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- [Translator's Note: The first official publication on the pre-
liminary processing of photographs of the far side of the Moon obtained
by the automatic interplanetary station was issued by the Publishing
House of the Academy of Sciences USSR on 10 November 1959. A transla-

tion of the 3h-page booklet, Pe Fotografii Obratnoy Storony Lun

(Pirst Photographs of the Far Bfﬁ of the 'haoni, vith an introduction

by Academician A. N. Nesmeyanov, President of the Academy of Sciences
. - USSR, follows)
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Forevord

The direct 2xparinmental atudy »f the cosmos I wontining. On
Wdotober 1089, tha Sovien Duion succersiuily lounched the third 208w
mic rocket, the pgoal of whish was the zolution of a serles of problems
of ceosmic tpace and the photographing of the Yur side of the Moom and
its pevipteral areas. Tn precige cenfomity with caloulations, the
aviomntic lruterplanetary stution, specially equlpped for photographing
the Lur sile ol the Moon, lew past at a short ddetanse from the Moon,
turnad on Lte course end, in azcordance wlth a given program, took
phutographe of the side of the Moon which is not visihle from the
¥orth., Wilth the oid of u televielon apparatus on board the inter-
plapetary station, the image of the Moon wag transmitted, or ~ommand
Trom tbe Earth, from distances of several hundreds of thousands of
kilometeres.,

A new era bar begun in the history of astroanmy. 7t hay heen
vroved that not ooly 15 44 possibls to study the plyszlzal paramsters of
Ceosnte Space aud various emiasiong of aelestial bodiws without hindrance,

ot also it 1s possible to obtain close-up photocgraphs of the planets.
The azbrenomer will not have to wait 15.17 years for the great opposie-
tion of Marz, when the distance bebtween it and the Eartih will he reduced
by 5060 miliion kilometers, Now it 1z possibile, in prinxiple, to send
venlales o within close distancss of the piapelsz in order o phetograph
their asurfazes.

Man J& no longer chained to the Earth., The Soviet people have made
our generalion contemporaries of interplaenetary flights.

At the Third Session of the Suprems Soviet USSH, N. d. Khrusbehev
sald, regarding this unprocedented accomplizhment of Sovied sclemne,
"How happy we are, how prowd we ave of the accomplishments of thz Soviet
people, sunh ar the succeseful launcking, within one year, 1959, of three
coamla rockaets, evoking the deligh' of all mankind. Ths entire Soviet
nation honers the pecple of zeience and lshor wno paved the way into the

cosmos. "

Since the time of Galileo and Newicn, whe founded contemporary
natural sclence, science has scored wany an outstanding vietory. Among
these were the prediction of the existeunze and the Alsecovery of new
planets in the zolar system, Nepture snd Fluto. Zut not until our tiue
wvere the fipsi artificial celestial bodies, those of the Farth and of
the Sun; :reated by the labor of the Sovist people, representing *he
firat time in the history of mankind that s flight waz made from one
celestlal bedy to another, bringing remarkeble inveztigabions of the
study of cosmic spaze. Already the lauvching of the fivst Soviet artifi-
¢ial satellites of tha Earth and ccsmisc rockets has wrough! fe swienc:z a
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nunber of discoveries of universal value: the outer radiation belt and
the extralonospheric ring of current around the Earth were discovered;
u living organiem was sent into flight in cosmic space; new data were
obtained on the structure of the magnetic field of the Barth; it was
established that the Moon lacks an appreciable magnetic field and has
no radiotlion belt surrounding it; the density of interplanetary gas

was determined; and the first photographs of the far side of the Moon
were obtained.

The current publications of the Academy of Sciences USSR contain
the first published results of the preliminary study of the photographe
of the far side of the Moon, taken on board the automatic interplanetary
station. The study of these data is being continued, and in a short
time, the Academy of Sciences USSR will publish scientific works cone
taining the obtained photographs, a description of the formations on
the far side of the Moon, and a description of the method used in de-
termining the nature of these formations, as well as other data.

Scientists of the Soviet Union are hopeful that the publication of
the data on the photographing of the far side of the moon will contribute
to the further progress of science on the road to the conquering of the
universe., -- Academician A. N. Nesmeyanov, President of the Academy of
Sciences USSR

CPYRGHT
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TNIRODIEIION

On U October 1959, the Soviet YUinion auccassflly launched the third
cosmie rocket. The goal of this lanmching was the solution of a series
of prcblems of cosmic research. The mest fmportant of thezse was the
photographing of the surface c¢f the Moon. There was particular scilen-
tific interest in obtalning photographs of that part of the lunar sure
face which, because of the nature of tne motion of the Mosn, is not
directly visible from the Earth, as we.l as that part of the aurface
which is viewed at such an acute angle that it cannnt be studied ac-
curately.

