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and a hypothesis of their origmtion.

Man Penetrates Into The Cosmos

By .
M. G. Kroshkin, Cand. Phys-Math. Sci.

om -
P

M. G. Kroshkin's pamphlet, 'Maz.x Penetrates Into The Cosmos®, tells of manned
spasce flights and about the use of rockets and artificiel earth autellitea for .
scientific purposea. The suthor tells of the basic stages in the history of the
brief, but violently dvveloping *Space Age”: the works of the founder of astro-.
pautics, K. E. Tsiolkovskiy and the heroic flights‘ of Soviet Pilot-Astronsuts.

The euthor pays special attention to the description of the results of scien-
tific investigetions in space and points but their significence in the general
camplex of geophysical end astronomical sciences. With the aid of artificiel
sat;liites. man can look into .the deep bowels of a plenet, study the continuously
xr;qvina air ocear of the earth and the influence of the sun on his 1ife. Much at-

tention is given to the description of the carth's radiation belts, their dhcovary

[ —

Date obtained in investlgating the im&sible part of the moon and 1nterpln-_
netary media is expounded. The question of vhether or not therc is life on othor
steller vorlds and can communication be ostabliahed with intelligent beings of
these worlds is considersd. The scientific results of investigating outerspace’

near the earth and the moon by means of instruments snd flying space stations and
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ships are alreedy impressive. The autbhor sttempts to look into the future and
eveluate what the influence of man's entry into spsce would be on the progress
of science and tgchioloa. culture and economies.

The pamphlet is intesded for. the goneral publie.

Men penetrates into the cosmos... mumng in 1957 (Internstionsl Geophy-
sical Year) rockets and artificisl sstellites have been used for lesrning about
the earth and the universe. If you considered the space age beginning with K. E.
Tsiolkovsikiy's theoretical works or the dste of the lsunching of the first sstel-
lite, it is impossible not to reslize that the history of this sge 1s very short.

And how much wes done during this pcriul! . .

Our country snrpuud all the other natioms of the wrld and vas the ﬂrlt
to pave the way into spsce. The Soviet 'Union wes the first to luunch an inter-
continental ballistic rockét, the first to semd up sn artificial esrth satellite,
created the first artificial soler satellite, the first to guide a spsce rocket -
to the moon, and to mke a flight of an autc;-tic station in the direction of the
planet Verus. One after the other, Soviet satellite-ships vith living beings on
aboard, accomplished flights into space and returned to the sarth. Flights of
Soviet persons in space ships around the earth also contribute to our victories
in the mastery of space. Citizens of the Unionm of Soviet Socnint Republics,.
Ma jor Yu. A. Gegarin and )hjor G. S. Titov mede the first flights hto spece u
the world.

In these feats of the intofy d spese are p‘cnmn‘d-tb mi-of the
Soviet people and the nighty forco of loodorlhip of the Communist Party.. By tho

vul of the working class and the wvill of the peoplo. inspired by p.rtiu of com-

. munists. our country wes converted into a powerful socislist suto. and mehed

unpreceiented heighte in the deulopnent of sclence and technology. And now bo,-

fore the whole world, the working class, the Soviet collective-faim pessentry,
: R , .
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the Soviet intelligensis, the entire Soviet raiion is demonstreting the unprece-

dented advances of science snd technology. On the Soviet people,.tbe builders

of Communism, fell the honor of being the first to penetrate into the coesmos.

~ The Soviet people plac;e the victories in the mastery of space gladly in the service

" of all pations in the name of progress, happiness and peace on eerth. The inforwa-

" to the background.

tion obtained by Soviet scientists as a result of scientific imestigations. by
means of setellites and rocikets is elready a.contribution to the depository of
knowledge concerning nature and is now being utilized in practical activitiela.

The entry into space, and the high level of thé development of scienoe and
technology in the USSR shov/——‘&’immediate end active influence on the ultimate
accumulation of knowledge and on the growth of the scientific and technicél poa~-
sibilities of “he Soviet country. -

Let us introduce same brief informaetion concerning the_ development of rocketry.

The rocket in its simplest form hes been known since ancient timés. Rockets
are able to carry a net loed to & considerable distance and with & high speed.

Rockets sppeared in Russief long ago. From relieble written information,
the Russian rockets were the best, the most perfected. The "rocket institution®,
in which Péter I took part, developed the military signasl rocket. The vorlca_ of
generals of the Russian Army A. D. Zasyasdko (1779--1837) and K. I. Konstantinov
(1818--1871) lead to the conclusion that beginning with twenty years of the 19th
century, rockets became an effect.ive weapon of the Russien Army. Only the deve-
lopment of rifled artillery ix-: the end of the 19th century pushed the rocket in-
The period of “insctivity® of the rocket was the time of the origination of
grandiose projects of epplying the rocket for space flights. The birthplace of
the new designation of the rocket is our country. Here is how it vaa..

«eeSpring 1881. An individual chamber of the Petropavlov 'rortreu. A stu-

dent of the Peterburg Medical-Surgicel Academy, Nikolay Ivanovich Kibal ‘chich,

FID-TT -62-1854/1 42 3
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" persistantly ponders over dravings of some strenge equipment. He hurries: bhe

bess only"g few days of life rexpain}ng...

ﬁ. I. Kibel'chich -- talented reseercher, who succeed.ed in making bombs by
primative methods, which the members of the 'Nai'odnayn Volya® (People ‘s Freedom)
killed Czer Aleksander II. . I. Kibel'chich knows of his epxlaroa_ching death,
but his mind is fer eway from it. And he vwrites not sn appeel for s pardon, but
of his ideas which he did not succeed to hit upon, did not succeed to accamplish.
These idees, waich conquer death, concern overcoming the earth's gravity and the
study of outer-space with thé 8id of rockets, end the utilizetion of reaction
force for lifting a heavier-than-air epparatus. Heving killed the thinker, the
Czarist govermment buried his ideas alsc in the archives of the genderme sdmini-
stration. And only after the Great October Socislist Revolution was the revol\.}-
tionist's scientific testament found. o |

In the provinciel city of Kaluges on the border of the 19th and 20th ee:ntu-
ries, a man with an original end penetrative mind search for ways of carrying out
the age-0ld dreem of people concerning flight to the sters. This wes the modest
phyeics teacher Konstentin Eduardovich Tsiolkovskiy. A man of exclusive efficiency
and daring imagination, he developed various projects of conquering space, which ‘
heve now teken on universal acknowledgement and ma:l'ited feme .

The main theme in K. E. Tsiolkovskiy's works on estronautics is the utiliza-
tion of a rocket for overcoming the earth's gravity and flight into outer-spaoce.
He proved thet only rocket engiges can operate and drive a flying craft outside
the earth's atmosphere. Lo l '

Tsiolkovskiy not only stated the.correct idea, he theo;retically established

the possibility of interplenetary flights and developed the principles of const-

ructing almost all of the more responsible elemex'ata of a spece-ship. The great

Russisn scholar pointed out the expediency of using liquid rocket fuels, the ne-
oeaaity. of coo)._ing the firing chambers with one of the components of the fuel,
FID-TT-62-185/142 _ . 4
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How can the greatest heat effect be obtained? In searching for the answer
to this question K. E. Tsiolkovskiy subjected various components of fuels to theo-
retical examination and selected the moat suitable ones. Gas rudders and a hin-
ged instellation of engines are applied in oonfemporcry rockets for guiding their
flight to the active portion of the trajectory. -~ this ‘vas accomplished on ‘tho‘

strength of Tsiolkovskiy's ideas.

L3 _— -

- S — k ’\'\“

Konstantin Eduardovich Tsiolkovskiy (1857--1935) -- a remarkeble scholar and
naturally-gifted person. He proved that rockets can overcome the earth's gravi-
tation. K. E. Tsiolskiy gave the theoretical and prineipleé technical development
of the rocket. He was the first to comprehend the colossal signifance of the
development of rocketry and man's entry into outer-spage Oom the fate of mankind.

Indeed, there is not an assembly in the contemporary rockst as largs as what
Tsiolkovsiiy thought thers would be, as he atrivyd to create a finiahed rocket
design. But Tsiolkovskiy's greatest service was in the theoretical founding of
the principle of reactive motion.

An incandescent gas, upon ite esocape®rom a jet, creates a rsactive force.
The higher the speed of gas escaps, the groat.or the quantity of fyel we burm, the
greator the speed attained after complete combustion of the rocket fuel. Tsiol-
kovikiy also obtained an sccurate mathematical expression of this dependency for
ideal conditions =~ during tl_:lcht outside 'tho' stmosphere and outside of the gravi-

tational fields. It is nov called the Tsiolkovskiy Formula.

FTD -IT -62-1854/1 §2 5
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- - The relation of the initisl mass of a rockst to the finsl mass, established
after fuel combustion, is e measure of constructive perfection of the rocket.
It-is obvious t};_ag this relstion c@ot be infinitely lnrge.l and, conseguently,
the final velosity of the rocket is limiteds Caleulations indicated that this
velocity, even for a perfected 1;;.ckot. is ipsufficient for flights to other pla-
neta.. |

In a rocket, which hes obtained terminal velocity.. tankn and the engine éon-
stitute a superfluous load. This means, that it is completely necesa;ry to dis-
perse the entire mass of the rocket up to final velocity. A rocket must bo: multi-
stage. Each stage, having consumed its fuel supply, is separated from the remain-
der of the rocket and will not pleay the rc->1e of an unnecessary losd.

This idea, in detail, to the number developed by K. E. Tsiolkovskiy, indica-
ted solving in searching for a meens of spece flight. The development of rocketry
received a strong scientific basis.

K. E. Tsiolkovskiy mentally treced the flight of spece sLips created with
his calculations to other celestial bodies., They leave the earth and after ]
prolonged voyage, rearch the environs of another planet, which they must study...
But is there a possibility of landing the entire space ship on this planet? The
ship and fuel, designated for the return to earth, heve a large weight. How can
one imagine the energy to be spent in deceleration of the ship, in lending, anﬁ
then once again to speed it up to cosmic veiocity upon take-off from the
plenet? It is most expedient to place a ship into an orbit, surrounding the pla-
met, and on its surface, land only a comparitively small. rocket with everything
lneceuary for investigations and return to' orbit. » - L

Tust iike_fx_wif the surface of the earth, one can be lsunched at first to an

‘ artificial satellite (space rocket-port) and, having been loaded with evex-y:thing
necessary, set out on a distant space trip.

The economisc advantages of such & iieans of flight 1‘nto space . are obvious,

FID-TT-62-1854/142 _ 6
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, beceuse a requirement incompersbly aries for precision of ‘the work of the wecha~

nisms end apparstus. One can note that Soviet scientists are striving for the

complete realization of Teiolkovskiy's ideas: does not the lsunching of a epace

sbip to Venus Wi th a heavy earth satellite reslly test'ity to this? and can there

be sny doubts that these and othier idees of Tsiolkovskily concerning the mastery

of space cen be reslized?

Not‘only the techmical problems of his favorite idea concerning space flights
excite K. E. Teiolkovskiy. FKe says that these flights are nee.ded_ for studying .
the space and other celestlal bodies surrounding the earth. --One‘of his baesic
works is caelled "An Investigetion of Quter-Space with Reective Instrumentas®.

Tsiolkovskiy considered that e rocket 1nf1nitely-expanda man's 's;)here of
influence®, opens access to the nstural resources of othqr planets and the uti-
lizstion 6f the- colossel flows of energy, which the sun dispersee into interpla~
netary space.

Only an insignificant portion of solar energy reachss the earth and is applied
by man in hid economic activity. Why couldn't we use the remaining energy, when
there is a means of sending rockets into spacs, even if it is only in our mind
and on paper, but all capable of being realized. .

K. E. Tsiolkovskiy solves v?riqu,s links in the problem of conguering space.
He works out projects of orbitelzsate,llit.es (scientific and pre-landing stationa),

tries to find the most advantageous interplanetary routes. The scientist gives

the answere-of how 0 master the 'othdﬁf'-planeta and solve the problems of providing

- mrmmane

for the safety of mtum“astronauts.hph sources of food and oxygen for a long

‘space flight and life in space.

Under these cbndiiions. teaches Tsiolkovskiy, 1f ia necesaary to create an
exclusive cycle of rotation of metter. This thought of Tsiolkovskiy'a, as well

as specific details of its realization, has now found universal recognition.

FID-TT-62-185, /142 7
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Thinicing of ways of developing science after mﬁ'n entry into space, K. K.
Tsiolkovskiy "broceeded from the comperitively modest level of knowledge concerning
1‘outor-apaco and the possibility of the existence of life thers, wiich the people
possesced :at that time, One can agree or not -gn_o:’i:v.itl.: his. ind_i‘vi@ual proposals,
but there is al;solutely no :cloubt that thé ontry of man into space will have a de-
cisive influence on the ultimate pmgmg.u. of the development of mankind. K. E.
Tsiolkovak iy outlined the basic ways of coaquering space, which must have been
ultimately subje_cted to scrupulous verification with facts amd figures.

The facts and figures were solid bases of all of K. E. Tsiolkovskiy's ideas
and logical constructions. I.n the process‘ of experiments, new facts and ways of
carrying out the ultimate stuges of investigation must have abpeaned. Therefore,
the attempts of "“visionaries™ to canonnize Tsiolkovskiy's idess were 1llogidlh
presented, anzong them those which were based or‘m simple proposals. Life is moving
fbrward. and in order to keep in step with it, we must go on and develops K. E.
Tsiolkovskiy's ideas!

The significance of K. E. Tsiolkovskiy's works is colossal. The modest tea-
cher and self-taught person beceme an outstanding scientist. In pre-revolutionery
Russia, K. E. Tsiolkovskiy was a lone dreamer with a reputation of being eccentric.
Only a few advanced people of that time understood the significence of his works.
In czarist Russia there were not any sufficiently quelified personnsl and tech-
nical bases for accanpiishing his projects for menufacturing spece rockets. K. E.

Tsalolkovskiy understood this and the realization of his dream was put off until

-imeetn
B

the next century. oo T

Only e revolution could change the po;;ition of things. And such.a re;olu-
tion, accomplished under the 1eadersh1p of Lenin's Party with the hands of tho“
working class and the peasants of the backward and illiterate Mlia. wes the
Great October Socialist Revolution. It opened to the people the doord of achools

and institutes, permitted the construction of a powerful industry, and created

FID-TT-62-1854/1¢2 _ 8



: ylli the prerequisites for the creative development of K. E. Tslolkovskiy's ideas.

There were pupils and successors of Taiolkmskiy. In the begloning thesy were
enthuaiatic; lsmall groups. of research workers. They later grew into large groups
of quelified and tslented engineers, '

V. I. Lenin attentively and ~ca:xefully regarded the .vork of the first rocket
enthusiasts. The Perty and the Government pays much attention to the work of the
groups of scientists, engineers end workers, who are creating contemporery roc~
kets. The first liquid rockets in the world, tested in 1933, ram-jet engines
and jet plenes were the steges of a difficult struggle.

The Great Patriotic War interupted this; During tho;e years, Soviet mili-
tary rockets were created, which routed the German-Fascist invaders.

~ eseh frosj:y evening. Silence changed to a cannonade, interlaced with a po-
werful , whistling rumble. It seems es if a thousend steam locomotives have sud~
denly started to let off steam. From the heights in the immediate rear, one bhun-
dred swift fiery shots breek ioose. They cut through the darkening sky, and after
a few seconds, the hills before us completely blaze up with fires of the exp':lo-
siona.' In a short time everything is wrapped upv in smoke. The missiles of new
volleys blaze upe. '

The shield of explosions ceases as auddeniy as it began, Along the blackened,
charred ground, breaking up the resistance of the remainder of the enemy, sdvances
the tank.s and infantry, liberating the Soviet land.

What participent of the Great Patriotic War is not fa;niliar with this pic-

o

ture? Who 4id not hear those thundrous accords, which were brought into the ot~

) tlg symphony by the rocket devices, which the soldiers cailed by the affectionate

name of *Katyusha®? .
The swift end massed firing raids and the high mansuverability of the large
conbinations of this new arm guaranteed the success of many operations. In close

interaction with the other arms, the rocket gunners paved the way to victory over

FID-TT-62-1854/1 2 9
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Ye know of the application of rockets in .no_thor tbat:or of militery Opere-
tions dgx_xng the Second World Wer. These were the Germsn *A-4* liquid rockets,
 better knmm as the *V-2*. They were lln\_nj:chyd‘_frf- the Atlantic coest and brou-
| ' ght down their a.ttacn on London. It was dmpossidble to intercept, or even detect
’an elreedy lanched rocket, and the attempts to deatroy them at tﬁe launching peds
by means of aviation was not too effective, and the rockets created a well-imow
psychological effect with this bombardment. Of course, the use of these rockets
did not have and could not have any influence on the progress of the military
operations, and did not save Hitler's Germany from defeat in the war. )

e+.The battles thundered. The acars on the explée;on-riddled earth was cove~-
red with green. Millions of -oldieri returned to peaceful life.

But whet about the rocket shells? Their successors found themselves an ho-
norable place in the world structure. The demolition explosion was changed into
& research epparatus, the rockets becams an indispenssble meeans of investigating
the upper atmosphere, of studying the sun, the earth's magnetic field, etc. With
animals, they climbed to & great altitude, in order to pave the.vay into space for
man by meens of biological experiments. Rockets were appiied for leunching arti-
ficial satellites, automatic interplenetary stations and spacs luﬁo.

12 April 1961 became @ prominent day in the history of Soviet and world science,

when the first manned flight in a sstellite-ship wes accamplished. A Soviet
flyer, Ma jor Yﬁriy Alekseyevich Gagarin, became the first anot-utromut in the
world. The duration of the flight of "Vestek-1" wes 108 minutes; the meximum
sltitude of tin flight (in apogee) was 327 kilometers; tiu maximuz weight 1ift :
(including the pilot-estronaut's weight) was 4725 kilogrems. The lsunching site
(Baykomur Space-Pott) is located in an ares 47 degrees north latitude and 65 de-
grees east longitude (Zapadneya Sibir'), the landing site was in the vicinity of

the village on Smelovka, the Ternovskiy Region, Seratov (blut'.

FTD-TT-62-1854/142 10
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- A contemporary liquid rocket--a complex
‘technical device. Imn it many hundreds

of large and small parts must operate

vi th exclusive precision.and relisbility.
The besic portion of the rocket is reser-
ved for the fuel, which is placed in tesnks
£1) and is served by compressed gas, lo-
cated in the "pressure accumulator® (2),
tlong pipelines (3) end (4) or is trans-
fered by powerful rumrs into the comdu-
stion chember, gradually cooled by one

of its components. TLe burned products
of combustion, running out with a trsmen-
dous speed from the nozzle of the engine,
create Jet propulsion. Guidance of the
Tocket in flight is attained by means of
deviating the gas jets with special gas
rudders (8) or a slight turn of the en-
tire engine reletive to the rocket. Air
rudders (6), stabilizers (7) and wings
(5) are placed only on rockets which are
designated for flights into the dens
layers of the atmosphere.’ '

10
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The rocket, which brought the "Vostok-1® into orbit sround the earth, had six
engines with a total power of 20,000,000 hp.

On 6 August 1961 at 9 am Moscow time; a new satellite-space ship, *Vostok-2°,

was launched into orbit, piloted by Pilot-Astroreut Ksjor German Stepanovich Titov,

'He made more than 17 revolutions around the globe. After 25 hours and 18 minutes,
G. S. Titov flew for more than 700 thcusend kilometers. After completii:xg the pllx;-
ncd. program, he landed in tl;e terrifory of our land near the village of Kresnyy
Kut, Sarstov Oblast. . .

The flights of the piloted Soviet aatellité—ehipa strengthened the leading

role of our country in the develomment of astronsutics, in uncovering the secrets

of the universe.

PANON CTAPTA
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KEY: 1. Launching area. 2. Landing nua.-»'f:j_,; 2 Baykonur. 4. Drel'sk.
5- Dral '.k Sea. 6. sy‘r'Dﬁr'yﬂ. 7. Petrovak. 8.‘ vol@. ) 9. Saratov.
10. Engels. 1l. Entry portiom.. 12. Descent porticn. 13. Deceleration.
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CAPTION TO FIGURE ON PAGE 11,

The place of the historic launching snd lendiag of *Vestek-1®. The power of its

8ix engines was 20 million hp. Such powers are necesssry if we wish to send a lar-

g€e payload into spece. The weight of *Vostok-1" wes 4725 kg. The powerful rocket

engines operate for several minutes but they consume 8 huge amount of fuel stored

on the rocket in these minutes. But here is the satellite in orbit; it can °*wind®

its trejectory around the globe one revolution after snother without comsuming a

single gram of fuel. And the length of each of thess revolutions is elmost 50,000

km! The rocket method of super-remote reports is the most favorable on the basis

of fuel-consumption per kilameter of the route; it is the trans‘portation of the fu-

ture. The door to the future has

A. Gegarin and G. S. Titov. -

now been opened by the historical flights of Yu.
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gﬁ K. E. Tsiolkovakiy pointed out the roed to the sters aud his students end suc-

:cessoi-l made the initiel stage of this path. It is symbolic that the first satel-
lito was launched in 1957, the year of the lOOth anniversary of K. E. Tsiolkovakiy's
blrthdey. It was aignxficantly earlier than Konst.entin Edusrdcvich himself predlf ’
'.Vcted. The lsbor the the Soviet people ahertened t.he time. The rates of the mas-
tery of apace. which followed after the launching of the first satellite. permits
us to comioer that the cosmic future of mankind is not far avay.

‘ Soviet space reseerch has a great scientific significence. The feaulte obtai-
ned broaedened our knowledge snd permitted us to fill a number of gaps in various
branches of science. Our relationship to the earth is also being changed; Scien-
tists considered it as one of the planets, and greater etteﬁtion is peid to those
of its properties which are common to ell the planets of the Solar System.

' CHAFTER 1 |
THe MISSING LINKS

What is more importent then the determination of the basic rules in the deve-
lopment of a planet end the elemental processes in nature? These guestions can
only be answered by obtaining an idea of all our knowledge of the universe. Very
muck was discovered b;v scientiets even towsrd the fiftieth year of the 20th century,
but very much lied within the limits of the poseibilities of 13an. Neither msn him-
slef, ner the instruments crested by him could abandon the pleﬁet. or rise above
its aurface higher than twe or ithree tens of kilometers. This poesibility eppeareu
only after the development of sufficiently powerml .x;oa\ate. and in perticuler. af-
ter the 1557 launching of an artificisl earth satellite.

7 The structure of the earth, its compoeition at diffenent deptha its evolution.
the physicel processes in the oceen and the atmosphere, the causes of magnetism and

polsr radiencea. the motion of icebei‘gs and the originatibn of seismic centers.

meteors and solar rediation -- all of theose questions stir the minds of peopls.
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The future hides mysterious end exciting discoveries. 'I’fxeh. the history end

besis of futher resesrch will depend on whet has alreedy been done. What did the

works give to science, waich were accomplished in the siight . but eventful time

from the dey of the launching of 't:i:'e first sstellite? What are the ~p1;e:n§ for fu-
rther research? ' i

In order to answer Athese questions one must know the present leveél of the de-
velonment cof science, where rockets'and setellites are being used, the new possi-
bilities of thei.r develomuent, which could not be obtasined by just any means...

In our time it ie difficualt to speak of those things. which sre insufficient
for the study of that or any phenomene. Which eec';; new discovery, a vholé series
of new problems arises. Fenetrstion into the depth of metter takes ‘on the charac=-
ter of a chain reaction, the mode of which is sometimes very difficult to predict.
At times, it is impossible to demand from en investigaetor, to accurately show, which
of his results will be obtained tomorrow, which problems will arise after the com-
pletion of that or eny investigation. It is enough to know the perspectives of the
‘work, to know all the possibilities of a given method of resesrch. Along these lines
it is necessary to select the optimum and gréatest perspectives, not relying on
good luck, but bringing into the_ research the element of conscientious regulation.

qu this, it is pecessary to know which questions are the most actual, which
links ere missing in the common chain of the development of science.

The Earth, Man lives on the bottom of an air ocean. The striving for knowledge,
for a more coamplete utilization of the earth's riches, compels him to investigate
the earth. The epbch of great discoveries copfirméd the guesses of the encient
thinkers, that the earth is not the center of the universe; and destroyed the re-
ligious concepticns. fith the dissppearance of the successive blank spaces, with
tﬁe description of all parts of the globe, it seemed that man knew just sbout ev-
erything ebout the earth. Is that so?

It would be more correct to enswer that man knew nothing besides the earth's
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surface. Whst is the structure of the deep regions of the ea.rth'- core, the ori-
ginetion of the esrtb, its growth and shape? What is the cause of the certh's ma-
goetism? All these and many other questions remsined u.una\'ured.. Various guesses
were discussed, more or less funiementsl hypotheses. Specific positioms, which
often co‘ntfadicted ea::h other were established by vvitty methods and camplex calcu-
lations.

One claimed that the earth and other plencts ve.r'e formed as & result of the
cooling of a burn:xng mass, eject.ad from the sun. 'No. the earth was formed fram the
eccumulations of interplanefsry materiel end gas and in the process of forming, '
conversely, was hested up, saeid others. At the present time it is more valid and
probable to consider a second lwpothelil.. But reliable, cawprehensive proof of
the truth of that or any hypothesis is sbsent. It can -be obtained only after a
study of the other plenets and quite sufficiently, if one wants to success-
fully observe the process of formetion of ey plane‘ta from the sters... The role
of rockets in the solution of this prol;len is clear.

The question of the age of the esrth is one of the most conclusive at the pre-
sent tme With the discovery of radicactive decay it was possible to deternine
quite reliably the age of any rocks. Actuslly, if the mode of the reection and ite
speed is known, if the quantity of the decay products is determined, then we can
learn the time in which this reaction trasnspired, we can compute the age qi’ a rock.
Series of such investigetions offer appmximtely similer’ orders of vuues. there- .
fore there is a basis to consicxer that the age of the earth is ekbout 3 to § million
years old. The age of meteorites determ.ined on the basis of lead content, of the.
finsl product of radiocactive decey, §oincidel with the age of thc-eartl:i on t;e or-."
‘der ‘of size. . |

But where do the rockets and saten‘itel coms in?

For determining the age of the carth, ofcourse, they provide nothing, but wi-
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‘/ t!ioutr them it is impossibile to solve the problem concerning the age of other pla-
--'nets, end thig will be important materisl for a judgement com-:erning the origin of
the entire plane.tary system.

Up to the beginning of the investigations with the eid of satellites it waﬁ al-
ready known that the earth is an irregular sphere. ZEven before the launching of the

satellites they begen to discuss the possible methods of determining the shaps of

the earth with their help.

What kind‘ of internsl structure does the earth bave? How are the mssses in
the earth‘s depths distributed? Gravimetric surveying, a method of accelerating
the esrth's attraction of grevity in verious points of the earth, provides infor-
martiox; on the size of the force 61‘ gravity on the surface of the earth. But it

does not provide informetion concerning the sources of ancmaliesl

of gravitetion,
their size and depth of bedding. Upon the solution of this problem one equ‘ation
with twvo unknowns is ooteined. In order to solve it, it is necessary to have data
on the anomalies of gravitetion at quite a significent dista_nce from the earth.
‘Artificial satellites can aid in the soiution of this complex ‘and importent prodb-
lem. .

The magnetic field of the earth... We have heard everything concerning its
existence and wonderful properties of magnetic pointing. Seamen and travelers
know, in addition, that theré are magnetic enomelies., But esk them: how did the
existance of the magnetic field originate and how ebout the appearance of anomalies?
They do not enswer. They cannot answer this with complete confidence. Nol"t even
1.:he scientists. The expianat»ions wlfich are made' are usuelly more or less probable
hypotheses. The most significent of them explains the origin of ‘the mgnétic field

by the presence of powerful annular currents in the nucleus of the esrth. This

1 Ananaly -- a devietion from the normal, predictstle theory of the change
in any size. .
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kypothesis explains the proximity of xm;uetic and geographis belts. Rocxets can
help in the investigation of the magnetic fields of other celes.tial bodies and al-
80 explain the reasons csusing megnetism of the planets. ) . V }
| ‘The utilizstion of satellites for studying large .x-mnaliej of & megnetic field
has important s’iénif‘icance (similar to the investigation of thé'di-tribution of mes-
ses in the earth's core). Knowledge of the verticsl gra"'d'i;,ent? 'rof e magnetic ano-
maly is & sufficient‘ basis for s judgemert concerning the dept‘!.z of bedding of sou-
rces and 1its ca-\‘xses. T!;is data, obviously, cannot be obtsined by any ‘other methods.

The formation of a magnetic field, caused by cur.rents in *Le ionosphere, mey
be investigeted only by studying the magnetic end ionospheric problems of the up-
per etmosphere.

Artificial ecarth satellites are excellent eerth surveyors. It is known that
in thé o'cean it is impossidble to conduct a trigonometric survey, and a ship‘®s _dete-
rminstion of coordinates on the basis of celestiel bodies offers an essential error,
which now does not suit the geodesists. The detemingtion of the positit;:n of a
satellite in eny moment of time - . from eny point gives its coordinetes in ratio
to another, quite distant point, if we know the position of a giver revolution of
the orbit in ratio to this other point.

0f course, the enumerated prc;blems do. not exhaus$ the possible epplication
of rockets and ertificial satellites for studying the physics of the earth. In
the process of perfecting an apperatus which enlarges the accurecy of observing
satellites, their duties will increese. It is important thet this apperatus, it
would seem, be an exclusively cosmic medium of investigation which would prove to
be indispensible also for atudy}ng the bowels end evolution of our plesnet.

The Air Ocean. Hurricanes, raine, snov-stom'., thunder-storms and disasterous

2 Gredient -- degree of change in the space of sny size at a shift to s unit
of length. ’
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Q?auéhts -~ who kKnows these phenomena of atwospheric processes, the life of the
air ogean.‘ Sun-scorched deserts, sudden devastating floods, storms -- al_l these .
phenomens of nsture strongly infiuence the life and. econoxic activity of man.

Not long ego, man wes a blind plaything in the hands Qf the elenents, people
turned to a non-existent god for the purpose of bri;xgi.ng sbout or, conversely,
stopping rein. And not very long ago, eirplanes stood idle at the sirport for we-
eks because of non-flying weather.

And now men, in. spite of individual possibilities of active interferences,
is still not &ble to charge the weather st his own discrefion. But airplsanes still
do not stand idle et eirports. And this is not only dpe to new means of ravdio na-
vigation, but also possibilities of meking flying weather under determined condi-
tions. Scattering winter clouds to an erea of one hundred squere kilometere,
'opening the sky asbove the airport® -- this is now not wonderful, but fully a resl .
thing. '

Ten e$tronomers assembled oﬁ 15 Pebruary 1961 in Krym, in order to cbserve
& total solar eclipse, but the sky seemed to be cov.ered by #0lid cloudiness. Se-
veral yesrs ago the situation would have been hopeless, but this time everything
was obtained anywey. Airplenes rose into the air, and as if by magic of a wand,
the cloudiness began to thin out eand dwindle and the sky -became clear. The sstro-
nomers conducted the observations. 1In this way.l the scientists broke into the na-
tural mode of events end changed it in relation to their own practical needs.

Of course, it is not necessary to‘ change the weatber to one's own sati;faction
for all cases of life. Very often it is.enough to simply know it for & certain
time in advance?lana to Aave a weather forecast. Then it 15 possidble to be prep‘-'
red for any ve.a-the'r, and to take neceséary measures Or simply change work plans.
Knowing of &n arid uummer.‘one can eliminate snow and cénséruct a graph of the mo-

vement of trensportation in roedless regions depending on the expected weather etec.
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But a veether.forscast is rnot alweys eccurate. 1Isn't it reallylﬁo? You wait
impatiently for e vecstion, to spend it outside of the city. The weathsr report,
given the day before on-the r;dio.:aérgﬁgthena you;_hbpe for a good r;at; But a.
few bours do not even pess as the s;&-becomea overéaat. {t,ﬁfarts pouring iuin.
end you change into dry clothes o; wait for hours fof.tﬁg.?ain to end in aomé sort
of sheltér. cursing those who deceived you. | V

Did they ectuslly deceive you?

of course not. It is not a subject for jokes end even more for deliberate
deception. Flaybe, the meteorologists made an error or could not calculate accura-
tely or qnickly.enough the csange in temper;ture. pressure and humidity? No, elso.
Competent experimentel people are occupied with this busipess end rapid elgctronic
machines and improved computation methods are in their service. Who is guilty?
Misteke§ in forecasts originate from the incompleteness of our. knowledge of the
physical processes in the.atmoaphere end the insuficiency of the original dats for
calculations. .

What is needed for an estimation of the poesiﬁility of an active effect of
forecesting on the climate and weather? It is necessary to xnow thé laws of atmb-
spheric mntions, their "mechenism” and "springs®, setting it into ection, guided
by motions of the atmoapﬂere., |

Man car immediately sense a change in the tem@cxature of the air &nd its mo-
tion. Therefore, it is essential thet & study of the atmOSphére begens.with teste
to establish the iays of temxperaturs fluctuétioae and explain the tendency of pre-
vailing winds on the surface of toe earth. Fram the experience oﬁff_slimglf ingo
mounteins and observafion of permaﬂen§ ice on iountain peass, the decrease in air
“emperature with the increase in altitude was made known to man. Tﬁe‘movement,pf

high ¢louds told of the prascnce and possible wind changes .at great altitudes.

Rl

The development of physics led to the necessity of studying the atmosphéie.
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The change in air pfessnre before then wes interpreted only as mountain sickness

- or subconcious sensstions. The humdity of the air was obsaﬂed in its obvious

phenomena -- clouds snl fogs. It was necessary to investigate the canposition ot

‘ the atmosphbere, its electricity apd duat contant, the various types of r:.avementa

end flows of enmergy brought .about by the atizosphere, etc.
Right now on the surface of the land, meny tht';usands of meteorological stations
ere conductmg' r.egular observetions ot_‘ the changes in the atuwosphere. Does this
mean thet s meteorological nstwork can provicde us with all the necessary date for
studying the atmosphere?
No, the deta ootained et the bottor of the sir ocean is not enough, even if
it were more complete. It is ne.cessary to know, in addition, the structure and
the laws of motion of every thickness of the stmosphere. Man was able to _obtein
the first reports on the structure of the lower layers of the atmopphere after the
invention of flying crefts: balloons and air plenes. later, to study thé atno#phzm.
pilot-belloons end autometic dev;ces (radio sounds treasmitied deta by radio om
‘the temperature, humidity end pressure of the atmosphere &t various eltitudes, ri-
ght up to 20--30 km) were widely aepplied. |
It was esteblished that the temperature of the atmosphere with an increase in
al titude continuously decreased to & certein limit -- tropopeauses found at an al-
titude of B8--18 km (depending on the seeson and geographicel latitude of the place),
but higher the temperatures meainteins an epproximately constant value. In the lo-
wer layer, the troposphere, it is more than three fourths of all the air and almoat
all wester vapor. In the troposphere elouds de;’élope. and it rains ani snows.’ "i‘he
upper layer, tbe stratosphere, va; ¢onsidemd to be @ com;aritively immobile lsyer.
Such a representation proved to be short-lived. In spite of the clerity of
the difference betweeix the tropoephere. and the stretosphere, strong air cnrrenﬁ

and oddities in the propagaetion of a sound wave from strong explosio;xs vere also

discovered. The waves were heard well pear the placé of explosion, becauss there
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" Wwas e certain "zone of silence® and again due to & zone of sound audebility. A
theory expleined the nature of this phencumsnom. A singular ceuse of it could have
been an increase in temperatur;a of the atmosphere at great altitudes. Ground od-
servations permitted ‘another explenation of the nature of this heating: <he inten-
sive ebsorbtion of the ultraviolet portion of solar radiastion by the ozone’ leyer,
loceted in the strstosphere.

