening after lunar station descended to ground, 
system of damping, which softens blow at the time of contact with 
lunar surface, and metallic lobes, which protect television device 
from possible landing shocks and make position of station on 
surface of moon stable. 

Fact itself of realization of soft landing on moon is the most 
important stage in mastering of cosmos. However, value of first 
soft landing on moon is multiplied many times by the fact that 
station "Luna-9" is equipped with scientific and research equipment 
intended for carrying out investigations of our natural satellite 
directly on its surface. 

With station "Luna-9" on 3, 4, 5, 6, and 7 February, there were 
conducted seven performances of reliable radio communications of 
total duration 8 h and 5 min. 

Moreover, station "Luna-9" carried out first television 
reportage in history from celestial body. On command from earth 
on 4 February at 4 h 50 min, station "Luna-9" started scanning 
range of lunar landscape and transmission of its television picture 
to earth. Furthermore, on radio commands transmitted from ground 
center of space communication, detailed examination of separate 
sections of surface of moon was conducted by selection of scientists. 
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High-quality television representations transmitted from station 
una-9 , are unique, for the first time they give direct information 

about microstructure of lunar surface and present exceptional value 
for determination of structure and peculiarities of surface of moon. 

Published photographs show that in region of station, surface 
of moon is sufficiently hard. Noticeable traces of dust were not 
revealed on lunar surface. On photographs near stations, there 
were distinguished parts about 1-2 mm in dimension. Surface of 
moon is rough and has many shallow deepenings and protuberances. 
Separate formations of type of stones are scattered around. Shadows 
are very contrasted, which is explained by absence of atmosphere 
and, accordingly, of scattered light. 

Television Reportage from Planets of Solar System 

Since long ago the planet Mars aroused huge interest in people. 
Already in 1659-169^ on the basis of his observations with help of 
five inch pipe, Dutch scientist Huygens made first figures of 
Martian surface; he described and assumed appearance of Martians. 

it was already established that Mars is on the average 
two and one half times further from ¿un than earth, where its 
volume is seven times, but mass ten times less than earth's. After 
300 years from moment of appearance of these first figures, thanks 
to labors of many scientists, our knowledge of Mars was considerably 
supplemented. It is known that a complete rotation around its own 
axis is accomplished by Mars in almost the same time as by earth, 
i.e., in 24 h 37 min 23 s. Atmosphere on Mars is 12 time's more 
rarefied than terrestrial atmosphere, which corresponds to pressure 
of terrestrial atmosphere at height of 17,000 m. In the estimation 
of a number of authors, it consists mainly of nitrogen. But 
spectroscopic proof of presence of nitrogen from earth is impossible — 
atmosphere prevents it. It has been discovered, however, that in 
Martian atmosphere, carbon dioxide content is twice as high as in 
terrestrial atmosphere. And traces of water are found. Quantity 
of oxygen in atmosphere of Mars, apparently, is 0.001-0.0015 with 
respect to terrestrial atmosphere (above equal sections of surface). 
Atmosphere of Mars, because of smaller gravity, is more "friable" 
and speed of decrease of pressure on height is less here than in 
terrestrial atmosphere (density decreases 10 times each 40 km of 
height, whereas on earth it decreases 10 times each I7-18 km). On 
height 30 km the densities of terrestrial and Martian atmospheres 
are idéntica!, and at high altitudes, pressure of Martian atmosphere 
is higher• 

In atmosphere of Mars are observed clouds of three types: yellow 
white, and blue. Yellow clouds are disposed in lower layers and 
consist, apparently, of small yellow-brown dust, covering the 
deserts of the planet. Winds and storm lift this dust into the 
atmospheres (once even it was possible to observe how this dust was 
transferred by atmospheric flows thousands of kilometers along 

°f White clouds appearing on different heights up 
to 20 km, consist, it is considered, of small ice crystals with 
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average diameter of 1 um. Blue clouds, apparently, are also ice 
crystals, but of smaller dimensions. These clouds, apparently, are 
connected somehow with "violet layer", which completely conceals all 
parts of Martian surface during photographing it in violet rays. This 
layer, apparently, contains still more small particles (diameter up 
to 0.3 urn), which for a long time remain on height of 10-15 km or 
more. 

A great contribution about Mars to science was introduced by 
Soviet scientist G. A. Tikhov, who started science of astrobotany 
in the forties. 

However, about structure of surface of Mars, about possible 
forms of life on it, there are the most contradictory opinions. 
Making simple conclusions is hindered by huge distance to Mars. 
From earth it is possible to distinguish only very large parts, 
about 200 km in dimension. Therefore, it is tempting to dispatch 
to Mars piloted spaceship, which will help to answer many questions. 
But solution of this problem will not be within man's powers very 
soon. After all before the creators of all forms of equipment 
necessary for takeoff, flight to Mars, return and safeguard of 
normal vital activity of astronauts there are many problems. The 
following figure, for example, talks about this. Depending upon 
interlocation of earth and Mars and selected orbits of flignt of 
spaceship on routes, earth to Mars and Mars to earth, required time 
of space flight with return to earth can be different-. During 
flight on minimum trajectory, this time is 2.66 year. The most 
suitable dates of start of rockets to Mars are December 1966 to 
January 1967, January to February 1969, February to March 1971. 
Initial weight of ship should provide energy to engine for flight 
to Mars and return of spaceship back to earth. Furthermore, one 
should create all conditions to ensure normal vital activity of 
crew during period shown. 

These problems will unconditionally be solved, but they will 
require tense labor of army of scientists, engineers and workers of 

many professions. 