An sutomatic interplanetary sta*tion, put intc orbit around the
Moon by means of a multistage rccket, was built to provide a detailed
swudy of cosmic space and to obtain puo+ographi» recordings of the Moon.
In precise conformity with calculations, the autowatic interplanetary
station passed the Moon at a distance of several thousand kilometers
and, a8 a result of the attrasticn of the Moon, changed the directicn
of its motion and moved into a trajestory whizh wae convenient toth for
photographing the side of the Moon whish 1ig not visitle from Earth and
for transmitting scientific informationu back to Earth.

The. accomplishment of +the lawnching of the third cesmis rocket and
the placing of the automa*if interplacetary station into a given orbit
required the sclution of = number of nsw scisatific and technical prob-
leme. The interplanetary station wss iaunched by a powsriul multistage
rocket, characterized by a high design pertection, providsd with powerful
‘engines which operate on high~caloricity Suel. The reallization of &
given characteristic mction of tha rurket at the end of the accelerated
portion of its flight waes gearantesd by a preiise systen of control.

CPYRGHT
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I. Equipment on the Automatic Interplanetary Station

The automatic interplanetary station is a cosmic flying device

| equipped with a complicated array of radio engineering, phototelevision,
and scientific app-ratus, a special orientation system, devices for the
programmed control of operations of the station's equipment, a system
for the automatic control of temperature within the station, and power

’ sources.

By means of a radio engineering device located in the station, it
was. possible to make measurements of the orbital parameters of the station,
to transmit television and telemetric information to Earth, and to trans-
mit commands from Earth for control of the station-borne apparatus.

The station's phototelevision apparatus made i1t possible to auto-
matically photograph the far side of the Moon, process the film, and pre-
pare it for transmission of the image to Earth. ‘ .

The complex of scientific equipment in the automatic interplanetary
station was designed for the further study of cosmic space and space in
the vicinity of the Moon begun by the first two cosmic rockets.

All control of the functioning of the station's apparatus was accom-
plished by means of radio links from points on Earth and also by means of
independently programmed station-borne devices. Such a combined system
makes it possible to more easily control the conduct of seientific experi-
| ments and to receive information from any sector of the orbit within the
range of radio visibility from ground observation points.

An automatic temperature control system operates continuously to
maintain a given temperature in the station. With thia system, the heat
glven off by the instruments is lead out through the radiation eurface
into the surrounding cosmic space. ‘ ‘

Heat emission is controlled by means of shutters on the exterior of
the satellite which open the radiation surface when temperature within
the station reaches ¢ 25°. |

The power supply system comprises individual units of chemical
sources of current for supplying the short-term operating equipment and
also a centralized reserve chemical battery. Solar current sources com-
pencate for expended energy from the reserve battery. Supply of the
station equipment is maintained through converter and stabilizing devices.

CPYRGHT
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The automatic interplanstary station is a thin.walled hmmetleally
sealed capsule having a cylindrical shaps with .spherical onds within
vhich are located the equipment and chemical power suppliles. 3Soms of
the scientific instruments, the antennas, and sections of the solar bate-
tery are on the exterlor of the station. In the upper end is sn iliumin.
ptor with a cover which automatically opens tefors photographing tegins.
Under the illuminator are the camera lenses and o pitke-up for orienti-
tion with the moon. In the upper and lover ends ere small illumlnators
Tor the solar pick-ups of the orientation system. In the lower =nd are
the control motors for this system.

The maximun diameter of the station is 1,200 miilimeters, and the
iength is 1,300 millimeters (without antennas).

' For photographing the moon, it was found to be more expedient to
point the photographic equipment by rotating the entire automatlc intexr.
planetary station. The orientation system rotated and malatained the
automatic interplanetary station in the required direction.

The orientation system was turned on after approaching the moon,
at the moment when the station was located approximately in a straight
line between the Barth and Moon. At this time, the Earth was located to
| 0e side of a line between the Sun and Moon. The distance to the Moon
at the moment the orientation system was turnzd on was, in accordance
with computations, 60,000-70,000 kilometers. The wossibility of
realizing the necessary position of the staitlon during its orientation
wvas accomplished by a specially selected trajectory. This position per-
mitted the station to be oriented with respect to thz Moon under condi.
tions of illumination from three bright celestial bodies -- the Sun, Moon, .
and Barth.

At the beginning of operation of the crisntation system, the compo-
nents of which included optical and gyroscopic units, eleactronic logis
devices, and control motors, it was necessary Lo stop the arbitrary rota-
tion of the automatic interplanetary staticn around its center of gravity
which had begun at the moment of separation of the station from the last
stage of the launching rocket.

Af+er rotation had ceased, the lower erd of the station was directed
toward the Sun ty means of solar pick.ups. In *tkis position, the optical
axes of the camera were directed toward one side of the Moon.

- CPYRGHT
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Then, the appropriate optical device, in the field of vision of
which neither the Ezrth nor Sun could then appear, turned off the pick-
up orienting on the Sun and .directed the photographic apparatus pre-
cisely at the Moon. From the optical device, the incoming "presence"
silgnal from the Moon initiated the photographing process automatically.
During the entire photographing operation, the orientation system con-
tinually directed the automatic interplanetary station at the Moon.

