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[mis is a translation of Chapter Six, pp. 180-
213, of Astronomiya v aviatsii (Astronomy in Avia-
tion), 1959, 2nd edition, Moscow, 1959, by N. A.
Kondrat'ycv]

¥With each passing year, aeronsutical astronomy acquires increa-
singly greater significance for the guidance of aircraft. This is
accounted for b the fact that astronomical methods possess a num-
ber of advantag:s over other methods of guiding aircraft. Chief
among these are the following:

1. The fact that the astronomical methods do not depend on
ground installations, due to which an enemy cannot disturb their
operation artificially. In this respect the astronomical techniques
are favorably distinguished from radio methods of aircraft guid-
ance.

2. Constant precision in the determination of the naviga-
tion elements over the entire extent of the flight, no matter how
great the distance., This advantage comea to the fore particular-

[

.1'.




ot

[;y in long-distance and ultra-long-distance flights carried out be- l
yond the effective ranges of radio-based systems. 1Under these cone-
ditions, neith:. radio methods nor automatic course reckoning (to say
nothing of dead reckoning) can assure the necessary precision of gui= _
dence of the aircraft.

3« Their applicability anywhere on the Earth's asurface. We
know that guidance systems with magnetic sensors operate unreliably
in the polar regions, while radio methods frequently fail due to na-
tural disturbances in the propagation of radio waves. In the Arctic
and Antarctic, therefore, astronomical techniquessggg:\ltggsonly ones
that guarantee the feasibility and safety of flight.

These positive features of the astronomical methods form the ba-
sis for the further development of astronomy in aviation. Automation--
the direction in which all engineering methods of aircraft guidance
are being evolved--is also encompassing the astrcocnomical methods to
an increasing degree. Still more promising possibilities for their
use are aprearing with the development o a new branch of science and

technology: radic astronomy. Even now, when flights are carried out

to greater advantage at high altitudes, continmuous cloud cover pre-
sents virtually no obstacle to the use of astronomical methods, since
it rarely occurs above 6000 to 8000 u. The methods of radio astro-
romy make it p--sible to carry out astronomical determinations under
all meteorological corditions and at any time of day. The conquest
of cosmic spacsc, which was begun with the launching of the first
artificial earth satellite on 4 October 1957, has opened new pro-
erects for aeronautical astronomy. Making use only of the Doppler
effect, the crews of airplanes and the flying craft of the future
will be sble to determine certain elements of their flight courses
from artificial satellites, in the same way a8 from the celestial
luminaries.

Thus there is every reason to assume that astronomical methods

L:ill acquire ever-increasing “specific weight' among the methods of |
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(jnircraft .2 rocket guidance.

- Jo  Automation of Astronomicel Methods, —
y

Atemstion has ¢ me inte wide use (n modern technology. Many ine
dustrial procssses are carrviad sut withaut the direct participa-

ticen of mun, He retains the functions of setting up the initial da-
ta, controllicg the various aggregates, and menitoring their cpera-

tion.

utomatic productior lines and entire automated factories huve
ceme into beirg ‘o replace the simplest automstic machines and de-
vices. The devalopment of contemporary techknology without automa=-
tizn would be urthinkable.

The uee of autcmation ras not been restricted to industrial
Froduction. 1t has been introduced on 2 wide scale into all bran-
ches of the ecopomy and even into the household.

“he modern aircraft is equipped with complex instrumente and sys-
tetis which it would be practically impossible to control without the
use of automaition., It is even difficult to achieve guidance of an
aircraft without recourse to eutomatic navig:tion devices, There-
fore navig.tion instruments which automaticslly determine the co-
ordinetes of the aircraft's position, radiocunpasses that automatic-
ally indicste the bearing of a radis station, astrocomposses thbat
automatically locate the direction of the sun, and other devices

are widely used on aircraft. In spite of the high quality of these

automat’- devices, they no longer solve navigation problems with
suffici:nt preci-ion, reliability, or speed at the velocities of

contemporary flirht. 7The increased velocities, altitudes, und

disisnces of flight 30 complicated the guidance work of the
¢rew that the pre-:ision of aircrafi guidance declined notice- N
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Future increases in the velocities, altitudes, and ranges of
flight will require not only the perfection of existing means of
aircraft guldance, but also the creation of entirely new devices
which solve zircrafi-guidsnce problems with eépeed and precision.
This is especially necessary in comnection with the extensive re-
cent developme t of vacious types of pilotless flying craft.

The chie: :ask ia the deveslopment of navigation technique will
obviously be the creation of sutonomous sutomstic methods, i.e.,
methods that are indepenient of ground instsllations and tne con-
ditrons of flight and also exclude the influencs of artificial
disturtances. The astronomical methods of aircraft guidance offer
the greaicst promise in this respect. When automated, they can pro-
vide gnidence for aircratt and rockets at any range, altitude, and
speed and eliminate one of the basic iradequacies of the existing
meil ods--the great losses of time in measurement and computation.
Approxima‘tely 5 min are requirsd for the crew to determine the po-
siticn of an aircraft from twe astronomical position ldnes. 4t &

ligh: speed of 20 km/min, ‘he aircraft will be 100 ks removed from
tie point ail w.ich the measurements were made by the time the com-
jutations are .ompleted and the astronomical position lines sre en-
tered on the usp. Tha question arises: who wants to know what point
far in the roar was occupied by the aircraft when it is necessary

to establish its poeition at a given instant? . |
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[~ The reply to the question as to where the airplane is now must

——

be immediate and exact. And even this is possiule at the present
level of development of science and technology. Lt is necessary
for this purpose to automatize not only the process of measurement
of the aircrafi's altitude; the computations must be carried out bty
automatic conruters rather than by a human, and the results cf the
calculations must be fed continuocusly to  special indicators on
the instrument pasnel in the navigator-and—pilof catin in the form
of the healing and ccordinates of the aircraft.

.3 the future desvelopment of the astronomical methods will be
directed towar. the creation of automatic devices that make it possi-
ble to determir= the position of the aircraft and the direction of
its flight, ar.. to reckon the course over which it has ‘raveled.

Let us consicdcr briefly the prospects for the development of the ba-
sic astronorical methods of aircraft guidance.

1. Contempcrary aeronautical sextants permit determination of
the altitude of only a eingle celestial body. To determine the po-
sition of an aircraft by the prevailing method it is necessary to
have at least twoe position lines, i.e., to measure tihe altitudes of
two cclestin! bodies. To shorten the time of messurement and in-
crease ihe precision of determination cf the airczraft's position,
we ruved an instruwment that austomaticelly messures the altitudes of
two or thice celestial bodies and indicastes the result continuous-

ly in the form of certain navigation elements. 1




[h Devices can he created that automatically determine the resi-
tion of ar asircrzfi from altitudes <f several celestizl
ured at different times, or evern from the measursd coordirates of
only a singl+ hody. CSuch cevices are known as celestial orientators.
Individial medels of celestivl orientutors heve already veen built,
and the first e eriments in their use huve given good results,

Together v . & inertial ailrcraftecuidance systems, celestial cr-
ientators may, v the futlure, become a basic method of assuring hiche
precision aircraft guidsnce under varying condations in the navign-
tional environsent.