The study of the chenges in the characteristics of tne stretoaspnsre depending
on the geogrephical latitude, seascn end time of day becooes very significant for
investigating the influence of its heat ard dynamic coniitions on the lower layers
and knowledge of the nrocesses teking plece in it. 4rn effective ieans of probing
the stratosphere up t<'> its higher leyers wes nceded...

The routes of air ships are going higher into the atmosphex;e. Right now eir-

planes ere reaching altitudes of mearly 34 km. The time is coming when rocket-ple-

‘nes will attein sltitudes of mesny tens of kilometers. For designing such plenes,

the selection of new airweys is necessary to know the dircction and velocity of
the air currents in tke middle and uppef leyers of th= stratosphere...

The atmc;sphere of the Earth is its protective shell. As a .thick armor, the
sir shell protects the planet from myrieds of smsll end lerge ueteor particles.
Falling into the stmosphere, they burn up. And only the larger metcor bodies reach
. the surface of the eerth. .The Eerth's atmosphere does not let the shox.'t-vave. io-
nizing radiation of the Sun and cosmic radistion to pass through it. For man to
enter the stretosphere ‘an2 the upper ~layers of the atmosphere it is necessery to
knov the degree of erlergement of meteor end radietion danger...

The development of ﬁdio engineering led to the discovery of an emezing pheno-
menam., Radiowaves of the shortwave band are propagatad rectilinearly and restrict
radio communications only to the limits .of direct visibility. But at some distance
from the transmission point they, .a@in as if reflected from scme layer, are retur-

ned to the Earth. It was essumed that the reflecting layer consists of an ionizea,
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current-conducting gas. The reflection of radioweves pormitted a ca;putetion of
the eltitude of this layer. It wee epproximatelj 80-—100 km.

The change to higher frequencies led to the fect that rad*o beaxs stopped reo-
flectlng froo this conducting layer, penetrated throygh 1t but were reflected from
snother leyer, loceated even higher. In this menner severel ionized leyers were
discovered. One of them.'laier Foy was loceted at en altiiuié of approximstely
300 km,

These ionized laiers were called the idnospherc. hn opinion was expressed
that the ionosphere in its fornatioﬁ is ceused by shortweve, ultraviolet solar ra-
diation or continuous intrusior into the atmosphere of e vast number of crushed
80lid particles (microueteors moving at fremcndous Speeds). The study of the iono-
sphere by radio-sounding of reflected redio-zignels of various frequencizs permit-
ted the establishment of the verisbility in the position of the‘layers according
to 3ltitude and in the cbgcentration of electrons in it. in irregulerity of the
concentratibn wes detected in the horizontel direction, the presence of gigantic
icnospheric clouds and an irregularity in the variation of the écmposition of ibe
ionosphere with time. All this could not explain one of the hypotheaes of the for-
mation of the iznosphere.

Redio-sounding doss not obtein inforxatin# on the structure of tbe ionosphere
higher than layer Fo. Itlis true that an iztslligent method of studying this area
of the iorosphere was proposed on the basis of *"whistler atmospherice®, i.e. on the
basis of the whistle assumed sometimes by the rad10-rece1vor and characterized by
1ightening flashes in anotgg;“;;miafhare of the ‘Earth.

These radio-signals are distributeﬂ along a magnatic pover line, end. their
sprectrum of frequencies is transformed (changed) depending on the concentration
of ions along the way. In as mu'ch as the vay was known (the discharge is slways

on the other end of the power line, where the receiver is), then a study of this

signal transformation provided some bases for 2 judgement on the totel comcentration

*
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of ions along the power line, axong t.hem. those higher than layer 12. Of course,
the Judgemént was too rough beceuse the accuracy of the method could not have been
hig.h end, besides, it provided only certein average values at large arc lengths.
Here we were forced to turn ‘to scié_noe when direct methods of investigation vere
not proposed.

Considering zx_ll this, and also the significance which the ionosphere acquired
in radio-communication in the shortwave band, "the scientisisfaced the task of stu-

| dying it in more detail. B\;t for this they needed a means of investigating more .
immediately, more effectively, then radio-sounding...

The firey lines of meteors burning in the atmosphere on a dark night sky are
femiliar to everyone. But few people thought that meteors could help the scientists
in some way.'

It was estaeblished, by ground invest.igations. that meteors are divided into
two groups: sporadic meteors irregilarly penetrating space, and meteor streams
(fragments of decomposition of cﬁmets). By studying the spectra of meteors, it
was established t);:at there is calcium, nickel, iron, magnesium, manganese, chromium
and sodium in their composition. Thes meteorites which fall to the Earth are iron
:and rock. Ths velocities of the meteorites relative to the Earth are 11--73 'hn/sec.
Ground investigetions indiceted that, evidently, a iarge portion of meteoritic mat-.
ter has a porous, loose structure, and its density is epproximately 1/20 g/cud,

There is an assumption that streams of meteor dust (pulverized loos-e particles:
in structure) penetrate into the atmosphere with & very ,ggg_l,l;"cz_-g_u load* (ratio
of mass to a characterized area, for exa'mple. crésa section amal.).j""_ﬁ;..;e—ibci.ty
of meteor dust is nc.)t enough to leed to combustion in the atmosphere, but enough
for ionization. If this is so, then the intrusion of meteor dust could expl-.in
certain features of strgctnre end the existance of the ionosphere, for example
*residual ionization®, observed at night, and various formfions of a "sporadic

layer® E.
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In such & manner, meteors are "suspected® in the formation of the ionosphere.
A supposition ("Bowen's hypothesis®) expresses the fact that meteor °reins® have .
. Mdiate connection with ordin_ary reins. This strange.‘end slmost wlfical connec-
‘. ;1on at first glence is &imply expla.inedz condensation of moiséure\ is poesible on -
cosx.nic dust -- micrometeors, smoothly settling in the atmosphere, and on solid pré—
ducts of combustion of meteors in the atmosph_em. For the formation of precipitants
of a sufficiently high air moisture, dust perticles of the nucleus of the conden-
sation are requflrad.

These suppoeitions require much more complete information concerning meteor
streeams, di;mnsions and energy ‘ot nmicrometeors. For en investigation of meteors
in the day-time (a;h night they can be seen visually end photographically) redar
observations can be conducted and their ionized traces can be detected. Reliable
data concerning the sizes and energy of meteor particles might be obtained only as
a result of leaving the limits of layers of the etmosphere, the density of which
leeds to combustion of the meteor particlga.

Radar observations of meteor trails 1& to the discovery of their drift, dis-
placed with the motion of the upper atmosphere. it seemed that in the upper atmo-.

sphere there wes motion at high speeds. It was necessary to create methods for

their immediate study anmd continmue investigations of the density, temperature, che~-
mical and ionnic composition of the upper atmosphers. ..

The utilization of rockets and artificiel satellites was not worked out by an
imnediate study of the upper atmosphere in a given point. lLeaving the limits o_f
the atmosphere, we vere permitted to see nebular systems (or their large portions),
observe their structure, evolution snd motion. If the dynsmic influence of the pro-
eesses in the uppe.r leyers of the atmosphere on the troposphere for msny meteoro-
logists is doudbtful, then the detecticaln of nebulous masses has an immediate and

exclusive meaning for meteorology.
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Source of energy. The Sun is the source of energy of winds and sea currents,
transfer of a colossel quentity of moisture, the cause of decomposition of rocks
end formstion of so0il &nd a sour;:e of life.on Earth. This gigantic natural thermo-
.Duclear resctor sends flows of redisnt emergy into spsce. A slight portion of I.t,

felling on the Eerth, is enough to meintein a comparitively high temﬁerature of the

ground, water and atmos;;here.' Heating of seas snd dry land leeds to the evaporation

Qf wveter from their surface. Irregularity of heating leads to atmospheric motions
end precipitation. Can we essume thet the Sun provides energy to ell atmospheric
processea. and controls them? | ;

For such assertions there is still no serioug foundetion, besides certain sta-
tisticel dependencies. In the.explanation of atmospheric processes the investiga-
tors were divided into two unequel cemps. The ma.jority considers that all atmosp-
heric phenomena are mainly internsl processes in the atmosphere. They develope in-

dependently from smsll chenges in the intensity of & gradusl flow of solar energy.

Let us visualize the oscillations of pendulums which change their dimensions

and weight. The possibility of the existance of such oscillations is stipulsted
by the presence of Eerth's gravitation. The law of oscilletion of a penduium is
determined by the variation of the natural characteristics depending oo other mo-
tions. It can be assumed that atmospheric motionsl are similar to such & complex
mechanicel system with coupled elementary motions. -

Other investigators maintain that the atmospheric processes must obediently

follow all pulsations of the flow-of solear energy, the sctivity of ‘the Sun exactly

e — e e

s e grmame

the same as a magnetic :;rov'fo‘novl' s megietic fiilq and 1£a v-riu:tion.

Who is right? . R

The Sun is very stable as a source of energy. The totel flow of radiation
emitted by it c;.an undergo complete chenges in seversl percentages. It is impoiai- '
ble to speak of any control, since the activity of the Sun practically does not

change, the supporters of the first trend proved.
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The constency of soler rediation is cheracteristic only i‘or the visible, lon-
‘ g-vweve pert of the spectrum, on which a large portion of energy emitted by the Sun
- fells. S.hort--wave (ultraviplet end X-ray) radietior, snd elso corpusculer rsdies-
7'? tion sharphly change in time. On them falis e carpesratively slight portion of the
total energy emitted by the Sun. In contrest to the radietion in the visible part
of éhe spectrum, :they ere completely shbsorbed by the atmosphere, which ceuses vari-
ous photochemical reections, and heat = it. COnsequently, they determine that
motion in the upper atmosphere, which can be trensmitted by ‘the lower layer. The
supporters of the other trend asserted in thet msnner and confirmed ‘it with & com-
parison of the period of chsnges of various hydrometeorologicel and bioiogi_cal phe-
nane'na with solar activity.

When there ere no comprehensive proofs, one cen argue for ever. The judges
in this arguement must be the experiment, which could help the scientists to este-
blish not only an actuasl and.complete picture of atmospheric motions at all elti-
tudes aﬁ their mutuel connection, but also the energetics of these motions. For
this we must study the ;hortwave pert of solar rediation, the mechanism of its ab-
sprbtion by *I;he atmosThere. We can say the same about the corpuscular radiation
' df the Sun. At the seme time with the atmosphere on the seme horizons it wes ne-
cessary to study solsr radiati.on. For this it was necessary to provide a correa-
ponding épparatus at an sltitude tens and hundréds of kilometers from the surface
of the Earth...

Above, we spoke of the role which the shortwave radi.ja';ion of the Sun i)laya
in the formation of the ionoephe.m. A study of this rediation could help in the
solution of problems conne;:ted with the origination, end existence of ;onospbefit;" '
layers. | |

The aurors polaris, kmown by the inhabitents of the north, wes expl.aii:ed a

long time ago by the penetration of corpusculer currents, ejected by the Sun into

the upper layers of the polar stmosphere. For a deteiled study of these currents
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Photograph of the Sun. The sun is a giant firey element. As & result of the self-
regulating thermo-nuclear processes on the sun a gigantic amount of energy is libera-
ted. Solar enargy is the source of the existance of life on the ecarth. It guides
the air and water masses of our planst into motion. The aolar energy falling on

the earth is only en insignificant part of the total energy radiated by light in
world space. The main portion of solar energy occurs as visible rediation. It
practically does not change in time. The shortwave--ultraviolet and X-rey--radia-
tion of the sun is changeable. They depend on solar activity. The amount and area
of the blank spaces on the sun is a characteristic of the activity.
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of charged perticles, it was necessary to furnish instruments to the aress of the

surora polaris...

‘J Cosmic redistion. The radietion of the Sun, sters, nebulse... It must seem
thgf‘Ehié is the entire list of possible radiatibna. It was proved that this is
not 80... |

Several decedes ego, we succeeded in registering charged psrticles of large
energies, the pessage of which could ;ot be explained by the radiation of Any spe -
cific star or gelexy. They piefce.space in all directions, cut into the atmosphere
with speeds close to the speed of light and, colliding with molecules.of air, are
broken up into nuclear particles. Among the nuclear particles there are those which
easily penetrafe thfough lerge thicknesses of matter. These ere somevhat secondary
cosmic particles and are registered on the surface of‘the Earth, under water and |
even in deep mines. '

Back in 1927 particles of éosmic radiation with energy up to & million mil-
lion electronovoltsl were discovered. For an estimastion of this emount we can note
thaet the energy of molecule of air at ordinary temperature is by far less than one
electronovolt. The maximum energy, given off by the charged particles in contem-
porary a?ce}erators of charged perticles, is calcﬁlated as ten millions of e}ecf;o-
novolts (30 million electronovolts). .

What is the source of this rediation? What is its role in the‘.atmoaphe‘ric
processes? Which nuclear particles sre farmed after collision with air molecules?
Wﬁat is the intensity of this radistion and its influence on living orgenisms which
will go out of the limits of the stmosphere or if only its lower layers? ‘ ‘

- It is iﬁpossible:to ansver 8ll these questions without studying primary cos-
hic radiation, i.e. cﬁsmic particles in their °®primitive® form. Lsunchings of bal~

loons to altitudes of 30 km provided determined resulta, but excluded the posiibilify

1 Electronovoli -- the energy en electron scquires accelerating into an elec-
trical field with a difference of potentials by 1 volt.
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of studying primary cosmic rays, end did not permit & sufficiently complete develo-
pmenlt of all trends of the investigetions of cosmic rediation. Rockets and arti-
ficiel satellites must have become tools in the bamds of physicists and astronomers
studying this mysterious phenomenon of nature...

Only these artificial cej.estiai bodies created by man, petroling the nedr-by
environs of the planet, could investigate all the power flow if not its sources,
then et leest on the borders of intrusion into the atmosphére and on the routes of
penetration into its width.

Spectral investigetions of the Sun. 1In & number of problems of this portion
of the investigatixons there also existed an astrophysical one -- & study of the
Sun litself.- Of course, here we do nof bear in mind the sending of instruments to
the Sun: they would simply vaporize, having spproached it. .

The processes on the Sun can be studied now by widely diversifie;i spectrometric
methods, by means ;:f investigeting the spectrum of radiation of the Sun. In this
manner we could determine, for example, the composition, temperature, :nagnet.ic field
and velocity of the motion of radiation gas. But maybe all this would to simplier
to continue studying the customary ground conditions, as has been dome a't the pre-
sent t:u.ne?

It seems tl;at the z;stronaners are satisfied by ‘this "for lack of anything
better®. The atmosphere (it is ebsolutely tresnsparent et the first glancg_ of the
medium) is exciusively a dense light-filter passing electromsgnetic emissions (which
light is directed to) only in two comparaﬁv‘ely narrow "windows". The first of them
pesses rays of the visible part of the spectrum with a. lt-eng-th of the wave from 0.3
to 0.75 microns. The second "window®” is significently wider. This radio-exx;isaion
has a wave length from 1.25 centimeters to 30 meters. The remaining areas of ele-
ctromagnetic emissions of the Sun and other celestiel bodies are inacceasible for

observation from the Earth.
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leaving the limits of the atmosphere is an imperative conditiom in the deve-

lopment of astronomy.

Neighbors of the Earth. 'Men's dreem was to fly to other celestial bodies, im

the first instence to the Moon, Mars and‘Vénus. He vﬁntéd to find on them if not
brothers in intelligence or life in some‘aort of form, then, at lesst, more or less
favorable physicel conditions for man to visit them. This naturel desire led to
the verge of contradictory judgements concerning other celestial bodies. Wishful
thinking was reflected in the treatment in tgeae or eny of the experimental dats.

Remember the innumerable ®*science-fiction® novels which proposed that the Tu-~
nguss Meteorite was a Martian ship. fbmember the discussions concerning the pre-~
sence of an atmosphere end life on thaet side of the Moon which is elways hiddén.
from people 's glances. Remember the "cenals® on Mars, the Schispsrelli discoveries.
and the mysterious "radio signsls from Mars'. which were accepted for twenty years
end served es the subject of A. Tolstoy's ®Aelita®.

The possibility of collating the scientific date and fentesy impels us to ca-
refully relaté it to eny circumstantiel or sufficiently authentic informastion con-~ -

cerning these celestial bodies. There is still little accurate, verified data on

“the celestial bodies.

Almost every question linked with the investigetion of the close neighbors of
the Earth leads now to the utilization of rockets and artificial satellites., Too
little is kmown on the neighboring planets. Other possibilities of obteining suf-~

ficiently complete scient1fic information are practicelly ebsent, besides the di-

e e cmmaima e S eArema it e s Scmee am 1 e s e by s e e phoe 5 7on stn s = erbanee ot

rect sending of instruments to these celestial bodiea ‘and the EOpe that men in ti~

me can investigate them himself.

The gaps in the kmowledge of the cosmic neighbora of the Earth are great.
It is very difficult to list those missing links in their investigation which could
be filled in by means of the application of research rockets. This is en entire

*blank space®. For direct investigations here is the whole ™missing link®, with
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the exception of those stingy date which is now at man's disposal...

_Vars is located at a distence from the Sun 1.52 times greeter than the Earth.
It is better studied then ény other planet. The transperent, rerefied atmosphere
of Mars creates favorable possibilities for observing its aufface. The mass 6?
Mars is aﬁprOximately ten times less than the mass of the Eerth. This namely is
explained by the great rerefaction of the atmosphere of Mars at the surface end
its expense in interplenetery spece.

The period of revolution of Mars eround its exis (24 hours, 37.4 minutes) 1is
close to the Earth's exactly the same as the inclination of the plene of the equi-
for towards the orbital plane. .Therefore. on Mers the seasons change end the len~-
gth of the deys is similar to the Eerth's. Due to its great distence from the Sun,
Mers obteins significently less redient energy than the Earth, and the temperature
on the surface of Mars is substentislly lower.

Approximately twice as much carbon dioxiée is found in the atmosphere of Msrs,
than the Earrth hes in its atmosphére. Scientists consider that the free oxygen
there is by far less.than in the terrestriel air.

What are the sources of the appearesnce of oxygen in the atmospheres of the
planets? ‘Some scientists express the supposition concerning the possibility of
the dissociation of weter vapors under the influence of soler radiation. From here
it follows tﬁat the lower temperatures of the surface, making the eveporation from_
it more difficult, end also the lower temperatureé of the Martian atmosphere led to
a decrease in the content of water vaporé in it on the tropopause level. All this
inhibits the formation 6f free oxygen by means of dissociation under the actiom
of the sﬁortwave radistion of the Sun. The rTesult of~spectra1'meesurepent§ of th;
liges of molecuiar oxygen provides a Sasie to assume that the content of oxyéen
in the atmosphsre of Mars is almost a thousand times lower thean in the Earth‘s eat-

mosphere. This correspords to the above introduced supposition. Observation of

the poler caps changing during one year, evidently, indicates that vatef on Mars
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exists in the form of ice or frost in the polar regions.

Fhotograph of Mars. Mars is one of the closest neighbors of the Earth. Differing
from Venus which is constantly covered by clouds, Mars has various white polar caps,
dark spaces (according to some assumptions, these are areas coversd with vegetation),
and the so-called "cenals". Several scientific and fantastical assumptions are con-
nected with this planet. This photograph was teken through the terrestial atmosphere
with the aid of a telsscope. The day will arrive when "intelligent® interplenstary
stations will provide us with clearer, more detailed photographs of this and other
plenets, and also data on the atmospheres, their structure, physical conditions on
them and the possibilities of life

The besis of the Martian atmosphere is probably nitrogen. Argon must be a
product of the radicactive decay of pota-:ium. There are strong winds in tho’ at-
mosphere of Mars, which are confirmed by the observable sand storms.

Three eights of the surface of Mars is faken up by dark spaces. Investigators

‘conditionally named them seas. The structure of the spaces and the seasenal chan-

ges of their colors (with the approach of Spring they become darker) offer the pos-
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sibility to suppose thet these spaces sre areas of vegetation. The remaining part

of the surface of Mars is & reddié‘h;yellqv color, .evidently a desert.

Not long ago, & curious, althou.gl_;"insufficiently founded hypothesis wus expres-

‘sed concefning tbe structure o_f the crust of Mars. f[t origina-tes‘ from the fact
that on Mars the rélative c‘ontent of light eleme.'znta nma.t be greater than ‘on the
Earth due to the significant remoteness of Mars from the Sun. The relstive (per-
centage) content of water on Mars is greeter than on Earth. This va.ter is perna-
frost which covers the surface of the Mertian oceens. The surface of this ice is
covered vith' fregments of decomposed rocks which compose the peculiar soil of the
planet.

If this is so, then during the Martien summer only & comperstively thin leyer
of soil hes time to defrost, creating conditions for the growth of plants. Of cou-
rse, this fevorablenesé is.relative. and even in the eguatorial belt it, obviously,
must correspond sooner to the polar, then the temperate zones of the Earth.

Are there animals or highlyforga;aized forms of 1ife on Mars? This is, at lea-
st, debatable. There is much more basis to-asssume that such life is absent. The
ms jority of scientists propose thst owihg to the essential difference of the phy-
sical conditions on Mars from those of Earth (which are considered to be optimum
for the development of higher forms cof life) there is sbsent not only an enimal
world, but higher vegetation.

The future will tell if this is so’. a'nc.i it is continuously linked with_the
utilization of @irect methods of imeatig.a‘tion. in as much as the ground methods
(optical and radio-technical) have exhausted lth.ei'r:' boesibilities to & considerable
measure. In eny case, the f.mformation obtainéd‘.vith their Selp is indisputable.

Another neighboring planet is Venus, located at a distence from the Surlx. equal
to 0.72 of the average distence from Eertb to the Sun. It is closer to Eerth than
Mars, but, in spite of this, we know considerably less sbout it than about Mars.

The mass of Venus is determined quite precisely. It turns out to be close to tiw
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mass of Earth. The dense clouds covering this plenet do not permit its surface to ‘
be seen.

'Very little is known sbout the atmosphere of Venm'l.y . The tempefét\.xre' of * the
cloud iao'er. in the Opiz;ion of certain foreign estronomers (Sint.on end‘ otvhers).
is ec.lual' to # 39° C. on the deytime ..side. The result of deteramining the tempera-
ture of the .surface of the clouds is contradictory_; certain ad’ientists consider
that it is-elqual to £ 200° ¢.

A powerful leyer of carbon dioxide stretches ebove the cloud layer; it is se-
veral hundred times greatervthan in Earth's atmosphere. Carbon dioxide, obviously,
is the besis of the atwmosphere .of Venus. Due to the large content of carbon dio-
xide, some investigetors were able to suppose thet there is water on Venus or it
is completely sbsent, or, conversely, it completely cov.ers it with a very deep la-
yer. What is this supposition based on, which received the name "oceanic hypo-
thesis®? It is based on the fect that if the c;omposition and evolufcion of the rocks
is similar to the Earth's, then in the presence of water and a contact with the
atmosphere, a chemicel reaction between magnes;lum silicate end carbon dioxide, must
have taken place, which would have exhasusted the atmospheric cerbon dioxide.

Argon in the Venusien atmosphere can be present as a product of the radiosc~
tive decomposition of potessium, if the latter is couteined in approximately the
same qQuentities as on Earth.

At the present time there are more frequent arguements in the use of the “oce-
anic hypothesis®. Separate investigetors note patches of sunlight on Venus; they
cen originate from ‘the reflection of solar rays by a water surface or lgrge accu~
mlations of ice crystals in the clouds.

With the aid of rsdio-technical methods, what is covered under the cloud layer
could be established. Americen astronomers carried on redar of the surface of Ve-
nus. Its complexity is not only in the large power of the installation, but in

the difficult task of seperating the reflected signal from the radio noise of ocu-
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ter spece. Only after a year of processing the redar x;eaults the expericenters
were convinced that‘ they ectuslly received signsls reflected from Venus. However,
the dsta obtained does not permit the formation of any conclusion concerning the
chearacter of fhe plenet's surfacé; the dafa did not permit neither a specification
of the distence to Venus, nor a determination of its periods of revolution.

Radar of Venus was also done in tfxe Soviet Union. Scientists succecded in
meesuring the period of revolution of the planet and specifying the meaning of the
astronomical unit. - .

Until not long ego, there wes not & single opirion concerning the gize of the
period of revolution of Venus eround its axis. For example, one French astronomer,
Dolfus, proposed that it coincides with the period of revolution of this planet
around the Sun end, consequently, is equal to 225 terrest'rial days. Othess consi-
dered it to be close to one terrestrisl dey. So, en American redioastr.onmnr.
Kreus, found that Venus makes one revolution eround its axis in 22 hours end 17
mimtes.

Due to powerful trammitters;. large entennas and aet;sitive' recievers, the So-
viet scientists were able to accomplish extraordinerily precise &nd .reliable mesur—
ments. The period of revolution of Venus around its axis turned out to be about
10 terrestrial days.

Another importent achievement of the Soviet scientists was the measurement of
the sstronomical unit (the averege distance from Esrth to the Sum).

The sstronomical unit is 8 gnique scale of units of the Soler System. Mathe-
meticel methods of sstronomy oﬁ:cz the possivility of determining the distance of
the planets from the Sun only in relative velues. So, for eax@}e._the avérage
distance from Mercury ‘t'o tﬁe Sun is equal to 0.387099 astronomical units (the sve-
rage distance from Earth to the Sun). Not knoving the exact value of en astrono-
mical unit, we are not able to determine the distence of the planets from the Sun,

and their distance from each other.
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FPhotogreph of the visible side of the Moan. Astronomers, beginning with Gelileo,
looked at the visible side of the surface of our permanent satellite in telescopes.
By mesns of these observations and photographs its relief was studied in detail.
With the investigation of the heat radio-emission of the Moon the physical proper-
ties of its surface ere studied. With the aid of spestroscopic methods, it is es-
tablished that the Moon is not dead, that some vulcanic activity takes place on it.
But much data concerning the Moon remains unknown or debatable. That is why the
first terrestrial space rockets were guided to the Moon. From now on the Moon will
be a tempting object of space explorations with the aid of rockets and ertificisl
satellites, .

Venus is located at a distance of 0.723332 atsronomical units from the Sun.
It is obvious that the average distance between the orbits of Venus and Earth is
esqual to 0,276668 estronomical units. Therefore, in measuring the distance by ra-

dar between Venus and Earth and knowing the position of these planets on the orbits,
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we cen compute the velue of the sstronomical unit. It turned out to be, as the
Soviet scientists established, 149,457,000 k.

The Moon, 8 netural satellite of our plax;ét. 1_3 located immeasurabily closer
to the Esrth t'han‘ the other celestial bodies. The distance to it 1is 384 thousand
km. It practiceil_y. does not have an atmosphere. It is alac; impossible to consi-
der that the surface of the Moon is completely studied. And this is in spite of
the fact that the Moon has been seen throughﬁ:_ telescope aince Galileo's time and'
detailed charts of its surface have been composed. Whet is the matter? The Moon
always turns one side towards the Zarth; consequently, a complete stu.dy of its sur-
face could only be made with the help of rqcket methods of exploretion.

The Moon has & mess approximastely eighty times less than Eerth's, and a radius
four times less. Gravitstion, therefore, on tl‘xe Moon is six times less then ter-
restrial gravitation. It is insufficient for msinteing en atmosphere -- gases from
the Moon must volatilize much faster than those from the Earth, end &t those tem-
peratures which they must have on the Moon. But en atmosphere cen exist as a cer-
tain equilibrium stete between voletilization of geses end their generations (ori-
gination). ;Accérding to one of the Wpothesés. radiosctive decomposition of potas-
sium (argoﬂ is formed) or chemical processes in the bowels of the Moon (sulfuric
gas, carbon dioxide anmd vaf,er ere formed) could be sources of the formation of the
geses.

Wbat would epproximate estimates of the emission of gases be along with the
speed of their dispersion under conditions of véak gravity anmd the‘ action of cor-
pixscular currents of the Sun (the so-called ®solar wind®'), .11‘ we consider that the
Moon is not protected from them by a magnetic field? The density of the atmosphere
of the Moon mey consist of 10“ particles/cm3 (or 10~15atm.) for ergon and 108 par-
ticles/cm3 (or 10-11 atx.) for the other gases. Experimental data, obtained with
the aid of indirect ground methoda. qf investigstion, provided a basis to suppose

that the density of the stmosphere on the Moon is not more than 10723 atm.
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At such & low atmospheric density, it is, of course, impossible to ssaume that
there is water on the surface of the Moon. The lunar atmosphere, undoubtedly, is
completely ionized, which mekes the meesurement of its d‘enéity possible with radio
methods.

Meesuring temperatures on the basis of heat, infrared surface redietion end *
redio-emissions of the Moon in the centimeter band permits en estimation of the
8ize and variation in temperature of the luner crust on the surfece .and to a sli~
ght depth. This “"trensperency® of the substance of the lunar crust for redio waves
depends on the length of the weve ~- the larger it 1.s. the fewer the radio waves
that are' absorbed. Waves 3 cn.l long c‘orrespénd to 2 10-15 cm iayer end waves 20 ¢m \
long correspond to a leyer approximetely one meter thick. The surface tempersture
cen be determined on the besis of the thermel rediation in the infrared pert of tha
spectrum. | . .

The results obteined testify to the fact that the tempersture of the surface
of the Moon varies in the ranges from ~120° to -150° C. The deeper the leyer of
the Moon being investigated, the smeller the band of temperat;u*e fluctuation. On
the Moon these fluctuations fade very :epidly, et & denth of several centimeters.
This permitied the conclusinn that the lunar surface consists of a meterial of low
heat-conductivity. And these can be orly materiaels with & porous structure and
reminiscent terrsstrial tuff or & layer of dwust.

Not long ago, 8 Soviet astronomer, N. A. Kozyrev, with the aild of spectral
methods of mestigation. discovered the ejection of gases on the Moon from 1t's
depths in the region of the Alphons crater and obtained spectrograms of it. WVhat
does this mean? The Moon is not a dead world; it lives right now with its own com-
plex internsl life.

The character of the Moon's surface and its nuuerous craters is a big wystery.
Investigators of the Moon are .divided into advocates of the vulcanic the'ory of the

origination of craters and the meteoritic theory. These gnd ethera &re leading the
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veighty proofs t6 the use of 'heir hypotheses, but the verification of their sut-
hen_ticity is a job of th: fut.re, when rockets from Earth will study the Moon in
detsil. -
‘ The‘origination of the bﬁibon also is not clear. Many scientists consider that
the origin of Earth and the Mcon is comoxi. One scientist maintains that the Moon
broke swsy in due time from tie Earth upon pessage near the Earth of some celestiel
body; enother claims tlat the Eerth end Moon were formed from one dust cimd.‘

Not long ago, Buljsrian scientists expressed en originel hypothesis that et

same time the Moon was en independent plenet with violent wulcenic activity. The

powerful end frequent eruptiors created ‘resctive acceleration on this Plenet, simi-~ ;/

. . /
lar to thet which am engine transmits to e rocket. As a result of the chac(»‘tic ac~-

4tion of these forces, et the moment of the termination of the work of the ®vulcenic

engine®, the Moon turaed ocut ti» be close to the Esrth and was entrapped by the foroe

of its e;;:wnty.

It is hardly poesible to ¢btaein eny subata-ntial and unconditionslly relieble
information concerniné the cloe:ust nzighbors of the Earth with the aid of terres-
trial mesns and methods of investigation. To sccomplish furtbher investigetions,
there must te instruients, cerried i)y rockets in the vieinity of ‘these planets or
transx:;orting thex;x to the surfaca. Depending on the results of the investigetions,
we will be able to dete.mine the festures of the structure of the plenets and the
physical conditions on them, the mesns of further study of the plenets, the ways
end dstes of populating tm. with pc;’:oj:le.

Rockets help to fill in the missing links and in studying other plenets of
the Solar Syatem: Mercury, red ot on one side and buried in permanent 'eold . -
toe other; the thundering etmosphere, mysterious red space and ice-covered setel-
lites of Jupiter; the encircling ring of Saturn; Neptune, Ursnus end Fluto, loca-
ted at grest distances from the Zun; the zone of nuzerous asteroids. We know eve'n

less about all of these oslestial Yodies then about the miéhbors of the Esrth.
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Rocket methods of exploration arelnecesa;ry for the study of comets, stars
and stellesr systems. And the problem is not only in the poesibilify of menned fli-
ght to other worlds. leaving the limits of the terrestrial atmosphere, and the
transporting of opticel instruments there undoubtedly enlarges the posaibilitig-
of spectrometric ix;vestigations of specific celestiel bc'>dies in those portions of
the Spe;:trmn. 1;or vhich the atmosphere is aﬁ inpenetrsble light-filter.

CHAYTER 2 .
What the Rockets Told...

. Concerning the fact thet the density of the sir &t any altitude above the sur-
face of the Earth is equal to so meny grams'per cubic centimeter; the energy of the
charéed particles in the radiation belts of the Easrth consist of so meny thm.xsarﬂ
or million electronovolts; annular currents exist in the ionosphere end in the
radietion belts of the Earth...

--dell, .what of 1t7--ask.s some reeder. =--I am not a specialist, this dces not
meen anything to me... .

This is <t.me. Eech individusl fect, even the most interesting, means little
in itself. It is necessery to know tﬁe history of its discovery and 1t§ role in
the genmeral coamplex of knowledge: to know how to present in e logicel way 1ts in-
fluence on the ulterior deVelqpment of our knowledge sbout pature. If this does
not occur, not one firgure, nor one fact will mesn a thing, whether it is a sepa-
rately reed letter or sven a word in the most interesting book.

Fenetration into 6uter-space and the possibility of immediate néuurement of
any amounts does not indicate- their chaotic, rendam »accumlation. Above all, we
must obtein suthentic data for t):;e verificetion of any suppositions concerning
the structure of the Earth, Solar System, the Universe or even simply s small spe-
ecific corner in them for solving any disputeble questionm. Penetration into space
is necessary in ordsr to find the key to the mystery of the 'mechanism of any nstu-

ral process, which we encounter in life.

B



The Rocket is a weapon of science. Scientists of many countriéa in their lovn
terxiitories end in oceens 1mestigat;s the physics of the atmosphgr!c processes with
‘the eid 'of various dire;:t and indirect methods. ‘But 1nvestigati¢;;a ,in"to specific |
sreas did not provide ; general picture, and even if they vere conducted at lasrge
adjaceﬁt parts of the _Earth.- it wvas frequently impossible to tie them together.

It wes explained tha’t.they existed in & different time » by various equiﬁnent. the
reading of which lie d.ifficu;t to compere, or observetions st any part were not exe-
cuted. And this alreedy cen be compered to & books, in which there is no complete’
subject, the separste chapter are bedly tied together, end, in eddition, the majo-
rity of the pages are torn out. Try to ﬁnderatand its contents! .

Over e certein periol of time, scientists. of many countries decided to conduct
a deteiled observation.aver- the natural processes in the eptire plenet. This grun-
diose scientific underteking received the neme of the International Geophysicel
Year (IGY). It was cbr‘xducted in 1957--1958.