After exposure of a.Ll the frames, the orientation system was shut
off. At this moment, the system imparted to the automatic interplanetary
station a well-regulated rotation with such a specific angular velocity
that, first, the temperature regime would improve and, second, the effect
of rotation on functioning of the scientific equipment would be excluded.

CPYRGHT
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1T. Flight of the Interplunetary Stotion

Froblems conzerning cricnta1lon and radio comuunication with the
automatic interplanetary stetlon meos@ speclal raqulvwmevts on the
flight trajectory. ‘

An initial requirement for the normal operation of the orienta-
tion system is that the Moon, the station, and the Sun be in approxil.
‘mately a single, stralght line at the irstant the system hegins to funec-
tion, since at this time the station would be within the dlatarue range
indicated in the preceding section.

In connection with the large volume of information to be transmitted
from the lnterplanetary station to earth, the flight trajectory must per-
mit the reveiving points throughout the territury of the USER to obhain
the maximun amount of information on the first orbit, particularly ab
distances zlose to the surface of the earth.

It was also very desirable for purposes of sclentific research to
obtain a trajectory which would ensure that the statlon continued in
flight for a suff*ciently long period of time.

Investipations showed that these requirements could be most fully
satisTied by using the gravitation of the Moon in the formation of the
crbit. To obtain an orbit with the vrequired charazteristics, it was
‘necessary that this effect be fully determined as to magnitude and direc-
“tion. The Moon can exert a congidersble effect on the metion of the
gatellite only if the Moon's attraction is sufficiently great. To achiave
this, the gtation must pass close to the Moon. For a directional change
in the orbit characteristins, the station must pass alongeide the fully
determined side of the Moon. More exactly, *the direction of the Moon's
“effect 15 determined bty the inclination of the station's orbit to the
plane of the Moon's ortit in its selenocentris motiocn.

The firing velocity for flight arcund thie Moon with return to Earth
must be several times less than the so-called second cosmic (or parabolic)
velocity, whizh is equal to 1ll.2 kilometars per s=czond at the surfece of
the Earth. Flight around the mcea may be accomplished with various types
of trejectories.

If the Tlight trajectory passes at distances of szveral tens of
~ thousands of kilometers from the Moon, the effect of the Moon is com.
paratively slight, and motion relative o the Earth will ocour in a tra-
Jectory whlch is close to an ellipse with focus at the center of the
Barth. Cilrcumlunar trajectories which pass at several tens of thousands
of kilometers from thes Mcon have many great disadvantages. It is impoa-
sible in a flight at great distesnces from the Moon to make a direct in-
vestigation of the cosmic space Iin the neighborhood of ‘the Moon. If a

| - CPYRGHT
Sanitized - Approved For Release : CIA-RDP82-00141R000200980001-5




Sanitized - Approved For Release : CIA-RDP82-00141R000200980001-5

~rocket 1s launched in the northern hemisphere of the Earth, the return to
Earth 1s toward the southern hemisphere. Motion close to the Barth on
the return is outside the limits of visibility from the northern hemis-
phere, and, therefore, radio communication c¢lose to the Barth is jmposw
sible. 1In returning to Earth, the rocket enters the dense layers of

the atmosphere and burns; the flight is ended after the first turn.

The us2 of the directional nac*tion of the lunar attraction at close
proximity to the Moon to form the ortlt of the automaiic interplanetary
- station made it possible to obtain an orbit which did not have the
- disadvantages common to trajectories vhich circle the Moon at great dis-
tances.

The flight trajectory of the automatic interplanctary station
passed at a distance of 7,900 kilometers from the center of the Moon
and was calculated to be south of the Moon at the time of closest ap-
proach. Due to the attraction of the Moon, the trajectory of the auto-
matic station is deflected to the north in accordance with the calcula-
tions. This deflection is so considersble that the return to Earth is
toward the northern hemisphere. After approaching t..- Moon, the greatest
helght of the station above the horizon increases daily for the various
observation points throughout the northern hemisphere. There was & cor-
responding increase in the time intervals within which direct comminica-
tion. with the station was possible. buring the approach to Eartn, the
automatic station could be observed in the northern hemisphere as a
nonsetting star.

. In returning to Earth on the firet orbit, the station did not enter
the atmospnere and did not burn. It passed at a distance of 47,500 kilo=-
meters from the center of the Earth, moving in an elongated orbit, almost
an ellipse. The greatest distance of the station from the Earth was
480,000 kilometers.

The flight of the station in the vicinity of the Barth was at such
great distances from its surface that there was no braking from atmos..
pheric resistance. Therefore, if the motion were only a rvesult of the
gravitational force of the Earth, the automatic station would te a satel-
lite of the Earth with an infinitely long lifetime.

Actuslly, however, the duration of the station is limited. As a
result of the perturbing effent of the attraction of the Sun, the closest
distance from the orbit to the Earth (the height of the perigee of the
orbit) is constantly decreasing. Therefore, after having completed a
certain number of revolutions, the station, in returning to Barth, will
enter the dense layers of the atmosphere and cesse to exist.