2. Lontemporary remote astrocompasses with automatic photeel-
ectric iracking sy:ztems determine the course of an aircraft only by
the sun. Put aircraft fly by nignt as well as by day. Therefore it
will also be recessary to have astrenomicsl course instruments that
will work reliably at any time of day. This is particularly impori-
ant for l-n.~distunce flignts lasting 12 to 16 hours and lenger.

Sucn davices may be sidereal astrocompasses that automstically track

& certain graselected star by meuns of a photoelectric tracking sys-~

nl

tem, w.°1 remote transnission of true~course vslues beth to the in-
strument panel 1n the aircraft’'s cabin an?d into the automaticepilot
system to correct the course guidunce of the aircraft, particularly
fur .oz long fli;-ts. These prohlems may also be solved in celestiel

orientators.
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The possibiiity of trackingz atars by day is of great practical
intereut. Stars that are readily visible to the unaided eye at
night are indistinguishable by day against the backgrcun. of dis-
persed skylight. Tﬂe brightness of the background is determined by
the position of the sun. The background brightness is highest in
the direction of the sun and significantly lower in other sectors
of tre sky. Special astronomical instruments having telescope
tubes with ve-y small fields of view (a few minutes of arc) may be
used to obsc: 'e rtars by day in sectors of the sky of moderate
brilliance.

The brigitness of the sky background also declines considerably

with increasing altitude of observation. At 20 km, the dbackground-
brightness

skyAis about one twenty-fifth or one thirtieth of that at an alti-

tude of 3 km, Thus the conditions of daytime star observation im-
prove significantly with increasing flight altitude. Very bright
stars can be observed in daytime with the naked eye even from low
altitudes.

low we present a list of altitudes at which atars of differ-
ent brigntnesses are visible in the daytime with the sun about 30°

distant ‘rom them:

Stellar mégnitude -1 of 1 2 3

Alttude (km) 3410 20 {25 {55




Zs 1. Therofor: .ony of then can be obeerved in the daytime with tre

.

ald of ordinary «eronauticsl astronomical instruments during flight

-
|

The magnitu.ues of aerial-navigation z+tar: ange from -1.G to

at altitudes of 10 to 20 kme At lower flight sltitudes, only Sirius
with its stel’ar masmitude of 1,6 will be visible in the Northern
Hemisthers,

At low NMight altikudea, a special apparatus with a telescope
havin, a fioid of vision of a few minutes of aré will be needed to
locrte stars. In this case, having set the tube nf tihe telescape on
the chosen star by reference to its position coordinates {at a suffi-
cient aagular dislance from the sun), we may observe the star to keeyp
it in the [ield of vieion and thereby determine the navigation ele-
ments and pesition liues, The sghooting of a second etsr or the sun
will permit us to determine the position of the aircraft even by ex-
isting methods,

Laytime obr>rvation of stars can he effected by making use of
the io nfrasred r. ldation, since tie emission epectra of many stars
have cexima in r» infirsred region. The use of photoelec:ric cells
sensitive o inlrored radiation will broaden the opportunities for
daytims ohteervation of the stars,

i ko creaticn of astircnomical meronautical computing devices.,

—

The taules {AAE, TVA, TVAZ, etc.,) in use by our country's aviators
are much sinpler and more convenient than the corresponding tables

| in the hande of aviators abroad. But even these require much time

N
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[—;or computation of the elements of the position lines ard position l
of the aircraft, and this ie their principal shortcomine. 7Ine solu-
tion to this problem can obviously be found in the crestion of com-
puting devices which relieve trne navigstor of such calculations,
cuch device~ may te built in the very near future on the basis of
electronic computers that perform tens end hundreds of thousands of
operations per second,

Aircraft e.ectronic computers must be of the general-yurpoce
typue, 3.€., the; must process data obtained from various instruments
erd issue the ti1:al result to an indicator or a control devicé.

The deve: spment of the astronomical methods will not take its
own direction. On the controry, as these methods are automsted,
various devices operating on different principles will he unified,
and integrated navigstion systems will be created that automatically
solve sll navigation problems in flight and, like automatic naviga-
ters, inlicate the position of the aircraft directly on a map &t any
moment of the flight,

The prospect oi the emergence of aircraft beyond the limits of
the atmosypiiere now poses new navigetion problems. It will obvious-
ly be impor:zikle to employ aeronautical instruments that operate on
atmosyheric pressure (airspeed indicators, barometric altimeters,
rate-of-climb .rdicuiors) outside the Eartn's atmosphere.

The methe? of reckoning course by the use of compass and air-

| s:ccd readings .o obtain the position of the aircraft produces sige |
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[:ificart errors due to the low precision of the initial data--part;:jl
ularly those from the airepeed indicator. Devices which effect auto-
matic computat:on of course by integration of air speed and wind ve- __
locity over th: Lime of flight also give large errors due to the er-
rors in tue delermina’ ion of air speed and wind velocity.

To provide for the navigation of aircraft under any and all
flight conditions--even extraatmospheric conditions--and to elevate
the precision of aircraft (rocket) guidance, fundementally new meth-
ods of solving navigation problems have been sought in many countries
during the past few years. One of these is the design of the so-

called inertial navigation system. The operating principle of this

system coasists in the measurement of the accelerations of the air-
craft or rocket from the moment of takeoff or flight past some ref-
erence point. Integration of the accelerations produces the air-
craft's sreed, and a second integration produces the distance tra-
versed and with it the aircraft’'s coordinates. 1In the inertial navi-
gation systems, the accelerations are measured not with respect to
the Barth, but «ith respect to the space of the '"fixed" stars, or,
as it is terme”, "inertial space' (hence the term "inertial naviga-
tion").

The inertial navigation system possesses a great advantage in
that the position of the aircraft or rocket is determined without

reference to any ground pointe and without natural or artificial
'radiation. . ]

« 10 »




I.. This system requires no source of radiztion whatever and does !
not ituelf emit signais of sny kird., A)1 measuremente ars cmrriéd
out witrnin the aircraft.

Ir &r inertial aavigation aystem, ‘he aircraft's position co-
orlinatee or Lioge uf t.e rocket with respect to the ''fixed" atars
are ¢’ :verted into coordinates with refereace to the farth Ly 2 spe-
cial computing apravsatus,

The iner .3l uysten pocsesses high precision in its navigation-
@i deverminatic 8, ani. this prscisicn is rot a function of any exter-
zal Tactora., o increase the precisior of such a systex, provision
i made for the correction of cumulative errors either on the prin-

ciple of vle celestial oriertator or by menns of radar {using the

Lutersive auomation of navigational methodr including astro-
nevigationzl methods, is the most imporiant reguisite for the guid-
ance of aircraft and rockets at contewsporary flight velocities. It

is eéven mcr2 vital for cesmic flignt vclocities.