Thousends of terrestrisl stetions, hundreds of. expeéition ships conducted regu-
lar measurements in varit;us parts of the planet. A vhite unpopuleted continent--
Antarctica-- was covered with a netv;ork of scientific stations, seversl d'rifting'
stations operated on the ice of the poler bessin. . |

And the atmosphere? Radio~ end aircraft sounding makes it acceasibie up to
altitudes of two to t;zree tens of kilometers. This is insufficient for studying
the genersl structure of the atmosphere. An entry into its upper layers is neces-
sary. Investigations beyond the boundaries of the dense atmosphere are nee;led ﬂalso
‘for studying the 1onospheneA. the flowvw of rodiatiop bf the Sun at its outlets or at
least the place vhex;e it breaks’jinto the .tmoapgere of the Eerth, causing its 1o~
nization, heating and motion. |

Here is where tﬁe irreplaceable rocket meth;)ds of investigation come in.
Tovards the beginning of the IGY they were sufficiently well developed and widely

utilized in the Soviet Union and in the U.S.A.
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How is x;ocket sounding of the atmosphere accomplishedy

The vertic.:evlly leunched rocket carries equipment which messures the pressure
of the stmosphere, tempersture, ion composition, rediation of the Sun, cosmic reys
end s0 forth on the escending and descending portioiu of the tra'Jec'tow. The
instrument readings sre trensmitted to the Earth with the eid of rediotelemetriec
devices or measures ere epplied to refurn the rockets to Earth with the regiaten;,d
results of the meesurements.

The lsunching of a rocket can be done both immedietely trqn the Eerth anmd
from e bailoon elevated to & great sltitude end eacting as the first stage of the
rocket. Such a leunching plan peramits the obteinment of geins in eltitude by the
attainable rocket. But a rocket that cen be lasunched with a bellon slowly passes
‘the lower 1ajers of the atmosphere and cennot be useful for obse.rvation of rapidly
changing phenomem;. as, for exauple, the flashes on the Sun.

What are the. results of tke rocl_tet explorations of the etmosphere that were
conducted in the Soviet Union? ‘Jith\the aid of rocket investigetions informstion
is obteined conéerning the density of the air end the temperesture of the upper
leyers of the stratosphere sccording to altitude, end meteorological sounding of
the stratospbere is carried out. The program of sounding is constructed in such a
x.nanner as to obtein data concerning the; distribution of these megnitudes in various
latitudes of .the globe, to recognize their chenges during a day and from season to
season. In fems of the language of geophysics, to study their letitudinel, daily
ani seasonsl veriations.

An importent reature.of the Soviet rocket e@loratiom is the atrivingl to ob-
tein possibly P greater quantity of date in the process of each l;aunching. and to -
make the experiments full-scale. The' changes in eny of t.he values can depend on
the changes in some -other velues. We cen coufidently judge concerning the physi-
cal connections of tﬁeae or -any values can be only in a case vhen all data on the

changes in meny parameters obteined in this lsunching is at the disposal of the
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‘experimentor. From a scientific point of view, such sn experiment is undoubtedly
‘ 'more; valusble then if a‘ll the 'measurings composing it could de done in various roc-
l .kets and 8t & different time. . | .

‘Such full-scele experiments were sccamplished in geOphysical rocketa. The
.exclu.sive possibilities for this created grest powers of the ‘engines of the Soviet
rockets. All the necessary equipment snd experimental eniwusals were sble to be
pllaced in the instrument containers. =’

With what is connected the arrangement of biologicel experiments for explei-
ning the 1nf1uence of specific conditions of rocket i’light in the upper atmosphere
end its physical conditions on the stete of the enimals? An important feature of
~8uch rocket explorastions is the recovery of the rockets end instrument conteiners
upon their fall to the'.Earth. This peraits en unhermful recovery of the 1nstru_-
ments and experimental animals. Many of them are already vetsrans of Spaee flights
and repeatedly escended to the surface of the Earth's air ocean.

In the Soviet Union during the IGY and en 'edditional period, the Internatiocnal

' Geophysical Collaboration (IGC), which encompessed all of 1959, 175 rocket laun-
chings (125 during the IGY and 50 during the IGC) were made. In coorespondence with
the program, these leaunchings were made in polar eress -- on Kheysa Island (Franz~
J’osef'Land) end near the Mirnyy Soviet South Fole Observatory (fram ship-board);

| in the northern waters of the Paci_ﬁc Oceen; in the equatorial latitudes (slso
from ship-board). 158 meteoroloéical rocicets and 17 geophysical rockets were
launched. | ‘

Rocket sounding of ﬁx‘é' atmoapb'ere asccording to the IGY ﬁrogram was also eo;:-
ducted in the USA ead to a smaller extent in Japan au.l‘ Englend. Seve.ral American
rockets were launched by Censdian scientists, Ca;a we sssume that the ;sntiro glodbe
was ecncompassed by the rocket sounding?

This is all good, but is it really enough? What is thé rocket could have .

obteined scientific information not only over one certsin point, but ower lorj
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territories, and during long time intervals!

wﬁ Me wor

Geophysical rockets at the moment of launching. These powerful rockets carry meany
different kinds of instruments to an altitude Of seversl hundreds of kilometers.
The significant payloed of the geophysical rockets permits us to make complex ex-
periments and to obtain in each launching dats which cen be gampered with one ano-
ther. The large payload also permits us to conduct biological exyori.mentn on the
geophysical rockets. .

A rocket engine cannot maintain a rocket at an altitude for s long time; it
is necessary to search for other methods o.f overcaming graiitltion..

Nature pointed out them to man: the motion of the Moon 'lround the Earth, the
motion of the Earth and othar planets around the Sun.

It 1s necessary to give horizontal speed'of a determined amount to the instru-
ment container, enough to move it slong a closed orbit around the planet, ~-- to

oreates an artificial Earth satellite.
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'Now satellite is an ordinary, fauiliar word, found. in every langusge. FYour

; or tive yeers ago. in the puparation perioé of the IGY, a declaration of the

" gavemments of the Soviet Union end the USa cOncerning the intentions of these
countries in leunchmg artificial satellites according to the IGY progrsm sounded,
".if you please, even somewhst fantastic.

The wide reclaim in the USA crested an impression of full réadiness of this
country for leunching setellites. But the first satellites were lsunched in the
Soviet Union. And what satellites! Not those miniature in size end weight, which
the USA leunched, but gigentic geophysicel stations, flying lsesborsaiories with ex-
clusive possibilities for carrying out complex scientific ex;;erimenta.

The first Soviet satellite in its shooting motion_visible et ey point of the
Earth deétroyed the myth of foreign propegende concern'ing the technicel backward~-
ness of the Soviet Union. ‘

Soviet scientists were not striving towards the solution of psrtial problems,
“but began to make exi:eriments on the satellite nnj.ieraal.

This brought ebout grest difficulties. It could eessily be accepted thet sa-
tellite investigetions could prove to be unsuccessful only due to incorrect esti-
matiohs of the factérs t0 be messured. The physicel conditions on the satellite
itself could complicate the work ;:f eny instrument. It followed to approach the
solution of these problexs utép by step, think out every step of the investigations,
try to obtain the maximum scientific effect. All these considerstions specified
the sequence oi the experiments, which were conducted on Soviet ertificial Eerth
‘ utenitu. : | , ‘

The - t'irst Soviet satellite permitted the obtainment of date on the upx;er
1onospbere end on the condition.s for providing redio c.amnnicqtiona with the sa-
tellite and on the tempereture conditions inside the aatellite. This was neces~-
sary in order to explain the conditions in which the instruments must bave ope-

Tated and the existance of the first space traveler -- a dog nemed Layke, who left
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the planet on the second satellite on 3 November 1957.

) The Firet Soviet Artifiolel Barth Satellites o

a--This gleaming aphere is the first artificiel Earth satellite in the world.

It was launched in the Soviet Union on ) October 1957, the year commemersting the -
100th enniversary of K. E. Taiolkovskiy's birth, the year in which his foresight
was trensformed into life, & symbol of the beginning of the =spsce age. The first
artificial satellite permitted plapetary explorations of the density of the atmo-
sphere and the ionosphere, end the temperature conditions of the satellite.

b--The second artificisl satellite permitted the brosdening and expansion of the'
progrem of geophysical investigations, beginning with the llunching of the first
satellite. (contipued on next page)



The lerge weight of the satellite permitted a biological experiment to be conducted
on it, in order to study the influence of prolonged space flight on & living or-
genilm.

¢--The third Soviet satellite, as both of the two predecessors, vas leunched ac-
cording to the program of the International Geophysicel Yeer. The large quentity
of verious instruments, loceted on the satellite..permitted the performence of
experiments in studying the upper stmosphere end outer-space, the obtainwent of
many cowpsrable results. The launching of the third satellite'hel'p_ed the Soviet
scientists to imnediately carry out ell the corresponding divisions of t.e IGY
program, ta<en on by the Soviet Union.

The second satellit.e. by way of a biologzcal experiment, permitted the euti-
mation of the amounts of cosmic rediastion in verious geographicel latitudes, the
discovery of the poler areass of the outer zone of the Earth's raiiation belts,
and the careful preparation end coaductesnce of experiments on the third satellite.

The third satellite, lesunched om 15 May 1958, weighed 1327 kg. Only the
weight of the equipment and power sources was 968 kg. This was reflected in the
striving of the Soviet scientists for the complexity of the investigetion and
greater povwers of the Soviet rockets.

This satelliie permitted the accomplishuent of en entire division of the IGY
program, teken on by the Soviet Union. It mede over 10,000 revolutions sround the
Earth. The use of soler batteries as power sources permitted the obtsinment of
ascientific informetion during a lerge interval of time, taking up & significant
po}tion of the IGY and sll of the IGC period.

In 1958 American satellites also took part in the IGY program. The first of
them, "Explorer-1®, wes launched on 1 Februery. Due to the smsll power of the ro-
ckets on the first Americen satellites it was impossible to distribute a suffi-
cient amount of the equipment. Their launching, &8s a rule, took on the character
of a pertiasl physicel experiment. A satellite with a full-scale program of in-

. veltigntions. *Explorer-VII®, wes lsunched ‘only at the end of 1959.

It is impossidble not to note the internationality of the inveatigatiom vith

the aid of satellites. Scientista of all countries could follow their movements

and receive radio signals. There are several reasons for this. In the first
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place, the Soviet satellites hed & large deviation of orbits toward the plene of
the equator .and could. therefore be observed over the territory of eny cOuntry..
Secondly, thﬁé lerge ‘d’ipensiom of the Soviet satellites sllevisted the performence
of optical and pnotographic observations of them. In the thiﬁ »lece, the large
power of the radio .transmitters of the Soviet satelltites sllevisted redio tracking,
and the opersting frequencies of these satellites (20 and 4O cps) differing from
the frequencies of the Americen setellites (108 cps) pemitt;d the e_ccmpli-shmeﬁt
of ionospheric investigations (on the basis of observit;g the passage of redio waves
' thrbugh the ionosphere).

. In its motion 8 satellite envelopes .larger spaces, it exists for e long time,
and the solar betteries prolong the operation of its instrumente. Does this mean
thet rocket sounding has no meening for satellites? Of course pot. A sstellite
cennot move along en orbit lower than altitudes of epproximately 160--170 km.

The whole thickness of the atmosphere lower than these altitules is insufficient
for direct investigation from an artificiel Esrth Satellite. A setellite does not
offer the pos;sibility of performing a vertical cut of the atmosphere. It cennot
conduct meesuring in a given point in any desireble moment of time. In this are
basic s_bort—comings of it in comparison to rocket sounding. Consequently, only

an intelligent computation of the investigat‘;ona with the aid of rockets and satel-~-
lites can present & clear picture concerning the structure of the stmosphere, ita
motions. - ' .

The study in the Soviet Union and USA of . the atmoaphere with the aid of roc-
kets and satellites according to the IGY program pemtted the obtaiment of the
first relisble information concerning it. Investigations with the aid of rockets
end ertificial sstellites of the .radi;tién of -the Sun‘'end the Eerth's nagneti?
field permitted the discovery of & radiastion zone around the Eerth, the ionoephere

and outer-ionosphere currents,
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The Internstioral Geopaysicel Year was not even over &nd nevw tasxs were facing
the investigators.
) Our powerful, technically perfected rockets brought into orbit satellites ‘bf
enormous wgight. ?quipped with a large amount of scientific apperetua.‘ This crea-
ted favoreble conditions for conducting scientific investigations. It could el-
ready be seer; fhen. thet in the power of>Soviet scignce was not only the entry of
the satellites into orbits near the Earth, but ai&o in reacbing the remote envi-
rons .of the Eurtk. And actually, the Soviet rockets soon overcames the mext space
barrier.

| The firat spece rocket wes shot up on 2 Jenuary 1959 to side of the Moon,
"and gding on a gi';ren trajectory in sn immediate distance from the perzﬂanent satel- .
lite Earth, went into orbit around the Sun, and became the first ertificial ple--
net. In this menner, the seéond cosnic velocity was overcome, or the velocity of
liveretion, equal to 11,2 km/sec. et the surface of the ﬁarth. '_I'hg: body; having
obteined this velocity, always leaves the Eerth's gravitational field.

The immediate study of the Moon was the purpose of the next launchings.

The second Soviet space rocket, which took off on 12 September 1959, reachsd the
surface of the Moon on 14 September, end was esteblished there is a symbol of
man's creativity over the forces of nsture, the banners of the Soviet Union.

The fundemental purpose of this first interplanetary flight wes the continue~
nce of the explorations of outer-space, the nesrer regions of the Eerth end the
Moon end the Moon itself. The great power of the ;angiziea of the multi-stege roc-
ket permitted the sccomplishment of e complex experiment, the obtainment of the
first information on the physical features of the netural satellite of our pl'anet.'

The launchings of the Soviet satellites and the first space rockets vere
alstinguished by high precision. The third Soviet space rocket entered on 4 Oce

tober 1959 into a comrlex spetial orbit arocund the Earth amd Moon snd lsunched

a sutcmatic interplanetary station. This stetion, on commands froxw the Earth,
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orientated the photo devices instslled on it to the Moon. For forty minutes it
photogrephed the reverse inaccessible examination of side of the Moon from the
Earth, processed the photographs obtained and then, upon approsching the Earth,
it transmitted these photographs and sent them to the people. On the claims of
the first discoverers, the Soviet scientists gave names such as new "sea‘, "moun-
tain®, "cirque®". An Atles of the reverse side of the Moon was published by the
Publishing House of the Academy of Sciences USSR, and in it are shown the reiultl

of this complex, distinctively accomplished space flight.

The first Soviet space rocket. Gensral view of the nose cone (a) and instrument
capeule (b). Leunched 2 Januery 1959. This was the first spece oreft created by
buman hands, which differs from artificiel satellites in that it never returmns to
Earth. Of course, it is impossible to exclude the possibility thet man will be
eble to ultimately find it in interplanstary spaces and, roturning to Earth, place
it in a museum. It served us to a gre.tgr extent than Nansen's °Fram®, Heirdal's .
*Kon-Tiki® or even the boat of Peter I. A scientific spparatus, located in the
capsule of the rocket, permitted the obtainment of the first data on the physical
processes in interplanetery space and in the vicinity of the Moon.

The launcbing on 12 February 1961 of a Soviet racket to Venus was a new and
great achievement of science and technology. It is lmown that for such & flight

incomperibly higher accuracy is required than anything previously achieved. The
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accuracy of the successful flight is Sven more astonisliing, since the flight of
the space rocket and the automatic station located on it was accamplished sccording
to an original, not earlier used plan: the rocket was lsunched from a hesvy arti-

ficial Earth setellite. It in turn led the sutomatic interplenetery station on a

trajectory towards Venus.

(:u om; umr
by T

a--General view of the station on mounnng urt.
b--Diagrem of photographing the Moon. :

AlS -- the first automatic inatallation, which went towordl our oo-mic neigbbor,

the Moon. In obliging the wish of the people whe sent it up, the AIS. ‘photographed
the invisible side of the Moon and transmitted the photompha obtuned to the Earth
together with the results of other exporimont- in’ the lt\uly of outcr-lpuce.

At the end of May 1961 the atation crouod tho orhit or Von\u m c point. where
Venus turned out to be at approximately thia tima. m dutnoe bet\nen this meeting
point and the Earth consisted of approximately 80 nillion hl.

This is not the shortest distance befwesn Eorth lni Vemu. vhioh is nppron-
metely equal to 4O million k. What apooified such a nhction of. s moting point?
The fact that at the shortest distance, Venus 1- looutod betvun tho Earth sand the
Sun. The radio emission of the Sun can smother trensaission from an interplanetary

station, and communications with it turns out to bc inpouible.

e,
.,
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Automatic interplenetery stet ion, lau-
nched to Venus 12 February 1961, on
mounting pletform (4) and diagram of
its installations (b).

In the second half of Mey it came
close to Venus, passing it, according
to calculated data, at a distance less
than 100 thousand km. This is & result
exclusive in its precision.

The launching of the AIS was accompli-
shed frow a heavy artificial Esrth sate-
1lite, guided onto circuler orbit by

s powerful rocket.

Key to (b): 1. Spike entenma; 2, Small-direction antennaj - 3. Heat units;
+ Solar batteries; 5. Unit of precise solar and astral orientstion;
6. Parebolic antenna; 7. Charged particle catcher; 8. Magnetometer units;-
9. Earth orientation unit, e
The weight of the sutomatic interplanetary station is 643.5 kg. This is not
8imply & technical rscord like those, which the aviation federation registers.
In space ships, in interplanetary stations and in satellites it is impossible to
carry ean excess load into orbit. Every grem of their weight works and bears deter-

mined responsible duties according to the assigned program of investiigations and.
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trammit; their results to Esrths

.The weignt of the sutomstic inéerplenetary stetion -- this is the scientific
epperatus for inveqti-éa‘ting _cosmié: r-adiation'. wagnetic fielde, interplenetary met-
‘ ter.and regist‘eri'dé collisions vitf; micrometeors. .Thc ueightA of the station ~-
this is the syatemlffbr regulgting the terperature inside it fo.assigmd limits, &
radio system, deaiénéted for tr'ansmitt‘ing scientific informstion az;d reports on
the operating conditions of all systems and units. The weight of the station --
this eonsists of the chemicel ‘power sources, the-solar betteries, the sysztem of
soler orientation, elements of the construction etc.

In the 15 May 1960 leunching e series of experiments was sterted on guiding
space ships weighing more than four end a half tons onto the orbit of :the Esrth
setellite. The orbits of these ships were precticelly exectly round, which testi-
fies to the high accuracy of their entry.

Three sbips. sccording to & plenned progrem, were returned to Eerth together
with ail the scientific apparatus, with "zoological éaxdens' on the ships, This
problem could not be solved without relieble stabilizestion of the shi:p in ll'light.
ﬁrecise work of the engines ard .the entire complex of landing gear. .

The precision of the guidence of ths Soviet ‘r.ockets wes demonstrated in thlis
experiment not oriiy as a result of the entry of the space ships into orbit. The
second space ship flev in the course of 2, hours on e petlh. epproximately equal to
the distance to the Moon and back. Then, with the greafest precision for the first
experiment, (the deviation consisted of less than 10 km) 1t landed in tl;e assigned
region. Am.:ther pert of this landing stends out: it was performed so accurately,
that ﬁot onme of the snimals located in the ship end capsule suffered, and the ahﬁ;
itself turned out to be completely suiteble for utilizetion sgsin. ' .

» The fourth end fifth space ships landed precisely in the assigned regionm.

The successes of the developrment in the USSR of rocketry and space explorations

is impossible to e>plein by good luck. Our country has a powerful tgchnical base,

>



and quelified specislists. The economic aad sncialist structure of our society
made the success of the Soviet Union reguler.

The rockets and satellites created exclusive poésibilitiel for s number of
‘sciences: geopnyaica." estronomy, biology, meé‘omlog}'.‘geoloy and othera.-' They
made a realistic statement of such problems, which were hard to:dream adout even |
ten yeers ago. Some of them are alrgedy being successfully solved.

K. E. Tsiolxovskiy called the Efrth the credle of the mind. The first ®"glance®
of the instruments, sent beyond the limits of the atmosphere, wes directed nemely
to the side of this credle, the first ertificiel Eerth setellites were geOphyéical.
They were designated for eccomplishing scientific investigetions eccording to the
progran of the Intermstional Geophysical Year.

What scientific results are Obtained with the aid of rockets end sstellites?

Radiation belts. The mechenism of the motion of charged particles is not com-

plex. Under the sction of e megnetic field of the Eerth they begin to move along
magnetic power lines, et the seme time revolving around thex. The trejectory of
the motion of the chsrged particles as if ®climbing® to. the magnetic power line,
appears to be spiral. Depending on the energy, the mass of the perticles, the plece
and direction of its motion in the Esrth's mesgnetic field, the charascter of the
trajectory of the. particles, "selection® of eny magnetic power line on which it
will "climb®, will bg determined.

But from what has been said, it does not follow at all thatl e particle fell
into & trap. It would seem that it must pess along a power line and lose its ener-
&y upon approaching towards the Earth. '

So it would be, if in the approach to the magnetic pole the particle were not
to overcome the resistenceée of _ttfé'thickening magnetic power ,1ines. It, as in the
resistance of & spring in e mechenical motion, slows down the motion of thé parti-
cle along the magnetic power- lina. Then the particle stops snd begin; to move

beckwerds. It is as if thrown out by the magnetic field from the polar srea along
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the same power line, ‘I‘hil reverse motion graduslly is accelerated. In the point
of passege of magnetic equator the velocity of the particle reeches the greatest
value., Then, as it approeches another magnetic pole of the Earth, slowing down

again begins. This phenomenon is repeated again and ageain.

Photograph of the Earth from a high-altitude rocket. The Earth is seen from an
altitude of several hundred kilometers. The rapid flight around the Earth by the
satellite, the utilization of complex and precise appsretus led to the fsct that
now we ere studying our plenet as & whole. We can determine its exact shape, stuay
the magnetic field at great distances fram the terrestrial surfsce, examine details
of atmospheric phenomene and study the generel regularities of atmospheric and
marine movements, which is extremely necesaery for a concept of the physical meche-
nism of the natural processes. It is in turn necessary for fore-casting such pro-
cesses, and ultimately for active intervention of msm into them.

a
The aurora borealis is an exceptionally beautiful sight. It occurs et slti-

tudes from spproximately one hundred to one thousend kilometers. Its appearance
is accompanied by magnetic storms. An attempt to physically explein this phenamen
led many scientists to the conclusion that the aurors borealis is csused by char-

ged particles, caught by a magnetic field and held in it for a long time. This
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proposal wes expressed and physically founded back in 1911.

In the beginning of the rocket and satellite investigetions of the Earth's
.atmosphem tbe task oi: studying these particles ceught by » magnetic_!'ield hed not
been set. Therefore. to a certain .extent. the result obtsined by the Soviet ‘scien-
tists proved t§ .be unexpected upon studyiﬁg cosmic rays on the second and ¢third
Scrv'iet artifici;l satellites, ;nd then by Americen scientists on "Explorer-III®
and *Explorer-IVe. .

This unexpectedness is not only in the discovery of an ares of increesed in-
tensity of redietion, an increase in the quentity of perticles of high epergy,
fslling into the registering instrument in a unit of time, but in the divergence
of the data obtasinad by Soviet and American investigators. ’litix the aid of the
second and third satellites & sharp increase in the intensity of cosmic rediation
with an increase in geographic latitude and cimulteneous increase in altitude was
discovered. Thc results obtainéd by American scientists told of the increase in
intensity of radiatio.n with altitude and of the sbsence of the dependency on iati--
tude.

It wes clear that the increase in intensi.ty of redietion was due tovthe cap~-
ture of these perticles and the holding of them in en unususl trap by the Eerth's
megnetic field. But what did' the divergence explain? Maybe, the s.egret lies in
the peculiarities of the orbits of the a‘atellites end in the stn'actu.re of the radia;'
tion zome around the Barth‘r .

The Soviet satellites had greater inclination of orbitel plene towsrdis the
equetoriel plene than the American satellites. which pemitted thcm to seach . th.
polar zones, but on the other hand, they had smaller altitudes pf apogee}. This
means that it would be completely possible to assume that the zone of ra&iation
has & complex structure. Its "internsl zone®, beginning at grest al titudes, was

practically not reached dy the Soviet satellites. But the lower edge of this zone

1 Apogee -- the greatest diatence from the earth's surface to an orbital
point of a satellite.
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was oaptured By American satellites. The ®externsl zone®, loceted at very great
distences from the terrestriel surface and with its extremities penetrating com~
perstively deep into- the polar stwmosphere, was discovered by Soviet setellites.

This wes plausible, but required verification, which could te accomplished
ohly by meens of s vertical cross section of these zones or dbelts of radiation.
“This tesk wes set before the ;aunching of an American rocket to the loon in Decem-
be.r ié_se and et the lsunching of the first Soviet spsce ship on 2 Jenuery 1959.
buring these launchings the structure of the Earth's rediation belts wes subjected
to & deteiled study. ~

It is interesting to note that the unsuccessful attempt of the imericen scien-
tists in their besic goel, to put & rocket on the Moon, led to unexpected sﬁcceu
in studying the struct;_lre of the rediation bélts of tge Earth. The rocket, having
reached an altitude of 107 thousend km, fell back to the Earth and in this manner
mede a verticel cross section of the radietion zones of the Eerth not o;xly at the
ascending portion of the trejectory, but st the descending portion in & scmewhst
different direction.

The proposals concerning the‘_structure of the radietion belts of tke Zarth,
which were made after their discovery with the aid of artificial satellites, were
confirmed as o re‘sult of the leunching of the first Soviet space ship and the Ameri-
cen rocket *Pionecr-ITI*. The following launchings of Soviet snd American spece
skips also permitted the .obtainment of date on the structure of the redistion belts

of the Earth, and on their verietions in the course of time.

Magnetometers, installed oz the Scviet space ships, provided the poésibility R

of discoverying a system of g\ggrgnts in the radiation belts of the Earth, thst '
was not oaly the best infomééién of their existence, but to & certsin exteant cha-
racteristic of their mechenism,

Additionel informstion-on the rediation zoncs of the Eerth wes obtained elso

with the 8id of leunchings of setellites and high-altitude rockets. It wes dis-

55

o e ——e.



covered thet these zones are not symmetrical rclstive to the center of the Zarth;
over the western hemisphere (over america) the internal zone begins at en alti.tude
of. approximately 630 mm, snd over the esstern hecisphere (over australie) at an_'s
sltitude of ebout 16C0 ku. The reeson for this, as one might gucss, consists in
the peculisrities of the structure of the megnetic field of the Eerth -- in the
experiment -- the non-coincidence of its “center® with the geometric center of the

globe.

Brewnnn obpacme

The radiation zones of the Earth. This is & cloud wkich is colossal in its dimen-
sions composed of charged particles, caught by the magnetic field of the Earth

(N end S -- north end south geomagnetic poles). It extends for several tens of
thousands of kilometers from the terrestriel surface end consists of two comcentric
extremities-zones: external end internal. The external zone wes discovered by
Soviet investigators with the eid of the second end third ertificiel satellites,
the interrel zone was found by American investigators by means of *Zxplorer-III*
and "Explorer-IV*.

KEY: 1. Earth; 2. Externel eres; 3. Internsl area.

This non-coincidernce was known esrlier, after ggdam investigations of the
magnetic fi‘elcl'. But the dete obteined upon s'tudying“the zones of radiation; com~
relled a re-exemination of this experiment. If.;__earliez" it was considered to Ve
equal to 300 ka, then now it has incressed to 500 lan.

The internsl zone bhss a maximum distence from the surface‘ of' the Eurth of
epproximately 2--3 thousend-km and ends at & distance of 3--4 thousand km. The

externsl zone begins at & distance of spproximately 10--11 thousend km, hes a mexi-
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mue distence of 20 thousend km and extends up to 40--50 thousand xm from the surface

" of the Eerth.
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Spectrum of emergy of chearged particles in the interne]l redietion zone of the Eerth.
KEY: 1. Protons/cm? sec Ster. MeV; 2. Kinetic energy, MeV.

The energy of the particles lies elong the horizontel exis, apd the flow of ‘cherged
particles, or the intensity of rediation, along the verticel exis. The curve in-
dicetes the relaticn of the particles of various energies in the internal redis-
tion belt. The basic pert of the protons has emergy of about 100 MeV end the rels-
tive number of particles with an energy greater then 200 MeV 1s comparetively smell.

Upon studying the zones of rediation, it was established that the internal
zone consists of besically protons with high energy, ebout 100 million electrono-
volts (MeV). The external zome mainly consists of electrons with comperatively
low energy -- 30-100 thousend electronovolts.

In the southern part of the Atlentic Oceen in the,_'intemai surface® of the
radietion zones there is &n unusual depression. It matches up by hsaving & magnetic
enomaly. The border of the radiation belt descends hére to en sltitude of epproxi-
mately 300 o,

Upon a study of the resdistion belts of the Eerth it was slso discovered that

the external zone is not stable in time, that its configuretion, concentrstion and
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energy of its perticles change. At the saxme time, the interpal zone remains rels-
tively steble.
The ceuses of these changes lie in the inconstancy end instebility of the

*work® of‘-'those sources of cherged perticles, from where they.fall ‘into the 'xn.ég-

" netic fraxi" of the Earth.

. Dué to the collisions of perticles of the rediestion belts of the Earth with
ges end dust nerticles of en interplenetery medium, molecules and atow of the
exosphere -- the uppernost part of the Easrth's estmosphere -- a certoin gquantity
of particles, camposing the belts of radiafion. constantly loses its erergy, which
the verietion of the zones of rediation of the Esrth in time to a certesin extent
depends on the irregulerity éf the departure of fhe pa:ticlgs; the concentration A
of the gas and dust perticles in interplanetary space is greatly changed.. Such a
propossal is not very probadble, more s0 that the relative role of these particles’
in dispersing the psrticles fr;om the Earth's radietion belts is comperatively small.

This means that the instebility of the deperture of the perticles frowm the |
radiation zones may be explained by the varisbility of the quantity of molecules
.and atams of the atmosphere, with which collision of high-energy particle$ may
occur. Such en explenation 1sl plauaiblg.

After cereful processing of the results of the measurements conducted with the
eid of fhe first Soviet space ships, dates was obtained dn the fact that at alti-~
tudes of 50--75 thousend km, i.e. beyond the limits of the externel redistion belt,
there ave flows of electrons with emergies excéeding 200 electronovolts. This
permitted the assumption that a third radiation belt also existe. Its c.he_rac"teri-
stic is e large iz;tensi.ty of flows of;.charged pari;icles at canparitivei& snall ener-
gles. 'I'he date obtsined in the launching of the ‘Americla:‘x'rocket'. *Fioneer-V*, in
March 1960, confirmed the assumption of the Soviet sc-ientis.ts,

The flights of the second end thind Soviet satellits ships provided the pos-

sibiiity of composing @ chart of the distribution of rediation sccording to inten~

1
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sity on the surface of the globe.
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Chenge in the Intensity of Redietion in the Rediation Zones In the Course of Time.

Key: 1. N20~1 "seQ.lster.-lJ. sec; 2. Intensity of redietion in redistion.
belts; 3. Trajectory of °*Pioneer-III®; L. *Pioneer-IV®; 5. Ascending arm;
6. Descending erm; 7. 2nd space rocket; 8. 1lst spece.rocket; 9. Thousands
of km; 10. Megnetic field ellowing for radistion currents; 1l. 2nd space roc-
ket; 12. 1lst space rocket.

The rsiietion zones of the Earth, in particular the externsl zone, are not stedble
in time and space. Measurements performcd on various space rockets provide sub~
stantielly different results. It is chsracteristic thst these charges are seen
even in the results obteined with thc aid of the Arvericen rocket, "Pioneer-III*®

on the ascending end descending armms of its trejectory. Deviations in the emount
of stress of the megnetic field from calculations obtained with the use of the
first and second Soviet spsce rockets and compiled in the lower part of the grsph,
influence the presence of large currcnt systems in the maximum eres of the externel
zone and the variability of these systems in time.

Whet 18 the source of the particles for the radiation zones of the Eerth?
At the present time it'is accepted to consider that there may be two of these

sources. Cne of them is the Sun, which is constently throwiﬁg out clouds of cher-
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‘ged particlo;_ot high energy, pert of which can be trapped by the Earih's magnetic
field, when it falls into the °sphere of its sction®. .
The use of this proposel indicates the clop? c;nnegtion.beiveen the changes
in the ;xternal zone, its dimensions, intensity of radiation. remoieneaa of radis~
tion maximum. with megnetic storms &ad the auroras borealis. The aurors borealis
is connected with the chenge in solsr actﬁity. The déta possessed provides a besis
to propose tihet the closer the rédiation maximum in the ¢1£ernal 2oue is to the
surfece of the Zarth, then the stironger the magnétic storm was, which was preceeded
by the formation of the zone. -
Amotier source is cosmic radietion. Perticles of this radiation have too
much energzy to be suddenly caught by the megnetic field. TLey penetrate through
the field; only somewhet ckenging the direction of motion, ;nd reach the upper
atuwosphere. After collisions with gas perticles, new perticles are formed gith
less e¢nergy. Among them are neutrons. Neutréns are electricelly neutrel eni pass
frecly through megnetic fields. They could, depending on the.flight direction,
move either up to @ new collision with gas particles or generelly leesve the Eerth
anl move into outer space. But it turns out that the indepenient life-time of a
‘neutron is comparatively short and it quickly decamposes with the formstion of
tw; charged particles: e neutron and an electron. They cen alread& be trapped
by e megnetic field and supplement the'suppliea of particles in the magnetic trep.
For s long time there did not exist & single opinion in relation to the amount
of the stock of soiar éctivity in the formation of the Earth's'radiétion 20Dnes8.
Now it is sccepted to essume ;hat the éxternal 2one is formed solely due to qolar
activity, end decomposition of neutrons, 'Eartp radistion®, may pley & significant
role in the iaternal zomne.
" At the present time, the cause hes not been esteblishsd for the existence of
e steble "clearence® between the external and internsl zones =-r the decreasing of

the concentration of charged'particlea.
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The interaction of the Earth's magnetic field with charged psrticles of high
energy offers 8 substantial pmposol that the particles, which by some means have
fellen into the magnetic field, will be trapped outsidg the dense atmosphere.

i_f these particles erter any restr.ic_ted sree, then they. evidently, are not spreed
out through the entire redietion zone. Théy élao d6 not stop on Qx;y insulated
power line. At the motion of ths particies along e line -a "drift® (m.igration)

of ¢lectrons tovwerds the esst, end protons towards the west tekes place. As e
result cf this drift the Zarth turns out to be trapped by en unusual thin shell

of charged particles, vhich hed fellen into the megnetic trap.

At the .pn.esent tinme only ome specific source of charged particles is known,
en etomic explosion. Nemely the atomic explesions et greet sltitudes which were
used by thc USA in the so-calleﬁ "Argus experiment'l. The fundemental purpose of
this experinent, of cohrse. is not in the explanation of the mechenism of the exi~
stance of the Earth's red‘ietion zones : .it is known. It was necessex;y to investi-
gate the possibility of shielding reder stations with an ertificielly created shell.
of charged particles for the detection of bsllistic rockets and to stg&y the in-
fluence of such a shelvl on the nuclear chérge of e rocket pessing through it.