However, it is extremely difficult to send even an unmanned 
spaceship to the planets. Let us show this on example of those 
problems which must be solved by Soviet scientists during creation 
of interplanetary automatic station "Mars-l", which was launched 
in the direction of Mars on 1 November 1962. 

So that body moves along the orbit different from terrestrial, 
it must be taken from region in which terrestrial gravity 
essentially affects its flight (up to distances of about 1 million 
km), with speed other than speed of earth with respect to sun 
(30 km/s). Figure 88 shows orbit of spacecraft corresponding to 
different speeds of their travel. Spacecraft coming from sphere of 
attraction of earth with speed relative to sun not less than 33-3^ 
km/s, i.e., faster than earth by 3-4 km/s, will be able to move 
along the orbit, attaining Mars. Spacecraft coming from sphere of 
terrestrial gravity with speed 26-27 km/s, i.e., slower than earth, 
will fly along the orbit to Venus. If during getting out of sphere 
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Fig. 87. Automatic interplanetary station 
"Mars-1".

of terrestrial gravity, spacecraft starts to outstrip earth with 
speed exceeding minimum necessary, it will attain orbit of Mars by 
an even shorter way than at minimum speed. However, for this will 
be required much fuel consumption, i.e., it will be necessary to 
decrease weight of spacecraft, but this can, in general, make flight 
impossible. Orbit, by which it is possible to reach to Mars with 
least consumption of fuel is called powerfully optimum.

Selection of orbit close to optimum is a-f’fected by inclination 
of plane of orbit of Mars to plane of orbit of earth, condition of 
radio communications with station, ^he most convenient passage of 
station near planet for carrying out of scientific Investigations, 
etc. For flight to Mars it is necessary to select such time, when 
location of earth at the time of rocket launch and Mars at the time 
of approximation of station to it coincides in accordance with 
beginning and end of optimum orbit. This determines most advantageous 
dates of start of rocket to Mars. Launching before and after this 
time would demand too much fuel consumption. Optimum dates of flight 
to Mars follow one after the other approximately every 25 months.
In 1962 this period happened on end of October to the beginning of 
November. This explains why on 1 November was launched powerful 
multistage carrier rocket, on board of which was controlled space 
rocket with robot space station "Mars-l".

Travel of carrier rocket passes with high accuracy on precalcu­

lated trajectory. When its flight speed attained orbital velocity, 
there was separated from rocket a satellite carrying space rocket
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Fig. 88. Orbits of spacecraft, corre¬ 
sponding to different speeds of their 
travel. 

with automatic station. Launch of space rocket from aboard satellite 
was performed at precalculated point of orbit. When speed of flight 
of this rocket exceeded speed of satellite from which it vies 
launched, by approximately 4 km/s and rocket emerged into assigned 
point of outer space, its engine was turned off. At this instant 
station was separated from space rocket and started its free flight 
on trajectory to planet Mars. From this short description one may 
see what complicated problems had to be solved by specialists. 

After separation from space rocket, travel of station in the 
beginning is carried out under action of forces of attraction of 
earth, sun and planets. Up to distances of approximately a million 
km, attraction of earth predominates. Subsequently, flight of 
station is basically influenced by gravity of sun, and it moves 
according to the same laws as the planets of the solar system. 

Robot space station "Mars-l" (Fig. 87) has two hermetic 
sections: orbital and planetary. In orbital section is located 
equipment ensuring work of station during flight to Mars, but in 
planetary is located scientific instruments, working at planet. On 
orbital compartment are set correcting propulsion system, panel of 
solar cells, hemispheric radiators of control system of temperature 
and antenna. The biggest dimensions of station are 3300 mm in 
length, 1100 mm diameter of orbital compartment and 4000 mm width 
taking into account solar batteries and radiators, weight of 
station — 893.5 kg. 
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With help of radio systems of station were produced trajectory 
measurements and transmission of telemetric information to earth. 
Control of work of board equipment was conducted automatically, and 
also way of transmission of instructions on radio line from ground 
points. On station were established thvee radio systems, working on 
waves l.o m, 32 cm, 5 cm, 8 cm. 

For carrying out of scientific investigations on board station 
were phototelevision device for photographing, specrtolexometer 
for detection of organic covers on surface of planet, spectrograph 
for study of bands of absorption of ozone in atmosphere of Mars, 
magnetometers for detection of magnetic field of Mars and measure- 
ment oi magnetic fields in outer space, meters for exposure of 
radiation belts and study of spectrum of cosmic radiation, radio¬ 
télescope for registration of space radio emission, trap for 
registration of fluxes of small-power protons and electrons, and 
also concentration of positive ions and transducers for resistration 
of micrometeorites. 

During the time of normal functioning of equipment of inter¬ 
planetary station there were conducted a large number of radio 
transmissions from station, which were carried out both automatically. 
as also on instructions from earth. During these performances 
from aboard station there were transmitted very important scientific 
data of different character. 

Ultimate range of communication with 
about 100 million km. At that time this 

space rocket "Mars-l" was 
figure was recordbreaking. 