CPYRGHT
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Thﬁ magnitude of the decrcase in the helght of the periuue la one
revolution depends on the dimensions of the orbit and, la partisulav, on
the hedpht of the apoges, the preatest dlgtonce feom the ovbit to the
sarth,  The helght of the perigee vises sharply with an ilnereass (n the
helght of the aporre. Therefore, in chooelng the trejectory of the inter-
planetary stutior, it was necessary to approximate the aituetlon ln whlch
the height of the apogee is ne small as possible and doen net mush exoced
the distance {rom the Earth to the Moon. It is also nzoessary that the
height of the perigee on the flrst orbit be ay great as posslble, The
number of rotations of the automatic station around the Eaxth and its
lifetime depend on the degree to wbjnh both there raqulrements are ful-
filled.

"The effect of the Moon iz not limited to the effect which it exertn
during the firzt approach. Perturbations in the station orbit cauued by
the Moon's attraction dd not have the same vegularity ag thosze ceuzed by
the Sun's attractionand depend greatly on the period of rotation of the
station around the Eurth. The Moon may have a substantial effect if the
trajectory of the station again epproaches sufficiently close to the Moon
on one of the subsequent rotations. In this case, the approach of the
station and the Moon would occur at approximately the same point in the
lunur orbit as the first time. The character of the motion of the station
may change substantially. If the interplanetary staticn passes around
the Moon from the south side, 1l.e., if the approach is the sume ap the
first, then there will be a sharp increase in the number of rotations and
the lifetime of the station, and the main property of its trajectory, ap-
proach to Earth from the northern hemisphere, will he preserved. If it
goes around from the north side, the height of the puriges will decrease,
and if the perturhation is sufficiently strong, a coilision with the Earth
may oc~ur on the next return.

On thnze frns of *the orbit where o sufficiently close approach to
the Moon does not oceur, the Moon, uevertheless, exerts a considerable
effernt on the meotion of the station. Although the Moon's attraction in
this case is very small, over a nonslderable number of turns of the ¥reo.-
jectory, the Mocn's attraction exerts a ronsidersble effect on the motion
of the automatic station and causes a decrease in the height of the perigee
and the lifetime of the statioun in orbit.

The pl”thle of the motion of +the automatic ztation under the simul-
tanecus gravitational effects of the Barth, Moon, and Sun is very complex.
The character of the passage near the Moon on the first approach 1s the
determining factor for the further motion of the interplanetary station.

CPYRGHT
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Since there is no correction in the motion of the interplanetary
stution in flight, 1tr whole flight is determined, in the final analysis,
by the parametere of the motion at the end of launching segment, (basi-
~ally, the magnitude and direction of the velocity.) 1t is clear then
that 1t is possible to obtain the trajectory described above only with
un extremely accurate system for controlling the flight of the launching
rocket In the launching segment.

It may be imagined that through the tenter c¢f the Moon perpendicular
to the Earth-Moon line, there i# a plane, which we chall call the mapping
plane. The trajectory relative to the Moon may he characterized by the
position of the point of intersection of the trajectory with the mapping
plane.

Calculatione show that a deviation of the point of interseation of
the trajectory with the mapping plane from the intended position by 1,000
kilometers changes the minimm distance of the station from the Eurth at
the end ¢l the first revolution by 5,000-10,000 kilometers and the time
of return to Earth by 10-14 hours. Such a substantial change in the values|
of the trajectory parameters close to the Barth is connected mainly with
a difference in the effect of the Moon on the motion of the station in the
cases of the calculated and deviated trajectories.

Although satisfaction of all the conditions imposed on the circling
trajectory admits of greater deviations from the calculated position of
the point of intersection of the trajectory with the mapping plane than
there could be in the case of impact with the Moon, realized with the
second Soviet cosmic rocket, the accuracy required in the launching seg-
ment remaing as high as in the care of impact. This is mainly because
crrors in the magnitude of the velocity at the end of the launzhing seg-
ment in the case of elliptical circling trajectories cause deviations in

~ the point of intersection of the trajectory with the mapping plane which
are 3-4 times greater taan in the case of hyperbolic trajectories, which
are convenient to use for impact.

In addition, for good radic communication between the in%erplanetary
station and observation points on earth, it is necessary to know with suf-
ficient accuracy the change in the characteristics of the motion of the
station with time. This is necessary in order that the measuring points
can carry out calculations on the target with the required aazvracy and
determine the times for switching on the transmitting devices on board.
This requires systematic measurement of ths trajectory of the interplane-
tary station, analysis of the data, and correction of the characteristice
of the motion of the station, both during ites approach to the Moon and
after its flight around the Moon. The effect of the Sun and Moon on the
evolution of the orbit of the interplanetary station in the process of its
further flight also requires constant measurement and correction of the
characteristice of the motion of the station.