The atomic explosions made by the USA which caused some enlargement in the
content of radioactive isotopes in the atmosphere did not justify ez.xy geophysical
probtlems. These results could have been obtained by purely theoreticel meens.
Soviet scientists, I. S. Shxlovskiy and V. I. Kresovakiy, investigeted the physi-
cel mechanism of the exiataz;ce of the belts and the possible sources of the char-
ged perticles entering them. They errived at the same conclusion es the Americens,
but not by means of conducting _e:plosidna. but theoreticelly obteined these results,
8s they often say, “with the point-‘ of & pen®. It is vex"y protable thet the possi-
bility of obteining these results by theoreticel means caused the American sciene--
tists to make "Experiment atgus® secret. Similar te:ta could not remasin secret,

The fect of existance of high-altitule nuclear explosio:‘m is discovered by Soviet
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end French iavestigetors at the registerinz of briefly-reriodic verictions of tke
asgnetic field; lately, it hes been reported that they were the sane ss those re-
gistered by the American scicptists. All thiﬁ i.ndic'at'e.s the impossidbility of con-
cea?ins nucleer weapons tes<s and the gecsssity of prohibiting them. ‘

So, study of spece with the aid of rockets and satellites esteblished thet
the Earth is surrounded by lerge, dynamic radiation zones whbich are srread out for
f.en or more.radii of the terrestrisl globe. It further estsblished thst upon the
ultimate penetretion into outer space, beyond the liwmits o tho externel rasdiation
zone, the intcansity of cosmic radietion becowues comperatively slight. This, it
stands to reason, is during e guiescent stete of the Sun. CTCuring the flashes on.
the Sun lerge clouds of plasma (c;:mpletely ionized gas) sre thrown off into inter-
planetary space. Usually this is Also accompsnicd by an increase in the intensity
of coszic radiation. o _

The magmetic field of tke Earth., 1In the previous section it .was poiated out:
that the megnetic field of the Earth is ;he originel csuse of thg existance of the
rediastion tclts of tke Eerth. This meens thet there nust ﬁc xaterisls for studying
the zones of radiatiocn end infcrmation on the magnetic field of the Earth at long‘
distances from its surface.i

It is known that megnetometers were installed on the third Soviet ertificial
satellite snd on Soviet spece rockets. Tne magnetometer on the thirﬁ satellite
permitted the obtuinrient of certein date on the 'geOgrapﬁy of the megneti: field®
at altitudes from 230 km to 1300 kam in the belt of latitudes, encompassed by £ha
. crbit of the satellite. This dats csn be compered vith'iatérieis of ground inves- -
tigafions. It then serves as g besis for celculating the o;curepce depths pf the
sources csusing constént abnofmalities Bf fhe ;;;netic field of the Earth.

Not'far into the center of the European portion of our country, the workiag
‘of one of the richest iron or; bessine in the world has sterted -- the Kursk maé-

netic enomaly. It is e gigentic, neturel storehouse of iron ore. The metel ex-
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~tracted from it is converted into mschines, stcel constructions.. and reilrosd bands,

texes pert in the ulterior industrial development of the country and in cerrying -

‘out the soven-yesr plen..

The Kursk mégnetic ecomaly is not the only ome in the Union. In the east of
the country there is e gigentic anomasly, where the srrow of s compess freaxishly

refuses to indicete the precise direction in the northern megnetic pole. In so far

‘es the snomnsly is stipuleted, as a rule, with deposits of magnetic minerals, toe

question erises, wor't the Eest-Siberian mesgnetic anomaly become the new metellur-
gical center of the country in the near futu.fe.

In order to obtein the answer it is not nec2ssary to coriuct deep drilling in
the territories encompassed by the enomslies. The investigetions conducted with
the aid of the third Soviet satellite indiceted that the devistion of the msgnetic
field st altitudes several hundreds of kilometers above the surfsce of the Earth
differs very much from what wes thecretically computed. This cen be ceused only
by extremely prowerful sources loceted 8t a very greet depth.s

Apart from constent anomslies, there asre also periodic, brief variaetion of the
magnetic field of the Esrth. It wes proposed that their existence is explesined by
current systems in the upper atmosphere. This hed ,to.be verified.

The results of the investigations with the eid of the third Soviet aate_llit.e
provide e sufficien£ tesis to essume that periodic veristions of the'magnetic.field
are stipﬁlated by current systems in the eres of the principle maximum of the iono-~

sphere.

ok a—

The magnetcnete‘r installed on the third Soviet satellite cohd register the U7
1nteh_$i£y.of"the magnetic field et eny geographic latitude and et eny corre;tioﬁ of
the satelllite. -t ;;ermitted the Getection and ofienfetion of the satellite and its
position; ‘at. any moment in reletion to the direction of the mag:eticr;.)ower lines.
Toe position of the satellite. at any momernt in re].aﬁon to its mption &nd the mo-

tion. of the Sun etc. could be couwputed. This had importent significance for 8 num-

'
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ber of investigations.

What is still the most intcresting object of the magnetometric 1nvestigaiiona? .
The size ond veriebility of the magnetic field st distan_ces from the Earth corres-
ponding to the resdietion zones 'of the zZerth. This interest is atipulate’d: not onl&
by the fact that the Eerth's magretic field is e trap for cha;'ged parti_clea. but
by megnetic effects which cs. be stipuleted by the motion of the cherged pérg.icles
in the radiation belts of the Eerth.

In connection with the necessity of measuring the megnetic field of the Mocn,

e magnetometer mich more sensitive than the one instelled om the third Soviet sa-
tellite was pleced on the first Soviet spece rocket. Thit led to 2 veriation in

the band of messurecments: the maximum velues of the Earth's mugnetic' field, which
could have been measured oy it, correspondea to the distenmce from the center of the .
Earth, équal to spproximstely 14,700 k. -An even more sensitive magnetcmete.r on the
second Soviet space rocket sta;r;ted to meesure the Earth's megnetic field et a dis~
tance of about 18,00C km fram its center.

Consequently, the messurement of the Eerth's umagnetic field, accomplished with
space rockets, encampasses only the externel zonme of the Eertb's radistion belt,
differing in its "inconsistent charscter®.

It was established that the measured values of the megnetl:ic field strongly
differ to a small extent frow the theoreticelly celculated cneé‘. comp;xted in 8 ren-
ge from the initiai poir.t.of meesuring (14,700 km for the first Soviet épace rocket
end 18,000 km for thez second Soviet spacé rocket) to distences of epproximstely |
23,0C0 km from the center <l)f the Earth. Tae congruence is sufficiently good et
large distances. . o

" Deviations of the méasured negnetic field -qu 'the theoretically calcu.leted one:
'change vith the pessege of time. The meénetuneter of the s2cond Soviet space roc-
]
ket registercd s smaller déviation than the magnetometer of the firet Soviet space
rocket. It wes slso discovered that the deviation meximus of the magnetic field

¢ 1
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‘from the celculeted field is located somcwhet cioser to the surfece of the Earth
than the concentration meximum cof trai}ed particles in the external radietion zone
~of th; Earth. ’
The lergest intersity of radiation is located closest‘tolthe Eorto when 8 uag-

netic storm which had bgen preceeded by the int-usion of corpusc{es is stronger.

In coupering the intensity of radistion with the devistions Affthe actucl tagnetic
field frum the celculeted field, the scientists obtained & besis for assuming that
tke external zone of radiation plays the role of an unususl ®eccumulator® of the
cherged particles of solsr origin. This ®accumulator® is filled with cherged yper-

ticles during megnetic disturbances eni graduelly loses them in the periods between

such disturbsnces. This conclusion coincides well with the fact thet the surors
poleris tekcs place regularily, not only on the deys of msgnetic disturbesnces,

It is proposed thet the extra-iomospheric zonal current systems are the phy-.
Sicol cause which ves stipuletedvby the sbaormality of the magnetic field in the
external zone. In consideration of tbe charecter of the motion of the pharged per-
ticles in the magnetic tiap, .it follows to consider the drift of chargcd pertielee
into the megnetic field to be the only reeson fer such & type of current. In the
drift. the positive par%iclee are transfered to the west end the négativa ones to
the east.

The supply of electrons in the creation of the msgnetic field, as tke calcu~-
lations inlicete, cannot be large. | .

Soviet scientists propose that the ﬁatural wmeagnetism of the externsl zone éan
be expleined solely by arift currents of protcns e&nd positive ionms.

But protons.wlth energy on the order of seversl tens of elgctronovolta aTe
still not discovered experimegtelly in the 5x£ernal 20ne. Does thniz meen that the
proposal is erromeous? No, constent observations of hyﬁrozen lines in the surore

poleris spectrum indicete the presence of protons.
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1tc prescnce of two erces of devistions of the wagnetic field from the calcu~
leted ore, rcgistered by the magnetometers of the first Soviet spece ship (one eres
ot a distence of 23,00C im; the second 25,000 kw from the center of the Eertk),
‘N. V. -P\..\s'hkov €xplained es the. result of two comcentrestion meximums of pmtbr;s.
The f.irst of them Qas formed during e lerge megnctic storw on 3--6 Decewber 1958,
arnl the second during two acderate mgneti;: stroms, whick were observed f@ 12
;through 20 Deceunber 1555 (8 rocket, 8s we know, was lsunched or 2 Jenuery 1959).

The Sun controls the motion of the unper stuosthere. The study of tne upper

atmosphere waes the first tesk of tae investigetions with the eid of rockets and
ertificisl satellites. The fact thet in‘ 8 statement of the results obteined in the
booklet, the etwzcsphere,it tumed.ont the .third plece, is not at all explai.ned
by the disregerd to the problem of the etmosphere or: the 1nsufficiepcy of the i‘e-
sults obteined. The suthor's desire is to heve the previous sections serve as ex-
_planations for the following onmes. 1In perticulsr, ep understending of tiae phenomens
and processes, discovered in the upper layeré of the stuosphere, requ‘ires.a presen-~
tetion on the rediation zones of the Eerth and its mecnetic field.

Measurement of tixe ‘density o.f the atmosphere up to epproximstely 160 km cannot
be eccomplished with estellites.

If measurcmests cen be mede lower than 30--40 km with redio-sounds, then in the
interval of altitudes from [O to 16C ku the natural direct methbol of investigating
the density of the etmosthere is rocket sounding. These megsurements were alse
mu'inly accomplished by the Soviet Union end the USA with rockets in verious geogra-
phical latitudes during the IGY. The data obteineac conforms well ani indicates ~ithe
measurenent of the densitylofr the atmosphere from dey t;a night end from sunmer to
vinter. It slso reports cn the lstitudinal varistions of the.denaity of the at-
wosphere at great al.titudel. .

As a result of tae rocket aounding‘ve succeeded in establ}shing how the tem-

perature of the atmosphere is distributed according to eltitude,for verious seusons
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‘;ﬁd latitudeﬁ. »The wind velocity for a.awiber of altitudes apnd the ion end ges
composition of the stmosphere wee determined. |

Cne of the moat.. importent results of thia‘ entire section of investigeations is
the discovery of the dynemicness of the upper ntre;osp)-.ere end itz lower layers; the
dexgcf;op‘of:winds of very high velocity, significant meesuremcnts of sll the che-
raétefi;tics of the etmcsphere both the reguler, &s well s, possibly, the raerndom.
The diffusion division of argon and molecular nitrogen et eltitudes higber than
110 km wes discovered. It takcs place under the action of grevitation due to the

difference of the .moleculsr weights of these geses.

See attached page €7a for Diagram

.

Dispras of the Structure of Earth's Atmosphere.
The permanently wobile, gigentic atmospheric ocesn only recently becewe sccessible-
for studying its peture by man. 4 more sufficiently clear explanstion Las still not
been obteined end there is still wmore to do. But alreedy after the ten yeers when
Earth's etmosphere started to be studied with indirect ground methods, radiosounds,
eircraft, much importsnt date.was obtsined on its structure end motion. The grester
amount of inforuistion on the structure and dyneamicness of the atmosphere in the lsst
few gears due to rocikets and artificial sstellites is incomperabdble, §§ey on next page)
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KEY ‘I;O- *Diegram of the Structure of the Esrth's Atmosphere®.
‘1. Exosphere. ' .
“‘2. Soviet geophysical ro;kgia-'
| 3. *-A'Radiw“es ahortgf than 15--30 me
4. Fossible altitudes of sgéb’ié orbit of satellites.
Se. Thermosphere. ‘ .
6. Ionosphere.
7. Prime maximum of '1oniu_tion. '
8. hurors poleris.
9. ‘Raéiowaveé;_
10, Neteors.
11. Mesésphere .
12, Mesppanae. |
13. Stratosphere.
14. Stratc.apause. '
15. Silver clouds.
16. Ozoxtoaphere .
17. Neutrosrhere.
18. Sounding belloons. - L "
19. Nacreous clouds.
.20, TrOpOpeuée.
<l. .Troposphere.
22. Temperature °C.
fith the aid of satellites the d;ns,.it.y(of the upper etmosphere was deéémined
by means of measurements and observetions of the decelerai’.i(on of the‘ gatellitea
and registrstions of the veristiorn in the~'period of their revolution around the .

Earth.



The veriation in the period of revolution of tsc setellitc occurs because ir
decelersting it loses part of its energy and trensfers to & more n;rrov orbit.
Tgiéyleads to @ decrease in the lengts of the puth end to an incresse in its velo-
cit;; Since the density of the atﬁosrhéfé fells very quickly with eltitude, deter-
mination of tke éensity on the basis of deceleration in thé'hourse of one revolu-
tion could be releted to a lower point‘of tte orbit, psrigee. 3ut does it then
follow to tkink thet the varimtions in the deasity with the 8id of each setellite
are calculeted for oné point on the surfecz of the Egrth ér.‘at leest, could ﬁe re~-
lated to one strictly determined geographicel ‘latituie?

This, of course, is not sé. Perigcee is gredually shifted olong the orbit ard
as if rotates elong it sround theAEarth. That is way uigh the eid of a satellite
the density of the atmoephere cen be meesured in ary nemisph:ire in & rengc of lati~
tudes equal £o the incildance of its orbit. The gltitﬁde at which the dens=ity cen be
deterwined remsins eyusl to the altitude of perigee e=nd, conseuently, dccresses
ve;y slcwly in the course of time. | ‘

During the IGY the demsity of the et.osphere was dstexmined with the 8id of
several gatellites with vafiouS'values of ﬁerigee. frow 167 mu to 650 kum, end scue~
tines ;p to 1500 laz.

.Instruments for meLsuring the pressure of the stmosphere were 1nztalled on the
third Soviet setellite. This permitted the accowplishnent of measuremente in eny
point of orbit.

The dats obtained indicatga that the domsity of the ataosthere is sigaificzently
bigher them wes proposed eeflier on the basis of certsiz theoretical pren.ises eni
the first results obtained with the aid of rocxets, It was expiained that the exo-
sohere (tye externsl pert of the Esrth's atmosphere) does rot exterd for & thousand

ilometefa. but up to é--3 thousend km.

The dersity of the atmosgﬁere leternined with the sid of satellit~e is presen-

ted in the teble.
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Altitude ' 200 250 3cC 3500 700
Density st- 8.63 . 10713 1.9 . 2023 6.27 . 10724 6 , 1015 7 . 20726
/ mosphere.- &/ w3
With the aiid of rockets and satellites it wes disco'vered 'thatt__he ‘density ofA
the etmospnare var'iates frox dey to night end frau sesson to seeson; afllgi‘o :.re‘gistered
was 8 decreese in the density of the atmosphe;'e vith e decrease in the géosraphic.el
latitude of the place. A ccﬁ:parison of the variations in density of the stwosphere,
pbtained efter observations of the Jeceleration of the sstellites, with soler ec-
tivity provided 8 cleer statistical connection. It was noted thet the variation in
dsnsity of the atmosphere has e tesdency to repest with s period in 27 ciaya. This
corresponis to the period: of revolution' of the equator%al eress of the Sun ar-ound
the axis (rclative to the Eerth). It wes als» discovered thst the disorderly devie-
tions in the demsity of the etmosphere are prOpox;tiomlwto the veriations in redio
emiseion of the Sun from 8 weve length o;‘. evout 10 cm, which charec.terizés the sur-

fac2 activity of the Sum.
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Varistion in the density of the etmosphere with altitude (e) and variation in den- «
sity of the atmosphere depending on solar esctivity (b). .

The density of the etmosphere, determinad according to the period of the utt-llites
revolution around the Earth as a result of its deceleration by the atxzosphere is
changed in close accordence vwith solar ectivity.

Key to grsphs on p. 7Tl.



Key to grephs on page 703

1, bDenaity of the ataosphere.
2. Mtitue. ’ |
3. Hepometers of t&in&\brzﬁfiéiél carth satellite.

4. D=celeration (Harris.and'l’astro). .

5. Deceleration (Stern et al.).

o.. USSR rocket.

7. Decelcretion (Lidov). L

8. Viking-’? rocket.

9. °"Aerobee-Hi rocket.

10. Verietion in velocity of decreese in period.

11. Totel intersity of soler fleshes.

In separate cases (after large flashes on tl;e Sun) it was noted that the change
in density of the atmosphere (registered with the £id of the third satellite)takes
place synchronously with the atteinment of the environs of the Esrth with corpus-
éuler flows, but not together with the flssh, end with e deley of approximetely one
24-nour period (the time whi:xh is required for the environs of the Eerth to attein
a flow of corpuscles) apd simultanecusly with the beginnirng of a msgnetic stomm,
ceused by .the cox'puscul;ar flows, ' |

The length o!“ the .exiétance of the third Soviet artificiel zZarth satellite 1o
rroof of the lesting influence of soler sctivity on the state of the upper stmosphere.
The satellite treveled almost half:a yeer more then it was determined by the ini-
tisl calculation. An error in calcixlll'ation'{ No, gpntemporu?_‘_'canputva'tion madis
.exclude the possibility of such a élumey mistelz. The reas’o::: is in the fact thst
in the initiel calculation of t.he length of existance of the'sa'tellite deta on the
dezsity of the stmosphere et the exd of 1957 to tp; beginning of 1958 ves utilized.
At this time there wes e maximum of soler sctivity. With its decreise at the end

of 1958, 1959 and the beginning of 1960, tle demsity of the upper atmosphere and
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resistance to motion was reduced, end the life-tiwe of the setellite wes increased,

There are still certain fects &etermxned by rockets which are nccessary for
constructing a hypothesis cogcerning the mechanisn of aolar.action‘on the upper
etmosphere,

Above 8ll, & sherp d¢ilference in the densities of air et asltitudes higher than
100 kn is noted in the polar end moderete letitudea. The density of the poler at-
mosi;.here turaed out to be aprroximsately six timues hi/\g,her. It 1s true, messur=ments
of the density of thc stmosphere in moderate latitudes, with whico 8 conpnrison wes
made, pertained to 1551, when there wes a mininum of en eleven yeer cycle of solar
uctivity, snd mcesurements in the polar letitudes pertained to 1957. But it fol-
lowed to expect trat the difference would remain greater upon ‘si:mzltaneous mecsur=-
ment. |

It wes els discovered thet the determination of the density of the atmosphere,
performed by observations of the motion of the Americar satellites. with small engles
of orbital inclins towards fha equatorial plane (ané not havirng fallen in its motion
on orbit in the polar arees), did not provide latitudinal méasurement of atmospheric
dersity and such & strong connection of it with splar activity, which was obteined

by observetions of the motion of Soviet satellites,
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(Caption erd key to figures on pege 73)
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Certion to figures on page 72: Demsity (s) and temperature (b) of the upper stmo-
sphere ir polar and moderately equetorisl latitudes.
With the aid of rockets srd satellites subatential differences in the density end
tempersture of the stuosphere of the polesr amd modcrate z0r:s are esteblisbed.
Together with the dependence of the: veriation of the period of motion of the satel~
lites (on eatrongly inclincéd orbits) on soier e:tivity, this offers e besis to pro-+
pose thet the poimr atuosphere in its upper layers is heeted D)y edlur corpuscles,
trapped by the Eerth's maynetic field snd directed by it to poler areas. i

:

#

&

Key to f.igures on pege T72:

l. Density,

2. Altituie [km /.

3. Poler stmosphere.

4o Moderately equatorial.

5. 'fempera.tum.,

6. Altitude above sea level,

7. Atmosph.ere'of woderate letitudes.
These veristions 1;1 densily can be explained only by heating of the stmosphera.

its tewpercture wes determined by direct methods in :;ocket sounding up to caupere=~

tively low eltitules: s&prroxirmstely 1CC km. Higber then these eltitudes determines-

tion of tcmperatz-:.re took place not by dircct methods, but according to that varie~

tion in density, whick was mentioned abvove. Thus, se e result of messurements of

the temperature, it was discovered tuet it is signifinantl.y higher thkan was proposed

earlier, and in the poler letitules reeches eltitudes of 20C lm 2000° C end greater.
The higher density end temperature of the upper etmosphere thar wes proposed

oafner brings up & question: whst are the sources of such warning of the stmospheres
It was propoeed eariier thet woarming of the atwosphere occurs e:v.clusivel).' Gue

to tae ahox:tweve. ultraviolet, radiation of the Sun. But 4§t turnei out tuat it wes

insufficient for providing suck warming, Which is observed in reslity. Verious

proposels w:iie made, for exemple, the warming takes plece bacause of infrusoniec

oscillations, which may be caused by swelling of the asea, acc:etionlo!’ cusmic uust
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and microxcteors etc.

21l these nyrotheses upon cereful examiqeti.on turned out to be incampetent
for explaininé ti’xe physical mechenisw of varm‘ingv (a3, for exasple, warming by infra-
/sonic waves) or did not exploin eny rules in the chenge in density.

The hypothesis concerning the mechanisin of werming the atiosphere with solesr
corpuscles, which heve fallen into a magretic trep of the farth »xd cen be focused
by the mwegnetic field to the poler erces of the atiospher- is the most universal
end proveble hypotihesis. Tﬂis hypothesis permits en explanction ¢f a rule in‘tbhe
chenges 1.n the density of the atmosphere end their correepondance with eucl‘a phenq-
menom of neture =& the aurora polaris,

Consequently, it ic now difficult to indicate the construction of & sipgle
sterdard model of the etnosrhere for all belts of the Farth. They ere different
for the polar zones erd moderste latitudes. There is still no dete concerning the
influence of varning the upper atmosphere on its lower layers end the developmenf .
of meteorological processes in the troposplLere.
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Fossible paths of charged particles from the Sun to the Eartk (as:coniing to Stormer
snd Bennet). :

Theoretically the mecisnisz of capturing end Lolding of cherged particles by & uneg-

netic field was estsblisbed lorg ago, when scientists first tried to explain the

ewurora polaris,

1 Accretion -- capture of wstter from outerspece by a field of gravitetion.
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Zxploretiorn of the atmosphere with rockets and sstellites wes doue not orly
for studying its hest process. For un explanation of stwmospheric werming it is
necessery to knoﬁ its ion and mclecular composition erd to stuldy the electron con-
centrstion in;?ﬁe jionosplers.

Th=se exﬁléistions were mede by eevera} methods. Cne of them was observation
of the propmygation of radio sisrels froc tle firat Soviet satellites. Wuut is the
essence of this method? It is the b:anding of the path of propagetion of redio waves
of determined freguencies end @ redio beswm upon its pussege through the ionosphere.

Such e method of exploretion permits determination of cnly the concentration
of electrons in the ionosphere. This is explained by the fact thet "heavy® icns
more than a thousend times wesker influence the charecter of propusgation of redio
waves, than the ®lighter™ electrons. The opersting frequencies of the radio trans-
mitters (20'and 40 cps) of the Soviet satellites were selected nezely to receive
ionospheric redistion in observations of the propagetion of redio waves.

The operating frequencies of the Americen satellites were appraximately 1C8 cps.
In observing théir propagation it was impossible to conduct & study of th:= ionosphere.
The redio waves of these frequencies penetrste through the ionosphere freely, not
chenging the direction of its propsgation. This offered the poesipility of obser-
ving the satellites with redio tecknicel wedis. The difficulty of precise opticel
tracking o{ smalllsatellites is obvious and led the Americen scientists to the ce-
lection of such operatiag frequencies.

In the process of the radio observations of the Soviet sastellites with the

rr——"
-

_purpose of studying the lonosphere there :'-rerevcaseu of super-remote registrations - --
of the satellite's signals end even a *circuler echo" (propegetion of redio waves
around the globe). This suddex result iriicetes the preserce of unususl waveguides
in the ionosphere,

Studying the ioncsthere-on the besis of obsarvetions of t.e pronegstior of

radio signsls can be accomrlished by several methods. Onc of the most sinmple snd
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effective of thew is registratiorn of the xaneats c¢f redio rise ani rudio fall.

It pemit‘s the obteinment of 8 concentretion of vlectrcns in the 1t.;nospne:'e higher
‘tba_n the prine maximux of icnization which is perfsctly inscc:ssible for e study
with ground mctkods - of radio meassurements., Due o the redio teaan beading uron pes-
sage througn the ionosphere the moxments of redio rise and redio fell will not coin-
cide with the moments of cpticel rise ead fall. Ths greater the difference in time
betwecen them, theﬂ higher, obviously, the concentrstica df elcctrons on the peth of
pessege of the redio beam betwesn the satzllite enl the surface .of tae Eerth. It
is .natural tﬁatsuch e m:thod 3o0es not provide e sufficient besis for » Jjulgement
conceraing the structure ¢f the icncsthere, an& this is very important.

Messurcment of %thc electren concentration in the icnosphcre was also conducted
in the launchings of Soviet geophysical rockets by mesns of uli-ashcrtwave disber-
sica interferometers. This meilhod, proposed by L. I.. Mendelstem wad Ii. D. Fepalexi,
peraitted thez ocotelmment of & suflicienly accuratc change in el:ctron comccutretion
with a2 increese in aliitudé. | |

By means of similar methods, s study of the ionosphere was made by foreign in-
vestigators. A great deal of work in the study of the ionosphere (by means of ob-
servations of the propagation of radio signsls from Soviet artificiasl satellites)
was done in England. The usually cloudy sky of this country prevents optical cb-
servations of satellites. The high dcvelomeht of radio-technical means of oﬁur-
ving the motion of satellites aided in the broad conductance of ionospheric inves-
tigations by means of tracking the propagation of redio signsls from artificisl sa-
tellites. ' |

What are the results of studying the electron concentrstion in the ionosphere?
It can be said that cleerly expressed ionospheric layers are absent. ‘l'hc'ro are
several peaks on the total curve of the incresse in electron concentrstion (from

2er0 and to the prime maximum of ionization).
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The character of loveriag the electron concentrstion (higher than prime maxi-

mum) is very even. 'I"he electron concentration decresses five to six times slowver
than it incresses in a layer lover ten prime meximum. Then it is .mdunlly decrea-

sed to & concentrstion of elec,tro_uu of an interplanetary ionized msdium. This is
confirmed by rockst aonndyi'np and satellite investigations of the ionosphere.

Hovever, the mere knowledge of electron concentration in the ionosphere is in-
sufficient; it'is nesessary to determine the comncentration of positive ions. The
ionoephere, a8 a whole, is electrically neutral. 7%Therefore, the quantity of posi-
tive ions must correspond to the total of electrons and ncgative ions.

Positive ions me::'oi registered on the third artificial sstellite. It carried
a spuo.cial apparatus with two ion catchers. The spherical ccllector of these sat-
chers had a negetive charge, which collects positive particles and repels the nega-
tive particles. The ion current flows to the collector of the catcher and deter-
mines the concentration of positive icns in the externsl medium.

The satellite's potential relative to the external medium can also be deter-
mined with ion catchers. This in turn offers the possibility of making a judgement
concerning the effective temperature of electrons, characterizing the veloeity of
their motion. It turned out that the effective temperature of electrons in the
ionosphere is much highser than the temperature of neutral particles ani ions. This
new result. requires further study and a physical explanation.

A method of collecting air ssmples by mesns of speciel balloons wes widely
utilized for determining the—ecmpssition -of the atmosphere-durimg rocket sounding.
The sir was carefully pumped from them on the ground. At e given alﬂt:;;:o" tﬁi bal-~- -
lons were opeicl and after taking samples they were closed. What is the coamplexity
of this method? It is difficult to creste s deep vacuum in balloons; en influence
of the gases leaving the rocket during flight on the results of the investigations
is possible; it ia cunplientéci t0 snslyze small quantities of matter. An insuffi-

ciency of the method also lies in the fact that it permits the obtaimment of only
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the chemical, and not the ion camposition of the atmosphers. In en isolated volume
of a balloon, particles of the atmosphere cennot be found in s state of photooheami~
csl equilibrium, ss in .th'e. upper stnosphere. Therefore, en instrument was created,
vhich could "él%temin& the ;on‘ ccnpositicn. of the atacsphere immedistely. Such an
instrument, s rediofrequency. msss-spectrometer, was installed on the third Soviet
satellite. This instrument is more preferable on a satellite than on a rocket.
After several dsys the utellivte'a ges liberstion ceases, and the results of the
uasur.exientl nr; sufficiently accurate (if you do not consider the 1ntpracfion of
gas particles with the sides of the instrument). |

The mass -spectrometer, by ne-:ns' of an electricel or magnetic field, sepsrates
and divides 1c;ns according to mass. When electx;ical fields of high frequency are
utilized for separation, 'the mess-~spectrometer is said to be rsdiofrequency. V

The diffusion division 6f argon and molecular nitrogen was registered namely
with the aid of such instruments during rocket investigations. Whst is the short-
coming of such an instrument? The fact that it 1s difficult to investigate mole-
culer composition with its help.

Messurements of ion composition, made on the third satellite in the 225 lm to
980 km renge of altitudes, indicated that in day-time positive ions of atomic oxy-
gon prevail at these eltitudes. In addition to those ions, positive ions with mass
aumber 14 vere registered, which could be identified with ions of astomic nitrogen,
poai.tive ions of atmmic oxygen isotope with mass number 18, positive ions of mole-
cular nitrogen, positive ions of nitrogen oxide and positive ions of molecular o_q-.:’
gen vere also registered. ' ‘ . R ‘ '

The results obtained indicate that the ion composition of the upper atmosphere
changes substantially depending on altitude. The percent (in relation to ions of
atomic oxygen) content of heavy molecular ions of molecular oxygen, nitric oxide
and molecular nitrogen fslls ;dth an increase in altitude. It is interesting to

note that the relative content of these ions falls the fastest in the 225 km to
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270 km altitude interval, after which the decrease becomes slover. The content of
ions of moleculer oxyger at sltitudes above 400 kio is more than s thousand times
less t.han the ions of atmnic oxygen. The content of ions of nitric oxide becomes
a thousand times lcl;- at altitudes abavo_ 500 km. The relative quantity of ions of
atomic nitrogen increesses with an increase in altitude. . .

It vas further discovered that the ion composition depends On the geogrephical
lstitude. Therefore, the relative content of ions of atomic nitrogen at altitudes
from 225 to 350 km increases significently upon trensfer from the 30°-50° area of
north latitudes to the 55°-65° north latitudes. The reletive content of ions of
molecular nitrogen, molécular oxygen and nitric oxide elso incresses in these lati-
tudes in comparison to more a.outhern latitudes.

Measurements of electron and ion concentretions, conducted & different times,
indicate an insignificant variebility in them with the course of time. One can
assume that many of these variations are quite rapid and create ths known difficul -
ties in redio camminications (in radio-telephone conditions) with satellites noving
higher than prime maximum,

Right novw there is atilll no exhaustive explanation of the various peculerities
in the structure apd 1ife of the fonosphere. The dats obtsined in ionospheric mes-
surements Ail‘ too fragmental and incomplete. Very little is known about the active
factox_'a vhich could influence ionization and its variation in time (ultreviolet and
X-ra); emissions of the Sun, corpusculsr radiation of the Sun, cosmic rays and mioro-

meteors). One can only propose that the Sun (the role of which in the motion of the

trical charactefiaticl. They can be purt-‘of the total action of the Sun on the
atmosphere. .

Ms s ors « "Absolute vacuum® and "absolute cold® are
incompatible expressions, but are used quite often recently for the characteristie

of interplanetary space, especially in rzcience-fiction and populer-science litersture.
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It is nov knovn that besides the lerge number of meteors lightimg up the nocturnal
sky with firey streaks, there is a mass of small meteor p,rticlen and cosmie dust,
£illing interplanetery space and pen.otrltiu into the Earth's stxosphere .

Fine and porous in structure, ltho yerti»:é-'ih can penetrate into tlu.; stmosphere
vithout changing physical qualities. This exjeuted the known premises for otudyiu
the particlesz on the basis of air contamination, sedimentary rocks of deep seas etc.
Such investigations together with ground observetions of meteors (bright traceg of
the combustion of meteors in the upper etmosphere) confirmed to a lerge extent the
proposals concerning the size of the masses of meteor particles and their structure.

But together with that, ground methods of investigetions could not provide a
complete possibility for atud_ying s0lid matter of interplanetsry spsces. For an
eveluation of the total amount of meteor particles falling to the Earth, their mass
end energy, it was necessery to bring instruments beyond the ranges of the atmospbere.
For automatic exploratory rockets and more so0 for menned flight, the meteors moving
with colossal speeds could present a tremendous danger and a before-hand evalustion
should take place.

What does the meteor danger consist of in its most immediate form? In the
possibilities of damaging the.valla of the compartment or cadbin of a-lpnce-ohip.
vhich leads to instant depressurization, cessation of operation of apparatus or
the necessity of fast correction of the damage. .

Another form of m;.atoor danger is micrometeor erosion. It is the gradual sbre-

sion of the surface layer of metals under the sction of fine dust perticles borne

e e+
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by “eeomte -pe.ed-.' a danger to the surfaces of soler t_ntt_eries and opties, _The small
particles aho'f' oWt by a send-blasting apperatus affect a metallic or granizto a'uffuo
similer to the action of erosion. The mechanical dm(& caused by erosiom is not
great and could be disregarded. But it can lead the space ship to destruction of
the hest conditions which im turn can strongly influence the operstion conditions

of the instruments and sstronsuts,



In interplanstary spsce where the density of the surrounding medium is lov,
the temperature of bodies is determined by rediation characteristics, i.e. the cbi-
A'lity of a lnrtabé to eni-t end sbsorb hest rays, end ths internal heat supply due to
the operstion of the appax;gtua and the viadility of the organisms. Therefore, vari-
stion in the redistion characteristi;zs is extremely important.

The geophysical effects of heating the stmosphere, already mentioned above,
may pertain to the meteor material comcerned. .

Large mfeors are rarely encountered. The extremely small dust particles,
micrometeors, present & basic danger to space flights.

Therefore, in the preparation of the very first experiments on rockets and sa-
tellites, the Soviet and American investigators began to develope an spparatus for
registering the strikes of micrometeor particles.

One of the first methods of studying meteor particles (applied by the Ameri-
cans in the launchings of the femous *V-2° rockets soon after the emd of the var)
vwas the acoustical method. Special microphones registered strikes of meteors arou-
nd the hull of the rocket. They permitted the obtaimment of data for a very large
l.urfaoe. but could not, naturally, provide distribution of the perticles sccording
to mass and energy, since the acoustical effect, to a considerable extent, was de-
termined by the characteristics of that part of the c.onstruction where the strike
took place. A

Scientists proposed the creation of verious devices. One of them wes camposed
of grmlvith thin wires, and 8 judgement can be made concerning the size and fre-
". queney .of the micrameteor impact on the basis of breaks in the wire. Another de-
vice had the form of a package composed of extremely thin cond.uctofl. vhich must
gredually wear out under the action of meteor dust, ehanging the total electrical
resistance of the packege (this was also a sign of meteor erosion). One more de-
vice had a photosensitive element covered by an Opaque emulsion. Micrometeor da-

mage to this emulsion created the poesibility of s photoelectric effect and regis-
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tration of meteor matter.