On 30 November 1964 the Soviet Union carried out another 
launching of automatic station "Zond-2" in the direction of the 
planet Mars. Launching is performed with the help of last stage 
0fA?ürr,er rocket* which put into intermediate orbit the heavy 
artificial earth satellite. In calculated time from aboard satellite 

ia^ched space r°cket, which imparted to automatic station 
Zond-2 speed necessary for going into trajectory to the planet 

This is no longer the first very complicated experiment in 
launching a controlled space rocket from satellite to planets of 
solar system. Advantages of such a method of launch as compared 
to launch from space rockets, directed to celestial bodies 
directly from surface of earth, consist in the following. During 

to necessary speed of rocket starting from earth, it 
should not only move in course of certain time, strictly sustaining 
aS^I'®î?ed directions and speed, but on time drop used-up stage, 
switch on and off engine, change their operating conditions. 
Deflections from calculated data are inevitable. Errors accumulated 
í on acceleration phase of rocket inevitably lead to 
deflection of actual trajectory from calculated trajectory. During 
launching from earth satellite, it is possible to consider these 
errors, which are accumulated during flight of carrier rocket from 
earth to orbit of satellite. Second advantage of starting satellite 
from earth consists in the fact that interplanetary apparatus can 
have imparted to it considerably smaller additional speed, since. 
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being on satellite, sp^ce carrier rocket of robot space station 
already has speed of the order of 8 Yitn/s, and it is necessary to 
add 5-4 km/s to available speed. The smaller the value of 
additional speed, the less will be error during putting of station 
into interplanetary route. Furthermore, launching on satellite 
takes complications, connected with time of launch. Great value 
is also had by the circumstance that spacecraft, launched from earth 
satellite, can have on board considerably larger payload than 
during launching from surface of earth. 

On automatic station "Zond-2" for the first time in real 
conditions of space flight was conducted test of electroreactance 
plasma engines on board station, which are utilized as controls for 
orientation system. In plasma electroreactive engines, working 
substance (plasma) is heated with help of electrical energy and 
is accelerated at the expense of electromagnetic forces. Substance 
in state of plasma has unusually high temperature for everyday 
presentations. Thus, temperature of the coldest plasma exceeds 
8-10 thousand degrees on the Celsius scale, but speed of particles 
in plasma attains order of tens of kilometers per second. Plasma 
can be forced to move in a definite direction and to create traction. 

Plasma is a substance consisting of a mixture of positively and 
negatively charged and neutral particles. If plasma i "> influenced 
by electromagnetic field, then it will move similarly to the way 
conductor through which current flows moves in electric motor. 
Hence, possibility of acceleration of particles of working substance 
to speeds of tens and hundreds of kilometers per second, l«6** 13 
unattainable in engines working on chemical fuel or compressed gas. 

Electrical energy for feed of these engines can be taken in 
space directly from solar batteries or from a special source of 
electrical energy. Value of traction of plasma engine is very easy 
to regulate in wide limits, changir.e parameters of its power supply. 
Such engines possess large resource of work. These characteristics 
of plasma engines make their application on objects in outer space 
with prolonged time of flight very promising. 

Six plasma electrojet engines on board station Zond-2 , during 
prolonged time supported required position of station with respect 
to sun. Engine worked in accordance with signals proceeding from 
logical blocks of system of orientation. The latter was switched 
on plasma engines from ground control room when Zond-2 was fax 
from earth. 

On 28 November 1964 Americans launched automatic station 
"Mariner-4" in the direction of Mars. Preceding launching of such 
apparatus "Mariner-3", performed 5 November of the same year, turned 
out to be a failure. This automatic station was to be used in 
interplanetary space and near Mars to produce a number of scientific 
investigations: measurement of radiation, magnetic fields and 
micrometeoritic fluxes, photographing of surface Mars and 
determination of characteristics of its atmosphere. 
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Weight of automatic station "Mariner" is about 260 kg. Housing 
of apparatus is carried out in the form of octahedron made of 
magnesium alloy. Seven sections of ship are intended for distribution 
of electronic equipment, and eight for sustainer engine. To lateral 
surfaces of octahedron are braced four solar panels 1.82 x 0.Q m in 

ToNuPper base of housing are braced elliptic antenna 
*4 m/ lr\ the form of hundred with large amplification factor. 

Omnidirectional antenna with low amplification factor, 10 cm 
diameter and 224 cm length is assembled on end of rigid annular 
waveguide. Temperature in six electronic sections is regulated by 
light louvers with drive of spiral bimetallic tapes operating as 
thermocontrolled springs. & 

Basic source of board feed of ship is 28,244 photoelectrical 
solar cells assembled on four panels and duplicated recharged 
silver-zinc storage batteries. It is expected that power of power 
supplies is 640 W near earth and about 300 W for the orbit of Mars. 
Required power during transmission of telemetric data after passage 

W«2cring fulflllment of maneuver on cruising section 
of flight it is 225 W. Television camera of station has reflector 
telescope. 

First representation of surface of Mars was obtained 14 July 
T -ian<^ corresPon^in6 television signals were sent to earth on 

15 July. Representation from the distance nearest to Mars of 12 
thousand km was obtained on board ship 17 July. Television reportage 
from circum-Martian outer space was completed 24 July, when on earth 
received signals of the latter (twenty first) representation. 

On photographs obtained are seen numerous large craters, similar 
to lunar craters. Representations permit making conclusion 
concerning the fact that at least during several billion years, there 
were essentialiy no erosional processes on Mars. This is explained 

is too small^0^ ^ars ^oes nob have free water, and its atmosphere 

Obtained representations do not permit revealing some signs 
of life on this enigmatic planet. Notorious "canalsff are not 

+ . This is explained, probably, by the fact that television 
representations embrace 1% of Martian surface and "canals" were 
seen by terrestrial observers in other parts of planet and in other 
periods of the Martian year. 