CPYRGHT
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There conditions impose great demands on the automatic Farth complex
intended to messure the parameters of the trajectory of the interplanetary
“station, calculate a prediction of its motion, caelculate tavgets by measur-
‘ng ond observation points, and calculate the times for awitching on the
transmitting devices on board the interplanetary station throughout its

flight around the Earth.

The Earth complex includes a radio-technical station for measuring
the distance, angular parameters, and radial velocity of the motion of
" the obje.t; o stution for receiving telemetering information; and auto-
matic lines comnecting the measuring poluts with the corrdinating-computing
center, which, in turn, is connected with Barth points for giving commands
to switch on the transmitting devices on board the automatic interplanetary
station.

The command radio line made it possible 4o switch on the rudio-technical
communication devices at definite time intervals correaponding to favorable
conditions for radio communication between the apparatus cn board and the
Earth points throughout the territory of the Soviet Union. Selection of
the duration and time for switching on radio communication with the station
wae determined by operating conditions of the apparatus on board, the need
for econducting trajectory measurements to correct characteristics and pre-
‘dict the motion of the interplanetary station, and conditions of the rated
power supply of the devices on board.

Data estabiished through analysis of trajectory measurements on the
position of the interplanetary station at the time of the photographing,
necessary for tying in the observed objects on the invisible side of the
Moon t0 the selenographis net of coordinates, are presented in the table.

Selenographic
Projection AIS*

Distance
Time From Canter :
Date (Mcscow)  of Moon {km) Latitude Longitude
Beginning of
photographing 7 Oct 59 0630 65,200 16.9° 117.6°
Complétion of
photographing 7 Oct 59 0710 68,400 17.3° 117.1°

*Automatic Interplanetary Station

" A preliminary processing of the trajectory measurements on the fivst

turn of the orbit made it possible to eztablish that the automatic inter-

" planetary station will coutinue in orbit up to the end of March 1960 and
will complete 11 revolutions around the Earth.

CPYRGHT
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IIT. PHOTCGRAPHING AND TRANSMISSION OF PICTURES

In developing the complex means for photographing und transmitting a
pleture of the invisible side of the Moon from on bourd the automatlic
interplanctary station, the problem of producing n phototelevision system
which would make 1t possible to obtain sufficiently clear half-tone pie-
turvs and transmit them at distances measured in hundreds of thousands of
kilometers was solved.

The phototelevision apparatus, instalicd in the interplanetary sta-
tions, contained the following principal devices: a camera with two ob-
Jectives, a small-scale device for automatically developing and {ixing the
photographic tilm, a miniature cathode ray tube, a highly stable photoelec-
tric amplifier, an electron circuit containing amplifiers and scanning
devices, and a systcm for automation and programming.

The design of the phototelevision apparatus ensured its reliability
under the complex conditions of cosmic flight; the safety of the photo-
graphic materials from the harmful action of cosmic radiation and the
normal functioning of the unit for processing the photomaterials and
the other units of the apparatus in conditions of weightlessness were
ensured.

For the exceptionally long-range transmission of pictures with a
very low-power radio transmitter, an image transmission speed tens of
thousands of times slower than the transmission speed of the standard
television transmission centers was usad.

In the first photugraphing of the reverse side of the Moon, it was
expedient to photograpli as large a portion of its unknown surface as
possible. This led to the necessity of photographing the fully illumina-
ted disk whose contrastivity is always considerably lower [at this time]
than during lateral illumination which creates shadows from the details
of the relief. Automatic contrast control of the transmitted image was
applied for best transmission of the low-contrast picture by the photo-
television apparatus.

The camera was equipped with two objectives with focal lengths of 200
and 500 millimeters and apertures of 1:5.6 and 1:9.5, respectively.

The objective with a focal length of 200 millimeters gave a picture
of the disk of the Moon fully entered in the frame. The objective with
a focal length of 500 millimeters gave a large-scale picture of part of
the lunar surface.
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Photographing was made on gpecial 35«millimeter photographic tilm
which ean be procensed under high temperature.

Photographing was conducled with automatic exposure change for diffe-
- rent [rames to obtain negatives with the best denslties and lasted about

WO minutes, during which time the reverse side of the Mcon wus photographed
repeatedly.

The entire photographing process and f1im procesqing was done auto- -
mattcully, accordling to a fixed program.

For preventing fogging ol the film under the action of cosmic radiae
tion, a special safeguard was provided which was selected on the basis of
investigations conducted with the aid of the Soviet artificial satellites
and cosmic rockets.

Upon completion of photographing, the film moved into a miniature de-
vice for automatic processing, where it was developed, fixed, and dried.
Then %he film moved into a special holder for transmission of the image.

Transmission of images of the Moon was performed by commands from the
Barth which switched on the power supply of the station television appara-
tus, started the transport of photographic film, switched in the television
apparatus to the transmitter on board.

Coordination and regulation of the operation of all members, including
the electronic circuits and the optical, mechanical, and photochemical ap-
paratus, were accomplished by a system of automation and programming.