2. The Use of Radio Astronomy in Aviation.

.1e celestial todies and the possibility of their use for air-
craft guidance were discussed above as conditioned by their optical
visioility. . new branch of science =rd technology has sppeared and

undergone rapi’ develcpment in recent ysars: radio astronomy, the

{ arplication of which to aviation is opening new possibilities for ]

e
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aircratt guidance, Stewring from study of the radio-frequency emis-
eion of the sur ..nd moon, radio astropomy mskas it rossible to obe-
serve celestil vodies thrceugh fog and clouds and at axy time of day,
regardleas of whether light is received from thewm

e know that ligh! weves compose a small part of the vast range
of electromagnetic waves. The electromagnetic waves encompass all
forms of radiation bsginning with the gauma raye and including sound
vitrations and vibrations of £till lower {requency. A fundamental
characteristic of any wvibration ie its wavelength., [Light waves have
wavelengtos from C.38 p (violet rays) te 0.76 n (red fayé). The ra-

dic «nves embrace a much wider range cf wavelengths from 1 mm to

2 km and mors (Fig., 103),

@ w 0™ 10?0’ et w* r’ur’ wdw't 0o :mu(;;_@
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Fig. 103, Jecule of electromagnetic waves.
1) prumma rays; =) x-rays; 3) ultraviclet rays; 4) infrared rays;
5) radic waves; 6) cm.
flactroumagnetic waves are emitted by any heated body, with the
length and energy of the wave depending on the surface temperature
of tne emitting body. The temperature of the surface layer of the

: ; o
sun is approximetely 60007 ; the temperature of the surfaces cf the

majority of stars ranges from 4500 to 10,0000. The meoon and planets

0120




Fig. 104, I'"Transparency" of the

Earth's atmosphere for electro-

magnetic waves.
1) "transparency” of atmosphere; 2) gamma-rays; 3) x-rays; L) UV; 5)
visible rays; 6) infrared rays; 7) radio-frequency emission.

possess low plus and even subzero temperatures, but even these are
sufficient for the emismion of radio-frequency waves.

The sun and stars radiate electronagnetic waves of varying ener-
gy in :lmost all regions of the spectrum, although we can detect far
from all of them, since the Earth's atmosphere absorbs the greater
part of the elz.tromagnetic waves emitted by the celestial bodies.
It will be seen from Fig. 104 that the visible rays are almost all
passed by the aimosphere, while the ultraviolet and infrared rays
are transmitted 6n1y in part. Cosmic radjo-frequency emission ar-
rives at the Earth in a wider range of wavelengths beginning with
the longest passed by the ionosphere®, i.e., waves from 15-25

long, and extending to the millimeter waves.

[]

The ionosphere ia the upper part of the atmosphere, which
contains ione and free electrons in ¢onsiderable gquantity. The
ionosphere begins at an altitude of 60-80 km and extends to 400
km and higher.

-~
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r‘ Thus it is possible to observe the celestiul bodies not only —~]
through the “optical window", which transmite the visible and some
of the ultraviolet and infrared rays, but also through a "radio win-

dow'’, which confers preference to radio-astronomical observations

over the optical observations.

Fig. 105, Parabolic antenna for reception
of cosmic radiation at centimeter wavelengths.

Radio-frequency emission from sources outside the Earth was
first cbserved in 1931, But since the power of radio-frequency cos-
mic radiation is, as a rule, quite low, the development of radio as-
tronomy became possible only after the creation of sensitive radio
receivers and large directional antennas--the so-called radio tele-

scopes. The larger the antenna, the higher will be the resolving

L -
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{-;ower of the rsdio telescore, i.e., its capacity to sense separatelyl
sources of rad ition that are located close togetner on tre celest-

isl stphere.

— ——

Trhe anterras may be of various configurations, but multi-dipole
cophasing antennas are given preference in practice for the reception
of meter waves and parabelic reflectors for centimeter-wave reception
(Fig., 103).

The use of radio telescopes for the guidance of aerial and ma-
rine vehicles is prohibited by the great size of their antennas.,

This obstacle is being overcome at the present time, and.mariﬂe

radiosextants {(Fig. 106) that permit reception of the radio~Ireguen-

cy emission of the sun and other celestial bodies have alresdy bLeen
built. The radiosextant's parabolic antenna is 78 cm in diameter.
Such a radiosextant maxes it possible to determine the sun's coordi-
nates ‘ith an error of 1 to 2°,

Aircraft radiosextants are alsc being designed. They are rem-
iniscent, ir principle, of & radar station with automatic target
tracking. Lik» the radar station, they have an antenna system, a
receiver witn amplifier and a system for automatic tracking of the
sun in azimutl: and altitude (angle of elevation). Receiving the
radin-frequency radiation of the sun, the radiosextant follows its
positicr on the celestial sphere continuously. The measured solar
coordinates are transmitted to & computer, to which other naviga-~

tion data may also be supplied: the bearing of the aircraft, its

_ .
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flight speed, etc. The computer may automatically determine the co-

ordinates of the aircraft's position from these data. The radiosex-

Fig. 106. Marine radiosextant.

tant model illu:trated in Fig. 107 works on the 1.9-cm wavelength,

weighs 45 kg anc has en antenna-system diameter of 60 cm. The an-
tenna is moun‘ed on a platform which is stabilized gyroscopically,
thus permitting the maintenance of its position with reference to
the sun and, comsequently, a reduction of the error of measurement
due to the oscillations of the aircraft. The precision of determina-

4

tion of the sun's position with such a radiosextant is about 2°'.

L _
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) r_ . Work toward the creation of radio-astronomical apparatus and

further exyglor-stion of the Universe preceeds without irterruction,
That rerarkable discovery of the great Russlian scilentist Al . o=
pov~=radio=-has found a new use: it has become a powerful toel in
the iaves-igatior of cosmic bodies. Thunks to the efforts of scien-
tists in «aay countries, tne sensitivity of the rovern receivers

- used ir radioasz:ronomy is so great tnat they can jpick up rsdlo-fre~
quency radiaticn whose flux density is hundreds of millions of times
smaller than th:t ¢f the Moscow televisicn center at a distance cf

:.'C m.

. Fig. 107. Aircraft radiosextant {American).

Radio~astronomical studies of the sun have made it po.asible to
establish that the solar radio emission occurs in a range of wave-

lengths from & mm to 12 m, and that their power varies. It is mil-

017 )




(;ions of times :reater in periods of elevated solar activity (appeé;q
ance of sunspots, chromesyphneric flares, eta.) than the power of the
radio-frequency radiation of the '"quiet sun.'" Isclated "cutbursts"
and "splashes" of radio-frequency emission cause scattered temporary-.
interruptions of short-wave radio communication and intense radio
noise.

The radio~frequency emission of the moon has been studied thor-
oughly on the 1,25-cm wavelength, lt.has been ascertained that it
is guite independent of the moon's phase and originates in subsoil
layers at a depth of about 0.5 m, )

Radio~astronomical studies bave also been made for certain rla-
nets. Thus the radic emission of Venus indicated that the tempera-
ture at its surf:zce is not 500 as assumed previously, but over 1000;
the radio emission of Jupiter has its maximum power at the 8-m wave-
length. Prepars. ions are presently being made for the reception of
radio signals from other planets as well; foremast among these are
Yercury, Mare, and Saturn.