On television representations there are no clouds, although 
they are seen from earth. It is possible that clouds are not 
revealed for the same reasons why "canals" are not revealed. It is 
also necessary to consider that these are the first and, naturally, 
are not very improved representations. y 

than i°c?ted nearer to earth, conceals still more puzzles 
îi«n^MarSc4 î^18 wraPPed> as a covering, in a dense layer of 
C4+c d0 no^ Permi't studying the structure of its surface 

°bfervatÍ°n tools from earth. Spectroscopic methods 
obtained evident proofs of high contents of carbon dioxide in 
composition of planet, however this method was not able to obtain 
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proofs of presence of water vapor or oxygen. In atmosphere of Venus 
are observed morning radiances, but actual atmosphere is in extremely 
excited state. In connection with character of surface of Venus are 
declared the most diverse hypotheses, starting from the fact that 
this ir dried and burned desert, and finishing with assumption about 
the fact that whole planet is covered with water. Therefore, the 
tendency is understandable of many scientists to use interplanetary 
automatic stations with television equipment on board for study of 
planet-puzzles. Let us give short characteristics of certain 
stations already created and designed in the United States. 

On one of apparatuses, there are to be instruments for 
determination of composition and temperature of atmosphere, temper¬ 
ature of surface of planet, speed of rotation of planet around its 
axis and slope of axis to plane of orbit, for measurement of levels 
of radiation and magnetic field in interplanetary space near planet, 
and also by instruments for exposure of possible forms of life on 
planet. 

For investigation of planets there are to be created spacecrafts 
which would revolve along the orbit around investigated planet and 
would produce measurements with help of instruments on them. On 
these spacecraft will be receivers, which will collect information 
from capsules with instruments dropped directly on surface of 
investigated planet. Indications of instruments on surface of 
planet are relayed, thus, by equipment of spacecraft. These programs 
anticipate transmission to earth of representations of surface of 
planet, which are obtained with help of television camera aboard 
capsule. 

On 12 November 1965 the USSR launched a space rocket, the last 
stage of which was put into intermediate orbit around earth. From 
this orbit in the direction of the planet Venus was launched 
automatic station "Venus-2" weighing 963 kg. Its flight to Venus 
will continue 3.5 months. In 4 day in that same direction was sent 
one more interplanetary automatic station — "Venus-3". 

In literature are discussed possibilities of investigating 
Mercury and Jupiter. Launching of pilotless apparatuses to these 
distant planets is considered possible in 1968-1973. After thorough 
reconnaisance, which will be carried out by pilotless spaceships with 
different equipment, including television, to planets of solar system 
will be sent piloted spaceships. However, even in this case television 
transmissions from cosmos will elicit the greatest interest and will 
have huge scientific value. 

Obtaining of Stereoscopic Representations of Planets 

Obtaining of not only black and white, but also colored and even 
stereotelevision representations of planets of solar system is 
planned. 

The simplest method of creation of volume television 
representation consists in use of two-channel television system. 
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settî^niîî1^i?5Heîd sim}Jltaneously work two television chambers, 
eduals di cítflníf5*1'? SUCh a maj?ner that distance between objectives 
equals distance between eyes (base of volume sieht) After 

°Ut?Uî Slgnals of 
is carried St hï ?^lllatJ-ons of two radio transmitters. Reception 

created íwê lverî ,0,1 Greens of two electron-beiin 
\,ar creataa two representations corresponding to rieht and 

or otteTattâch^ents îinr?hentri?nStare observed with help of those 
or prill S£reSpl)iln the P^se with help of usual mirror 

Stereoframês can be reproduced not simultaneouslv but 

frameSSthen °"* 

j-xernateiy transmitted line of left and rieht frame«* ffiT-Qt 
of left frame, then first line of rigS frame, second líne of îe?t 

ïrïl'possïbïe toeaníirlght í^ame, etC*)* series transmission 
on lieht sensitiSe «niîee116 ÍransmÍtting tube. Two representations 

8enslblve surface of one transmitting tube (Fie. 89a) are 
eanahod by-fpPlicatlor* of special prism (or mirror) separator. There 
^\aPFlled receivin€ device with one usual tube (Fig. 89b) on 
which by turn are reproduced representations of stereopfir and 

«toÏto diVïïîi!1??0^1^?^1' a«ernati°n of representations revoxyeo disk with light filters (or polaroids). Observer i«* 
supplied with eyes with light filters or polaÍóids. 

f-iorh °^erver there is set on level of eyes a revolving 
£ight ¡¡o^bï thehîFfrreen be examined alternately now by the 
ignt, now by the left eye. Then the necessity of disks with lic-ht 

filters set before reproducing tube drops. 8 

representation^wÎ??1?16 of .transmission of volume television 
representations will be used in those spacecraft, which will nrndura 

L“?h“ed¿S,Lr0m surface w°í P?an«s and ^ 
Fïiî iFi ^31°11 cameras, vfhich will be set on self-propelled 
satellites^ £hi£h°w3\8i outJlned to use television equipment £f those 
moon from ¿iïcîiMoîbitï0?6 toPcSraPhic survey of planets and 
pass at la^í dÍFLF bit^* Infsmuch as orbits of such satellites 
£bslr£ati££ £f o^ ££d%£r0tn then simultaneous 

f ne and the same section of planet surface bv two 

because of tooesmalinaShtellitmv,W:LÍ1 not glve volume representation 
tr£ncmis£io£ tho baSe* The fact ls that the more base of 
£I^¡+mÍS£7°n¿ h?6 biS®er appears the stereoeffect. To reproduce 

iä?iSd?¥-T'-««Ä^oTpÄ£ e 
bT^aT teletransmission is conducted simultaneously by two 

rss E&r,r,s.‘vs:,s: s-sá,« S" 
system of teletransmission is very complicated. 
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Pig. 89. Circuits of series transmission of 
volume television (a) and separation of left 
and right representatiors with help of revolv¬ 
ing disk and eyes (b). 1 — object 2, 3» ^»5 - 
reflecting surfaces of optical attachment; 0 — 
objective; 7, 8 — imaginary objects; 9 — trans 
mitting tube; 10, 11 - left and right represen¬ 
tation on photocathode; 12, 13, 14, 15 — filters 
(polaroids); 17, l8 - left and right representa¬ 
tion on screen of tube; 19 — revolving disk; 
20, 21 - eyes from light filters (or polaroids); 
L — base of transmission; JI and n ~ eyes of 
observer. 