: Piezo-devices were wvidely spplied by Soviet scientists ip meteor 1nvut1¢.ﬁou.
The property of certain crystels (for exsmple, ammonium phosphate) is used in these

? devices to provide a difference in po_éentials on linings upon a meteor strike a-
round & plate rigidly resting‘bn a system composed Of several piezo-elements. The
advantage of such a system is in the inveriability of the characteristics of the
device over a long peric;d of time, until it is destroyed.

Such a system of regiatratioq peruits the measurement of the frequency and ensrgy
of meteor strikes. Calculetions indicate that the devices permit the measurement
of the energy of meteor particles bhaving masses from 10-9 g end more.

The average frequency of meteor stxfikea. registered by the third satellite
(Sputnik III), is approximately .1.7 . 103 square meters per second. The results
obtained by Sputnik III also indicate that the frequency of micrameteor collisions
with the surface of the satellite rerely incressed with time: deviees registered
the magnitude of & number of strikes. So, for example, on 15 May 1958 the megni-
tude reached 4--11 strikes per second in one squere meter. It was expleined by the
passage of the satellite through a meteor shower.

What does this conclusion follow from? From the faet that in variation of &
number of strikes there is a periodicity céinciding with the periodicity of the
revolution of the satellite relative to the center of gravity. Conseguently, tho
ma jority of meteor particles had one and the same direction of motion. Thecretical
calculations indicate that if the particles mge at an average apeed of 40 kmn/sec.,
then after a time strihe_s vere regisiered .-round t:;;vwicu -of .partivcl'ei having
nasses from 8 . 10-9 to 2.65 . 108g and ensrgies of ebout 10“--105 org.

Devices for registering micrometeors were installed on the tl;ree Soviet space
rocksts. An experi;nent on the first space rocket provided a compnrativol& small
number of strikes, insufficient for delivering them to telemetry ‘(glthored dats).

Accumulation of data did not take place on the second space rocket and it was de-
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livered immedistely.

The results indicate a frequency of 9 . 10.5 strikes per second in ) »? for
pd,i{?_lcilu baving masses of 6.10%-.5. 10.8 g€ it is less than 5 . 107 strikes
per ;econd inl n2. The deviees placed on the automatic interplanetary station

i (AIS) indiceted an averege of 3 . 10~3 strikes per second in 1 m2,

There was 2 report in the press that as & result of the experiments conducted

on the satellites there is a basis to assume that around the Eerth at comperatively

low sltitudes (approximately one hundred kilameters) there exists a ring composed
of micrometeors. The existance of this unusual ring was mentioned earliei‘. emerging
from theoretical considerations. |

There is a report that the generel results of studying meteqrs vith satellites
led to the conclusion that the Earth is surrounded by an unusual micrometeor area,
extending up to altitudes of approximately one hundred thousand knmste'ra. Con-
centration of particles in it is relatively smsll, but it is immeasurably higher
than the concentration of particles in interplanetary space. An American astronomer,
F. vhipple, proposes that these particles obviously have & lunar origination. .

There is 2 basis to essume that the AIS *registered® the fall of metecors of
lérger sizes than any of the others colliding with previous Soviet rockets and se-
tellites. Its unexpected disorder and cessagion of informstion trensmission cen
only be expla-ined by the meteor demage to it. Such an explanation is more plausible,
since at this tiu the Earth pabsed through one of the meteor showers. The total
magnitude of the frequency of strikes of m'eteora..u it follows from the dats pre-

e " "sented above, was regiastered by AIS devices. ‘

N This is n?)t a lolitaﬁ case. The .American satellite, "Explorer-III®, va‘- da-
maged upon the passage .of the Aquarids meteor shover at the beginning of May 1958
It ;l characteristic that upon this at first the device registered the fall of a

large meteor, then ONC after the other the radio trensmitters vent out of order.

Does this mean that the meteor denger is that grest?
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In spite of these two cases, there is no dasis to cmidor it to be grest.

The lengtky work 0f otier setellites and apsce rocksts, the total number of lsun~

chings of wvhich 1s more than. ten, the results of registering meteors .with special =~

" - équipment and the length of operstion of the soler batteries provides s basis to

sasume that meteor danger is not serious for piercing the hull and e;oding it.
The instences with -the AIS end "Explorer-1II® is & ratkher fliuppninting accident
thn,n. an inevitable rule...

A Not only meteors and cosmic dust f£ill interplanetary spsce. Right up _to the
.beginning of direct investigetions the proposal existed that -pe.c.e. contains inter-
planetary ges. The results of measuring the polariufion of *zodiecal light® (a
weak 1llumination of the sky in the ecliptics plene, vhich can be observed in the
south latitudes and characterized by the diffusion of soler light by extremely small
particles of matter) led some ime-tigiwrn to a conclusion concerning the fact
that interplenetary spece is filled with electrons. Their density in the region of
the Earth consists of approximately 600--1000 1/@3. Since the medium as s whole
is neutrel, there must also be positive particlea_\dth the same concentration eon-
tained in it.

Other experimentel arguement.Q in the us¢ of the .existance of interplenetary
gas were the °whistling atmoapheriéa' (lowfrequency electronaénetic oscillations,
origiﬁnting as a result of lightening diachar_gea and spreading along the magnetic
power lines of the Earth's magnetic field). The concentrastion of electrons deter-
mined on the basis of these atmospherics in 1nterp1énctary space (in this msmmer
one could determine it up to ailt;ncel of 50--60 thouﬁnﬂ hn from the surface. of

the Earth) is equsl to approximstely 1000 1/cm’.
Before the investigators stood the task of verifying tle indicated conclusioms,

.explaining whether or not these particles belong to the corpuscular flow contimun-

ously being discharged by the Sun. This could only be done with the aid of space

rockets.




One cen distinguish the stetionary gas composing interplenetary speace (its
particles have éne:rg of approximately 1 ev) from the flows of soler corpuscles
{large energy) by man; of dividing the registered particles according to energy.
.Distribution of perticles with high energy cen be attoino_d. for example, by means ‘
of an installation of corresponding screens, calculated on th-o passage of particles
having energy not lower than the determined limit through them.

On the first Soviet spece rocket this division was attained by means of the
simultaneous utilization of four proton catchers. Two of them had a positive po-
tential on the outer screens. thicléa of stetionery ges could not have fallen
into these catchers. They only registered protons of cdrpuacular flows.

The two remeining cétchers registered sumnary proton currents, ssused by both
stationary protons and_protons of solar corpusculer rediation. In the experiment
system the possibility of precise calculation of the electricsl potential of the
hull relative to the medium wes not examined, th;refom the results obtained beasr
an appraisable character. |

This data indicates thst interplanetary ionized gas exists. Concentration of
positively charged particles of gas at an altitude of 1500 km in a non-illuminated
area of the atmosphere is approximately 1000 1/cm3. At an eltitude of 2000 km in
the same conditioms, concentration i half es much. Higher it maintains almost a
constant value up to 21--22 thousand km. At a dia"tance of 110--150 km the concen-~
tration of particles is lowered to 300--400 1/em3,

The discovery of interplanetary ges during the rocket experiments occured un-

expectedly, while photographing the qeleatiai"M:;n ultraviol«%t rays.

We know that in order to study the composition of stars and erulu. and also -
the processes going on in them, it is very important to conduct apectrom;atric'_m-
vestigetions in ultraviolet rays, for which the Earth's atmosphere is not tnnlp@-
rent. These experiments were made on rockets. Photography of the nocturnal sky

from high altitudes indicated a greet brilliance in the sreas opposite the Sun.
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This rediation can only be explained by the presence of hydrogen in the interplane-
tery medium, in the radiation line of which photogrsphs were takea.

1l ss ite of anet. The Soviet space rockets (launched in 1959).
in eddition to studying interplanet space and space i:oar the earth, trensmitted
information to Earth concerning our nearby cosnic neighbor.

In the investigations of the Moon Soviet rocketry for a long period of time
is maintaining not only priority,.but a "monopoly®. Americen scientists lsunched
many Earth uteliitea. but were not able to approach & study of the Moon. The Ameri-
can rocket, which wes successfully leunched in the direction of the Moon (*"Pioneer-
IV®), pessed it st a distance of 60 thousand lon.

The first Soviet rocket investigated the vicinity of the Moon: it went along

a given trajectory to a distance of 5 thousand km from the surface of the Moon.
The gcocond rocket made a vertical cross section of the space near jghe Moon almost
up to the surface of the Moon.. having accomplished the first interplenetary flight
in history. In honor of this outstanding occasion banners vith the symbol of the
country of socialism were placed on the surface of the Moon.

The most important result, obteined in this launching is an experimentally
esteblished fact: the Moon has no significant magnetic field and formn'tiom simi -
lar to the Earth's redistion belts. They could not originate without magnetic traps.
We succeeded als» in discovering an increase in the concentration of ionized par-
ticle.s as you draw closer to the -Aurraee of the Moon. The 10noa£>here of the Moon
ﬁ unusual and extremely rarefied in comparison to the Earth. . Its discovery con-
firws the theoretical essumptions end those ground oxporimentl’ (observation of radio
stars), vhich indiceted the pr;aence of this atmosphere. |

The third Soviet space rocket sent an sutomatic interplsnetsry stetion v('AIS)
into an exceptionally cauplicatod.lpathl orbit.

This station, besiies the ordinary investigations, had s special mission:
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t0 photograph the opposite side of the Moon. which is invisible from the Earth and
therefore was not campletely studied to that time. Ve known that this mission was
succes-tullx'occmpliohod. ‘

With the aid of ihe opeeial engines and photoelectricoi spparatus, tho sta-
tion, on an orbit between the Sun and the Moon, accomplished orientation at first
to the Sun, and then to the Moon and with the aid of two cameres, photographed the
opposite side of the Moon fran a distance of 60~-70 thousand km. The photographs
obtained were then processed under the codiplex ¢onditions of apsce flight and trans-
mitted to the Earth with the aid of a television installatiom.

In the photographs of the far side of the Moon there arve considerably fewer
*seas” and more elevated end mounteinous regions than on the visible .1&.. Two
seas are clearly visible in the photographs: the "Sea of Moscow® with the "Bay of
Astronauts® and the "Sea of Dreams®. The courses of certain seas, visible from the
Earth at the edge of the lunar disk, the !S&iet' Mountein Range, the °*Tsiolkovskiy®,
*Lomonosov®, *Joliot-Curie®, "Mendeleyev®, *Jules Verne®, "Edison®, "Kurchatov® .
crotero and many others were photographed.

Altogether, oo the far side of j:he Moon, by meens of eereful deciphering with
8 large degree of accuracy, 252 formations were discovered, out of them approximately
100 belong to the region of the visible side of the Moon. 190 details of the sur-
face were discovered with less accuracy. 57 details were discovered with little
sccurscy -- only ome aequence needs confirmationm.

It follows to remark that the photography was done not under canpletoly favo-

o

roble conditions. The attempt to possibly photogr-ph 8 large part of the surfaoce
of the far side of the Moon led to the selection 0f a moment vwhen the entire far
side wes illuminsted. The absence of side shadows concealed the relief of. tl_:o‘tor-
rain and made the illumination *flat®.

Toward @ dream, It is provable that man's first conscious glance into the
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sky was connected with the dream of flying upwards, beyond the clouds, to the spar-
kling lighta of the sters. For meny centuries mankindds striving towards the stars
and remote .unknown worlds wes developed and strengthened, but, like many otber stri-
vings, remained only a dream, beautiful and hopeless...

Means of ground communications were developed and Fha striving to utilize the
sir envelope of the planet for them was even greater. At first birds were imitated.
Wings for gliding, then an sir balloon carried by the wind, a non-mansuversble and
sluggish dirigible nﬁ. finally, a motorized aerodynsmic flight of man in an air-
plane.

Airplanes were quickly developed, striving to increase their speed and

ceiling. But they could not become the means of flying to other planets and worlds.

Photograph of the Far Side of the Moon.
An automatic interplanetary station transmitted a large number of photographs of
the far side of the Moon to the Barth, the side which cannot be observed from the
Earth.
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Only after the publication of K. E. r-xolkm-xx;;'- clear and realistie ideas,
the developement of modern technology turned the dream of extraterrestrial flight
&t first to hope, and then to solid certainty. The reality of the task end the

necessity of its profound solution compelled t& investigators to ponier over all
espects of the problem, vhich could arise upon the taking o.f this step.

Hhaf physicel conditions will man encounter in space? Wwhat will his psycho-
logicel reaction be to this new ﬁtuation? vhat measures are necesssry for guaran-
, toeiné safety of the flight? What could be the poesidble conseguences of such a
flight? All these questions required an i.med}ate solution. )

Experiments in baro- and thermo-chambers, artificially crested on speciasl) in-
stallations -- "overloeding® centrefuges, verious psychological investigetions under
special conditions, simulation of weightlessness upon immersion in a liquid and the
creation of momentary weightlessness in sirplane .tlight along & specially calculated
curve -- all these are stages in the way to the solution of specific elements of
these problems.

But in ground experiments it 1s impossible to ereste prolonged weightlessness,
. impossible to estimate the influence of penetrating rediation on organisms of living
matter upon leaving the limits of a dense atmosphere.

Therefore, with the appearance of sufficiently povertui rockets, the investi-
gators tmnediatiy vent on to naturel experiments. As always in the history of me-
dicine, we turned to animals 850 as not to risk & humen life. Dogs began to be sent
into the upper atmosphere, paving man's ways to space.

Why dogs, especially? In the USA preference “:..;_1;; to;ni;e: 'rota. DonKeyS...

The fact was that dogs easily undertake depression. Their physiology was studied
nrj well by Soviet scientists . beginning with I. P. Paviav. The facility of dep-
ression permitted us to place a portion of the dogs in a flight while 'comciﬁn'.

e’ monkeys in Americen experiments were found under narcosis.
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Key to the "Map of the Yar Side of the Moon"s

1.
2.
3.
4
5.
6.
7.
8.
9.
10.
1.
12.
13
14
15.
16.
17.
18.
19.

20,

Joliot-Curie.
Lomonosov.
idilm.

Sea of Moscow.

Bay of Astronsuts.’

Huzboldt's Ses. 28.
Endymion. 29.
Giordeno Brune. " 30.
Maxvell. 2.
Kurchatov. 32.
Cleamedes. _
Mare Unbrs (Sea of Sheadows).

Mare Crisium (Sea of Crises).

Mare Marginis (Border Sea).

Popov.
Bertz. '

Tsu Ch'ung chich. °

Mere Undarum (Sesa of Vaves).

Lobachevakiy.

Mare Foscunditetis (Ses of Plenty).

ﬂn:p.,sw‘(&.a of

- it .

Ty o s e te A 3

Langrenus.

‘Msre Smythii.

'Paltor.
Mendeleyev.
Vendelinus.

Petavius.

rim)v‘ ’

Skiqdonh ~Curie.
Tllolkovakiy. |

Mare Aus trele (Southern Ses).
Jules-Verne.

Ses of Dreans.
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For a comparstively long time Soviet engineers have been studying high-sltitude
rockets and special con;ainera carrying instruments and animals which were c--tapuitod
from the rockets and returned to Esrth. Numerous expe}iments indiceted that animsls
take overlosding well, vibration and weightlessneas during llunéhings up to an alti-
tude up to several hunireds of kilometers. Many Of them vere sent up in rockets
several times end felt splendid.

However all of these experiments were camparstively short: flight of the roc-
ket upwerds and its descent takes several tens of minutes. In order to explain
the influence of a prolonged state of weightlessness, it wes necessary to perfom
an experiment on an artificial earth utollito.

This was done on 3 November 1957, when the dog Layka began her flight on the
satellite. She wvas fated to die: the sstellite was not expected to return to the
earth. But this death was not in vain. For a week, by meens of numerous devices,
laylka *spoke® on a telemetric chennel concerrning her state-of-being and tho.viabi-
lity of orgenism under the unusu.él conditions of space flight.

It follows from this "conversation® that on the active portion, when a large
overload occured, the dog's respiraéion rhythym ard cardiac activity intensified.
After the overloading ended, it gradually returned to normal., It also follows from
this “"conversation® that neither the overloading during orbitesl entry, nor the pro-
longed state of weightlessness hindered the flight into space.

Does this mean that the road to space was opened? Ofcourse not. Thousends

of dengers, ohvioua end hidden, face man in space. The persistant work on the study

“of all the problems of space flight continued. Rockst leunchings emi tedious ground

investigations were started anewv.

Other work was going on at that tine.’ . Rockets were perfected which were ca-
padble 61’ carrying more solid and heavier equipment, similar to future space ships,
and new powerful rockets vere.teltéd whiech accur.ltely reached an essigned point of

the water surface in the water space of the Facific Ocean.
L]
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Layka in the Cabin of Soputnik II

Biological investigations occupied a large place frow the very beginning in the
complex of investigations with Soviet artificial earth satellites. Their purpose
was to explain the influence of specific conditions of rocket and space flight on
living organisms., It is necessary both for otudying the possivility of the existanoe
of organisms in conditions different from the earth, and for providing fligbt safety
of mean in outer space. Layka, the first spece traveler, did not die in vain. The
experiment on Spunik II permitted the obtainment of data on the possibility of the
space flight of highly-organized living matter.

Finally, the first satellite ship was put into orbit around the earth. Thers
was no living matter on it; neither animals, nor humani. They werc replaced by
e mannequin. This is explained by the fact that the program did not expect the ship
to return to earth. Therefore, an experimfnt with a man wes not possible. An ex-

periment with animals could not offer anything new in comparison with yhgt the

launching of the satellite containing Layks provided.
A prolonged experiment on a large nuumber of sxperimental animals was pecessary

with the required return to earth, in order to explain how an organism behaves in
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conditions of prolonged space flight. Uhnt are the reactions of the flight condi-
tions and their genetic influence? tht is the degree of expo-uro of verdous or-
ganisms to the influence of specific oondx.tions of spece fliehtr

Namely such & ®zoologicel garden® wes put into orbit on 19 Augu-t 1960 on the
second satellite ship. There were cages placed in its pressurized cabin containing
two vhi.te laboratory rats, 15 black end 13 vﬁite laboratory mice. In the ejection
contein;d of the ship were located 1.:vo dogs (Belka and Strelka), u cage with 6 black
am 6 white mice, several hundreds of :I.naect; (f1ied, two veisela containing plents
(spidervorts), seeds of variox;s kinds of onions, peas, whsat, maize and nigen.a.
specisl vessels containing fungi (ectin@cytes).uni-cellular algse {chlorella im
liquid and solid feeding media). In 50 holders there were sealed ampoules contain-.
ing bacterial cultures of intestinal bacilli, taecilli of butyric fermentation, am~
poules vit.h ataphlococcus cultu;va. two varieties of phagee, a solution of desoxy-
ribonucleic akéid (DNA), and als» & culture of epitelial tumor cells of a hu.mnn
(Hel's cells) and smell pieces of preserved skin of s humen end a rabbit. In addi-
tion, in the container wvere loc;tod 4 autmtilc bioelements containing cv;xltuns of
butyric fermentation bacilli, 2 biocelements in a special thermostat and 2 in an
unhea ted containex". |

What was the pc;int and purpose of each of these experimenta?.

The dogs must have "spoken® of their state-of-being at all stages of flight
(at this time not only by means of ‘pickups and in front of teléviai&n cemeras), and
also of their status after returning. The black and vhito mice mt have helped
inveati_ga‘t'ek‘tll.n possibility of mitation changes. A large number of experimental
animals :creatod wide possibilities for obtaining statistically relisble, and not
accidental multl. ‘
Fruit flies (droeophyla) were the usual objects of genetic investigations.

Drosophylls chromoscmes are large, and after ten yeers of their study it wes esta-
blished, in every sequence biochemical "embryocs® of eharscteristics (genes) located

)



in them. Flies quickly develope and multiply; therefore, very soon after the ex-

periment it is possible to obtain the first materials concerning the influence of

cosmic rediations on the heridity of inseots.

Belka and Strelka =-- *passengers® of the second space ship. The experiment with
Layka, as also numerous biological experiments on geophysical rockets, did not pro-
vide exclusive information. When one speaks of human life, a very careful and close
check of the various aspects of the influence of flight conditions on the organism
and safety is necessary. On the second space ship were two dogs, Belka and Strelka.
Their condition was monitored by means of telemetric transmissions of information,
television observation, and also by means of studying the viability of the organism
after the return of the space ship to the earth.

Spiderwort is an interesting object for investigations. In its cells are six
pairs of large snd well-distinguished chromosomes. Any chromosome variations will
be detected in the dividing bud celis. On the basis of these changes ons cen very
precisely determine the dose of ionizing rgdietion. The spiderwort is as if a *li-
ving dosimeter®.

Nucleie acids are substances of heredity. Their molecules can be called "na-
ked genes® or "genes in freedom". The influence of radiation could sawse veristion
in the structure of this acid, which can be detected by means of physical and chemi~-

cal investigstions. This division of the investigations must have indicated the
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immediste mechanism of redistion sstion on an orgsniss.

Penicillin is & véry important drug. Nev types of hybrids are nov exposed to
néhtién sction. Bacilli is & convient object for redistion investigetions, and,
maybe, not without practicelly important consequences.

The pleces of skin must bave been provided after arriving at ‘the snswer to a
question in relation to th§ possible changes in albumen campoeitionm. |

Right nmow it is difficult to make e julgement on the complete results of this

experinent. Even during motion of the satellite ship on orbit it was known that

the dogs wvere auccessfulli under taking. all the specific features of space flight.
Therefore, Strelka’s and Belkea's pulse frequency before leunching 90 and 75, cores-
pondingly, and respiration 60 and 24 (botl; per minute). This corresponds to normel.
On the active portion the pulse of both grew to 150--160 per minute, one of the dogs*
re_spir.tion frequency reached 240. This m ap adaptation of the orgenism, and not
a pathologicsl change.

One of the dogs, after mk!u;g 18 *trips around the world® in the course of »
twenty-four hour period on the second satellite ship, gave birth to six completely
healthy puppies. This is a hopeful result in the sense that the cosmic udiut;on
which acted on Strelka during the flight, did not influence her posterity. Probebly,
all of these puppies, or atleast some of them, villl *follow" in their mother's foot-
steps and help the scientists to collect exclusive information on the genetic re-
sults of sending highly-orgenized matter into space. .

The ennumerated purposes and trends of the ;xporiunt indicate the very seriows
and eup;iutd' affelr of studying the behavior of an 'orénul in space and its re-
sction to externsl unususl influences. The results obtained to the present tize.
are favorable, but the); still .r;quire further study and nev'expcrmenta. The pro-
cess of a further detailed study will be continued, although a solution vas *sgue-
ezed out*® ft;r men in the ﬂrl; flights mtq space. The lcionti.gn provided safety

of the first stages of men's entry into space, 80 that this step would not be a
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*step into nothing®, s step with closed eyes.

It is perfectly natursl, that the possible innuencc of high-energy particles
on iiving- organisns preseﬁta a known danger fqr‘ future space flights. The penetrs-
flixg ability of the particles can strongly.lnfluenco tiu ;:hancteri-tici of semi~
conductors and 'inxpnir the work of aeﬁiééﬂinctor imtrumen't-. In collisions of"por-
ticles with the materisl of tt;e shell, a retarding X-ray rediation srises, wvhich
also has a great penetrating ability. .

It does not follow to think tint the situation is hopeless. The experience
of the operation of apperatu; of space ships during theii' puuge.t-hrough the radi-
ation belts of the earth and an estimation of the energy of the particles and their
concentration provides a basis to assume that this difficulties are not insurmoun-
table. Sufficiently powerful shielding and rapid passage through the radiation
belts of the earth can guamantee safety, although both require additional power
expenditures. '

During the quiescent state of the Sun, en entry into space thx:ough the polar
arees of the earth is possible. During incressed solar activity, the radiation in
these ereas will be extremely intensive.

The lasunching and successful return of the aeéonﬂ satellite ship to the earth,
and the favorable results of the biological experiments carried out on it still did
nc-:t imply that the question concerning menned flight into outer space can be con-
sidered tvo be finally qolv_ed. New experiments were needed, which would permit the

obtaimment of the extremely needed results. °

" Therefore, heavy satellite ships took off into the aky ome after another.
The fourth and fifth satellite ships successfully landed at the beginning of 1961

with enimsls on board.‘

Men flys around the planet. Dresms do not exist in such a responsible affair
as the prepsration of manned flight into space. Soviet scientists could not risk

8 human life for the sake of an external effect, sensation.
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Therefore, & flight of man into outer spsce wes not sccompl ished esrlier, in

. 8pite of the fact that the pover of the Soviet rockets for & long time wves slresdy

~ completely sufficient 3tor it. The nuonny of solving the problon of returaing,

of *handing {he astronmsut & return ﬁckp ."oxcluded the pouibnity of csrrying out
a manned space night until August lm..vﬁn the _ucoqd satellite ship would return
t0 the earth. .

It is true that in the Soviet Union the problem of returning high-sltitude
rockets vwith the aid of which atmospheric sounding end biological experiments were
conducted, was solved some time ago. It is also known thet models of the final
lt.éen of nev powerful rockets, which were .teatod in Janusry 1960, were sdapted for
passage through the dense amlphoro.

This leads to the conclusion that s uro night of men in a rocket vertically
above or on the line of a ballistic trajectory could have been made by the Soviet
Union some time ago. This was not done only becsuse such & flight is not, in es-~
sense, a space flight; it would prévidn little for the development Of manned space
flights end mld bave a fa.-tor sensetion effect, than a scientific and technical
effect would actually have. _ ’

A menned flight was not made even after the second space ship was -qccuafuily
returned to the earth. .It vas ncc&ury to guarentee flight safety in other res-
pects. ‘

The physical experimnt-; which were done by mesns of rockets and sstellites
in the lest few yur-. han u substantisl significence. To enter utc:‘ space, kno-
ving nothing about tho pmual phonuon tnkine place in it, mesnt i:&.mb . |
an nnj\utiﬁod risk. ‘

Above all,: tiu- wvas related to the zateor dongor. It ronmd to oulunto it
from a qunnt:ltativo point of view, 1in order to comstruct apoeo ships accounting for

actual dsta.




Numierous experiments permitted us to establish thet tbis danger is not grest.
Colliui‘dn with a lerge meteor, an accident, but not an inevitability, all the
‘more that the time of a mx_;néd yp;ce flight can slweys be uloc;t...d with such a ocal-~
culation, oo..th-§ _the eart-hA vill not .pau tixro_ugh u;i meteor shover. In ﬁdition.
it turned out tbat'av sufficiently strong space ship hull can be m:’mfactur&l. able
to protect man from smell mteqn. . ‘

Another danger, featurod‘by interplanetary space is couﬁc rediation and solar
radiation.,

A detailed study of the ra_diqtion belts near the esrth led to the conclusion
that below them the mdiat;on danger is not great and a menned flight sbove the
dense layers of the at:ms;here is possible. The study of the radistion belts pro-
vides a known basis to assume that the earth's magnetic fiold‘_h & unique shield,
vhich protects from the high-energy eorpménlar solar radiation, those ar.on of the
etmosphere, where the first flight of man could be made.

Before & flight into spece, '.cientific investigations were auceoufuily con~
ducted and measures teken for radiation protec'tion of satellite ship;

An important section of this work are the technical measures which guarentee
flight safety. A high rellebility in the operetion of the roci:eta is needed, which
can be used to launch a space ship into orbit. Accurscy is necessary to put the
ship into & given orbit and it is necessary to ci'eato .a‘relinble"construction of
the ship, which would guhrantec heat-insulation and protection fram rediationm.

It follows to solve the i;roblm of returning the_-‘p‘hip to the earth even in the case
of a deceleration failure or s failure in eny eleno.nt 0f the guidance system and
many other technical ‘problem-.r All this had to be solved before the decision to
take-off could be made. Soviet on'ginaering brilliantly coped with all this. The
reliability of the operstion of the Soviet rockets axx;l re-entry systems is shown

by the numerous lsunchings. The lsunchings of the satellite ships provided the pos-

sibility for creating the space ship *Vostok®,
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A design of the space ship was subjected to two tris) launchings before the
menned flight. These launchings took place in March 1561. At that time, & Auny
vas ;;lacod ip the pilot's seat, and dogs and other enimals were placed in the cabin.
. The apéce ship had an automatic correction system from one of its axis to the Sun
and en sutomatic re-entry system. The possibility -was foreseen of the personsl in-
tonention of the astronaut in the guidance system. Other elements of the re-entry
system were also duplicated. « Therefore, the astronsut cou_ld land together with the
ship, but it was foreseen thet in the cese of necessity, theiastronaut caxlx he ejected
with the seat and perform the finsl stage of landing independent from the space ship.

All this together with other elements of the design of the space ship provided
complete assurance in the success of the flight.

For providing safety it was necessery to conduct large efforts of e biological
cheracter. Upon entry of ;l:.‘ae space ship into the .assigned trajectory, and upon its
return to earth, man is subjected to the action of significent overloads. Groumd
and rocket éxpermenta on animals provided very much in this respect. It follovod‘
to carefully study the reaction of the himan organism to overloeds and to provide
the best endurance of the overloads by the organism. For this, long and carefully
prepared ground experiments on special centrafuges were needed, where future astro-
nauts could get accustomed to enduring the multiple enlargement in the weight of
their bodies without feeling ill.

If man is faced with overloads in ground practice‘quite often and they can be
easily produced arti'ficially. then the affair takes on an extremely complicated
end unususl sspsct, the state in. wh:.ch man is found in apace flight, the atate of
veightleuneu. In practice, brief reproduct:.on of veightleasneu is pouible
high elevators and in airplane flight along a parabolic .curve. \vle can reproduce
a state a.pproximate to the character of weightlessness by meens of emerging man in-
to & liquid. All these investigations could provide known meterisl om the reactiom

of the human organism to the state of weightlessness. This, together with the con~-
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clusive results on the action of weightlessness in animals in orbital flights created
the probability that weightlessness is not an obstacle to the flight of man into
space.

Hov is the viability of man in a space ship provided? XYor this, there exist
systems of maintaining normal pressure, temperature and air composition. The as-~
tronaut is dressed in s protective suit which meintains his life end efficiency
even in case of cebin depressurization in flight.

This would seem to be all...

Major Yu. A. Gagarin -- the first astronsut in the world who made a flight around
the planet in the Soviet space ship *Vostok® on 12 April 1961. The beginning of
menned space flights started with this flight.

It was proved that lethal dangsr does not threaten man from any point of view.

L

Llong physical treining was conducted, the necessary clothing was created, and ex-
haustive teats were conducted on vibré-tnnda. in pressurized cabins etc. But the
captious doctors do not consider it possible to limit this oycle of biologicel in-
vestigations; they attentively study, besides, the genetic influence of cosmic ra-

diation on biologioal objects on astellite ships in space flight.
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And only after there wes 801id sassurance in the complete sefety of s flight
sround the planet below the radistion belts, did the first sstronsut receive per-
‘niuion to take-off. | | 4

From all ti:o astronsuts who were cerefully selected, excellfontly tmlnedAph-
ysic‘ally end theoreticelly end suﬁjected to eiery necessary jtechniquo. the righ‘t |
to make the first space flight was presented to Major Yu. A. Gagarin. This short,
modest man with exceptional will and self-control wes not only well prepered but
could excelltently carry out the entire unusual flight. - | } '

He slept calmly the night before the teke-off end was alert in the morning.
Yu. A. Gagarin confidently entered the cabin of the space ship and in .answer to the
commend to turn on the engines said: °*Well, let's go!® To find oneself in the
fanteafically unusual condi.ti?ns of space flight and to sing, see the shrouded blue
haze of the earth from en altitude of ‘sevoral bundreds of kilometers anl exclaim
_ *how beautiful '* -- spirit end knovled;e of one'l‘job is ;:eeded for this.

Yuriy Gagarin wes not a passive passenger in the flight. Unde;' weightless
conditions he retsined his efficiency, msinteined cammunications with the earth,
followed the operetion of the apparatus, observed a view of eserth and the ;w un-
ususl for humsn eyel.. recorded bis impressions on a tape-recorded amd in the log-
book and ate. All this seems to be quite ordinmary work, but it ca‘nnot be approached
with 8 terrestrial concept. It is necessary to present the complicated to.chholog
of the spece ship, the unusual ¢onditions of the space flieht (the first in the
history of mankind) and then it will become clea_r, thet vhat Yuriy Gagain 4did was '
sot enly & flight of @ male humen being decided by responsible testing, but an ad-
vance Lot the creative worker, who carried out th;'ontiro program of work, which the
scientists, doctors and engineers placed before him. '

In the flight, Yu. A. Gagarin sav a black sky, large stars, the intolerably
bright sun, the earth with her ocein-. continents, mountains and rivers. It turned

out that from an altitule of one hundred kilometers, the earth is visitle in a bdlue
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beautiful sureola, which is well deriud‘. if you look at the horizon. The soft-blue
coior smoothly changes into azure, tben to derk blue, to violet, which blends with
the black background of the sky. ‘

Evérythiﬁg is unusual, everything catches the imagination, and :l;i',.»thia funtn*-,
tic setting a So\.riet space sﬁip with a citizen of the Soviet Union on board .a;dftly |

" eompletes its flight around the planet. |

All systems of "Vostok-l® opefatid normally. Air pressure was maintasined st
750=--770 mm mercury column, temperature at 19--22° C. and relative humidity at 62~
«71%Z. The historical flight continued for 108 minutes, end after this time the
ship ﬁev around the earth, flew above several continents and oceans, and visited
the day and night halves of tpe earth. The night half was shrouded by darkmess,
but Yu. A. Gagarin very clearly sav various details of the earth's surface, clouds
and shade from them falling to the earth in the dey half.

The surface of the earth; says Yu. A. Gegsrin, has practicslly the seme sppea-
rance as from an. aircraft making a high-altitude flight. The difference is only in
scale. | ‘

This is also understandable. If.. for example, we compare the visibility from

a space ship flying at an altitude of 200 km, and from an aircraft flying at an al -

titude of 30 km, then we can consider that it will be practically the seme in any

case. You see, the enfire mess of the atmosphere is concentrated in its lower la= .
yers. The qua_ntity of the air located in the layer from 20 to 200 km cannot prac-
tically influence the conditions of vilibility. If vwe compere the viaibility from
an altitude of 200 or even more kilmtor- vith the horizontal vi-ibnity near the.
surface of the earth at a dxatance. for exmmple, of 20--3) kn. then the latter is
incomperably worse. The optical thickness of the air thraugh which the rays of
vision pass will be immeasuribly greater.

The first space flight ended successfully. The treining of the estronsut and
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the flight itself was eompletely justified in its acrupulousness and eaptiousness.
It proved the perfection. of the design of the spasce ship and the re-entry system,
where many technical plans were duplicated for the security of the success of this
brave 'u;demkigg. :

Having landéci. the sstronaut was joyi‘uliy greeted by both Kolkhoz members wor-
king in the field, and comrades ewaiting him at the landing area. Thi; was on 12
April 1961, end on 1lj April 1961 the cepitol of our nation, bldoacov. had elreedy
greeted the first astronsut together with the entire country, and the whole world
heard the Mos;:ov Radio brosdceste. Yu. A. Gagarin clesrly end confidently reported
to Nikite Sergeyevich Khrushchev on the accomplishment of the mission of the Com-
munist Perty and the Soviet Government, and on the successful completion of the
space flight.