Study of the radio emission of the galaxy has revealed regions
of elevated radio emission in the constellations Cygnus, Cassiopeia,
Taurus. and certain others, The flux of these radic emana-
tions is tens of billions of times greater than the luminous flux of
the brightest star, Sirius. Faint nebulosities or supernova flareups
have been observed at the positions of a number of these powerful

| sources..

. .
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[~ It is believed that the radio-frequency emission of the galax;_]
is gorernéd by free electrons, ionized interstellar gases, and iso-
lated sources--the debris of supernova flareups. Random radiation
from other gal-zies (nebulae) is superimposed on this radiation,

Thus obse-~ailions of the radio-fregquency emissior of cosmic
objects, togei.or with data on the distribution of the sources of
radio emissi:n in space, prcvide us with information on the nature
of these sources and the processes unfolding in then.

Radar astronomy, which is concerned with study of radioc waves

trancazitted from the Earth and reflected from cosmic objects (the
moon, meteor trains) is an autonomous field of radio astronomy.
Radar contact with the moon, i.e., the transmission of a radio sig-

nal tc the moon and the detection of the reflected signal, made pos-

sible the first determination (from the elapsed time before the ar-
rival of the reflected signal) of the distance to a celestial body
in the history of mankind by the use of experimental means rather
than tie usual method of observation and computation.

Radio ast: ‘nomy in aeronautics offers new possibilities for

the creation ¢/ autonomous aircrafi-guidance systems.

%, FMligrhis into Outer Space.

The day % Octoper 1957 passed intc history as the beginning of

human corquest of cosmic epace.

L |
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r— The launching of the first artificial earth satellite was pre-~
ceded by a tremendous amount of work on the part of Coviet scien-

tists, engineers, and workers in the creation of an intercontinental

—e em——

ballistic rocket, which was first tested in August of 1357. The
flizht of the rzllistic rocket was made at an altitude of several
hundred kilometc. s, No flying device created by man had previously
attained such an altitude. Traversing a tremendous distance in a
short time, the rocket fell exactly into the designated area. This
confirmed the correctness of the choice of its design and the flight
calculations. | ‘

In contrast to airborne rockets, the ballistic rocket is
launched vertically and its flight controlled not over the entire
trajectory, but only in an initial, relatively small section (abtout
400 km), after which the rocket flies like an ordinary artillery

projectile (Fig. 108). It may reach a maximum altitude of up to
Trajectory of bvallictic rocket

\
e T oumopuﬂ wmucm“mu

U paxern 1,000 kn/hr
w8 ’m’;n v f,"?f“_" 18-20m < <7 ’ /
¢ v 2o a0
E;::gg:z:ry of ) -y enmt mopuR KPN":mW ﬂanemu 7y~ .
rocket ‘5 pu \5'"‘ v m i A - N

Fig., 103, Flight trajectories of ballistic and
airborne rockets.

1000 km and flies at a velocity of about 20,000 lay/hr, with a range

L__in excess of 8000 km, The speed of airborne rockets (e.g., the Am~ |

020
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[—;rican "Snark" rocket) is relatively low~--about 1000 km/hr--and ——]

their flight altitudes range from 10 to 15 iom.

The airborne rocket is controlled by an automatic pilot and

other automatic devices over its entire flight trajectory. The auto-
matic pilot that guideé such a rocket along its course works in con-
junction with astronomical guidance systems., Astronomical course in-
astrunents assist in correcting the errors accusulated under the con-
ditions of its flight along the trajectory by determining automatic-
ally the pcsition of the rocket with reference to celeatial bodies
(stars). Unlike ballistic rockets, airborne rockets are easily wvul~
nerable to ant.sircraft weapons.

The creatin of the ballistic rocket marked a great accomplish-
ment on the part of Suviet science and technology and represented
he last practical step leading up to the launching of artificial
earth satellites. In accordance with the program of operations of
the third International Geophysical Year, which was initiated on 1
July 1957 and continued to 31 December 1958%, three artificial sat-
ellites of the Farth were launched in the Soviet Union: on 4 October
and 3 November 1957 and on 15 May 1958.

The launching of the first artificial satellite dewonstrated to

all progressive humanity the superiority of Soviet science and tech-

*
Research under the program of the International Geophysical
Year was continued to 31 December 1959 under the designation "Inter-

nationgl Geophysical Collaboration 1959." . N
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[—;ology over ti.¢ bourgeois. It is well known that the artificial
earth satellite launched in the USA on 31 Januury 1958 weighed only
14 kg; the mean height of its orbit was about 1300 km and its orbit-
al velocity less'than 7 km/sec. TFurther repeated attempts by the Am:n-
ericaons to launch satellites comparable to the Soviet satellites were
not crowned with success in the recent International Geophysical
Year.

The successful launching of the satelliites is not to be regard-
ed as the accomplishment of any single branch of science. This was
a triumph of all Soviet scientists and technologists--the result of
the growth of our entire igdustrial capacity and the whoie socialist
economic, Social, and governmental system as created under the lead-
ership of the Communist Party.

The succes ful solution of problems in the design of powerful
rocket engines snd the fuels which they require, as well as in the
development of bighly complex automatic devices, is testimony to the
fact that Soviet science has surged forward to first prlace in the
world in many departments. This is acknowled:ed not only by our
friends, but by our enemies as well.

The first Soviet artificial earth satellite (Fig. 109) took the
form of a sphere 5& ¢m in diameter weighing 83.6 kg. In it were in-
stalled two radio transmitters which broadcast signals continuously

at 7.5 and 15 m, The satellite was released by its rocket vehicle

L_at an altitude of about 900 km above the Earth's surface and guided
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[-;nto an orbit in which a linear velocity of 8 km/sec (about 29,000-]'
km/hr) was imparted to it. The satellite revolved about the Earth

in an elliptical orbit inclined 65° to the plane of the equator

(Fig. 110). During the first few days, one revolution was canpleted_-
in 1 hr 36.2 min,

The "little Soviet moon", as the satellite was named by foreign
newspapers, was picked up by radio stations and was visible in the
light of the rising and setting sun., During the 94 days of its ex-
istence, the s:tellite completed about 1400 revolutions about our

planet and truversed a distance of about 60,000,000 Im.
.

#

Fig. 109. General appearance of first Soviet

artificial earth satellite.
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[— The second artificial satellite entered or:kit on 3 November ._?
1957, It represented the last stage of the rocket vehicle and
carried containers with scientific apparatus (Fig., i1'}. The satel-
lite's payload (the weight of the appara‘us, the experimental animal,n'
and the sources »f electric power) was S08.3 kg,

The maxim . distence of the secord sutellite's oriit from the
Eanetn's gurface /as ovor 1500 km, and its orbital velocity was ahout
8 km/sec. During its lifetime, it completed 7370 revolutions sbout
our planet ari traveled a distance of over 100,000,000 kx.

The laurching of the third 3oviet artificial earth satellite
was a glittering new achievement that reaffirmed the leading role
of our country in the struggle for mastery of the cosmos. The sat-
ellite is sn automatic scientific laboratory in the fullest sense
of the term; it is conical in shape, with a base diameter of 1,73 m
and u height of 3.75 m (without counting the projecting antennae);

the satellite weighed 1327 kg and attained an altitude cf 1880 kn.