Another method is possible when one artificial satellite of 
nspected planet is used. Let us consider it on example of 
btaining volume television representations of Mars. On satellite 

re set two ctmeras with viewing angle 7»5 • One of them is 

isposed under angle +20°, and other at an angle -20° to vertical 
f satellite. First camera is switched on at moment, when 
atellite reaches perigee on 12.5° and gives representation of 
egion of surface of Mars with center located exactly under perigee 
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8ives representation of the same region through 12 5° 

height of Lí„???,ses ?eríKe (pi6- 90)- In P01«® survey at ’5 
eouf] tofoSa^ellite ^10 lcm, extent of depicted area will be 
cameras is9104rmintheS t1^ between survey of first and second 

o s is 10.4 min. For the same time, planet will turn on angle 

of ^representation^1 entaU Partial 1oSS °f ^"»tlon about volume 

V -t-u ^urvey near passage of satellite through perigee is ontimum 
híÍ£Jr0V?e,P°lnt of view üf simplicity of safeguard of°equaim 

^eLra?^Í88l0n and^from P°lnt of view of minimum losse : miormation at the expense of rotation of planet. 

Topographic television survey of surface of planet will h* 

exactly6 ^,^6 Wh?n an«les °f ^rvey a?e suet^ned^ery 
And Jhis requires installation on satellite of svstem of 

YhicS ensures exact fixation of its own vertical with 
respect to planet. Moreover, into television signal there should 

poaîïîoS 0?eaaíeUl?afln8S' WhiCh WU1 allOW =*l=^«tlng orbital 

televlslo^repreaentatlonaí^^^ethod^o^aolutlo^oPthl^problem 
are mny. One of the simplest methods uses effect of Mnnrníír 
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séparation of representation is carried out by filters of 
complimentary hues. 

The perspective is tempting of obtaining colored volume 
representation of high quality In three =°J°”iev^i°n with 
nroduce mechanical connection of system of volume 
some colorid system would require expanding frequencybandtwlce 

ïSS'ÆÆSÂâSsS i æ L^:?Â”ssr!ÂÆÂVrS.s:”Sr»? 
created of three-dimensional representation. 

Attack on Cosmos 

qnvipt satellites, space system, spaceships and interplanetary 
stationlaïe equipped with a laïge quantity of reliable and exact 
instruments, w?th help of which is conductedsVery complicated ^ 

program of investigations instruments are able to register 
board station. Manifoia sensix, oonecqciihle to sensory organs of 
many In flight is ensured with help of exact 

solution of rather llmitfd =^cle of * improved machine, 

earth in the first place, and what, in general, 

... .sr,.sLrs sr. «•a.-s.s.s;“ « :ä: 
which is manned. 

Flights of astronauts have ^ 1^^1^0^^6 the 
future interplanetary ister in'defined direction. Only 

ílaf c^ilra^aisal to whole ®^Pl®^0o;e^^^yS0?nli?rerinr 

Sill |g||elld ¿-PP£l^rn XX attentio^to11 newly 

Sldi^rafy p«IÂf0ïn|featU.ïïines!Be' 

nenelSeHÄv^^^ 
Of astronaut and ensure safety of flight. 

.„.,KÄV.:.K£ ÄÄS T 
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dimensions permitted proceeding already in i960 to tests of space¬ 
ship intended for prolonged flight in outer space. 

Continuous observation of state and behavior of experimental 
animals on satellite vehicles with help of television and telemetering 
systems put into the hands of scientists material on the basis of 
which it was possible to compose presentation on more or less distant 
influences of space flight on living beings, and this has great value 
for preparation of manned space flight. There were conducted a 
number of medico-biological experiments and a program of scientific 
space research was carried out. 

Information about state of experimental animals (arterial 
pressure, electrocardiogram, tones of heart, respiratory rate, 
temperature of body, motor ability) and physical conditions in 
cabin and instrument section, and also data about work of board 
equipment were transmitted with help of telemetering systems to 
ground points. In pressurized cabin were measured barometric 
pressure, temperature, humidity, composition of air, etc. Control 
was also produced of functioning of systems of safeguard of vital 
activity of animals. 

These and many other data permitted medics and biologists 
to decide many puzzles; however, even this was insufficient to 
completely compose presentation about influence of a variety of 
conditions of space flight on living beings. It wvs necessary to 
obtain possibility to observe visually behavior and state of 
animals. This is why on second satellite vehicle (as also on 
subsequent ships) was set television system. 

Radiotélévision signals were transmitted in that period, when 
satellite vehicle was in zone of coverage of ground receiving points. 
Simultaneously occurred recording of television signals on film, 
where there recorded also oscillogram time marks, synchronous with 
oscillogram time marks, created on telemetric films. This permitted 
comparing direct observations of animals with objective date about 
changes of their physiologic functions, transmitted to earth with 
help of telemetering system. 