The thankful nation, party and government highly valued the achievement of
Yu. A. Gagarin, having presented him with the title of Hero of the Soviat Union,
Pilot-Astronaut USSR and decorated him with thq K. E. Tsiolkovskiy Gold Medal.

The revard of the head of the Soviet baverment. caarade N. S. Khrushchev,
the ple.iadl of outstanding scientists, designers, the huge number of engineers,
technicians and workers for the great successes in the development of rocket indu-
stry, science and technology, for the successful accomplishment of the first flight
in the world of & Soviet man into outer space inspires our ascientists, sp;cialiat.
and vorkers to new creative, labor succeases to the glory of the nation.

Four months‘had not passed six.zco Yu. A. Gagarin's ﬂigpt when the second So-
viet astronaut, Ms jor Germen Ste;;:anovieh Titov, eccomplished & lomg speee flight
in "Vostok-2°. This was a more co.mplicated flight: for 25 hours and 18 mimtes .
the *Vostok-2* flew in the sky of the plan,et.‘ having made seventeen "trips around
the world®. The length of his trip consisted of 700,000 km, which is almost equal
to the distance to the moon and back.

The *Vostok-2* weighed 4731 kg and edepted for a long spece flight. As ves
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*Vostok-1®, it wes supplied with installations for automatic control of the flight
and landing of the ship on the eafth. The astronsut hed the camplete possibility
t0 tranafer to manual control, make a maneuver in orbit and turn the ship in the
direction needed for scientific observations. The ship could land in any point of
the globe. .

Flight safety was sescured by the fact that the ship was quite narrow, so that
in case of failure of the deceleration aystem it could descend under the action of

the resistance of the atnosphere to the motion of the ship.

REPRUGGE

Moscow. 9 August 1961. Meeting of the workers of the capitol at Red Square, com-
memorating the new unparalled victory of Soviet science and technology =-- the suc-
cessful flight of the satellite apace abhip, "Vostok-2", piloted by Pilot-Astronaut
Ma jor German Stepanovich Titov.
N. S. Khrushchev called the brave utromuts. Yuriy Gegarin and German Ti-
tov, the celestiasl brothers.
In the photograph: N. S. Khrushchev with hero-astronauts G. S. Titov and Yu. A
Gagarin on the platform of the Mausoleum.

The long space flight of G. S. Titov took place in conditiors when the sun

vas quiescent and the intensity of radistion low. This indicates everything pre-
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viously on the fact that our sstronomers studied the activity of the sun quite well
in order to fevorsbly predict its state and provide rngai sefety.

During the flight, on the first and seventh turnl. Major G. S. Titov switched
on the manual control and the lhip obedhntly tnrnad 1n the dnirod diroction.

The same as in Yu. A. Gagarin'. flight, a completely automated system of correctionm,
- deceleration end descent was utilized for the landing, but if necessary the ship
could alseo lend by meens of manual control.

One of the main tasks of the flight was to study the viebility of an organism
and the mainteinance of efficiency under the conditions of prolonged space flight
and weightlessness. After Yu. A.. Gagarin‘'s flight no one disagreed with the fact
that this state did not present & danger to life, but how prolonged weightlessness
influences efficiency, state-of-being and the possibility of sleeping, no on.olknev
anything of this yet. |

The flight of Major G. S. Titov in 'Voatokj-2' ended successfully. All on-board
systens meintained normal conditions in the cabin of the space ship. Pressure in
the cabin was equal) to one atmosphere, the temperature even in the dea.cent portion,
vhen flemes of incandescent air reged behind the screen, did not exceed 22° C and
vas f-egistered according to the heat perception of the astronsut. The percentage
content of oxygen was maintained at a level of 25--27%, carbon dioxide at 0.25 =
0.4%, and the relative humidity of the air was in the ranges from 55% to. 75%. Th.
air conditioning system operated 1mpro-chab1y. and G. S. Titov practically diad

oot clon the helmet of his suit during orbitd fnght.

The prelimenary dnta inforzs \u aloo tht banicnny all the pkwoiolo;ical fun- '
ctions of the human organiam did not have patholégicel de_viationl in the flight.
The astronsut's puls'e in flight fluctusted in the ranges of 80--100 por‘ minute,
vhich does not leave the r..nge.s of the original level before the flight. Rupiri-

tion frequensy was 18--22 per minute. In the period of sleep the frequency of the
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pulse wos lowered to 54=-56 per minute, which corresponded to the backgroumd d;tu.o
obtained in the long ground experiments not long before the flight. _

In spite of the greet cwxple.x’ity of the tngit and the .flight mission, the 3
\long stay in the state of welghtlessness, the program of the flight was coqletely' -
sccomplished, This indicates that veightl_easnen» neither influences the efficiency
nor the state-of-being of the estronaut. It is tm that certein changes tock place
as far as the ves‘tibular apparatus is concerned; this was shown i'n unpleasant dis-
turbances, similar to seasickness, but these disturbances were not strong and disa-
ppeared as soon as the astronaut assumed the originslly selected po-ttirc and 414
not make any sharp head movements. These di-turbance; docﬁued considerably after
slee.ping end completely disajapeared when .the decelerator was turn on end the state
of weightlessness ceased. Speciaiiita consider that this, possibly, is due to the
individual peculiarities of thse astronsut. |

Communications from *Vostok=-2® with the earth was accomplished continuously,
with the exceﬁtion of an interval of time when the ufronaut was cut off by the sumn.
Communication at remote distances wes accomplished by means of shortweve transmitters
on frequencies of 15.765 cps and 20,006 cps. During flight over the territory of
the Soviet Union communication was accomplished on ultrsahort \ll‘Vel (143.625 eps).’ |
This type of comminications wes especially reliable, since passage of ultrashort
waves does not depend on the can;‘)osition of the ionosphere. Earth communications
with the ship was also ac':compliahed on two waves Of the shortwave bend and on one

wave of the ultrashortwave bande .
In sddition, on board the ship, there wers two television devices. One, & |
narrovw-band device, which had been used .earlier in space ships. It trensmitted an
image with.loo line.'definition. The second system, a nev, wide-band type, which
provides LOO line definitiom. .It passed the test in fhe flight of the "Voatok-2*.

At the ground ststions, the images were observed on screens of special tele~
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vision sets and were recorded on motion picture fun synchrouously with registra-
tions of the physiological runctiom of the utron-ut'l organian. Both systexs

operated completely nomlly and permitted observation and tiutim of the utro-

‘ ' oauts behavior under veightlou conditioms.

The deaign of the space ahlp predicted two possidbilities tor landing the as-
tronsuts together with the ship and ejection with a parachute landing. G. S. Ti-
tov was offered the possibility of using any of these methods. Upon termineting
his flight, he decided to eject in order to test that system: it was .elrudy clear
that lending together with the ship ie completely successful. On 7 Au@t 1961,
the space ship and the astronaut himself, German Titov, safely dropped in an assi-
gned region near the place where Yuriy Gagarin landed on 12 April 196i.

d. S. Titov was enthusjiestically greeted by the local inhabitants, and after
two days Moscow greeted the new hero of space. Major G. S. Titov cleerly .reported
to Nikita Sergeyevich Khrushchev on the successfull accomplishment of the mission
of the Central Committee of the Party and the Soviet Government, and on the fault-
less work of.the equipment of tl.ze space ship.

The high title of Hero of the Soviet Union a;:d Pilot-Astronaut USSR waes awarded
t; G. S. Titov. The Presidium of the Academy Of Sciences USSR presented him vifh
the K. E. Tsiolkovakiy Medal. |

Thus, a second, still longer space flight was accamplished, G.'-'ritov.' as did
Yu. Gagarin, saw the earth with her oceans and éontimnta. with i'ivera 'and.mountaim,.
pastures and fields, the lightl of big cities, vhito polar csps, and the clouds
floating above her suxff;;:“ He sav the velvet bloek sky with non-twinkling stars
and the surprisingly pretty rainbov trensfer from lighf to dark and tin azure au-
reole on the horizon. Day changed into night leventoen. times for him in one 2j4-
bour pericd,

Much was done by the first Soviet actronauts. As the President of the Acadeny
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"of Sciences, USSR, Academicien M. V. Keldysh, remarks -- the flights of the Soviet

satellite ships indicates, that not 16n3 from now, when man will penetrate far im-

to outer space, there will be dreame of flights to the moon, Mers, Venus and "o.von
farther into the depths of the Universe. Mankind entered a nev era of mtoring
the hidden secrets of nature, found 1n the depths of space. ‘ ‘

Man penetrates into space... The first Pilot-Astronsuts of the USSR, Yu. A.
Gagarin end G. S. Tito.v. said, that they and other astronauts want to "fly for real,

to fly to the Moom, Mers and Venus...*®

The outstanding successes of the Soviet scientists and first Soviet astronauts

in the investigation of space far exceed what has been atteined at the present time
in the USA end other capitalist countries. As a matter of fact, .on 5 May 1961,
there was accomplished a flight elong a ballistic trajectory -- a version of & man~
ned flight in a rocket, rejected by Soviet aci‘entists as hsving no prospects in &
scientific and technical espect. Liesutenant Commender of the U. S. Navy, Alan
Shepard, was lsunched from Cape Canaveral, located in a spéciel capsule of the
*Redstone® rocket. Having reached an altitude of 180 km, he landed in the Atlantic
Ocean after 15 minutes at a distance of Approximately 500 im from the launching pid
and was taken on board an American aircraft cerrier. The maximum flight speed com=-
sisted of 8800 km/hr. The same flight in July 1961 wes made by another American
estronsut, Virgil Grissom.

These flights were undertaken in the USA in pursuit of sensation. But sensa-
tion was not obtained., In order to be convliﬁced of thia. it is sufficient to re-

‘mm‘;e;:bor the figurn charaeterizing the flights of the Sav;lot utromuto. Yu. A, G--»

gearin and G. S. ‘ntov.

According to the scientific dntl obtained, the flights of the Soviet astro-
n;autl stand on an incomparably higher level. A \!hole complex of biological probv-

lems was solved. This permitted us to make a conclusion of tremendous scientifie
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significance concerning the practiccl possidbility of long manned space flights,

It is Aifficult to re-evaluate the entire significance of the achievement mede
by Soviet science gnd technology, laboricus heroism of the whole Soviet nation and
the builders of Communist society. From now on man will visit the siy of the plenet.
Not long ago it was still accessible only for rockets and u'teniten. equipped with
eutomatic spparstus, and several decedes ago it was almoet an undivided domain of
mysticel fant;siea concerning supernatural boing.'.

Entry into apaée' is a study of the upper atmosphere of the earth, other planets,
the sun end stars with astronamical methods. A flight into space is the utiliza-
tion of new roads for super-highspeed reports between apeéitic sources of ths globe.
Space flights around the' eerth are the first step on man's path to other celestisl
bodies. '

CHAPTER 3
What is Fosaible Tomorrow

Sputnik, lunnik, automatic stations, sent towards the Moon and Venus, mnnod
flight into space =- all these achievements of science are the property of mankind.
However, probably,. precisely because the seteilitu and rockets played the role of
scientife workers from the very beginning, the results obtained by them sssume a
routine aspect. Ve st411 cannot represent the eerth without rediation belts, amd
the moon without the "Sea of Moscow'. We cannot 100k at the sky and not remember
thet e Soviet man wes the first to fly arcund the globe. '

If the results vhich vere obtaind by tho rockets anﬁ artiﬁcial ntenite-

-—.--

had been reached ten years ago, they could be eallod “solossal both in qunnuty and

significance. And this is not an ensgerltion. Together with that, dhreg.rding
what had to be done, it is impossible not to aimit that this'is only the beginning
of a grandiose future.

The outlooks in the develzamen{: of investigations by means of rockets and

satellites are unlimited. Of course, it is impossible to accurately determine
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along vhat concrete path ghe development of eny ares of the investigution will go.
As always in science, each successive stage is determined to a considerable extent
by the results obtained on fhe previous stages Or the manner 1n‘ vhich the investi-
gations in adjacet';t 'araas -are'accm:pliuhed. -

Precisely fo; thaf reason, & discussion concerning the possidble t.rendl of the
acientii‘ic utilization of artificial satellites and rockets will only desl with
near perspectives, where it is significently easier to predict the course of events.
Precisely for that reason, it will not lay cleim to detail. We spoke of only the
n.pecliﬁc vays of utilizing satellites end rockets. They are finding greater appli-
cation in science, technology gnd .the'nationel econany .

It is certain that the study of the upper etmosphere, outer space, solsr detail,
various processes (natursl) teking place near the ®bottom of the air ocean®, the
motion of oceen waters end, poasibly.‘the structure of the earth's crust will pe
the basic purpose of launching rockets and aatellifea in the neer future. 41l this
is necessary in the first place for a detailed and full understanding of the mechs-
nism of the elemental processes teking place in the mobile coverings of the plenet,
end searches for ways of subordinating them t0 the creative will of men. The uni-
verssl study of the environs of the earth, outer space end the sun is ﬁecessary also
for gusranteeing the further stages of the penetration of humen intellect into the
depths of the universe and & manned space flight to other celestial bo.diu.

A plepet in the investigetor's lsboratory. The lasunching of the first satel-
lite, whose orbit encompassed our planet, indicated that it came to' the iuveatiga;
tor's laboratory. With.the aid df the first satellites men had alresdy attempted to
examine the earth snd study the space surrounding it from s great distance. It was “ 1

established, as the properties of the atmosphere change with altitude, it is dynamic. I’

The study of the mode of tae movements of the atmosphere is one of the basic &‘;ﬁ.q
Coeyd

tesks facing the rocket methods of investigetion. Exemining the feetures and rela-

tive advantages of rockets and satellites, one can seec that satellites d0 not offer

EOn
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the poesibility of direct study of the stmosphere in a layer up 30 an eltitude of
1-66--170 ko from the surface of t,ﬁe.earth. apnd rockets do not offer th; poasibility
. of inveatigating parameters of ‘the itmoophere in lerge regioms... .
' It might follow to perform rocket sounding with an ellowance, 80 that the are'u
in which essentisl processes can be developed vill not be left ®untouched®, and with
a frequency, so that not one of them could be developed in the interval between
leunchings. -
_ However, this could led to the necessity of leunching a colossal amount of
rockets. The solution of the problem will probably be different. By means of stu~
dying the thermal characteristics of the atnosi:here. both the underlying surfaces .
and their change in .tima, we succeed in obtaining the 1q1tial values for computing
atmospheric movements, in the same way as the m;wementa in the lover layer of the
. atmosphere are nov calculated on the.basia of the deta of infrequent ground stations.
There are instruments which permit, with sufficient accuracy, the measurement of thc'
tempe;'ature of bodies according to their heat radiation. They are widely utilized
in the most diverse fields of engineering. Consequently, if we place such an in-
strument on a satellite and *run around®, or, as they say., *scan® & band of the
surface with it under & trajectory of motion, then we can obtein temperatures of the
surface of the eaerth in this banl.. and possidbly, along the entire surface of the
earth, if the satellite moves along a polar orbit. 4

But what are. the temperature.. of the intermediate layers of the atmocphene?‘
It is, of course, much more canrlicated to study them than to study the tenper.tn;o
of the ‘lurfac.o of thcj urt§_. - Here, tl_n circumstance that the infrared portion of
a spectrum has sharp sel.ecltivi‘ty cen .be of help to us. Certsin gases, among ‘l‘:h-n'
water vapors, ozone snd qarbon dioxide, in the narrow band of the srectrum absord
almost all the radiation. This denotes, that if the temperature in such a bend

is suLanged by radiation methods, then it, obviously, will be the tempsrature of
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the upper boundary of distribution of the absorbing gas in the atmosphere. ‘, Yor
water vapors it is sev;rel kilameters from the surface of the earth and for ozqin
‘it is seversl tens of kilometers. Hlth_'mrthor nu&y of ;i;b-:'cmpmltihn,df the
atmosphere -'t. various aitituﬂes. the develo_peu-ne_nt of wtidl means of investigating
these possibilities will be brosdened. |

Hovever_. it will be impossible to known which altitude the messured tempera-
ture pertains to. It is impossible in this way to determine the upper boundary of
ges for which the temperature measurement was made. It could be done by photogra-
phing any stable sou.rce of light near the horizon from the satellites through the
atwosphere; for example, the sun. If such photography is accomplished in the ab-
sorbtion band of any gas, then the weekening of the light slong the visible disk
of the sun =- from its "lower" edge to its 'upper; edge -- will distribute the ges
according to altitude and photograph the distribution *in profile®. A corresponding
selection of orbital incline can be secured due to the fact that the sun in rele-
.tiox'x t0 the aat;ellite will be located on the horizon for a long time. This permits
the obtaimment of the distribution under étudy in & large range of latitudes, which
is very important for verious geophysical problems. It is possidble in this ;nanmr
to also succeed in obtaining a distrib'ution of dust in the atmosphere at all alti-
tudes. It can serve as an indicator of atmospheric processes, not yet indicating
the independent significance of studying cosmic dust.

It is not excluded thst with the development of optical ﬁe.thoda of investiga-

tion from the satellite the absolute content of any canpo’aitios} mg“ tha at-

R

mosphere will also be measured by means of immediate opticel sounding.

The study of the ion or neutral composition of the upper atmosphere, and the
measurement of ﬂﬁ éemitiou of the upper atmosphere vi}l. undoub tedly, Se continued
with on a larger scale than previously. This sids in a better undarl.t-nding of the

course of the varistions in the compcsition of the ionosphere which is necessary
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et awe e

for radio caxmunications. Investigation of the-photo-chemic.al resctions teking
place in the atmosphere helps in the study of ‘tlp cmpiete energy balance of the
-tnp_lphexo; ' ' |

Investigation of the atmapho;-ré and its dypamicity is ;xnﬁqinkaple'vifh;xt a
study of tm.a énerg sources being conducted in the motion of its entire gigantic
mechanism. The aé.mission of energy from the sun, its partial transformation into
the radiation belts of the earth end the transmission mechanism through the atmo-
sphere to the earth and back all present a broader field of activity for the satel-
lites of tomorrov. '

f[nterplanetary dust can pley a significant role in the energetics of the upper
layers of the atmosphere. Up until recently, it was thougﬁt that only the concen-
tration of the dust and its relative speed was significant. It is now assumed that
the dust particles in outer spasce must have an electrical charge, 1n'particn1ar
those close to the earth. This charged must be formed due to. photoelectric emission
and capture of electrons during collisions.

The essense of the fi‘l“ﬂt process results in the electrons' release of the sub-
stance (dust) under the a;:tion of photons of ultraviolet and X-rey emission of the
sun. Upon this, the dust particles acquire a positive charge. The essense Of the
second process consists in the fact thatﬂ electr;:na. at c.ontraating temperatures
moving faster then the positive ions, often collide with separate dust perticles,
whereupon tney acquire a negative charge. As a result of the relative intensity
of that or. enother proc«.aqa' ¢_|'___§<.'-53evhat gqniliﬁri\m charged is established on the

dust perticle. A dust particle in its motion becames subjected to the action of

- th&mgnot-ic fields of the qarth .And clouds of plasma ejected by the sun, which

meinteins its magnetic fields.
This action can add known rules to the motion of the particles and lesd to ®
determined influence on the etmosphere. Therefore it is necessary to atudy the

dust charge by mesns of satellites. It may be done by means of imcediate measuring
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of the dust perticles® charge. However, this would evidently be difficult. A se-
cond method- is also possidle: separation of -pecinc moments in the distribution
of the dust. which could be stipulated by proposed proceuea of dunt particle charges
and the presence of a magnetic field. This, sbove all, is @ dependenco of dust .
distribution on the geomagnetic letitude, deily end latitudinsl varintlpm. and the
effects of éol#r fleres and magnetic storms.

Gas particles cen lesve the upper-most lesyer of the atmosphere, the exosphere.
Diffusion separation of gases takes plece in the upper atmosphere, therefore in the

first place the light particles volatilize. But in addition to that, the composi-

tion of the atmosphere and its totel quantity remesin approximately constent. The

loss is compensated due to the chemical processes taking place in the earth's crust,
in the atmosphere lnci the activity of the biosphere.

Consequently, a study of the departure of gas psrticles scmevhere on the :outer,
boundary of the atmosphere can pléce in the hands of the investigator the material
for & judgement on the chemical processes in the earth's crust, in the atmoap.hen.
on the results of the activity which meintain the "equilidrium® camposition of the

atmosphere. Of course, 8 loss of matter fraom the totel mass of the atmosphere will

.be very difficult to egree upon vhere the densities coampose millions amd still smaller

portions of the density of the atmosphere at the surface of the earth. But in con-
Junction with the study of the generel motion in the atmosphere snd the physical-
chemical processes in it, & study of the *balence of matter® can have large aigni-

fica ﬂce .

¢ et ot e

If the tendency of ew ecmponent part to increase in percentage content is du-
covered, it meay indicate a serious influence on the direction of economic activ_ity.

because even insighificent contenta'of matter cen have very important l_ignficanee'-

'in live on earth and the emergetics of the atmosphers.

" Therefore, for exauple, 0zone, the content of which is very little, "cuts avay®

the entire shortwave portion of radistiom, which is destructive 1o lhh& natter;
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enother example: carbon dioxide strongly sbsorbs redietion in the infrared part
of the spectrum. There is an essumption that . cmparaﬁvely slight enlargement
of it-n;'ay lead to a significant total increase in the tempersture of the atmosphere,
and to a chenge in the climate on earth. There is 8ls0 an.'op'iniop that the content
- of carbon dioxide in the etmoafhere 1_n§i-eaaes'n- 8 result of tvhe industrisl activity

of man and the coloesal supplies of fuel combusted by him which nature accumulates.

EGQUIRT O
JIxbamop

The Shepe of the earth eccording to new data. We know that the earth is not exactly
a sphere, but rather reminds us of an ellipsoid. Observetions of the movement of
artificiel satellites around the earth permitted us to esteblish thet the shape of
the earth is nonsymmetrical in relation to the equator. Our planets has a ®pear-

" shaped® form. The scale of devietions from the sphere and ellipsoid is enlarged
for clearness in the figure. In 1961 a report sppeared in the presses concerning
the discovery of even more compliceted deviations in the shape of the planet. .

Artificisl earth satellites help, with high accuracy and & lerge degree of
reliability, to establish the shape of the plenet and determine the distance betveen

1t§ seperate points.

Lt -

Precise values of the coordinstes are necessary for eonstmctine new .lﬂpl.
and the long meaaumments can provide material for adjulting the prevaning. though
disputable hypothesis concerning the drirt of the continenta.

In specific cases it can prove to be gxpedient to determine the sltitudes of

the earth's surface above sea level Ly means of artificial earth setellites. As

115



a feesible example we cen carry out the determinstion of the sltitude of the Anter-
ctic ice cep. A question erises in its study: what stmospheric pressure sbove the
cep is incressed, normal or ﬁopreued'l This could be known if the exact zl‘titudc
of the cap was known. |

The ;noat prevalent method of determining eltitudes is the barane.trié method.

It guerantee sccuracy only in the cese vhen.the deviatiop in pressure from némal
is known. A vicious circle is obtained'. Determinstion of the sltitude of the cap
is difficult to do with geodesical methods due to the complexity of paturel condi-
tions. The altitude of & surface contimuiously changes: gleciers slowly flow, sand
the snow cover grows. This means an accurate determination of the sltitudes of the
surface of the cep could ifMuediately help in :the lolutio.n of tvo~pi‘0‘b1em. e geo-
desical and a meteorologiceal ome, |

The geodesiéal utilization of a;tellitel for de;emining distance and altitudes
is very pe.rapectiv'e. _ ‘

Artificiel satellites 21s0 belp in the -tudy. of the distribution of masses .13
the earth's cf'u-t. For this, e highly accurate orbitel registration is necessery.
It, of course, will be attained in time. A comparison of the terretriel sbnormalities
of gravitation and n‘bnormalities‘ i‘ar. from satellite orbits offer the possibility
of determining the depth of the occurencé of the °®surplus® masses. ‘

‘ It is necessary to know hov masses are diutribufed in the earth's crust in
order t0 study the generel structure of the earth arxd further utilization of natursl
richel..'- . L ER v

Geology, especiaii'ywcbnt'e@o'rary gcolt-)g. does not seek natural riches blindly.
A chart of the geological forecest is alva.ya constructed onAth_e besis of various
signs, among them physicel. Precisely with —tl_:e 2id of a geolog'ical forgéc.lt' ve
discovered, for exsmple, deposits of petroleum between the VOl'ga and Urals and dia-
monds in Yakutiya. Of cour.e.. satellites cennot discover petroleun und diemonds,

but data concerning the distribution of masses in the eartb's crust, obteined with

116



their eid, is importent in composing e chert rorec;-ting Zany resources.

A study of magnetic anomslies with the use of satellites so successfully sterted
by the third Soviet satellite iﬁ Eaatern Siberis has such significence in the in-
vestigation of the structure of fh; earth aﬁd in general for goology.;

Study of the magnetic fielé'of the earth with the aid of rockets and ertificial
sqtéllites.elso permits a conclusi;esaolution of the question concerning the msture
of the earth's megpetism, ‘

Service of the Ean_g. Man cannot wait until the complete stuﬁy of the stmo-
phere ends. He is rapidly using alreedy'all of the obtained.materiala and techni-
cal possibilities. Satellites whicﬁ permit us to keep the entire plamet in their
field of vision are capable of carry on operative service. Now, when there is no
such service, it is very difficult to separate the investigetive and operative role
of satellites. The only criteria for this is to attempt to utilize satellites in
traditionsl services. It is perfectly nstursl to examine this aeparatfon as ;tipu-
lated. ‘ T

Let us teke the service of weather. Now for observing the meteorological pro-
cesses there exists a cumbersome network composed of maﬁv thousends éf stations
which can serve a large army of.people using & colossal amount of instruments, which,
a8 a rule, are not perfected. And since the distences between stetions is great,
and the ocean surface is practically not covered by them, the dates between separste
observations are also significant. The "nuclei of. the meteorolégical network® are
80 great that substatntial meteorological phenomend éan "slip unnoticed® into them.
This all leads to errors in sveraging eccording to times end surfaces of the earth,
which ere put together with accidental errors in specific instruments end observers.

Even more rare is 2 metwork of stations for atmospheric resdiosounding which
studies the atmospheric pﬁocease- in the troposphere and iower stratosphere.

freciaely therefof;. the 1dea of transmitting operative service of the weather

with artificia) satellites is tempting. Scientists, with the aid of satellites,
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sre able to more completely and aéurotoly study the temperature‘ of the underlying
surfaces end their their veriation in t-he course of time. This is very importent

for cunputing atmoapheric metionn. pre-cunputations of pressure, tenperatuuo of

the atmosphere in eny region =- veather torecutin‘. Artificisl utellite-, cannot
determine now wind in the‘ avg_mpsphere. ground pressures and fbe temperature of the
atmosphere. This, as before, ‘u'n.i be in the requirements of the ground meteoroi‘ogicul
and aeroiogical stations, _

Satellites offer the possibilin.r of setting up experiments untbinksble in earth
conditions. Above all, we can trace in the planetery scele how cloud masses are
formed, developed and move in the atmosphere.

Scientists performed the first eiperimen'ta with the 2id of rocket investigations
before the IGY end during it, and aelso on the Auericen aetéllitea *Vapguard-II°,
*Tiros-I" and *Tiros-II*. Some of these experiments did not provide @ practical
result and others were used only to investigate the laree-st.:ale cloud structure of
specific cyclonic formations.

What offers science a study of the structure of cloud masses? 'I’he. b_asil for
determining the cheracter ofAthe atmdsphertc process which ceused their existance,
eand possibly, the direction of its development. The movement of the cloud mass
indicetes the trajec.tory of the motion of the air mass to which it belomgs. Their
study can provide a representation of wind conditions at various altitudes.

Knowledge of the tofal content of water vepors in the atumosrhere and its varia-

tions will provide the necessary mterial for expl.uuu the heat and water balance

. ..\-p.._ -

of the atmo'phere. the heat- and hmidity-exchnge between th. sea and dry lend.
What is the importance of atudyir.g wvater vapo;-l? They are the most variadle .
component of the atmosphere end strongly influence its temperature. In evaporation
heat sccumulation occurs. Its 'yield t0 the atmoasphere is sccompenied by condensa-~
tion and precipitation. The influence of water vapors on the heat-content of the

atmosphere is shown in another wvay: 4n the change in the negative chsracteristics
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of the earth's surface by the cloud, snov and iee covers.

Fpotographs of cloud systems obtained with the aid of the American satellite
*Tires* and transmitted to the earth by television. Observation of the cloud sys-
tems with the aid of satellites permits the study of the detailed structure of such
stmospheric formationes es cyoclones. The changes in the cloud struoture in tine
provide information on the motion of air masses, the development of atmospheric
processes. All this can have a substantial meening in explaining the physics of
thc phenomena under study and in weather forecasting with meteorologiocal services.

The strong ebsorbtion of heat radiation by water vapors creates a "hothouse
effeot®, and prevents rapid "cooling® and the loss of heat energy by the earth's
surface.

Optical methods of investigating from satellites permit us to essily distinguish
a oloud cover from a snow cover. Satellites can trace not only the changes in the
teamperature of underlying surfaces, but bot.h the ochm ges in ths snow cover of the
dry land and the ice cover of the Oceans, Snow and ice are not only the result of
the detail of the atmospheric "heat mschine®: they influendse its ultimate work,
changing the physical characteristics of the earth's surface.

Satellites are convenient instruments for studying the temperstures of under-

lying surfaces. The messursment 0f surface temperatures of the ses, and knowledge
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of their variations eids in the study of the mode of the surface hest and cold flows

in the universel ocean. This means that satellites wlll be not only 1in meteorological

operativ.e work but also in oceanographic work, in the service or'.the' dynanics of
" the sea. currents and the science concerning the heat mode of the. ses.

Operetive meteorological service of satellites can include' cbntinu&ua moni toring
of solar activity and the ®dust belance® of tae upper etmosphere. Their possible
role in the changes in the heat composition of the upper atmosphere was already
noted.

Still enother r;xechanism 6f the action of interplanetary dust on meteorolt;gical
phenomena is possible. There exists an hypothesis that the mode of precipitations
is determined to & significant extent by the totel content not only of water vapor.rr
in the atmosphere but the dust which eppears with nuclei of condensation for drop-
lets of weter. The proof of this is the high cloudiness and pertisl fogs in such
countries es England, where industrisl dust is the nucleus of cond;maiion for pre~
cipitations. A comperison of the time of falling of meximum precipitations is now
conducted with the time of the passage of the earth tarough meteor rains. This
method of study 'pennita the exposure of the role 91’ the products of combustion of
weteors in the formation of precipitations. .

Operative utilization of satellit.es will be developed in other courses which
uje‘ still difficult to neme. The f‘lowl of heat from the depths of the globe is in~-
v.estigated very little by scientists, and it, undoubtedly, exista‘. At large depths
there are areas of heated and molten rock. The temperatures 1n“ the depths are main-
.tained. evidently, by radiocactive decay. If this is so with the earth, an unusual
.reactor. then it is very important to know the mode of its cboling end heat output

'6n the surface. 'I’hqse ;bﬂomlitien in .the distribution of surface temp.eraturel.
which cannot be expleined by solsr heating and heat—exéhange through the atmosphere,
can be explained by internal beat currents. '

For carrying out such work it is very important to lkmow the heat-conductivity
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©of lerge sress of the garth'n surface. For this it :I:a necessary to.'uuux'v the

- distribution of temperatures in the surface leyer.

Nov there do not exist methods of studying the temperetures of the surtace

. layera of the earth fro:n satellites. But & similer study of the lunar surface on/\ |
the basis of redio umission is widely in existance. Ul.:y not assume that t)‘:e‘ ‘re-
vera.e.problem" may be solved: not fram the moon, but from en artiﬂcial satellite
moving in the upper atmosphere to perform temperature sounding of the surface layer
of the earth? -

Service Aof‘ the earth does not disappear with meteorological investigations.
Alresdy now there exists e network of ionospheric stations. Scientists conduct
reguler reéistretibn of the changes in the composition of the ionosphere, the mag-
" netic field of the earth and soler ectivity. This network is & little narrower
then the meteorolo.gical net. Trensmissions of part of ionospheric servioce by arti-
ficial earth Satellites (for complete study of the ionosphere) will have a still
greater significance than the metecrological service of sateiliteq. .

The ionosph\eric service using artificial satellites permits not only a complete
study of all ionospheric¢ phenomena and processes, but alao‘ forecasts them. 'Simul-
taneous.end continuous registration of soler activity, the magnetic field end the
ionosphere permits advanced forecasting of magnetic storms which disturd ﬁdio com~
munication. After mesnned flights into outer space begean, it wes necessary to pre-
diet the possible increase in the intensity of rediation in interplenetsry space
and :ln the potlar Zones of the earth's atmosphbere.

' 'rhe utuization of catollitea for purpoau of comnnnicatiou is not limited
only to 1onoapheric servioe. The band of redio uavea for radip communicetion s
overloaded. cmmlc_ations on ultreshort vaves and trensmission .ot images is pOI:-
- sible only at slight distances ,nd limited to the remoteness of direct visibility,
The utilization of them for transmission to large distances is possible only with

the aid of redio relay lines, where the separate receiving-trensmitting stations,
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located et & distence of direct visibility fram one snother, Teceive tninnil;i‘on
and trensmit further to the next point. - Sueh 8 aysten is cmplicatod. awkward and
expensive. m.gh towers nmat be erected so the duunco betveen -utlonl nn not
be too small.

What if such a recoiviﬁg-trensnﬂtting stetion is meintsined in the upper at-
msphére? Ita radius of ;ction sharply enlarges. Wwhet if it i1s maintainsd on »
circular equatorisl orbit et & distance not much more than 36,000 km? Such a sta-
tion will make a revolution around the earth equal to & twenty-four hour period.
and be loceted above the same point of the globe. Less then kalf 5i the surface
~of the éarth will be in its field of vision. A system of three of s.uch satellites,
placed on an equatorisl orbit under angle 120° to one another, will provide simul-

teneous reception of transmissions on the entire globe, excluiing the small areas
near the poles. . |

This. idea was discussed long ago. There is an objection. Such a 'stationary

. orbit® will be loceted in an intensive area of radiation. in the cxtermal radiation
zone of the sarth.. Radiation of sufficiently large energy cen impair the charec~
teristics of semiconductors and compncate the possibility of Opemtion of stations
for a long period of time. '

True, these doubts, obviously, are purposeless. The prolénged operation of
the solar semiconductor batteries and radio spparatus on the third Soviet satellite
(which entered the polar arsas of the .oxteml radistion belt of the earth in the
process of 1ta movement on orbit) and on 'Vang'm"rd-i' (which entered the depths of

LIS

"the internsl belt) providoa [ buil to sssume that operation of semiconductor eppa-

ratus will be ltﬂb-l.‘. '

Satellites launch;d onto lower orbits can be used for communications. In this
case the satellites still are not stationary. They more or less pass rapidly in
the ranges of visibility of the trensmitting end receiving stations. With this

another station is not always located on the same arm of the trejectory. Therefore
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it 1s necessary l'o.that' the.utollite vwill quickly receive a lax'go'quan‘tity.of in-
formation, remember it and quickly transwit according to esrth commends when the
satellite passes above tize. receiving station. Between trenamission of :nt‘omtion
to tl:xe. sate.llite and rec;ption.frm it, a quite -eufficient period ‘ot' time pesses.
Such & type of caumnicetions was developed for militery purpbeei in the TUSa end
tested .on the °*Atlas-Score®, the first Americen militery setellite.