The method of "transillumination" was used to transform the image

contained on the film negative into 2lectrical signals. This method is
analogous to the one employed by television centers in tramsmissiocn of
motion-picture film. A small cathode ray tube of high resolving power
produced a bright spot which was projected onto photographic film by means
of an optical systum. The light which passed through the photographic
[1lm fell upon a photoeclectric multipliexr which transformed the light
signal intc an electric one.

The light spot on the screen of the cathode ray tube was displaced
in relation to the controlling electric signals produced by a special
scanning circuit. The image of the light spot on the photograph was
uniformly displaced across the photograph from one side to the other,
after which it quickly returned to the initial position and again continued
with steady movement across the film. This provided "line" scanning of
the image. The photographlc film itself was pulled slowly past the cathode
ray tube, permitting "frame" scanning.
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Intensity of the light which passed from the cathode ray tube through
the filw to the photoelectric multiplier is determined by the density of
the negutlve at the point at which the light spot is located. In move-
ment of the spot over the negative, the amount of current in the photo-
electric multiplier changed in relation to the change in density of the
lmage along the line; thus, an electric "image signal" was formed at the
output of the photoelectric multiplier, repeating the change in density
of the negative along the scanned line.

Amplification and shaping of the image signals were accomplished by
4 specially developed, stabilized, narrow-band amplifier.

Since the average density of the negative and image contrast were not
known exactly beforehand, a device was incorporaied in the amplifier for
automatic regulation of compensation to counteract the effect of variation
in the average density of the negative on the output signal. Automatic
brightness regulation of the illuminating tube, to compensate for changes
in contrast, was also provided. ‘

Test sings were exposed on the film, a part of which were developed
while still on the Earth, and the other part of the sings were developed
aboard the station in the course of processing the exposed frames with
the hack image of the Moon. These signs were transmitted to the Earth,
permitting control of the process of photographing, processing, and trans-
mitting the image. :

Transmission of the image was possible in two variants: at a slower _
rate of transmission at great distances and at a faster rate of transmission
at closer ranges, i.e., during the satellite approach to the Earth.

The number of lines into which the image was troken up could be varied,
depending on the variant selected for the transmission. The maximum nunm-
ber of lines would reach 1,000 per frame.

A method assuring high-noise immunity and reliability of performance
of equipment was used to synchronize the transmitting and receiving scann-
ing devices. '

The radio-communication line provided a two-way transmission of radio
signals. In the "Automatic Interplanetary Station-Earth" direction were
transmitted television signals, the signals of scientific instrumep* Yead-
ings, and the signals for measuring the parameters of motion of the satel-
lite station. Powerful radio transmitters, high-sensitivity receivers,
and recording instruments, as well as the receiving and transmitting antenna
assemblies, were part of the ground installation. Transmitting, receiving,
and antenna equipment.,, as well as the compand and programming radio-engineer-
ing devices, were part of the automatic interplanetary radio station.
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The Moon-image was transmitted from the automatic interplanetary sta-
tion via the line of radio communication, which algo served to measurs the
pnrameters ol the statlion motion.

The transmission of the Moon-image, and all other functions of the
~line in radio communication with the station, were carried out with the
aid of continuous radiation of radio waves (as contrasted vith pulsed
radiation). Such a combination of functions in & single line of radio
communication utilizing continuous radiation was tiried out for the first
time and provided reliable radio communication up to the maximum distances
with the lowest power consumption from the power sources on board.

All of the radio-communication line equipment, both aboard the inter-
planetary station and on the ground posts, vas provided in duplicate to ‘
‘improve the reliability of communications. In case of failure of one of
the radio instruments aboard the station or upon reaching the limits of
its usefulness, it can be replaced by a reserve instrument by transmitting
an appropriate command from the ground control post.

The total volume of scientific information transmitted via the radio
communication line, including the frames of the Moon-image, considerably
exceeded the volume of information transmitted from the first and second
Soviet cosmic rockets. This reguired the application of more efficient
methuds to secure photographs and to transmit the signals via the radio
communication line. These methods assured lowest power consumption from
the power sources. ‘

Semiconductors, ferrites, and other modern components and materials
were used in the radio equipmert on board. Special attention was given
to securing the least space for and veight of the instruments, which, in
turn, permitted the increasc of the weight and space assigned to the elec-
tric power sources.

To conserve electric power, the power radiated by the satellite radio
transmitter was set at several watts.

The difficulties of maintaining a reliable radio contact with an inter-
Planetary automatic station can be realized if we calculate vhat fraction of
the power radiated by the satellite radio transmitter will reach the receiv-
ing ground installation.

In order that the radio contract with the satellite station would not
be interrupted during its rotation, the station antennas had to radiate
the radio signals uniformly in all directions, so that the radiation power
per unit of area would be approximately equal at all the points of an im-
aginary sphere, at the center of which is located the satellite station.
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The fraction of radiated power reaching the ground receiving antenna
i8 determined by the ratio of the effective area of the receiving antenna
to that of the surface of a sphere with radius equal to the distance from
the satellite station to the receiving ground post. large receiving an-
tennas are used to increase the effective area of such antennas for effi-
client reception of signals from the satellite station. ‘

However, even under the above-mentioned conditions, in the case of
the greatest distance from the Earth t> the satellite station, the inter-
cepted radiation signal from the satellite transmitter will be 100 million
times smaller than the average power received by a conventional television
receiver. The perception of such a vweak signal can be accomplished only
by a very sensitive receiving installation with a very low level of set
noises.