In order to decrease weight of board television equipment, its 
dimensions and electrical energy consumed by it, number of lines of 
decomposition and number of frames were considerably reduced (as 
compared to that accepted for television broadcasting); this 
permitted sharply reducing frequency band of transmitted picture 
signals. 

Representation of dog, Belka (from second spaceship-satellite 
in August i960) was transmitted face through window of hatch by 
television camera on hatch of container. Second camera through 
lateral window transmitted representation of dog, Strelka, in 
profile. This camera was set up in cabin of ship. 

This unusual television transmission started even before 
takeoff of spaceship. State of animals and their behavior were 
observed on sections of takeoff and at the time of transition from 
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overloads to weightlessness, but then on all turns, when satellite 
vehicle had communication with any of ground radio reception stations. 
Picture signals were sent to board radio transmitter from two 
cameras alternately. Start-stop operation of television cameras 
and additional illumination were produced on commands from eartn, 
where it was possible to switch camera at any moment. 

Received signals were sent to video supervisory equipment, on 
screens of which were observed moving representation of Belka and 
Strelka. Devices of visual observation recorded picture signals 
by different methods. One of these methods was recording of 
representations on film. Obtained television films have great 
scientific value. 

On fourth and fifth spaceships-satellites, space flight was 
accomplished by the dogs, Chernushka and Zvezdochka. Beh^ior 
of these four-footed passengers was also reproduced on television 
screens. 

Huge successes in many regions of science and technology, 
collective mind and labor of many Soviet people prepared first manned 
flight into space. 

On 12 April 196I at 9 h 7 min Moscow time was launched first 
spaceship with a person on board. On ship Vostok into orbit 
around earth went pilot-astronaut Yuriy Gagarin. Weight of ship 
with astronaut was 4?25 kg, neglecting weight of final stage of 
carrier rocket. 

A huge role in this historical event was played by radio 
electronics. Radio electronic means entered control systems of 
spaceship, equipment necessary for vital activity of person; they 
composed basis of telemetering systems. Unique electronic equipment 
worked on ground stations and in computer center. 

During preparation of ship for flight, orbital injection and 
during whole flight, Yu. Gagarin maintained bilateral radiotelephone 
and radiotelegraph communication with ground center of flight 

control. 

In flight the equipment of spaceship-satellite worked on 
defined program, ensuring measurement of parameters of orbit, 
transmission to earth of telemetric information, two-way 
communication with earth, maintenance on ship of assigned temperature 
conditions, air conditioning in cockpit. 

Visual control of state of>pilot was produced with help of 
television system. One of television cameras transmitted 
representation of pilot face, and another of his profile. 

Control of work of equipment was carried out automatically 
with help of board program units. However, when necessary 
astronaut could voluntarily or on command from earth turn to manual 
control of ship, determine its position and carry out descent in 
selected region. 



flew îrlP ar?Und planet< 0aearl" "Voqtnif" o, ^ pacel Maximurn distance of satellite vehicle 

was accomplishedrinC108 min^^1 WaS 527 km* Round-the-world journey 

Soviet"1 astronaut s?lemnly met and honored first 
was watched by millions of TV vípSpÍq81?^813^1^ celebratl°n in Moscov 
Czechoslovakia, Belgium,°Poland^Denmark Ita1^ 
Republic, Switzerland, Hunga^ *FRP pÏÎi«nï u inDemocratic 

£ÂTî; ~ 
m the evening Of the same d*î Jh^n+CentefS other entries, 
viewers of the United States U Arnericrand Canada^3 Seen by TV 

ship "Vostok?23b piloted by^oviet^ï]' h?6 USSR launched space- , pixoxea by Soviet pilot-astronaut Gherman Titov. 

stageWof8oL?LrP?ocKetiP weight of last 
25 h 18 min. During that kg* F^gbt of shiP continued 
around earth, flying in outer qnar>aCCOrnpli'uhed ^ and more turns , IJ-ying ln outer space more than 700 thousand km. 

Equipment on board "Vostok-?" 

also receiving-transmitting short-wave and 01(-311^01^6 devlces< and 
of communication, Includinf airborne tape rocJidlï? "aVe e<IulPnlent 

oarrlefd^tt;??h'n^!pl0SfftrSo eartth °n lar*e stances -as 
modulation working In parallel TrãnímittanSmlttSrs wlth smPlltude 

antenna. During flight aboJe territory of^r^anam/T0”,- 
ship was conducted with help of third,^Itrashort-Mve transSlUer. 

mountedSlnnheîmetUof píêssSre^í??"1381?'’ throueh microphones 
could use, Sy o|enSgPS!met? SUlt' °r l0Catad ln cabln> "hich he 

carried0out^by Síny^e^í^síaíÍonsT3"^^1'3 of sPa<=«hiP »»s 
Soviet Union g stablons located on territory of 
radio stations abfSad! spaceshiP ware received also by numerous 

astronautdandPtransSïsIïonaofiïecS?dedfÏÎfï^Î?ongt°f speech of 
was switched on automatically every ^ ? t0 earth* It 
During flight above territory of Soviet Tiniín°naUt Sî?rted to tallc« 
(after supply of instructions from la^M Was read 
duration of transmission, speed of ^ ^er to reduce 
than speed of recording. P f readout was "»de 7 times larger 
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Radio transmission from earth to ship was carried out also on 
two waves of short-wave range and on one ultrashort-wave. 