For communicetions purposes, not only satellites equipred with receiving-'trana’.
mitting apparatus cen be utilized, but those not h;ving it also. In this case,
the satellite is 8 passive reflector. A signel reflected from such a satellite is
very veak. end it loses a great. deal of ampli'ti'cntion.

Artificiel satellites can also be utilized widely for purposes of nevigation
end determination of the exac‘t location of & ship. VWe know that poor westher come
rlicetes estronomical observaticns. V¥e cen det.ermine location according to the
fadio emiasjion .of *l;.he sun end certain stars. which passes freely. through clouds.

" Utilizatiou of satellites permits us to increase the accuracy of these obsef;atiou.

In the depth of the solsr system, in the depth of & stellar world. Broed per-
spectives are opened for astronomy with its exit from fhe limits of the stmosphere,
even if one does not mention the sudden attainmgnt of other celestial bodies. From
astronomical instruments es a dense light~filter could be taken -- the atmosphere,
limiting the posaibilities of observation and apectrel'enalysis only with two win-
dows of transparency: a visible light end a band of redio emission with & wave length
from 1,25 om to 30 m._ Above ‘sll, this exit from the limits Of the earth’s”asmosphere
‘has significance for atudying the sun. A
| The sun is e gigentic thermo-nuclear resctor, in the depths of it self regulating
nucleer re;ctions are 'teldng place at colossal temper'at;u-ea and .preasure.. In the
pormal course of the process tl:}e sun e%ta a couwparitively s.tntionary flow of energy.
A detail investigation of all types of ;miuion is requiréd for an understending of

these processes: from the hard X-ray emission t& the redio-emission oflvlarge vave
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lengths. Thias is stipulated by the faect that various belts of resdiation can provide
different informetion on the nature snd ecmposition of the radiating substance, and
oo the process of the thermo-nuclesr and chemical resctions in the firey element of
the sun. Separate externsl layers of the sun ere trensparent for redio emissions
of various wvavelengths; their study permits us to somevhat remcve tbe external

covers from the sun and 100k into its more deeper layers.

The solar oorcna. The sun is not simply e bright sphere vith sparse dark spaces

on the surface. Gigantic explosions in its internmal areas and violent processes

in its external shells lead t0 the the ejection of coagulates of so-cslled corpus-
cles from the sun, vhiok are charged particles. These partieles are directed into
interplanesary space as olouds of plasma or "solar wind". They reach ths vicinity

of the earth, causing magnatio storms, and iafluenscing the temperature and motion

of the upper atmosphere. Duriag solar eclipses the corons of the sun is easily vi-
sibie, An exit from the limits of the atmosphers is extremsly importsnt for studying
the sun. Neither the shortwave-, nor the corpuseulsr rediation eof the sun, so
strongly influenocing the atmosphere, pemetrates through its thickness.

However, the comditions of the mni:ul Pprocesses on the sun are not always
stable. Trom time t0 time gigantic masses 0f incandescent plesma durst through
the overlying laysrs and as currents of charged particles are shrown into inter-
planstary space. Upon this, the intensity of ehort-wave--ultreviolet and X-ray

emission sharply inereases. 0f oourse, there are corpuseuler and hard shortwave
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emissions st the "quiescent vorking oonditions® of the sun. During the flashes they
' grov catestrophicelly. Interplenetary space is filled with clouds of cbharged per-
ticles of h‘i"“g.‘h"e'nergy.. These clouds bu'.ra‘t into the stmospbere of the planets,
causing changes in their composition .ap:d'pri'ngin‘g‘ ebout magnotic storma. They com- .
‘ plicate‘their ov‘n existance and future ‘fl.ighta of man .1nt‘o 1nt.erplanetary space. ‘

Artificial satellites, moving along an extended orbit around the sun, permit
the.accomplia.hment of investigations of the corpusculer radiation of the external
aress of the solar corona, an explanation of the dynamics of the propsgetion of
the cloudé of plasua, and consequently, the character of the action of this plasms
on the atmosphere of.the plansts.

It is possible to neglect such a 'aélar probe® in the modern state of rocketry.
It is much more difficult to trensmit information from it. Powerful radiotelescopes
are exclusively required for reception. A perfected redio-trensmitting aperatus is
also needed. It is sufficient to sey that in the iaunching of the Americsn rocket
*Pioneer-V®* communication was at & distance of 37 million km instead 6f the proposed
80 million. For tracking, the most perfected radiotelescopes in the world were
utilized, among them tt_ze rediotelescope from the British Observatory in Jodnell-
Benk, with o diemeter of the antenns greater than 70 m. In comparison with tke dis~
tance of the eartk from the sun, approximately 150 million km, this is nét much.
A detailed study of the sun and othe;' plenets requires the guarantee of radio com~
munications on a significently greater distance than the distance from the earth to
- the sun. - '

How can this bo-‘ntteined‘l_

== among the other large cpntribt.xtions_o.f':lciencs to practice, =- says Acede-
ﬁician L. A. Artsimovich, -- it follows to -indlic.ate the completely new trenh ori-
ginating in the last few years of utilizing t.he laws of the atmm vprld. It can be
called atomic rsdiosngineering (az_anetmel it is called quentum redio-physics). The

sense of this name is not difficult to explain. Already on the brink of our 100th
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snniverssry it bechie clear that each etom represents s tiny rsdio station, the
entire mechanism of which is hidden _1'_n. its externsal electron shell. Hov;sver. over
the course .c‘t. a length of time. it never occured to anyone that we can use this
property o‘f'atfum.. canpelli;:g them to oscillate together in the same rhythm sm to
"send en edjusted flow of emisaions. Such an idea spresred & coamparitively ahﬁrt
time ego. Its a\;thors were the young Soviet physicists A. M. Prokhorov and N. G.
Basov.

At the present time it becomes obvious that neQ atam radiio stations can iead
to an originel revolution in commnication engineering. With their eid, obviously,
ve will succeed in cfeating commnications as f_ine' 88 a needle together with excep~
tionally powerful beems of.electrmagnetic'vaves and light reys, end .by using them,
we will be adle to trsnsmit signals fer beyond the limits of‘ fbe solar system to |
many millions of kilometers. .It follows to assume that here the effair pssses fas-
ter than with thermonuclear syﬁtﬁesis. and ah..'eady in the next 5 to 10 yesrs atomic
radio stetions will teke their due place in precticel life.

The study of other stara.. nueulee and cosmic radiation is elso convenient to
carry on with the aid of.artificial satellites. The atmosphere then will not pi-c-'
vent the atudy' of electromegnetic emissions and the investigation of tl;g particles
of 'prix.mry‘cosmic radiation possessing colossal energy. This helpe in epproaching
the mystery of the secret of their origination. Ofcourse, everything that concerns
stars besrs the character of observations snd apeétral anelysis at dista'ncea which'
are dete;himd'_by pature.’ |

'rhe plo;etano\; mrnéd c;ut to dbe in a more 'n'dvap'tigpoun .poai‘tion'. in parti- - |
cular the closest ones, Mara end Venu‘s. and. of course, our permanent satellite,
the moon. Contemporery rockets can reach ‘the closest planets., Simple celculations
indicate that the powér of the engines of the contemporary rockets now is alreedy
sufficient to briag an instrument cont;iner of significant weight to the vicinity

of the closer planets. The first Soviet aspace rocket (vhich paases three fourths
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the distance between the orbits of the earth and Mers in its motion along en elli-
. ptical orbit aronp.‘.l the sun) end the autamtig ‘interplenctary atation lasunched to
' Venus on 12 Febiuax_-y 1961 cen serve es examplea..-

It is perfectly obvious thst'tor lflight to ofber plah_qts much bighex.- accuracy
is required for guiding the rockets thaﬁ for ;atellites vhi:ch reach or fly sround
the moon. Higher requirements sre needed for guarenteeing ‘tracking of the motion
of an interplanetary rocket and for securifng caommunication with it. ‘

Which plenet out of the nearest neighbors of the eerth, éxcluding the Moon,
presents the greatest interest for inveatigation?

This qQquestion cannot be definitely ansvered, Both Mars anci Venuz are interes-
ting, and both will be unconditionally studied. An interplanetary rocket flight
to Venus has kmown advantages. A somewhat lower initiel speed is sufficient for
the flight (epproximstely one percent). Less rigid requireﬁenta are set forth for
accuracy: 1n-a'flight to Venus the same error in the initial speed leads .to a de-
viation of two, egain less than in a flight to Mars. The duration of :tho flight
along a semi-elliptii:al trajecto.ry is almost half es much a&s. in 8 flight to Mars.
Venui can be easily investigated dué to the more frequent recurrence ofl e time fe-
vorsble for flight. |

It is easier to secure conmmication' with Venus than vwith Mars, because of the
smaller dis.tance between the orbits of Venus end the earti:. than between the orbits .
of the earth and Mars. B.ut this advantage may be reduced to zero with a greater
probsbility of interferences."ﬁhich cen be created. by "trggmqorpuscu‘lar currents of
the sun. Precisely therefore, the trajeétory of the Soviet AIS. seat to Venus, was
calculated in -uc.l': @ manner, ,‘.'.o_itl approach to the planet 'would not take place at
the sl;or;eat distsnce between the earth and Venus (approximately 40 million km), but
at a distance of 70 million km.

Spectral investigetions of the atmosphere vul.play 8 very important role in .
the study of the other planets with the aid of satellites. Since instruments will
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transported beyond the limits of the atmosphere of the earth, it does not follow
t0 surmise that from the reg;ate_red‘data‘ it is related to the atmosphere of the
earth and that tke plenet undor.a;udy&i;‘not reléted to tke atmosphere. Tho.ab;rooéhv:
of instruments to the atmospheres of these planets enlarges the resolving ability
of the apparatus. | Entry ipto the atmosphero' '.\;ndpr investigation offers the possi-
bpility of the immediate determination oi‘ its compoait'iox.: by means of utilizing mass-~
spectrometers or taking semples. ’ . .

Optical end resdio engineering methodes permit us elso to learn the character of
the surfece of the planets and their physical properties. This .13 especielly im-
portant for studying Venus, since its surface is aluaya‘cove;ed with 8 solid cover
of clouds. In order to study Venus better, it follows to lasunch a rocket into the
orbit of its artificial satellite end track its motion. Why is this necessary?
Because of tye absence of natural satellites: of Venus it is very difficult even to
provide sn accurate determination of its mass end to obtein informstion on the mag-
netic field of 'Venus; on the formation of its existence from high-energy particles,
similar to the redietion belts of the.earth.

In order to study Mars we must photograph its surface from a close distance,
soive. the.nva‘te-ry of its canals, seas and satellites, and explain whether or not
thex;e is vegetation on the.planet.

The landing of rockets on Mers and Venus \;as descx.'ibed many times by various
visionaries. It is difficult to say what it would ectuslly be like end what infor-
mation the first automatic station or roecket huq_ch-d to another planet will tr-ns—
mit‘. It is posesible that it will be an eutomatic atation Which will trensmit” to

the earth informetion on the composition and properties of the s0il, the z:ismic
life of the planet, tgniperature. pressure of the atmospheres on the surface of the
planet, heat balance etc. It is difficult to propose which informetion will be ‘the

moat valusble. When very little is known, any information is important, and’ logical
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' comstructions and further stages of investigation will make up the picture obtained.

After studying the pearest planets we will consider the more remote Ones.

i They have their own peculisrities im coaposition snd structure. Their investigstion
- will permit the obtaimmest of en over-all picture of the structure of the whole -

solar system,

After 1pvestigation of tbe pneerest snd furthest planets, and also the study of
interstellar medie, meteors and asteroids, and the activity of the sun, the scien~
tists will be able to construct s completed theory of the origin and development
of the solar system. Study of the other planets will help us in learning the aif-
fei-ent stages of their develomment, the composition of their hard crust, its struc-
ture, movement in the etmosphere as-a whole and its specific component perts. e

will slsc be sble to determine the motion of water, if it is discovered on any.

‘plenet in liquid forz. By means of studying the redioactivity of rocks we will be

sble to establish their age tlLc same way es it is done on the eerth. When the rocks

of the other plensts "speek®”, there will be much more daté for constructing a truly

.complete and authentic cosmogonic theory of the origination ard development of the

entire solar systsm es a whole and each planet specificelly.

Our closest coszic neighbor, the moon, presents special interest. It is quite
large in its dimensions, so thaet the story of its formation apnd developn.ent is uni~-
que instead of typical. The absence of s darse atnbsphere on the sun provides a ‘
nown basis to assume that it is an unusuel tectonic and geological museum, wherol

everything that is not found om tke very surface can be }n'ep‘t_ in i4%s primary form.

Of course, surface layers eannotbe charecteristic if their formation occurs in the

- absence of an atmoephere, and the very surface is changed, ground into dust by con-

" ‘tinuous bombarding with large and small meteorites.

The study of the “stnosphere® of the moon (its rerefied gas envelops) causes .
significant interest. Since its particles sre continuously volatilized, it must

exist only due to the seperation from the bowels of the moon of different gases, the
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products of internsl chemical processes onﬁ redicactive decg . ‘This meens that the
study of the composition of this "atmospbere® vill provide the basis for making o
judgement on the life of the deep areas of the moon. A prolonged continuous cbser-
vation of the gas belan;:e of the moon cen be accomplished with the afd of an arti-

‘ ficiel moﬁn satelli;te. The satellite will provide information c;n the working con-
ditions of these internal 'eoamoéonic mechanisms® of the moon. Moon satellites will
have much greater possibilities for studying minerel resources thap any other cele-
8tial bodies, axcluding, msybe, }&ercury.

This data can be supplemented with seismic investigationg of the moon with
automatic stations leunched to its surfece and reporting on the composition and st-
ructure of its surface layers. .

The moon is not only ti:e closeat celestisl bedy to the earth, but one of the
most interesting in the cosmogonic sense of objects. The earth in this respect
"behaved® in such a way that because of the nearnésa of the moon to the earth we
can assume that the history of their origin was common. We aWd note thst lately
there were serious doubts in this.

In studying the gas compos;ltion of the moon one must bear in mind that even
one landing of a powerful rocket on the surface of the moon will substantielly change
the composition of the lunar *etmosphere® (so fer as the small content of geses in .
it is concerned). It is evident that this "contamination® will be temporary until
the dispersion of the gas particles retgrns the coamposition end density of the

atmosphere to their original “equalibrium® values. The velocity of dispersion of

R N
. - aramitmeme

the gas perticles at the present time e‘annot be detemiﬁ;,:pro‘é-ﬁeiy ‘'enough by thee-""""
retical methods due to the difficulties in celculating the iﬁfluenc_e of the corpus-
cular currents of 'the sun on it. It is possidble that fo} studying this consumption
feature of the gas balance of the moon's "atmosphere® in time 'a specisl experiment

will be required on the study of dispersion of an artificially created "atmosphere®

or a gas impurity not characteristic for the lunar atmosphere.
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What is the significence of studying the moon? It cen be illustrated by a
simple exemple. We know that now there is not a single opinion concerning the ori-
gination of _petzjoleum: it is organic or minersl. The moon did not have the develo- .
pment of orgenic life, theret‘drc the presence or absence Of petroleum in’ its bowels
helps eanswer this question. | | |
| The study of a belt of asteroids locetcd beyond the orbit of Mars hes much
significence for explaning the historical development of the soler system end an
over-all picture of its structure. This investigation geins exclusive interest if
we can actually show that the belt of esteroids consists of fragments 01;. the °*fifth
plenet®, moving elong an orbit lying between the orbits of Mars and Jupiter.

Astronomicel investigations of the solaer system with the aid of rockets and
satclrlites will bhave a very lmmediate practical significance. They will provide
materiel for weking a judgement on the history of the development of the planets,
on their structure and value as sources of x;av materiel and power for man's utili-
zation. |

Astronomy, which is now an experimental science, will be converted into an
uﬁplied science in the near future. 'I‘X.:e community of goals and methods will lesd
to the spproech of geOpl;ysica' end gstrononv to the tight interveav'ing of the ﬁrob-

" lems solved by them and the practical conc_:luaiona that will be obteined. Tbe di't‘fe‘-
.;rence will be included cnly in the objectives of the imvestigation, amd thst it will '
be relative, for exarple, right now the sun prese.nts elmost & similar interelt.for
both astronomers and geoplwnicists.

The gosg} -‘t.‘roade of men. Man has gone beyon‘éwftﬂiaé‘ ‘iimiti of the pla;;n”t.» -

The routas near the earth are con_qu.er.ed and the expanse of interplanet;:ry rosds
is opened before man. | |

it is bsrdly necessary to speak of the probable‘unset.tons of zen in ﬁrolonged
space flight. They are descrided many times in both scientific and science-fiction

literature. The same cen be said sbout the problems of the vitsl activity of man,
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providing him with food, ‘water and an atmosiphere, vhi.ch arise es soon as man turns
fram flight sround the planet to flights to other celestial bdodies.

Each step end detaii of a manned flight aust be thought out, for c;iampl'c-.l the
aasumption that an atmoaphare of ordinary canp;psition will be unsuitable in s;;)aco’ 7
flight. ' © '

What is the reeson for this? The ability of nitrbgen. the basic component of
the earth's atmosphere which we &are useci t0, t0 create radicactive isotopes. The
undertaking is compléteiy suwrmountable: exp.eriments indicate that aitrogen can be
replaced by heliuﬁ; the meens of overcaming any undertekings in a space flight will
be found in exactly the same way. It is importént 30 that there will not be iw h
surprises in this difficult attempt.

It is very important to guararntee defense fram meteors and corpuscular and
shortwave rad;lations.of the sun. There is a basis ‘to ass@ that meteor denger will
not be great. It can be reduced b'y the aelectio-n of trajectories which exclude the
possibility of encounters with meteor ;rains. ‘the motion of which is well known.

In flights to other celestisl bpdies we ought to consider that meteors are concen-
trated in the plene of the ecliptic. .

Protecting man from ionizing rsdiations is 8 complicated problem. ¥or .fught
‘into the external layers of the etmosphere under the cover of "megnetic armor® of
the earth, these radia-tioné, probebly, will not present a substsntial danger. In
manned 1ntefplanetery flights there is this da'nger. In perticuler this villi concern
those powerful explosions on the sun, when colossal quaﬁtities of high-energy loiar
corpuscles ave thrM into interplanetary t;pac.e‘ &end hard radiation is intens:fied.
We cennot aoubt that this problem will be solved.

'Right now in the foreign press we see reports on th§ p;oceuing of various
protective materials and constructive methods of solving this problem. For example,
an assumption deserves attention conderning the installation of s small *emmerge ney

section®, in which crev members could bes sheltered during- the solar explosions.
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' The srsll dimensions of tk?isvvaection in conjunction with the development of new
. more effecfiveiprotective"matcx'zia_ls permits us to moke the px;ote:tion safe end vwith-
out anipcrea.e in weight. . | -

- Tnis is en old riddles Vst 1s fester than everything in the world?* The
ensver wes: °A thought®. Now it turned out that in a’ c"g,n'-vt\.'u.-y it will not be so
fast. Without automatic installations it clearly vquld not bé eble to secure the
guida.nce of space ships when it would take only a fraction of & second to arrive
at solutions and execute them.

Man will not stand at the controls of e space ship without automution. Auto-
~matic installations permit well-timed perfomaﬁees of all .Operetiona during take-
off or landing end transfer to new orbits. Automstic instsllations vill elso per~
forn many operatiqnn in the study of parameters of outor space and in the study of
the other plenets.

They were very well recommended in past steges of investigation. In an age
of automation, when man undergoes the moat dengerous operations in all fields of
his nctivit.y with autometic instellations, it is difficult to think that evolution
will be reversed in the field of spaece investigations. Try to iviagine that the
contemporary computation machines will be replaced by bundreds and thouseands of
computera; that compact and reliably operating autometic interplanetary .atations.
pbotographing the moon, will replace man, which will pl;otograph the moon and planets,
develope the photographs, transmit them to the earth... We get a prepoeteroui pic-

ture.

-
' e

However, if the QcOpQ of man's duties becomes narrover; won't flight to other
celestial bodies be deprived of a practical sense?

In sending man to ‘éther plansts, we ought to give him a comnand usigmﬂ_ent.
otherwise instead of a commend certificate , future astronauts will be presented
with a tourist visa.

Very often the purpose of a flight to other worlds is thought to be a search
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for exotic treasures or rev msterisls required for man's sctivity on the earth.
But we know now axlxd that in the neer future the transporting of even very n.luablo
materials from other celestial bodies will be unprofitable.

In en era of spece flights and atteimment of other plazets we should not ‘con-
sider thet the other fields of science and techx’x_o_log vill remain &t their present
stage of dgvelopment. It i3 certein that new deposits of 'pﬁneral resources will be
discovered on the earth, vhiqh are now deficient. Many of them will become inex-
pensive after the perfection of methods of e:lrtraction or will be createa from non-
deficient materials, replaced by more improved ertificiel materiels. There are meny
such examples in our c\aiiy .iite. ‘

Proce‘ssing of new synthetic materisls cen wmeke not only the trensport of certalu;
kinds of rew materiel unprofitable from otber planets, but also their extraction
on the earth._ Man's creative possibilities give him much more for developing his
economic and cultural life, than exotic treasures. |

Ofcourse this does not mean that men is limited only to the things he has on
the earth. Many ideas are alluring, for exawple, to proéﬁce a uchemical and nuclear
rocket fuel in a é.eaignated point on othe.r planeia. This would permit us x';ot. to ‘
bring fuel for the return trip or for continuing it. And it is certein that the
rav materiels and power resources of other celestial bodies will be utilized to a
fuller exient, vhen man masters them for the establishment 0f constant observatories
or simply for life. But it is also certsin that the; penetration of man into space

is not tomorrow, but the day after toworrow.

P
PRt T

Therefore, the Méxt goa) Of a manned flight into space is the study of the |
t;ther celestisl bodies. We 'should not fear that the e‘yer expanding role of gruto-
matic installstions indicates that there is mot a role for man. There vili}'géa'. vork
in ebundence for him. In all 1n1§atigations and at all stages, where favcrab-lc
experiment progremming is impos'sible. end a change in its mode .of perforuance can

be required, a wide field of sctivity is opened to msa. It will be necessary to
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for exotic tressures or rav msterisls required for man's ectivity on the earth.
But we know now e;;d that in the peer future the transporting of even very u.luablo
materials from other celestial bodies will be unprofitable.

In'en era of spece flightr and stteinment of other plsaets we should not ‘con-
sider thast the other fields of science &nd technplog will remein at their present
stage of development. It i3 certein that new deposits of 'gnineral resources will be
discovered on thLe eerth, vhiqh are now deficient. Many of them will become inex~
pensive after the perfection o‘f. methods of e:.:traction or will be cr_eateﬁ {from non-
deficient mat_;erials. replaced by more improved artificial materials. There are meny
such examples in our daiiy .iite. '

Proce_ssing of new synthetic materiels cen wmake not only the tranaport of certeAinA
kinds of rew material unprofitable from other planets, but also their extraction
on the earth.. Man's creative poss;ibilities give him much more for developing his
economic and cultural life, than exotic treasures. |

Ofcourse this does not mean that men is limited only to the things he has on
the earth. Many ideas are alluring, for example, to proét.xce a "chemicel and nuclear
rocket fuel in e aeaignaud point on othe.r planet.s. This would permit us iot' to -
bring fuel for the return trip or for contipuing it. And it is certein that the
raw materials and povwer resources of otber celestial bodies will be utilized to a
fuller extent, vwhen man masters them for the esteblishment of constant observatories
or simply for life. But it is also certsin that the. penetration of man into space

is not tomorrow, but the day after tomorrow.
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Therefore, t‘he dext goa) Of a manned flight into space is the study of the
t;ther celestial bodies. We 'should not feer that the e“ver exbanding role of guto-
matic installationsr indicate;that there is not s role for man. There win"-"gé'. ;o’rk
in abundsnce for him. In all invgatigations and at all stagel_l. where favcrabic
experiment pmgmmmihg is 1mp0631ble. and a change in its mode ‘of performance can

be required, a wide field of activity is opened to maa. It will de necessary to
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| carprchend tue results obtained, in order to have the possibility of checking thew
or continuing in the necded direction. Those phenocmens which can prove to be un-
expected or have a smell probebility of detection will not slip awey from zan's
attention or. his obeervation. '

This can pertain to geoiogical investigations, to ‘the study of the comhosition'
of rocks of other celestial bolies and vulcan;c aétivity. in particular, if it is
pot very extensive and is not continuous. It zen be fully applied'to biologicsl
investigations. It -i.s difficult to imegine that eutomstic machines will perform
such an iﬁportant brench of invéstigatioha. An animal &pd plant world, if there
is one on the otner planets, the microorgeniems of other plenets ~-- all this can
be completely studied onl& by man.

The study of life on othker ce‘lestia} bodizs is very impolrtant not only for
an aéquaintance with their nature. "It  is necessary for explaning the general laws
.of the prigin end development of life, which has a very immediate meening fér' mein-
taining the health and life of man, and e more effective developmment of the earth's
biosphers. |

In order to study the iife forms of other planets, it will be necessary to
apily strict measures of yrecaution in the landings of fockets. Precautionsry mea-
sures will also be needed in men's inmediste "acquaintence® with unknown microorgsa-
nisms, which can prove tc be injurious. We must also.not permit.the *contamination®
of other celestisl bodies with microorganisms of ‘.terrestrial originl- Besides the
destructive influence on the nature of other plemets, it is undesirable also becouse

| in th; succéaéive study of nature it will be difficult to distinguish the “local
inhabitents® (eborigenes) from the microorganisms 6f férrestrial origin and en ?r—
roneous representaifoulof the nature of the plaret under study can arise.

Precisely for this reeson, the second Soviet spece rocket underwent special
processing bdfofe its leunching to -the moén and corresponding measures wili be ap-

plied either in further investigations comnected with landing, or simply the fall
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of rockets onto the moon or onto planets. Exsctly the same processing will be done
to the ships returning from space trips.-

Other posaibilitiea. Very often. vhen the conversations turns to artificial
.utellite:. the questi,oﬁ is examiped concerning the utilization of solar energye.
Generally speaking, this energy i.p‘lalmady being used now. Solar battériel were
instelled and proved themselves very well on many satellites and spece rockets.
Their application, undoubtedly, will be“ ven broader. There is a basis to assume
that the efficiency of solsr betteries is increasing. At the present time the ef-
ficiency of the beat batteries does not exceed 137:. It is possidble that it vi}l
increasse up to 23%. This means that almost one fourth of the solar energy falling
on the element of the battery will be converted into electrical energy.

We can assume that the utilization of soler b‘atteriea will provide a solution
to the proble%rﬁecuring power for the apparatus of future spece ships and main-
taining the necessery vital conditions where ever man is found. Nemely the energy
of the sun will provide prolongefl operation of the epperstus of all eerth satellites
and even more so for the moon and other planets designated for.prolopged study or
for operational serv:l.c'es. Cen solar batteries be applied for securing the electri-
cal power primarily of the new engines of future rockets? Probably, this seems
difficult end the advantage will be on the side of nucleer and thermonuclesr power
sources.

Obviously, neither soler batteries.. nor eny space mirrors will be able to col-
lect a signifigant‘amount of solar energy for utilization on the earth. For this,
we could create surfaces that would be t6 great to be subjected to any kind of dan-
ger. In addition, we must simul taneously solve the ﬁroblem-'of t'ramporting_ ths
energy obtained to the esrth: in the form of immediate transmisszion or by means
of the creation of super-effective -cc\mlato.rl.‘

That is why the significant m;gnitudo of the flow of solar ersrgy which can

De effectively used on the earth is difficult. at the present time. Greater suc-

136



R T

cesses will undoubtedly be atteined in the utilization of soler energy on satellites,
rockets and space stations of the future.

There is still one proposel not hnnediatlSr co:;nected with satellites, concern-
ing tpe utilization' gf.eq:;l-ar energy. Its essence con'si.ata in the crestion of a

gigentic and quite- complete ring eround the esrth, composed of crushed dust parti-

cles, similar to ‘the rings of Saturn. It is proposed that these perticles, being

sent into an ordbit around the earth at a sufficiently great di.s'tance‘ from it, will
move along this orbit for an infinitely long period of time and, mflecting the
soler reys hitting them to side of the earth, will be eble to enlarge it rediation
balance.

Such a proposal is unfounded and, unconditionelly, cennot be realized; it
meets & number of serious objections. First of all, the efficiency_ of such a *mir-
rof" cannof be high, because it will not only .reflect. put also diffuse light on
all sides; secondly; the effect of such a ring will be sessonal; being created
at any moment perpendicular to the solar flow, it will become perallel to it {11ike
& gient yroséope. it will maintain the axis of its rotation in relstion to space),
end then fpr a long interval of tin_\o it will not be a mirror, but a shield.

At the same time, the creation of such a ring in a plaﬁe of the egquator, upon’
which a seasonal effect could not teke place, because in this cese a shiddd will be
created above the tropics, where a dust shromi always (if one assumes that the ring

vill lest & century) hide the sun. Thirdly, such & ring cennot exist for a long

" time. Dust particles, possessing e small mass and relatively lerge surface, will

quickly lose kinetic energy as a result qf collisions with dust and ges perticles

of the interplanetary medium. Besides, due to photoelectric emission and collision’

with free electrons of the interplenetary medium, the dust perticles acquire an

‘electrical charge. Upon movement along a polar orbit they will be exposed to the

action of variable pulsations of the earth's magnetic field, and intersect in its -

motion the power lines of the constant coamponent of the megnetic field. All this
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csuses very complicated_and large disturbances in the motion Of the particles, and
leads to the fact that the existance Of such a ring will not be lorg. Actually,
such a ring could enlarge many times in concentrggiqn of p"a‘rttclea in e dust cloud,
aurrbunding the earth, and could méke the radiatlén belence of the esrth worse and
could complicate o;tical obaervationl.x |

Artificisl satellites can help verify the theory of relativity. Usually this
questic;n leads to the verificetion of one of ¢the conclusions of the theoxry of rela-
tivity, the time peredox. Actually, modern technology does not permit the creatian.
of such atomic' clocks, .vhich could move alcng an orbit around the earth with & cor-
responding speed for a long time. After tbhe return of the atomic clocks to the
earth and their reedings are compared with the reedings of similer clocks, which
counted of f tae tiow on the surface of the earth, One can answer the question com-
cerning the ~resence or the sbsence of the time paradox vifh a sufficient degree t;f
reliability.

Of course, this is not a singuler method of verifying the theory of relativity,
although oth'er methods cannot be so graphic end demonstrative. There a:;e. fér exs-
mple, proposals to verify the theory of relativity by means of observation of the
angular displacement of the perigee of the satellites. The magnitude of such a dis-
placement of the perigee of Mercury, which hes e large speed of mot'ion than the ot-
her plenets, consists of approximately 4O® in & century. Cslculations indicate that
the displacement of the périgee of the aate‘llife will be spproximstely 30 times

greater and thorefore it can be easier detected.,.

'rhis is a long. ‘But not canplete list of all those principlel for verityintﬂ-
the theory of relativity, which became posa'iblo with the grqo_tion of .rt_j.ﬁcinl
satellites. .sgtollit,el- are one of the most perspective instruments for:veritying
the theory of relativity.

Unconditionally, the poasibili'tiea of the scientific utilization of rockets

and artificial satelliics are not dreined with the shown examples. These applica-
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tions can frequently be very unexpected. 0;ie canrot doubt .1:'nat artificiel sstelli-

tes and space rockets open exclusive possibilities for science. They will be c‘on-

tin\ully expaended since the utell'ite-. space ship, and space stetion ;vvilln.becme

ordinsry instruments or meens of auientific 1nveatigationa. '
cmm v

The Cosmic Future of Humanity

The scientific possibilities of man in our time ere growing extreordinarily

fest. The fentastic or simply unbelievable yesterdey becomes the real ‘today.

A little more than one hundred years ago, & French agnc;stic Aph'iloaOphor.

Agust Conte, meimtained that man would never know ti:e chemical composition of the
sters. Ope hundred yeers pessed, and not only the chemicsl <;.cxnposition of the stars,
but elso the chemicel compésition of remote nebulee was studied due to spectral
analysis quite wel_i. even better, than the composition of the planets closest to the
earth. - ‘ -

The margin bet;reen reality and fantesy weers ava'y at theipreaent time with en
ever increasing speed. Soviet man hes learned to create new substances, which na-
ture did not know of, he has penetrated the secrets ‘ot the atom and the depthes of
the oce‘an. launched rockets to the moon and around the sun and himself performed
the fiz;st flights around the earth 0;1 satellite ships. .Nov it is even more Aiffi-
cult to neme a problem, which could have been completely determined, that it would
be .impossible to solve.

The enlargement of our poasibil:ltiel is determined by the development of eco-
nomics and science. Descriptively apea’k‘i‘;;: ;;;;; ﬂig;'~;';:mjecto;'. witl: wvhich '
Soviet men illuminates his future. Each diacovery. and new technical atago renders
the most immediste influence on the most ulterior trend in the develo;:xiont of science
and ecopnomics. All consequences am:l perspectives of that or sny dia‘ﬁovery is not

always foreseen immedistely. Galileo, directing his telescope to the moon, did not

think, of course, that this wes the beginning of the visual study not only of the
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moon and plenets, but both the composition of other stars and remote galaxies.
A long improved telescope and the 1nvention. of spectrel enslysis wes required to
make this possible. Many similar examples cen be given.

The leunching of ertificial sa:tellites and space rocxets, and the entry -info
outer space, undoubtedly, has an exclusively lerge; influence not onl_.y on the d;ve-
lopment of science, but also 6f menkind.

K. E. Tsiolkovskiy was the first to urderstend ‘this. His merit consists not
only in the fect that he pointed out the means of entering spsce. Tsiolkovskiy
was the first to. meditate over the fact of which effect this has on tke ulterior
development of mankind. It is possible that his specifie proposals do not turn
out to be completely correct, zince at his disposa:l was very little deta on the
physics of interplenetery spac; end what effect the conditions of spece flight will
have on living organisms. The prime importance rests in the fact that he placed
the question concerning the future of hum.anity. concerning the purposes and the
idea of space inv.estigations.

But is there meaning, say some people, to ponder over this Temote future,
maybe, to submit to the nstural logic of events and the develq:ment.of internal
regularitiea? |

0f course, one must think of this in order to see a clear perspective of an
ultimate ‘wey.' to include the element of conscious regulstion in the trend of the
development of events, 8o that the development of events would b‘e the most effec-
tive. 'I‘po smaller the elements not considered in the worek, the smeller .gho ,laboi-
and time consumed in vain. _ ' L T ' B

It is unconditionally mpoaqibié to foresee everything up to the smallest de~
tail. To the reeder of the 21st Century, our presentations concerning thé future
Seem very naive and ungonvincing. since proposals of péopie'ot the 19th Century
are now being presented to us. And it is no less possible to attempt to px'-onnt

the basic directions of man's activity, on which an entry into -pncé has the lar-
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gest 1nf1uence; One cen also determine to what extent this step influences the -

development of mankind, its attitule and on existence in gensral.

Master of the plenet. In en astronomicel sense, the earth is an ondinary

planet of the solar system. Just es the other planets it can be studied with the

! .

eid of modern means of space investigations. But the earth is ex‘tremgly more at-
ta;?.nable for‘sciencev. then any other planet. The study of the earth has a primary
significence in pur days, when men cen actively filt in the natursl processes. The
development of rocketry leeds to tﬁe fact thet not only the environs of our planet,
but al_go a1l the very remote corners of the solar system seem to be vitt;in man's
reach, in the sphere o-f his activity.