The third Soviet artificial earth sutellite lasted considersably
longer .han the first two, 1Its total number of revolutions and the
distunce travel:d were several times greater than in the case of the
first two satel ites.

The possibi . ity of flight into cosmic space was firzt given a
scientific basis a8 long ago as the end of the last century by the

fussian Ccieniist K. E. Tsiolkovskiy, the founder of modern rocketry.

lHe is fuid to have uttered the words "I believe that many of you wi}}j
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I—;itneas the first extraatmospheric voyage,! His dreams of navigat;;}

outer space with tne aid of rockets heve row been successfuliy

Fige 110. Orbit of the first arti-
Ticial earth satellite,
vrought to life.

The creaticn of an object capable f overcoming the attraction
of the Earth and escaping into interrlanetary space is bacen on lew-
ton's laws of celestial mechanics, which opply equally to all celes-
tial bodies, including those which have been created artificially. N
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Fig. 111, Arrangement of apparatus in second
Soviet artificial earth satellite:

l-=FPrntective shell, thrown off after satellite
has L.en guided into orbit; 2--device for study
of uliraviclet and infrared solar radiation;
3-~-spherical container with apparatus and radio
transmitters; 4--Structural framewor. for st

tachment of apparatus; 5--hermetically-sealed
cabin for experimental animal.

If there were no force of gravitationql attraction and no air resis-
tance, any thrown object would move at a constant rate in a straight
line on its own inertis and therefore progressively recede from the
Earth into outer space. The forces of terrestrial gravitation and
air resistance prevent such motion of the object and bend its path
with the result that the object falls to earth., The higher the in-
itial velocity of the thrown object, the farther it will fly from

R
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‘ the point of projection, other conditions remaining the same.
To offset t.ae gravitational‘ﬁftraction of the Earth and make
the object revo. e about it in a circular orbit, it is necessary to

impart an initisl velocity of 7.9 km/sec (the circular velocity) to

it at the surface of the Earth. In this case the object would move
at constant vslocity along a circle having its center at the center
of the Earth. Since thg resistance of the air will gradually reduce
its velocity, the rocket will gradually descend and fall to earth af-

ter a certain time. As che altitude is increased, the velocity of

the circular motion will decrease slightly. Thus it should be 7.8
km/sec at an altitude of 200 km, 7.6 at an altitude of 500 km, 7.3
at an altitude of 1000 km, é.9 at 2000 km, and 5.9 km/sec at 5000
m, etc.

As the initisl velocity at the Barth's surface is increased from
7.9 to 1i.2 km/sec, the rocket (satellite) will move along an ellip~
tical orbit one of whose foci is located at the center of the Earth.
Here the ellips~ becomes more and more elongated as the velocity di-
verges from the c_rcular velocity. Thus the rocket reaches halfway
to the moon at .. velocity of 11 km/sec, and at 11.1 kw/sec it passes
beyond the moon's orbit, remaining & satellite of the Earth.

At a velocity of 11.2 km/sec (the parabolic velocity), the el-

lipse breaks open to become a parabola. This is the limiting velo-
city for an artificial satellite; the rocket recedes to infinity

!‘(Fig‘ 112). ]
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Fige 112, Shape of rocket orbit as a
function of launching velocity.

The period of revolution of a satellite about the Earth depends

on the altitude at which it moves and is determined by the third law
of Kepler., If the satellite's orbit is not circular, but elliptical,
the period of revolution must be computed from the major semiaxis of

the ellipse (Fig. 113). The length of the minor semiaxis does not

influence the satellite'’s period of revolution; its velocity at the

monent when it crosses an end of the minor axis of the ellipse is

equal to the circular velocity.,

The greater the altitude of a satellite, the longer will be ital
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ortit;

the gravitational attraction of the Barth will be weaxer,

snd this mears that both the centrifugal force and the velocity of

the sateilite will be smaller, while the period of revolution will

be longer.

The dependence of the period of revolution of a satel-~

iite in a circular orbit on its aititude is presented in the ta-

ble below:
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Altituie in Maximum alti- feriod of liumter of revo-
circulsr ore tude in ellip« revolution lutiors per si-
bit, km tical orbit about dereal dey
— (with minimum Rarth —
altitude of
202 lon), Jm
0 0 P B o8 17
558 916 1 35 4h 15
2,700 5,200 2 2% 3 10
8,04¢C 15,880 b 47 3% 3
35,810 71,420 23 56 O4 1

The moon is 38%,000 km distant from the Earth, so that its gper-
izdrevolution about the Eaftth is approximately four weeks.

Urless the satellite revolves in the plane of the Earth's equa-
tor and its period is ejual to the period of rotation of the Earth,
the rrojection of its trajectory onto the earth's surface will
change continuously. The period of revolution of the first satelle
ite was iritially 96.2 min. Due to the rotation of the Earth about
its axis, the projection of the satellite’'s motion onto the Zarth's
surface passed sver different regions, shifting through about 24°
of longitude .:: each revolution. At the latitude of Moscow, each
successive spir:l pasced about 1500 km west of the preceding, and
this shift awsunted to about 2500 km et the equator,

The plene of :he first satellite's orbit was inclined 65° to

the rlane of the equator, so that the path of the satellite passed
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Fig. 114, Scheme of motion of first Soviet
artificial earth satellite in one day.

over the regiors of the Earth situated approximately between the Arc-
tic and Antarct.c Circles. Due to the rotation of the Earth about
its axis, the irclination of the path to the equator differed from
the inclination cf the orbital plane. ZEntering the Northern Hemi~
sphere, the path'iutersected the equator at an angle of 71.50. going
northeast. Then the path gradually turned increasingly eastward,
becoming tangent to the parallel at 65° N and turning southward to
intersect the eguatcer in a southeastward direction and enter the Sou-
thern Hemisphere. There it touched the parallel at 65° South Lati-
tude, turned north and again entered the Northern Hemisphere (Fig.
114),

L S
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[— The basic factor that limits the lifetime of artificial earth l
satellites and resuluis in their dropping to eart:i is the resistance
of the atmosphere., The orbits of the recently-launcped artificial
satellites of the Earth pass through extremely rarefied layers of the
atmosphere where the density is no greater than one four-billionth
of the surface density of the air, and the drag does not exceed two
grams per square meter of cross-sections] srea, even at tie lowest
roint in the orbit., Nevertheless, even this level c¢f atmosrhieric
drag has an important influence of the motion of the satellites.

Under thce influence of the atmosphere's resistance,'some'of the
satellite's kin tic energy iz constantly being lost, with the result
that its orbit continuully becomes shorter and arproaches the NMarth'e
surface and its period of revolution declines, Due to ihe decelerse
tion of the satellite, the maximum height of its orbtit (apogee)
falls of{ much more rapidly than the minimum heirht {perigee), so
that thc satellite's orblt gradually aporsnaches the cirecular. 48
the perigee is depressed , the atmospheric drag naturally incresses,
and the process of reduction of the satellite's period and depression
of its orbit become more rapid until the satellite enters the dense
layers of the atmosphere and bturnms up. At this time the pericd of
revolutior attains its amallest, critical value, which is apovroxi-
mately 87,75 min.