On "Vostok-2" were set up small dimension transmitting television 
cameras. Representations of astronaut were transmitted from ship 
to receiving television centers. One television system transmitted 
representation with exactitude of 100 lines. Such television system 
was used on preceding Soviet spaceships. Television signals of this 
system were comparatively narrow-band. Second television system 
passed its first tests in this flight. Representation of astronaut 
on photocathode of transmitting television tube was decomposed 
into 400 lines. In both television systems, 10 frames per second 
were transmitted. 

Every television system had its own radio transmitter, working 
in ultrashort-wave ra.ge. Reception of radiotélévision signals 
was produced in several points on territory of USSR. Television 
receiving point was located directly on spaceport, where there were 
main headquarters and command post of flight. One of receiving 
television points was placed in coordination-computer center, 
located many hundreds of km from spaceport. 

Observation of astronaut started from that moment, when G. 
Titov entered cabin. On television screens it was possible to see 
how astronaut was organized in cabin, how he tested instruments 
communication, how he secured helmet of pressure suit before 
launch. 

Launch. Ship goes into space. Representations on television 
screens permit judging health of astronaut under conditions of ever 
increasing overloads on section of putting ship into orbit. 

Ship goes into orbit. Overloads are lacking. Astronaut 
under conditions of weightlessness. One may well see how G. Titov 
familiarizes himself with a situation new to him, opens helmet and 
goes to work. One may see, how he starts to record in flight log, 
how he tunes receiver, takes food, etc. 

On television lines from earth was conducted systematic 
observation of state of astronaut and his activity in flight. During 
flight above territory of Soviet Union from radiotélévision system 
proceeded representations showing calm face of astronaut, his 
clearly coordinated travels during work. Frames of this historical 
television transmission were recorded by recorders on film. 
Synchronously were recorded data telemetering system about 
physiologic functions of organism: bioelectric and mechanical 
activity of heart, frequency and depth of breathing, temperature. 

Data of analysis and television representations indicate that 
basically all physiologic functions of organism of man in flight did 
not have pathologic deflections. 

On 9 August 1961 the Soviet people celebrated brilliant 
completion of second triumphal space flight. In this day Moscow 
encountered Gherman Titov. And again tens of millions of 
inhabitants of our planet participated in honoring astronaut with 

help of television. 
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In August 1962 Soviet astronauts A. Nikolayev and P. Popovich 
accomplished first group flight in world to outer space on spaceships 
Vostok-3" and "Vostok-V. 

Important place in construction of ships was occupied by radio 
equipment. Part of instruments of radio equipment and television 
cameras were placed in cabins of ships, but part, together with 
control equipment and systems of thermal control, were placed in 
instrument sections. In basis of complex of radio communications 
equipment was assumed equipment for ships "Vostok" and "Vostok-2". 

During group flight for the first time in history, radio 
communication was carried out by two-way communication between two 
spaceships. Radio communications between ships, which was 
conducted on short waves, passed very stably and confidently on all 
distances, starting with 6.5 km (minimum distance between them) and 
up to maximum, which toward the end of flight was about 3000 km. 

Simultaneous flight of two ships set new problems on organization 
and carrying out of communication. Extensive work was conducted for 
realization of possibility of transmission from earth to ship and 
reception of transmissions of astronaut from any point on territory 
of Soviet Union through that ultrashort-wave station, which at a 
given time has communication with spaceship. This permitted conducting 
negotiations with astronauts from one point during their flight 
above whole territory of USSR, so that quite often bilateral 
negotiations were conducted with astronauts on the radio by operator 
several thousand kilometers away from them. 

Ground receiving-transmitting radio centers constitute 
compiicated contemporary constructions with multikilowatt trans¬ 
mitters, large quantity of directed stationary antennas and tens of 

* receivers. Reports on board of ships were transmitted through 
that broadcasting center which ensured best passage of radio waves. 
Reception was conducted simultaneously by several broadcasting 
centers during use of antennas with large directive gain, reversible 
according to indications, continuously proceeding on broadcasting 
centers from coordination-computer center. K 

Ultimate range of communication attained 12-20 thousand km, 
and distance exceeding 10,000 km was usual. Prolonged program of 

astronauts to abandon seat and freely to float in 
cabin. Besides they could not use microphones and telephones of 
pressure suit, are which were then disconnected. In this case 
radio communications was conducted with help of special system of 
cabin loudspeakers and microphones. ^ 

m days of group flight of ships "Vostok-3" and "Vostok-4" 
there was born Soviet spacevision — there was carried out direct 
transmission of pictures from aboard spaceships to millions of 
television viewers of the USSR, and also Intervision and Eurovision. 

On board of each of ships were set two transmitting television 
cameras. One ensured large-scale representation full face, other 
(smaller plan) in profile. Such selection of optics and distribution 
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of television cameras permitted obtaining the most complete information 
about state of astronauts. 

In transmitting cameras were used transml^tin8. 
of vidicon type. Chambers differed by small dimensions, insignifica 
weight and energy consumption, high stability, guaranteeing many ay 
of high quality work, without some additional regulation. 

From transmitting camera the television signal joined powerful 
board radio transmitter and was transmitted through antenna to 
ground receiving points. Number of lines in television screen was 
400* 10 frames per second were transmitted. At these parameters 
of scanning, bandwidth of video signal was 800 kHz, which is 7.5 
times less than band of video signals of television broadcasting. 

Signals of board radio transmitters were received by ground 
antennas of large area and sent to highly sensitive receivers. Here 
received pictures were examined on video supervisory equipment a 
were recorded. Inasmuch as parameters of scanning of received signals 
differed from signals of television broadcasting, on ground points 
was produced conversion of standards. Converted picture signals 
were transmitted by radio relay and cable communication circuits to 
Moscow television center, but from there by usual order were relayed 
on Soviet Union and into tens of foreign countries. 