The set noises‘at the output of the‘ground receiving installation
were reduced to a minimum with the aid of_epecial measures.,

In accordance with the postulates of information theory and the theory
of noise immunity, the reception of rather weak signals with a noise back-
ground can be secured by lowering the rate of information transmission.

The degree of lowering of rate of information transmission depends on the
selected method of transmission and reception of radio signals.

In the radio-communication line, such me:thods of processing and trans-
mission of signals at the satellite station and at the ground receiving
post were used which, to an utmost degree, have lowered the noise level
and, at the same time, maintained a satisfactory rate of transmission.

Economic utilization of power sources on the satellite station,
availability of radio communication line with continuous radiation and
performing several functions, use of special receiving antennas at the
ground post, use of highly sensitive receiving installations, and u%iliza-
tion of special methods for processing and transmission of signals -- all
contributed toward the maintenance of reliable radio communication with ‘
| the automatic interplanetary station, an uninterrupted operation of command
radio line, and planned photographing of the Moon and telemetered informa-
tion.

- The reception of Moon-image signals on the ground was carried cut with
special devices for registering the television images on a film, with
magnetic recording devices having very uniform speed of the magnetic tape
vith skiatrons (long persistance cathode-ray tubes), and with open-recording
devices where the image is recorded on an electro-chemical paper. The
data thus secured from all kinds of recording were used 4o study the far
side of the Moon. ‘ ‘ | ‘ :
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The transmission of images was carried out for various distances up
to 470,000 kilometers with the aid of radio-television equipment installed
oa the automatic interplanetary station. Thus, the possibility of trans-
mission in cosmic space over extra-great distances of the half-tone images
with high resolution and without appreciable distortions in the course or
radiowave propagation was confirmed experimentally.
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IV. INVISIBLE SIDE OF THE MOON

The period of rotation of the Moon about ite own axis coincides
with the period of its revolution about the Earth, and for that reason,
one and the same side of the Moon is always turned toward the earth.

In the distant past, millions of years ago, the Moon rotated about its
own axis faster than now, completing one rotation in a few hours.

The forces of affluent friction, arising by the attraction of the
Sun ard Earth, braked the Moon, lengthening the period of its rotation
about its axis to 27.32 hours.

During the course of 350 years of telescopic observations, maps were
made of the side of the Moon turned to us. Beginning with the first rep-
resentations of the lunar surface, these maps continually became more exact
and were supplemented according to the degree of existing means and methods
of observation. At the present time, maps exist on which are plotted
tens of thousands of circular mountains which are craters, numerous moun-
tain ridges, dark regions of lunar soil called seas, apparent fissures,
and many other details of the lunar surface,

The occurrence of the so-called librations of the Moon that is, the
periodic oscillations of the Moon about its center, permits the terrestrial
observer to investigate and plot 59 percent of the lunar surface on & map.
Certain lunar forms situated on the very edge of the visual disc become ‘
visible only during appropriate librations of the Moon. The drifting of
all these circular regions on maps is caused by perspective distortions.

The selection of the time for photographing by the automatic inter-
planetary station enables us to obtain photographs of the extensive por-
tion of the lunar surface not visible from the Earth and of a smaller
region with already known formations. During this time, almost the entire
Sun-illuminated-disk of the Moon was rotated toward the station. In
. 8imilar conditions of illumination of the lunar surface, its formations
do not give shadows, and several details are made less conspicucus. The
presence on the photographs of part of the never-before-studied portion
of the Moon permitted objects located on the far side of the moon to be
tied into already known formations and, in this manner, a determination
of their selenographic coordinates. On the photographs, the boundary
between visual and nonvisuel portions of the Moon from the Earth is design-
ated by a dotted line.
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Among the objects photographed from the rim of the interplanetary
station and visible from the Earth are the Humboldt Sea, the Sea of
Crises, the Marginal Sea, the Smyth Sea, a portion of the Southern Sea,
land nthers.

These seas, distributed on the very 2dge of the Moon and visible
from the Earth, appear loug and narrow to us as a result of perspective
distortion. Thelr actual form has not yet been determined. These sear
are located far from the visual =dge of the Moon on the photographs ob-
tained from the rim of the interplanetary station, and their form is in-
significantly affected by perspective distortion.

On the basis of a preliminary study, of the photographs obtained, it
is possible to report that there are few mountainous regions and seas
similar to the seas of the visual portion on the far side of the Moon.
Abruptly, there appear cra.er seas lying in the southern and priequatorial
regions. ‘

Regarding the seas located close to the edge of the visible portion,
the Humboldt, Marginal, Smyth, and Southern seas are clearly discernible
almost without distortion. It was found that the Southern Sea, for the
most part, is located on the far side of the Moon and that its boundaries
have nonstraight, meandering form.