Thus the lifetimes of artificial earth satellites sre governed

‘ by two bﬁaic factors: the magnitude of the resistance offered by R
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[-1he atmosphere and the initial value of the period of revolution. ‘
The lower the deceleration and the longer the initial rericd of reve-
lution, the longer will the satellite continue to exist.

The resistance of the atmosphere to the motion of an artificial

earth satollite depends, in turn, on the altitude c¢f tiie ortit's pere

igee ond on its aerodynamic and ballistic properties: ths so-called

sectional density, i.e., the amount of the satellite's weirht asscci-
ated with a unit area of its cross section, is a facteor of the first
importance in determining the latter.

The lifeti:e of a satellite may vary through a very wide range
with variation 7 the perigee altitude and tie sectional density.
Thus an artificisl earth satellite with a nearly circulsr orbit hav-
ing a perigee altitude of about a thousand kilometers would persist
Fer a practically indefinite period.

with a perigee altitude of 500 MWm, its lifespan would run to two
to seven years, devending on the vaiue of the sectional density, end
with a perigee altitude of 150-160 km the satellite would be adble to
complete only about one revolution about the Earth.

Sectional density exerts a less important influence on *ne live-
time; when the ratio of tne weight of the satellite to its cross-sec-
ticnal ares is reduced by a facter of ten, its lifetime will also be
shortened by a factor of approximately ten.

It is the factors enumerated above that determined the varyirg

! character of the decline in the periods of revolution of the first,

_ -
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r—;econd, and third Soviet artificial earth satellites and their dif:-]
fering lifetimes, Thus the first Soviet satellite and itc rociket
vehicle had equal rerigee altitudee and periods of revolution ($6.2
min) when they went into orbit. Due to the different values of sec-
tionai density for the satellite and tne rocket vehicle, however,
the daily dvcrements in their periocds of revolution were unequal,
amountirg to 1,6 and 2.7 sec. As a result, the first satellite ex-
isted for 94 days, but its rocket vehicle for only 60.

The second Soviet satellite, which was constructed as an inte-
gral unit with :.s rocket wvehicle, which was very simi.ar serodyna-
mically and ballisticelly to the rocket vehicle of the first satel-
lite and appr-ximately the same perigee altitude, revolved about the
Zarth for 163 days. The longer persistence of the second satellite
is accounted for by tue larger value of its initial period of revo-
lution. The period of revolution of the second satellite amounted
to 103.7 min, i.e., 7.5 min longer than that of the rocket vehicle
of the firet satellite. With practically the same daily cecrement
from the initial period of revolution, it is natural that the second
satellite arrived at the critical value of the period of revolution
after a longer time than the rocket vehicle of the first satellite.

The t:ird Soviet artificial earth satellite was placed into or-
bit with an initial perigee altitude approximately the same as those
of the two preceding satellites, but with a longer initial period of
revolution equ:l to 105.95 min. This circumstance alone was respon-
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[—;ible for the longer lifetime of the third satellite and its rocket
vehicle as compared with its predecessors.

It is possible to create a satellite that will be stationary
with respect to an observer on the Earth, changing its position oniy
with raspect to the stars. For this purpose, of courge, it would be
necessary to raise it to an altitude at which its period of revolu-
tion will be equal to the pericd of rotation of the Earth about its
axis. If such a catellite were to move in the.plane of the equator
from w3t to eaei, its angular velocity of r- -~.ution would be equal
to the angular velocity of rotation of the Earth about its axis, and
it would be see~ from the E?rth at the same point in the sky at =sl1l
Eimes. Such a . atellite is referred %o as a stationary or "perpet-
ual” satellite. Its altitude above the equator would be 35,810 km
or 6,61 Earth radii.

As compared with other satellites, a stationary satellite pos-
sesses a number of attractive features. If such a satellite is
manned, it would be easier for the crew to maintain communication
with the Earth by means of directional radio or light signals. «ith
the uee of radar, such an earth satellite can be used for the pur-
pose of aircraft guidance and to increase the range and stability of
radic ccumunication.

It is interesting to note that from such a satellite, our Earth
would be seen as a stationary object with an angular diameter forty

( times *hat of the lunar disk as seen from the FEarth. 1
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In order to generate the flight velocity necessary for the es-
cape of an artificial Earth satellite or any other man-made object
into the cdosmos, it is necessary to employ the powerful multistage _
rockets whose creation was a concept proposed by K. E. Tsiolkovskiy.
A ballistic rocket consisting of a liquid-fueled reaction engine,
tanks for fuel (e.g., kerosene, alcchol) and the oxidizer necessary
for combustion of the fuel (e.gz., liquid oxygen, nitric acid) can
develop & velocity as high as 3 to 4 km/sec. But velocities of 5 to
7 xm/sec are necessary even for the flight of an intercontinental
rocket. Even higher velocities are required for flight into the
cosmos. In the multistage rocket, i.e,, a rocket which itself con-
sists of several rockets (engines), tha exhausted engines and tanks
are jettisoned one after another after launching, and the thus light-
ened rocket sc.«leraied by the remaining motors to attain the pre-
determined flight velocity.

Artificial earth satellites launched intoc cosmic spade have
procured informaiion on the nature of the cosmos and the phenomena
prevailing therein that it would be impossible to obtain by any o-
ther means.

The mean value of the density of the atmosphere was determined
as a result of the scientific investigations conducted with the aid
of the threa Souviet Earth satellites. It was found to be 5 to 10

times higher at an altitude of 226-228 km than the figures obtained

l*_earlior on the basis of theoretical evaluation of rocket cxperimenfa.
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[-Iupcrtant results were oktained in =tudies of 'he rropasgution of
radio waves through the icnospiere and ol 'ne lattsr's struclurs.
It was fournd that tlie temperature of the ionespheric electrons is
much higher than those of the neutrsl particles and ioneg at th: al-
titude ¢! the sitellites.

A new form of radiation was diecovered in studies in the region
of coamic rays. It develops that the Earth is surrounded by & kind
of 'halo" of high-speed electrons, which are held cartive by the wag-
netic field of ‘he Farth.

A living cresture {(the dog Laika) penetrated the cosmos for the
first time in " e history of humanity in the second earth satellilve,
The results ~f thie biological experiment will serve as s peint of
departure for the yenstration of intevplanetary srace by man.

The prohlems of complete hermetic sealing of satellites ard in-
strunent ccontaincres and of automatic temyperature regulstion have al-
read;y Yeen solved, 'Thus the temperature in the third Coviet satell-
ite was maintained hetwecen 15 and 22%¢ during the entire perioed in
which the anyaratus was functioning,

he Yirst. and later the second and third Soviet artiflicisl

earth satsllites demonstrated to the entire world the feasability

of interylsnetary voyages in the not too distant ftuie.,  Such nrob-

lems as the creation »f "perpetual® zgrtificial salellives revoliving

about rhe Earth at great altitudes with virtually unlimited life-

l t.mes, the recuvery of a satellite or part of it, etc., will be N
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[-solved first.