The labor of Soviet radio specialists allowed many millions of 
television viev/ers to observe directly for the first time the 
"space workdays" of Andrian Hikolaev and Pavel with 
their eyes what weightlessness is, and to participate direc ly 
in their flight. 

And in less than a year, Soviet science triumphed again. On 
14 June 1965 the unprecedented flight started of the space satellite, 
"Vostok-5 , piloted by pilot-astronaut, Valeriy Bykovskiy. Three 
hours and 50 min after the flight started, teleYÎsi2n. H 
mitted from space all over the Soviet Union on the Intervision and 
Eurovision networks. 

Two days after launching of "Vostok-5", the ',Vos^ok_^" spaces^P 
was sent into terrestrial orbit piloted by Valentina Terashkoya. 
of millions of people in many countries of earth viewed with interest 
on their screens the heroic flight of the female astronaut. 

The quality of television pictures transmitted from the 

"Vostok-5" and f,Vostok-6" spaceships wasjal?‘faS4inuchKïeïtvLÏhan 
before. This was ensured by uniform cabin lighting which kept 
illumination from getting worse even when the astronaut left his 
seat Automatic regulation was ensured of picture brightness on the 
phSicatSode of the tube In case of change of cabin illumination, 
and a special high-powered optics was devel ped for television 
transmitters. 

Labor of many collectives of Soviet scientists, designers, 
engineers, workers created multiseater spaceship Voskhod , on 
which for the first time in world on 12 October 1964 there was 
lifted into space a crew composed of pilot-astronaut V. Komarov, 
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co-mSs1 ' Physician B. Yegorov. In 24 hours stay in 
aboïït too ar°!ín? earth 16 times' Passing distance of 
in?ormlH0aîî + ??? ï*' And ln that same minute, when world was 
aw !bOUt fllght of first crew of astronauts, TV viewers were 
tv th their Pf^raits. And after three hours, tens of millions of 
nnH watched transmission from cosmos on systems, Eurovision 
anH Jnt®rvlsion* Direct transmissions from aboard ship "Voskhod" 

performances of Soviet spacevision were relayed several times. 

"Vos¡íod" essentially differs from ship "Vostok": new 
np£ lnstrument equipment, a number of systems 
new in principle. Ship uses new television system, which ensured 
not only transmission to earth of reportage from cabin of ship but 
a so transmission to earth of picture observed from aboard ship 
There were used innovations in radio direction finding and P’ 
telemetering technology. * 

^osmos with help of television equipment of 
ïïi?nny demonstrated to participants of press conference 

Octaobear1964 V°Skh0d tak1^ ^ 

in coemos^by -clioTl 

iareISeSaÎ?î02™îlek^1ÎÆOnOV; This roS of teleílslôn -, P Hy great. Millions of TV viewers of many countries of 
wal^of^n8!^???™^ °f neW era int,^stering of cosmos - first 
outer°space.ln history from spaceship "Voskhod-2" directly into 

V, i But work of astronaut was observed not only from earth With 
n? L?í Tr2 íelevlalor' Installation, he waa obseïved by cinder 
aLeens’o?-oSr co"trolled a manner on 

our television sets one could see as well as possible 

was Lll Illuminated *by°solar °f astronaut soar1^ 1" =Pace 

We may expect new successes and new achievement of spacevision. 

FTD-MT-24-229-67 230 



U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM 

Block Italic 
A a A ë 
B 6 B 6 
B a B t 
r r Ft 
Æa B 9 
E a E • 
}K * Mm 
3 a 3 $ 
M N Hu 
n ft ft a 
K K K K 
Jl n J! m 
Mm Mu 
H m H H 
O o 0 9 

n n fl a 

Transliteration 
A, a 
B, b 
V, V 
G» g 
D, d 
Ye, ye; E, e* 
Zh, zh 
Z, z 
I, 1 
Y, y 
K, k 
L, 1 
M, m 
N, n 
O, o 
P, P 

Block Italic 
p p r p 
C C C e 
T t T m 
y y y y 
* * 0 0 
Xa X X 
U u U ti 
Ma Va 
UI ni W Ud 
m » xi/ m 
1 % b % 
U u hl y 
b a b h 
9 a 9 a 
10 » JO » 
X a Ma 

Transliteration 
R, r 
S, s 
T, t 
U, u 
F, f 
Kh, kh 
Ts, ts 
Ch, ch 
Sh, sh 
Shch, shch 
II 

Y, y 
i 

E, e 
Yu, yu 
Ya, ya 

* ye initially, after vowels, and after t; £ elsewhere, 
wïïen written as ë in Russian, transliterate as yë or ë. 
The use of diacritical marks is preferred, but such marks 
may be omitted when expediency dictates. 
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FOLLOWDia AR£ THE CGRRESFONOING RUSSIAN AND ENGLISH 

ISSIGMATIONS OF THE TRIGONOtCrTRIC FUNCTIONS

Ruasian ^gllah

■In ■in

OM coa

tg tan

ctg oot

■•0 ■oe

CM«C cae

•h ■Inh

eh coah

tb tanh

etb ooth

■ch ■ach

each each

arc aln aln-1

arc coa coa“^

arc tg tan“i

arc ctg cot”^

arc aao ■ac-1

arc coaae cac-1

arc ah ■lah"^

arc ch coah"^

arc th tanh”^

arc cth coth'i

are ach ■ach”^

arc each cach“l

rot curl

Ig log
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