‘The Smyth Sea, in comparison with the Southern Sea, has a more cir-
cular form, and its southern side is notched by a mountainous region. The
Smyth Sea, for the most part, is also located on the ncnvisitle side of
the Moon. The Marginal Sea has a drawn-out form with an indentation in
Ia direction opposite from the Sea of Crises. The Smyth Sea also continues
on the far side of the Moon. The Humboldt Sea has a peculiar pear-shaped
form.

The entire region adjoining the western edge of the far side of the
Moon is characterized by a reflecting power intermediate between those of
mountainous regions and seas. According to reflecting power, it is analo-

gous to the region of the Moon located between the craters of Tycho and
|Petavius and the Nectaris Sea.

South-goutheast from the Humboldt Sea, on the boundary of the indi-
cated region, a mountain chain with an extent of more than 2,000 kilo-
Emters passes over the equator and reaches into the southern hemisphere.

ayond the mountain c¢hain stretches, apparently, a continental shelf with
A higher reflecting power.
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A crater sea with a diameter of approximately 300 kilometers is
located in the region bounded by coordinates of ¢20 and ¢30 degrees
latitude and plus 140 and plus 160 degrees longitude. The southern por-
tion of this sea terminates in a gulf. A large crater with a diameter of
more than 100 kilometers, having a dark bottom ané bright central peak,
encircled by an extensive light embankment, is located in the southern
' hemisphere, in the region having minus 30 degreel latitude and plus 130
degrees longitude.

. A group of four craters of medium dimensions is located in the
proximity of the above-mentioned chain in the direction of the Marginal
Sea at plus 30 degrees north latitude. The largest of these craters has
. A diameter of approximately 70 kilometers. A detached crater of circular
- form is located close to this group in the region with ccordinates Plus
10 degrees latitude and plus 110 cegrees longitude. Two regions with a
sharply reduced reflecting power are located in the gouthern hemisphere
at the edge of the disk.

In addition, 1nd1vidual regions with a slightly increased and reduced
reflecting power and numerous minute details are to be found on the photo-
graphs. The nature of these details, their forms and dimensions, will be
established after a more complete atudy of these photographs.

Thus the fact that it was possible for the first time to televise
pictures of the nonvisible portion of the lunar surface from on board the
interplanetary station opens wide ponsibilitiea for study of the planets
of our solar ayatem.

[Figures and Figure Captions Follow: )

(Figure 1 (photograph) not reproduced here.]

y ‘ Figure 1. The automatic Interplanetary Station on Assembly Stand.
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Figure 2. General Viéew.of the Automatic Interplanetary Station (diag;-am)
(1) 1lluminator for ghotographic equipment; (2) -motor of the~
orientation system; (3) solar transducer; (U4) solar battery
gections; (5) Jalousfes of the heat regulation system; (6) ther-
mal shields; (7) antdunas; and (8) instruments for scientific
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(Figures 5 (drawing), 6, 7, and 8 (photographs not reproduced here.)

Figure 5. Position of the Ahtomntic Interplanetary Station in Space
During Photographing of the Far Silde of the Mnon (ariows on the
‘right indicate the direction of the Sun's raysj.

Figure 6. Photograph of the Far Side of the Moon Taken From on Board
the Automatic Interplanetary Station.

Figure 7. Photograph of the Far Side of the Moon Taken From the
Automatic Interplanetary Station.

Figure 8. Distribution of objects on the side of the Moon not visible
from Earth which appeared in the preliminary processing of photo-
graphs taken from on board the automatic 1nterplanetary station.

(1) large crater sea withadameter of 300 kilometers, Sea of
Moscow; (2) Bay of Astronauts in the Sea of Moscow;  (3) Con-
tinuation of the Southern Sea on the back side of the Moon;
(4) crater with central peak. Tsiolkovskiy; (5) crater with
" central peak, Lomonosov; (6) crater, Juliot Curie; (7) Moun-
tain range, Sovetskiy; (8) Sea of Mechta.

The continuous line iantersecting the diagram is the lunar equator;
the dotted line is the boundary of the visible and invisible parts
of the Moon from the Earth. Objects satisfactorily established
during the preliminary processing are connected by an unbroken
line; objects requiring better definition of shape are Jjoined

by the broken line; objects, the classification of which has been
more accurately defined, are surrounded by dots; in the remaining
part, further processing of the photomaterials obtained is being
mde ) '

Roman numerals denote vbjects on the visible side of the Moon:
(I) Humboldt Sea; (II) Sea of Crises; (III) Marginal Sea, which
continues on the invisible part of the Moon; (IV) Sea of Waves;
(V) Smyth Sea, which continues on the invisible side of the Moon;
(VI) S~a of Fertility; (VII) Southern Sea, which continues on
the invisible part of the Moon.
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