Solution of the vroblem of man in the satellite--study of all
aspects of the conditions of life contingent upon the flight of man
into cosmic space--will be of special importance.

The creation of artificial earth satellites that move in orbits
approaching the moon is of extremely great interect.

The successful laﬁnching of a multistage cosmic rocket in the
direction of the moon from the Soviet Union on 2 January 1959 pre-
sents fresh possibilities for the acquisition of knowledge of the

Universe.

This event--the first of i's kind in the histcry of mankind--
arousec tremendous rapture all over the world and represented a new
confirmation o the high level of development of our country's sci-
ence and technc.ogy. The Soviet rocket attained a speed in excess
of the second co.mic velocity. i.é., over 11,2 km/sec, passed near
the moon on 4 Jauuary, and entered an orbit atout the sun about 7
or 8 January, thus becoming the first artificial planet of the so=
lar system.

The rocket carried a pennant with the crest of the Soviet

Union and tke inscription "Union of Soviet Socialist Republics,

January, 1959."
The scientists, designers, engineers and workers who created

the new rocket dedicated its launching to the XXI Congress of the

|_ Communist Party of the Soviet Union. ]
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[— The rocke’ was launched vertically from the surface of the -]
sarth. Its ti -ectory was gradually inclined from the vertical by
the operation 5: a programming mechanism in the automatic system that
guided the rocket. Afrer passing the second cosmic velgcity, the
rocket moved along a hyperbola with respect te the center of the
Earth. This trajectory was most tightly curved near the Earth, and
straightened out with iacreasing distance from it. At the start of
the rocket's travel along the trajectory, its velocity was highest;
but it declined under the influence of the Earth's gravitational
attraction with increasing distance.  Thus the velocity of the roc-
ket with respect to the center of the Earth was about 10 km/sec at
an =ititude of 1500 im, but had declined to 3.5 km'sec at an alti-
tude of 10C,000 km.

Tiia rate of rotation of the radius vector connecting the cen-
ter of the Earth with the rocket deciined in inverse vroportion to
distance from tne Farth's center in accordance with Kepler's second
law, while thi. wvelocity amounted %o approximately 252 deg/sec at
tne start of tu. motion, i.e.,, was over 15 timea thie angular velo-
city of the Lsrthi's diurnal rotation, it was less thag the latter
velocity after about an hour. when the rocket neared the moon, how-
ever, the rate of rotation of ite radius vector nad been reduced by
s factor of more thrn 2000,

These properties of the motion of the rocket along its trajec-

L_tory Jetermined the nature of its movement with respect to the sur:J
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{—face of the Barta (Fig. 115). As long as the rate of rotation of ‘-1
the rocket's rndius vector was high by comparison with the velocity
of rotation of the Earth, the projection of the rocket onto the
Barth's surface moved eastward, with a gradual deviation to the
south. Then the projection turned first to the southwest, and 6-7
hours after the launching, when the rate of rotation of the radius
vector had beccme small, proceeded almost directly westward.

The rocket was launched at a time when the moon wss in its last

quarter, i.e., tie moon was in front of the Earth from the viewpoint

of the latter's orbital motion (Fig., 116).

As the cosmic rocket approached to a distance of a few tens of
thouss:ds of kilometers fr&& the moon, the gravitational attraction
of the moon begzn to exert a noticeable influence on the rocket's
motion; this rcsulted in a certain deflection of the course of the
rocket and gave rise to a local increase in the velocity of its

flight near the moon. When the moon's orvit was crossed 3% hours

after launching, the rocket was 5 or 6 thousand kilometers, i.e.,

about 3 lunar radii, away from it.

Could the rocket have struck the moon or become its satellite?
Near the moon's surface, the circular velocity is somewhat higher
than 1.7 km/sec, and at the distance to which the rocket first ap-
proached the moom, this first cosmic (for the moon) velocity is on-
ly about 1 lm/sec. Near the moon, the rocket was traveling at a

l rate of over 2 km/sec. Therefore it could not become a lunar sat-
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Iu;llite, much less impact its surface, I
After ite . rroach to the moon, the cosmic rocket continued to
recede from the Earth and its velocity with respect to the zZarth's

Orbit of moon
JpOUTTR Iy

Trajectory of
p/; ] rocket

Fig. 116. Trajectory of approach of rocket

to moon:

1=~ pnsition of moon at moment of launching;

2=~ ;1aition of moon at moment of proximity

to ro.et.
center declined, approaching 2 km/sec, 4t a distance of 1 million
kra from the Earth, the influence of the Esrth's attraction on the
rocket was so weak that the rocket's motion became governed by the
attractive force of the sun. The rocket was unable to overcome this
force and therefore cannot escape from the solar system, since it
would have been necessary for this purpose to impart to it an ini-

tial velocity of 16.7 km/sec--the third cosmic velocity.

. -
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[— Under tne influence of the sun's gravitational attraction, the!
rocket emerged into the calculated orpit around the sun ard becarne
a perpetual sateilite of it, just like the otner planets (Fig. 117).

The period of revolution of the first artificial planet about the

sun is 450 daye, -i.e., approximately 15 months.

Perihelion of
rocket, 1lh Jan

mth, Jul
o
o Se? Per ihelion of
m“‘v , > Earth, 2 Jan
-c°°‘eb

Fig. 117. Orbit of cosmic rocket about sun

(data are for 1959):

1-~ Position of Earth in orbit on 14 Jan;
2~- position of Earth in orbit on 1 Sep.

AL the time of entry of the rocket into orbit, its velocity

I with reference to the center of the Earth was in approximately thg_J

s
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[_;ame dirsction as the velocity of the Earth in itz motion sbout the ‘
sun. Since the velocity of the farth is 32 km/sec, snd the velocity
of the rocket with reference tou the Earth was 2 lkm/sec, the velocity
of the rocket's motion about the sun at this time was approximately -
32 kn/sec. In other parts of the orbit, its velocity will vary,
like that of any natural planet, in sccordance with the laws of cel-
estial mechanice.

The launch ing of the cosmic rocket is of enormous scientific im-
yortance. The I st stage of the rocket, which weighed 1472 kg with~
out luel, was equipped with @ special container holding measur;ment
afpraratus for a large complex of scientific investigations: detec-
tion of the magnetic field and radiocactivity of the moon, study of
cosmic radietion cutside the Earth's magnetic field, study of the
corpusicular radiation of the sun, meteoric particles, etc. Geveral
radio tranemitters and a special apparatus that cresited a sodium
cloud--an artificial comet--st an altitude of 137,000 km were in-
stalled on the last stage of the rocket to permit observation of its
flight.

The oriit of the first artificial planet passes much closer to
the ortit of Mars than to that of the Earth. The rocket could have
reached the ork‘t of Mars with a smsll incresse in its lsunching ve-
locity.

The last s!=p on the path of man into the cosmos will evidently

L‘Pe the creation »f an interplsnetary satellite station on which it_J
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[_'would be possible for a considerable number of people to remain 1;21
prolonged periods, The creation of such a permanent cosmic station

would greatly further the investigation of circumsolar space. Such

s
-t

a station could serve as a dispatch point for trips to the planeta
nearest the Earth--Mars and Venus. The told design of man to fly to
the moon and the nearest planets is near to realization. Several
plans are already being worked out for such flights. Here are two
of them:

The first plan proposes to accomplieh flight to the moon ér a
neard; planet by employing an artificial earth satellite as an inter-
mediate cosnic stetion. It is realized that the necessary quantit-
ies of fuel, -oodstuffs, clothing for the crew, apparatus for obser-
vations, etc., can be concentrated at such a station by repeated
launchings of r-xckets from the Earth, i.e., that a kind of "flying
island” can he conetructed from several artificial earth satellites.
Then the crew would be disembarked there from a rocket, a new rocket
would he assembled at the ststion, the crew would take all their ne-
cessaries along with them and start out from this "flying island" to
the moon, Mars, or Venus--whichever is designated in the plan,

The basic advantage of the intermediate station is the fact
that it itself is in motion. As a result, a rocket bound for a pla-
net retains its velocity in landing at such a station, and this fs-
cilitates its takeoff.

l A velocity of 11.1 km/sec is required for flight to the mSon._J
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[- To create artificial gravity on such a "flying island," it m;;w
be assemtled in the form of a rotating circle (Fig. 1i8).

The conditions of flight for the crew, the conditions of land-~

ing on the moon or planet and taking off again for the return jour-
ney, and the conditions of landing on the Earth have been computed

and subituntisted for this versionm. 5Such a journey should be pre-

ceded by an exploratory {light of & rocket around the moon or plan-
et without landing on it.

i» the second plan it is proposed that first the moon and then
tne other plane's be studied comprehensively without sending men to
them, making ¢ tencive use instead of various types of specisl auto-
matic apparatus. It is expected that this type of research on the
moon and plareis will require smaller expenditures of thermochemical
fuel. Anotker importsnt advantage of this project will be that the

observance of flipght conditions and the scientific investigations

will be seen to not by solitary daredevils, but directly by an en-
tire collective of scientists at special television receivers and
other radio-telecommunications apparatus on the Earth.
This plan proposes that the conquest of the moon be carried

. out in three stages. In the first stage, an investigation of the
moor would be cerried out with rockets that fell onto its surface.
In the flight of such a rocket, all possible data on flight condi~
tions and the visibility of the moon from various altitudes should

L—-be transmitted by radio and television back to the Earth until ths_J
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In the s&::cnd stage, laboratory tanks, radio-controlled from the

(;aat instant be ore it falls into the moon and diesintegrates.

Earth, would be landed on the moon in rockets. Such a rocket would
fly to the moon along an elliptical orbit that doubled arouand the lu-
nar surface. Having attained the highest point in its orbit, the
rocket would reduce speed in response to radioed commands and begin
to move around the moon, gradually descending toward its surface un-
der the influence of the lunar gravity. Correcting radio commands
would provide for touchdown of the rocket in the most suitable region
of the moon, the so-called Circus of Ptolemy. The laboratory tank
would have transmitting television cameras controlled from the Earth,
and send sll observations to television receivers on the Earth as in
a television broadcast of, for example, a football game from a sta-
dium.

It is prcrosed that men be landed on the moon in the third stage
after all prerarations have been made for this: stockpiling of food,
¢lothing, ani apparatus stores, etc. The men would also tranamit
their observstions and studies of the moon to Earth by radio and te-
leviegion (Fig, 119).

It is reasoned that the investigators landed on the moon will be
able to stay there long enough to return to Earth in a rocket assem-~
bled on the moon from separate components landed there previously.
Succeesive groups would be sent to relieve the first group of inves-

l_&igators at the lunar scientific-research station so that the inves- |
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tigatica could proceed without interruption. —-1
The fearle:s astronauts will have constant communication with

the Earth and crportunities to comsult with scientists in all special=-

ties by means of tuned two-way radio and television setups. They can
be ziven nec¢ .sary advice or sent help by rocket at any time when un-
- expected circumstances arise. This plan suggests the use of artific-

ial earth satellites as rocket-refueling statiors.

Fig. 119. Television broadcast from the moon in
the near future.

A succession of flights inte the distant starry Universe will

follow on the heels of the flights to the moon and nearest planets.

.
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[—%or this, however, it will be necessary to overcome great difficult-
ies. Even & Ceritauri, the nearest star to the solar system, is at
a distance from us that light requires over 4 years to traverse, and _
the stars most distant from us are about 2 billion light-years away.
How can these tremendous distances be surmounted? Even if we flew
at a syeed of 100 km/sec--12 times faster than the earth satellites--
we could reach *iie nearest star only after 10,000 years. During this
time many genersticns of astronauts would succeed one ancther in
flight, until iv befalls the last of them to gaze upon the people of
an unknown world,

It is obvious that neither an ordinary contemporary rocket nor
an atomic rocket, which can develop velocities of only a few tens of
kilometers per second, wculd be capable of carrying a man into the
remote starry Universe. This would require the so-called pnoton
rocket, in which the reaction thrust will be generated by the out-
flow of tiny paerticles of light--photons emitted by matter in various

reactions.

The photon rocket will be capable of developing flight speeds
near the velocity of light. If a speed of about 250-290 thousand
m/sec is generated with such a rocket, it will be possible to fly to

a Centauri in 5 years and return in anoth«er 5 years.

The establichment of the fact of the deceleration of time at

I high velocities rear that of light is of great interest in the prob-
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[;e- of interstellar flight. This phenomenon follows as a conaeque;:]
of one of iho principles of Einstein's theory of relativity: "The
value of the velocity of light in a vacuum is independent of the mo-

- —
tion of the light source,"

The deceleration of time becomes particularly pronounced at very
high velocities of motion. Thus, for example, a fiight to the center
of the galaxy in a photon rocket will last about 20 years for the as-
tronauts, but 200 thousand years will pass in the solar system during
this period! The return from such a flight will be a '"voyage into
the future," since many generations of people will have succeeded one
another on the Earth.

The pissibility of seeing one's remote descendants seems strange
now and is difficult for the human mind to conceive of. Many other
problems of motion at speeds approaching that of light are still not
completely sol=d., However, science has shown that the control of
time and reduct: n of colosgssl distances are in principle possible.

Flight to o‘her galaxies is as yet practically impossible. This
will come about not today, not tomorrow, but in the day~after-tomor-
row of science and technology.

The launching of the first Soviet artificial earth satellite,
which marked the beginning of the era of the conquest of the cosmos,
stands as one of a series of such turning roints in the historical
development of human society as the discovery of fire, the invention

l_gf steam engines, the discovery of electrical current and its e?fecEJ
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f_;n magrets--the origin of electrical engineering--, the flight of thJ
first airplane, and the liberation of the energy of the atumic nu-
cleus.

The first artificisl satellite of the Earth was created by the
genius . the Goviet people, This fills us with a feeling of justi-
fied pride in our scienqe and in the fact that the Soviet Union has
forged mheadl to first place in the world in many branches of know-
ladge. |

Ari as cosmic space is mastered in the time to come, socialist
science and teci:nology and the Soviet people will make a meritori-

cus contributir~ to the progress and good fortune of mankind.
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