Knovlec;lge of the solar system and thé regulerities of the development of matter
in the stars and g‘alaxiesl leads to a perfectly clear ani detailed representation
on the structure land composition of the earth. This permits en extremsly fullexj
utilization of the rew material resources of the depths of the plenet, which for
alread& millions of yeers have been liing a.t various depths as a \I.Belel;l treasure.
That which is now being used by man is no more then e slight‘ dissemenation of thoee
or any' substances and minerals, which were formed in the surface layer of the crust
or which have fsllen int.o the surfece layers fram the d.epths in the prdceaé of thcv
formation of the terrestrial crust.

One can thinc that even for many millions of years the earth will remain the
home of men; What resources does man have on the earth? The development of tec-
__m}gl?y will make the depths of the ocean attainable. The giant ®azure v;rgin
l;nd'. occupying an erea 70% of the surface of the globe, increases th.-productin
possibilities of the national economy. Even if one assunes tt-mt the entire surface |
' of dry lend, including Antsrctica, the spaces and rocky slopes of the mountains,
is to be used for production of food products, then the area of the oceans with
temperature conditions more favorabl.e for the development of life than the condi-.

tions on dry land, will be slmost two and & hslf times greaster. This ratio could .
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increese many times. The living substances in the ocean use not only the bottom
or the surface, but alao the entire width of the waters.

Yet only one of these perspectives of a gzI-eater utilizat.ionv of the oceens makes
en incompetent *theory® concerning the overpopulation of the planet. and concaming’.
the limit of th.e possibilities of its use for the obtainment of food products.

But not only in this respect. .Reaching t.he depths of the ocesn makes possi-
ble the use of the minersl riches,"which are found under the mess of water. Geo-
logists ere prospecting the bottom of the sea end ere working out projects of deep
drilling oflthe earth's crust under the ocean. They will pexnetrate ail regions and
depths of the ocean and remove the blank s;.mcea from the geological chart of its
boftom. A '

We now already know such examples of the utilizetion of the minerel riches of
the sea and the resources of the bottom.of the sea: the extraction of salt in the
Kara-Bogaz-Gol Bay and petroleum from under the bo.ttan of the sea near Baku.

But these examples are a pramising beginning. In time, probably, not oniy on
the water, but also under the water automation enterprises will emerge for extng~
ting ‘rav material and fuel. .

In our time, after the launching of aateliite ships, no one, perhapa.. doubts
the possibilitiea of & prolonged flight into outer spece and the ettainment of other
planets. '.ﬁtimately. "ethereal islénds' and settlements cen be created on other
. planets, It is probable that their creations and the equipmen't of gnderwater en-
terprises and even settlements will be t.he links in the single chain of development
of human society_.,. tightly linked between eech other. In this, it can be very p.u‘-
sidle that the studyv and economic mastery of the depths of the ocean will be met
with small difficulties, amn'\iler than. the mastery of remote planetsv. The study of
the depths with the aid of satellites .\1111 provide the initial material for compo-
sing charts of a geological prognoei; of the terrestriel crust, and the bottam 'of

the sea in eddition. New rockets for overcoming outer spece can be constructed from
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metal, extracted -"vrom. the bottom of the seas, and the heavy hydrogen extrscted from

sea water can become their fuel. Thus, the very diverse perspectives of human ac-

tivity cen be closely li‘ntervoven.

Man will penetrate even deeper into the depths of the ‘earth's crust. He will
canpose & guide map of .the earth'e'gruat with thé aid of such e perfected means of
pianetax;y 1nvestiga£10n.s. a8 ertificial eerth satellites. The ettainment of great
depths, possibly, requires the creation of those or emy industrisl enterprises in
en immediete distance ‘frcm the sources of rav meterisl and makes the activity of
men incomperably more ®versatile®.

This sounds eomevimt fentestic now. At the same time the construction of
*sublunar stations® is represented by necessity only beceuse of the existance on
the surface connected there with great dangers.

A basic obstacle on the way to the earth's depths is the great lsbor capacity
of the necessary work. But with the development of mechanization snd pover reaoﬁ-
rces construction of nndergroun@ equipment and underground roeds will be possible,
precisely since both the creation of illumina:tion. in particular the corresponding
intensity and spectrum of lo.lar iight. It is very possililo that the large end me-
chanized plents and metropolises of large .cities ar'e the first etages in this peth.
The difficulties.' of course, are great, but they are significently smaller than
those which which will be encountered on other celestial bodies upon the 1n.a\tana-
tion of such underground entelrpri_ses and settlements. ‘lhat is the adventage of
penetrating into the depth of the earth and other celestial bodies? Above all, in
the possibility q} utilizing the heat of the internal leyers.. Temperatures at com-
parati_vely amali: depths are lﬁch that not a- heating there is _roquired‘ in all lati-

tudinal belts and in eny season. At very large depths it is necessary, conversely,

- t0 lead off heat, which cen be used for heating residences and enterprises on the

‘surface and vill provide "free® smd practicelly permanent heat sources. The glant

heat wachine of the earth will operate in such a manner as to secure fevorsble con~-
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ditions for.life in the most diverse regions, in order to provide the meximum po-
wer for living end industrisl needs. |

It is slready known now .that at & depth o‘f severel hundreds of meters 6:- se-
veral 'kilometers there are seas of hot water, fhe'very same és those which appear
on the surface in the form fq’f géisera. or bhot springs. - This 'free‘egery' cen be.
utilized in indpstrial and 1:_lving needs. Investigetions and prépen;.toxy work 1s
going on for .t'he utilization of this energy stored by the depths of the earth.-
Scienfiéts must verify, is the hypothesis true concerning the fect that the earth
gradual]i.y cools off, and the energy of the natursl nuclear resctor is redgcgd‘l
Do the high temperatures of the depths of'the earth maintein nuclesr decay of ra-
diosctive elements?

Science helps .man in the formation of nsture.

The future of the plenet and menkind, communism, will secure not only an‘en-l
largement of the material and economic resources, but elso the radio.;:al' conversion
of the conditions of life omn it.

The more actual, the more reel bécomes the question of our time, the domina-
tion of man over the forces of nature and in the first placé. over weather.

The energy of atmospheric formations of .8 large scale is great. It is messu-~
red almost with estronomicel numbers, even if as a unit of meesurement ve take the
energy which is liberated as a result of an explosion of an stomic or e hydrogen
bomb, And then no. less interference in the atmospheric processes is possible.
Such & task will be beyond the po;ler of man of tm@v.

In & number of countries work is being conducted on :l:he '.dispemal of clouds,
and the a'rtifici.al creation 'of rg-i'n. Under determined conditiona this effect 1.'
conpletely relisdle, but not alweys for a long time. Id the *mechanism® of nature
the entire *design® is still not clear. The many ;1d;n of its operation require
the inclusive study in order to have."tl;e ;;oeuibility of fbrecasting what it viiin

be tomorrow, in a month, in a year.



But this is thé pessive, "concilietory® approech. It does not in the least
.prete.nd to correct those *injustices® in the distribution of heat between the polar
and equatorial areas of 'dry lanmd. It slso dog's not pretend to prevent elemental
disesterss  huricanes, typhoons, .tornadoes and floods. That is vhy, in studying
the esse;:tial *mechapism® of natural pheno;nena. it is necessary to think also of
the crestion of & new 'mecbar;ism' or at lesst of the development of definite details
which, being "essembled” in the essential ®mechenism®, would give man the possibi-
lity of including the element of regulation in the patural processes and actively
influence them. |

Right now the opinion is being expressed that it will be easier to change the
' weatl.xer than to predict it. This comes from the fact that it is not et #ll ovli-
gatory, in order to.have> the energy of the effect be equal to the energy of the
process. Atmospheric processes, even the very large-scale oﬂea. as a rule, are
unstable. A comparatively small effect cen be ‘sufficient in order to direct the
development of it in another direction. Picture & rocky block on the peask of a
mountain. You cannot stop its motion, when it is rolling towards you. But, being
warned of itA danger, you can edvance and push it, so it wou}d roll into an unin-
habited region or .atleast to a steep incline. In this, the influence of the falling
of the block will not be so dgatructive. One cen also bring sbout its falling in
an interval of time when it will not be dengerous. One can reinforce the rocky
block on the’peak of the mountain and make its position more steble. In exactly
the same way, man, in time, will le-a'rn to also control the atmospheric processes.

. This control, of course, ia aensglgqa without that inreatiéﬁtion of the role
which the utellite; will pley in the Qtudy of the natural processes and without
- the operational monitoring with the aid of a*tiﬁcinl e-'x"th ut'ellﬁes.

The energy necessary for a temporary effect on t.he eiemental proceseb .can be

fantastically great._ But for parﬁ'al effects and for changing the climate, the

energy requiroments. will be colossal,. -
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Where will it be obtained? Very often, the suthors of fictional books, in tel-
ling of the.future of the earth, write that the time will come when man will live
in outer spece around the e&rth under >artificia1 tbhermonuclear suns. ‘I'x.;dinpntably.

. thia’couid:be very effective ‘end could permit to some exfent p'chango in clixnat'e.
In light o.f these suns one will be able to read fiction book;ey'en at night. But
ope should elso look at these "projects® from an engineering ﬁgint of view...

And then it is impossible not to grrive at the conclusion that afﬂficial suns
vwill not be 'uorth creating. The idea of theix; creation is a simplg imitation of
nature, of the natural light of the system, and as a source of energy it is excep-
tionsally @economicd- Only en insignificently smell part of the rasdisnt energy
of the sun reaches the earth, end is used by man even less.

With the uneconomical consumption of the epergy of the sun, ve'muat.put up
with the fact 811 the more tm it 1; intended to be prectically en unlimited sup-
ply of fuel. In projects aloné .thia line, accomplished b& man, suéh plens, viil
of course be impossible. Supplies of thermonuclear fuel on the esrth ere greast,
but are far from being nnlizﬁited and must ‘iherefore be utilized economicelly. Ig-
nition of the ertificiel suns is the seme as igniting e giant bonfire far from the
house which we went to heat. It is much simplier end better to ignite this fuel -
in the furnaces of the house or even in "boilers® end trensfer heat from them to
the various "rooms® with the 2id of a ventilation system of *central heating®.

Keep in mind. the requirement in these "boilers® arises only in the case if the
*central heating® seems .to be insufficient, that i_s_. the heat of th; deep layers
"""“of the planet or for any reeson, its utilization will be difficult. '

Of course, it is nov impossible to imsgine how man will fulfill the role of
complete mester of the planet and nature. It is difficult to u&l how abi- -
lity will extend into the control of nature and to foreseg even all poesible direc-
tions of man's interference in the nature of the plazllet.”

As an example, let us take the possibility of man's intervention in the exis-
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tance of t!;e rediation belts of the earth.

When they were discovered, a.ddub't arose in some foreign scientists in th;
poegibiiriity of the entry of mean into ap.ace. There vas dissention that man vas loo~-
ked b:;'theoe belte .to the earth, as’ 11;:_3 trep. They then begen to .consider the
poaaibi.lity of an .entry into space through thel polar areas, to which these objec-
tions were made: explosions on the sun in the period of flight do not seem to be
any less dangerous than” the radiation belts. It was later expleined that the higher
the energy of the particles in the internal zomne becene, the most dangerous it was, '
therefore it must be pessed as quickly ;a péasi‘bie.

The internsl zone is compafatively stable, which meens that its existence is
stipulated by the approximate equilibrium state between the axlrival and consumption
of tt;e charged particles. The "receipt of bslance® is still unknown. Consumption
is stipulated by collisions of the charged perticles with molecules of gas in the
upper layers of the atmosphere. It 1sv completely possible that by means of ejecting
the gas or dust particles in the internal zome, it seems to be economically profi-
table to "withdraw from circulation® all or almost all cherged particles located
in this area of the magnetic trap. In time, it vili » of course, be fulfilled,
again, but the goal will be attained, @& space ship will open a road similar to that
which anov-rc.amavers are novw clearing the accumulated snow trom. .

It is fully possible that at the 'éosn;ic gates of the‘planet' there will be &
Speciai *travel service", providing sa‘fety of the movement of space ships in the
cloler.venvirons of the eﬁrth.

In the ;cale of.‘the solar system. The néces‘sary provision of safety of space
f1ights, and the creation of powerful rocksts which will permit men to leave the
earth to & distang:_e of many hundreds of mi_niona of kilaneters, will make man the
master not only of his planet, but the entire solar system. Numerous eutcmatic
rockets and ships with crews .will conduct investigeative work in outer space and

on various planets. Astronamy, which nov has already become not only an experimen-
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tsl science, but applied slso, will cerry on not only investigstive functions, but
also operationsl monitoring of the processes taking place on the s@. in space, and
on all the planets.' | |

It is necessary to. create verious c;baervatoriqa. Aand .st‘atiéna on othar'plamta
end their satellites. For 1:1115j we must construct large rooms where man might work
and live under the conditions he is used to on the esrth. Probably, these will be
'undergrouf:d"l roCMms , vhi;:h hwill be sble to provide energy due ‘to ti:ose or any na-
;tural resources of a given planet. These rooms will have an atmosphere, similar to
the earth's in composition, tempersture t_and density, and ertificial lighting, ori-
ginating from the usuasl emission of the sun on the earth.

It is possible that ultimetely, Sseparate observatories will be converted into
actual cities, connected between each other by tunneled roads. Why must the first
forms of men's existence on other planets be namely 'un&ergroundA'? Because in such
'pressu.rized rocus and tunnels it will be easier to provide the phyeicel conditions
vhich man is used to; In this menner, it is easier to isolate man from harmful
conditions meintained by other celestial bodies, easier to provide vbat is neces-
sary for lit“e and practicel activity as regsrds to rav materiel and pover resources
which must be, neturally, locel, end not mporte,(i.

A detailed study of the structure apd nature of celestisl bodies, a prectical
experiment in the trgnsf‘omgtion of nature to the earth can in time permit the '
.changing of the nature of other celestial bodies to u.sualv terrestrial forms. This
transformation will be derived from a lafge number of pertial factorss. an artifi-
cial c:ang‘erft 'the‘ahﬁoephgre fﬁr the purpose of apjaroximating its 'couposition 10
_that of the earth, the creafion of water ci.rculation similer to that of eprjth; pro-
vision 'of a c&rreaponding temperature mode end, possibly, the creation of nrtifii-
-ficAial'magnetic fields for protectinz the atmosphere from the effect of corpusculer
tl;ws which may be ejectea by the sun.

Only after such & transformation has been conducted, will man be sble to go out
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to the surface of enother planet without a .space suit, feel °®st home®, and not

_ ®visiting® in en unfamilier world, where each step is threatened with dange_u;

Of course, ell the planets will not be able to be converted in this manner.

" On giant planets, where the gravity is too grest, man cannot, obviously, exist wi-
. thout "i'xaég:ial security for a more or less long period of time. On small celestial

‘bodies, where the gravity is not great, the creetion of an ertificiel atmosphere

of large density is e sénseless affair. There, life of man can be developed omly
in the depths of the planet. Entry on to the surfece will be possible only in a
spece suit. Specii.‘.ic dangers of space (rsdistion anfi meteorites, plus, probebly,
an increase in the radicactivity of the soil) cen man watch for on the surfece of
the planet.

The forus of existsnce of men on other celestisl bbdiés can depend on the pre-
sence of orgenic life on them.

Just how peaceful will the "coexistance® of the locel forms of 1ife and the
visitors from earth be? Without en enswer to these questions it is impossible to
present in deteils the conditions of human existence on oth;r plasnets.

Tixe question of whether or not there are intelligent beings on other plenets
of the solar systém which are higher developed t.han man, hardly ever nrigea at the
present time. Obviously. thex;e ere none. It may very well be thet the probnb.nity
of discovering a "lost world® on the eartb similer to that which Conan-Doyle wrote
of, is much greater than the probability of detecting beings on othar plenets vhich
are on the seme level or higher than men in their devolopment. if they dia on-t.
then they vould find a means of lett#ng us anow‘about the:_n. |

- Communication with g;her vorida. The redisticn of the stars of the Geleaxy
led astronomers to the conclusion that many of them have ‘plenetary systm. One
of the ways, by vhich the astroncwers errived at such s conclusion was an estime-

tiond the speeds of stellar rotation. A regularity is poted in the solsr system:

the planets have a mass egual to approximately one thousend total of the mass of
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the system, ond spproximstely nine hundred and eight percent of the totsl amount
of rotation. This means, if the sun during its fomatiob had been forumed in the
shepe of & solit?ry star, deprived of planets, then it would b_e' ten percent more
massive, but would rotate fifty times fntgr. A

As 8 result of estimeting the speeds of rotation of other 'starn. it wes explei-~ ’
ned thet they ere divided into approximstely two equal groups, in which the speeds
of étéllar rotation in that or. another group differ by fifty times. 'I;hia means
thet approximately helf of sll the sters have plenetery systems. Of course, not
on every planet do the natursl condu.:i;ms permit the development of lif_e.'

How can we détermine. on which plenets, namqu .on which stars could life be
engendered and developed to higher, intelligent forms? On which stars that are
near the sun can we axpect to find intelligent beings? In order to find the ens-
wers to these questions, a Polish estrophysicist, K. Kordilevskiy, fommiated the
conditions under which one can expect the existence of 'inte_lligent t_:einga.

The first of them is included in the fact thet the ster must heat the plensta
with even light for at least two or three million years, a period vhich'. eccording
to earth's orbit, is necessary for the development of higher forms of life. If the
flow of solar energy would sssentially change after. that time, then life would cease
its existance, and if the earth would move along an orbit with a very great eccen-
tricity, then it could not originate in general.

'I‘he_.second condition consists in the fect that the central star must be 80 bot
as to secure the heat conditions in the planetary. zone which are favorable for the
development of living albumin.’ Sters that are too hot or too cold ere excluded fram
consideration. It is true, this condition can to a known degree be considered rela-
B tive.

. The third condition requires that on the surface of the plensts strong cosmic
or shortwave radistion is sbsent. Consequently, the 'planets must be located far

" from pew Or ultra-new stars, and from sources of intensive cosmic rodiation.
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These conditions sherply lower the quantity of stars, in which, probably, wve

" could discover plamfary systems inhgbited by intelligent beings. Among forty-ei-
" ght sters, 10cnted from the sun at fd:i:;:'ahcel lea; 't.han iifteon light y;.'n'. thirty-
seven are canpletely excluded fran the cltorgory of stara. the planetary ayatem

of which are s.uitable for life. Star 61-A of Cygmm. wes 8lso excluded from con~
aideraﬁon. By meens of observations for many years, an invisible planet was dis-
covened.A which was causing the ster's oscillation, and .the period of its revolution
wes camputed. The reazon for excluding this ster from consideration lies in tbe
fact thet itas luminescence is too small: only 7% of the sun's luminescence.

These ere the most promising three sters: Ta{a in the Cetus constellstion,
Epsilon in Eridenus and Epsilon of Indus.. It is true, the .radiation of ﬁpsil’on of
Indus is equal to 516% of thé radistion of the su.n..but this is by mo means hopeless
for the star to develope life. |

The luminescence of Eps_ilon of Eridenus and Tau of Cetus reaches LOX of the
sun's luminescence, and the mass is almost equal to the mass of the sun. The spec~
trun of rediation, -and conseguently, of temperature on the surface of fhe Planets
is also similer to the conditions in the solar system.

These two stars located comparatively neer us are the probable points of de-
signating where manned 1nterstellar.hhipa will in time go.

However, these conditions. do not take into account the circumstsnce that ths
planets, the existance of which ere presumed, can have a composition d&fferent from

the earth. mlouted at othnr distances from the central atar. rather than the
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planets of the solar ay-ten. snd th:ll can reduce the probability of detecting life
on then. '

Gran:fod. there 19':# arg_\mz:f also '1;:' the ;ae of expanding the conditions re-
fered to. It is difficult to think that if the centrsl star fades, then intelli-
gent beings, on a high degree of develorment l;'.l'l 'pgueuix‘xg the secrets of nature,

would not find & means of artificially meintaining physical conditions sujitadble
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for life. If we continue this thought, we ought to seek the most intelligeant beings

precisely on these feding stars.

At the present time, man is deprived of -the possibility of reaching other stars.

And what is more, many coneider this possibility problemstic in géne;r_al.. Does tbis
‘mean that the qutlestio.n of where iptelligent beings tan live is id'lq‘.l

Noi Recently, the posaibilify is considered even more reslistic of establis-
hing redio Zontact with intelligent beings of other worlds, with man's intellectual
brothers. In September 1959, in the British journal *Neture®, there appeared en
article by F. Morrison and D. Coccony. In it, it was n:gntioned theat this possibility
is not only real, but is technicelly .founded. '

First of all, if one essumes, that the transmitter, the emission of vhich is
used, has a power on the order of e tﬁousand or ten thousand kilowatts, otherwise
saying, s\'wh povwer, which the transmitters on our plenet can now have, then the sen-

vity of contemporary lsrge radio-telescopes, equipped with molecular amplifiers,
v.{l‘l permit us. to receive radio signels, arriving from s distance up to 25 light
Years. And this is not the limit. With the introduction of new resdio-telescopes
the radius of possible reception grows to & hundred light years end more. As we
sec, this is significantly. greater than the distance to tae hypothetically 1ghabi—
ted plenetery systems of Tau Cetus and Epsilon Eridanus.

Secon;ily. the band of radio fréquencies. which can be used for such ﬁdio cam=~-
munication, muslt be quite clesarly determined. If we exclude the frequencies which

can be absorbed by the atmospheres of the plencts and exposed to redio-noise which

e AT, el e v -

may be ceused by the emission of tna sun -apnd .atara,.'t’h'o posbib;e ban;i will immedia -
tly cease up to the 15--150 cm vavelengths. ' Raciio- véyes 21 cm long are considered
to be the most probable for 'iﬁterste‘il&:" comunications. This.is expleined by the
fact that waves of such a length are emitted by atoms of neutral hydrogen. Astro-

physicists ere working further on this wave, studying the atructun; of our galaxy
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end the movement of other planets. It is precisely on this wave, undoubtedly, that
intelligent beings are ott@ting to esteblish cammunications with their gelactic
neighbors.

Radio signels directed from planets located near the centrel plane of the ga-
laxy will be strongly veiled by natural emissions. There precisely is concentrated
the largest part of interstellsr gas. This excludes Epsilon Indus from the list of

possible objects with which redio comnunications cen be established.

A modern redio telescope. Up until recent times, radio telescopes were only a msans
of studying other celestisl bodies and remote galaxies on the basis of their radio
emissions. After the launching of satellites and rockets they also began to be used
for observations of them. Thus, with the aid of the largest radio telescope in the
world, depicted in the picture, in the Jodrelle-Bank Observetory (antenna diameter

80 m) the tracking of the second Soviet space rocket was conducted and its fall on
the moon was confirmed. With the help of this redio telescope the American space
rocket "Pioneer-V® was tracked (up to & d%stance from the earth of 37 million im).

‘ Now radio telescopes are beginning to be used for systematic registration of
redio emissions arriving st the earth fram certain stars, for the purpose of picking
up signals in these redio emissions from intelligent beings which can inhabit their
planetary systems.,

The considerations drought up are the basis for recognizing not only the main

posaibility, but also the reality of establishing such communications. Already at
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the present time, we have sterted registretion of redio emission of 2i m vaeve-len-
gthd, arriving trcmi'rau Cetus and from Epsilon Eridenus, and have started to sttempt -
to nep;rate the. intelligent information fro_n the x-ad}o enission being received.

This effort vas started at night on -6 April 1960 in the presence of the repre.senta-
tives of the Soviet Union, Sweden and Ceneds with the tventy?t;t 'xl:ete.r parabolic
entenna of the American observatory, Green-Bank. | -

In the consideration. of the problems of estebiiahing raedio contact. curiosities
were dispensed with., Some foreign scientiaté congidered it necessary, for omﬁle!
only to register'radio signals, but in no case to éonvey the same signals, 30 as not
to ceuse a déetructive‘ invesion of coloniaté from other stellar systems whose level
of develorment of science and technology might be higher then ours. Of courae.. this -
is not & founded danger. . '

Esteblishment of two-way communications with other worlds will mean that the
people of the earth are included in the "greet ring of intellect® which must exist
on the basis of completely logical proposals 'of some visionaries, ‘in perticuler I. -
Yefremov, between the developed civilizations._of our gal.axy.n The exchange of expe-

riences and knowledge in this ®cooperation of worlds® will create exclusive possi-
. bilities for further development of each of these civilizastions, for their complience _
of the forces of nature end the utilization of 1ta. riches for the good of the living.

It may very well be that the solution of the mpor.tan:t »sroblems now _facing man-
kind will occur not as the result of tedious activity on the earth, work connected
with ;nistakea end expenses, but as a result of femilisrization with the knowledge
stored in the °*libraries® of other worlds. ' .

Of course, this‘ is & dream. It doel not mesn at sll that we maist turn trﬁn l
work and wait for that mmc:nt: vhen we will be eblc. to obtein the knovledge campletely
*gratis®. The expensive approsch is foreign to Soviet msA. In the infinite ‘variety
of scientific ways many of the solutions can seem to be more priginal or more effec-

tive and are the investment which mankind will pay in the gemeral affeir, just ss
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' soon &8 it is included in cannunication Between civilizations of the galsxy.

Has the earth bee: visited by. strangers from other worlds?

The achievements of rocketry. the mltiplicity of po;mlated worlds, in which
practically no ome now doubta. cneated! the known credulity in respect to the poesi-
bility of 1nterste11ar tlighta. Several authors utilized this credulity. 'X’hey éid
not consider with probability the realizatior of such flights, escaped the critical
approsch to the facts, on which typotheses can be. ;:onstmcted concerning & visit of
the earth in distent times or even now by s‘treﬁgers from qther plenets or even fram
other sters. These pcople obstinately sought e confirmation to suck an hypothesis’
in legends, among them biblical oﬁes. in unverified or simply unexplaeined facts end
even in fraudulent febrications.

This is the 'evidence'. Both the descriptio'n of "observations offlying saucera"
borrowed from foreign ‘literature'. and giant plates in the Lebanese Desert which
lupposedly could not have been made by anyone besides astronsuts, and biblic.l le-
gends. .

If we stick to this point of view, then it is eesy to confirm that both the
Koshka and Ayu-Dag Mountsins in the Crim;an were cut by visitors from other worlds.
Tales about flying cal_'pets.etc. were supposediy composed by‘.those who sawv cosmic
trevelers, and any unexpleined phenamenom is also only connected with this. One
cen further confirm that the very exietance of life on the carth end the dcvel@ent
of culture is the result of su;:h 8 visit, and somewhere thé difference between the
religious repreaenta‘i:ibna end such "scientific hypotheses® will dissppear.

| Therefore, we must be very ;:areful in studying the i:ouible solar .ys';.em visits
in ancient times by ‘str.aasers. from other worlds.

In any case, there is now no irrefutsble proof that this toék place at sometime.
In the best case, there can de natural ‘phencmena or facts which cennot be expleined

at this time.

The eternity of life. The earth, as well as the whole: solar system, oriéinated
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approximstely five million years sgo. Certain experimentsl dhta. in pasrticuler the
displacement of spectrsl lines in the emissions of otl;er galexies, indicate thet
the separste gelexies of the Universe stert 'running' ip verious directions with s ‘
speed greater than the more distént.of, tbesc_-: galaxies. This provides 8 baa‘ia tcjv
,essugje. that the .part of the Universe we know origineted poss_i_.bly es o r;s‘ult of a8
glant explosion end, consequerntly, aged. E’ve.x"y‘thing that k;as a beginning aiso has
an ending, but not in the form of interference of external supernstural forces, and
in the form of e specific chenge in phases of the de.velopment of m;terial in the in-
finite cycle of this deve.lopment.’ Men does not know the ulterior mode of the gene-
ral development of the s.olgr system, the develomuent of the universe. Since it would
not be offensive for men, one should note than sooner or later 'the sun will change
its emission s0 much then its energy will not be sufficient for msinteining life on
the earth. Of course, mankind of the future ‘will heve meny possibilities to erti-
ficially prolong for colossal periods the existence of his world by meens of regular
conversion of the plenets or even the entire solar system. There'fore'. the ces'aasi.on
of life in‘the system bears s principelly faster possible then reeslistic cherecter.

Life has alreedy repeastedly refuted the mysticel predictions of individual
*prophets® concerning the neer end of mankind as a result of overpofuletion. thermal
desth, degeneration or the 'auicide'ot‘ mankind' | .

The growing productive posnbilitiea of man and the colossel reserves of obtei-
ning products for putrition aiaproved the Mslthusian Theory.

The second law of themodynem;cs. stating that heat .exchenge is’ poaaible only
from more heated bodies to colder ones. was interpreted by certain“rareigl lcientiatn
a3 the ®thermodynsmic proff of the ens“tapce of God'. It wes comidered that sooner '
or later the temperatures of all bodies will be equal and a state of equilibrium
will occur, deeigna'ted‘as‘ 'them.a-l death®. Meany proposed that ®thermal death® will
occur earlier for menkind, when the sources of petroleum and coal are depleted.

Calculations irdicated thet this period will be camputed in tens of years. Time’
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eipired apnd th.e presence of the fuel reserves were not only the same but even were
increased: ”"n?v deposits vgré dio&overed. I-!oreovpi. mankind received puctic#lly
unl imi ted suppiige of nuclear ehe‘x;_y.. The perspe,éj:ive of 'using th.e:'i."ni_:erml h?at
of the esrth and more complete utilii’atién 9(’ solar energy is becoming real. ‘l'he
*thermal deeth® was pushed eside to &n undetermined, very fer distence.

But will this be, however? For the present, msn does not have conclusive proof
o‘f.‘ the existance of the processes compenseting the observable consten.t dissipation
of energy, but, undoubtedly, it .mua't be. Matter is coﬂtinuoualy being developed
according to its infemal lews. The universe is -not' 8 time mechenism which is wound
up by somec.)ne'_s hand from time to time.

A detsiled development of the theory of relativity end further study of micro-
end mega-worlds, undoubtedly, will provide the information concerning the links which -
the cyclic chain. of energetic transfomatio.ns of matter is festened with.

In spite of the known limitedness of the possibilitiez of the existence of life
in time and space, life is eternsl, due to the eternsl existance of matter.

CONCLUSION
. The conclusion concerning the eternity of the exist.ance of life denotes the
unlimited possibilities for the development 61‘ buman society, its .culture. science
and dominance over the forces of nmature. . .

But this conclusion does not at all denote that it can rest on its laurels.

Life teaches that everyting new. appearing as a result of regular develoment, does

not influence the arena of hiatory withéut ¥Re furious Tesistance ot absolescent .

forms of sociel develo;nent.

In & Declaration of the Soviet Government dateéd 31 August 1561, it says that

*the Soviet Government could not £01£i11 its aacred duty to the p oy.‘tes of its coun-
try, to the peoples of socialist countries, and to all nations st ‘1, ng towerds a

peaceful life, if it is faced with threats and militu'y amngeﬁhs embraced by

l,l
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the USA end some other NATO countries, it could not utilize the possidilities it
has for the development of the most effective types of weapons capable of cooling

the hot heads in certein capitols heid by NATO.

In the Soviet 'U‘nion project's were dev.elo.p.ed for the creation 6! 2 ;erie- of
high power nuclear bombs (20-30-50 and 100 million tons of trotyl), and powerful B
rockets similar to the ones in which Major Yu. A. Geghrin end Major G. S. Titov made
tkeir unprecedented space flights around the earth, capeble of lifting and delivering
such nuclesr bombs to any point of the globe where sn atteck might be made on the
Soviet Uﬁion or other socialist countries. It would be inexcusable thogghtleaéneas
not to make the corresponding conclusions from the circumstazces which occured in
view of the egressive politics of the NATO militery block, end not to provide for .
the reinforcement of the sefety and bover of the Soviet Sta.te. the great socialist
caap, and. all peace-loving nations.

eesIn order to ward off the sgressor's desire Lfor criminel play ;vith fire, it
is neces.ury 80 that he will know end see tha.t in tﬁe world there is e force armed
end ready with universel weapons to repel any inclination towards the -independence'_
and safety of peace-loving nations, and that relaliatory weapons will overtake the
agregsor in his own den.

.e.Jet everyone, to whom the preservation of peace is desr, know that they can
bravely rely on the Soviet Union end -on the titenic forces 1t cen underteke to bring
the leaders of the militery psychosis to reeson and to stop the accelerating course
to a new war. ‘ .

Invarisebly, guided by lenin‘s principlea of peaceful coexistance. the Soviet
Union threatena no one and furthemore. does not intend to attacx anyone. The So~-
viet Government trmmphantly' decleres that the Armed Forcse of the USSR wnl never
be the first to have recourse to use their wesponsl!. !

‘It the‘imperialiSts provoke ; war, then i1t will be the last war for them. The

nations will rise and des’croy the capitalist order which breeda 1mperiunstic vars.

u,
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Such wars in our ers can lesd if pot to the threat t0 the very existsnce of mankind,
then, at leest, to an essential deterioretion o,,t'.tbe rising processes of development,
to the senseless deaths of meny millions é':f{pe’:gple and to the destruction of material
values. . l ' Rk

Msnkind's eﬁtf’y into spece has & s'pécial ‘sig:nifi‘cya;.xee. The colosssl a‘mament
race, being developed by the ).méricad imperiali.stg and émbracing ;he plenet, over‘-
vwhelms outer spaoce. | '

The danger of the militarizetion of space by USA imperielists is great. It 1ia
aggrevated by the f.act thet the smellest defect in armament, an error of the operator
in the énnouncement service can lead to the wear anl teer of the starting mechanism
of ® new war. Let us imagine the moment thet e natural c,etéstrofzhe heppened, simi-
lar to the explosion of the Tunguss lMeteorite. There is now no clear representation
of its causes .and for more than half a century after this. incident. How éan [ c.lear
representation be composed concerning tke ceuses of a second such event, if it occurs
during those several seconds which the peOple'.' will have at their dispbsal. in order
to receive the decision to §eliVer an 'Ope.n' attack? .

The exclusion of wars from world life is an urgent necessity because modern
technicel means are capable not only of causing the most severe destruction in cese
of war, but in the intelligence of their use they can give nﬁn e;cclusive poesibili~
ties for raising his welfare and expanding his production. . .

In investigations oxd exploitations of nstural riches is the resl end solitary
possibility of the"blossaming -of economics, and rockets end space.a.hipa c;an end. must
Pley ag homored role ip this affair. | VU

The possible pex-specfives of scientivfic‘a‘n'd Ae:c.onomicA'utnizafion of satellites
were noted sbove. Same of them promise & dcf'init;e ’econcmic- gain. dthers do not*
offer possibilities of seeing & gain im'ne’diate]-.y.rbut present much interest from -
an investigative point of view.

One sbould note that the perspectivity of planetary iovestigetions and the stuldy

FTO-MM_£2-1854 /142
. € 5471+ 159



of the ahnos’ék,gric processes with the aid of satellites is elso ackpnowledged by fo-
reign scie.ntia,té. But the speciﬂc'_ purpose of the inveat‘igat.i.ona 1nv the cepitalis-
tic countries differu from ours. | |

'Charact'erigtic ;.n this respect are the ccnmentaf.ieé of an Americen sclentist,
E. Teller (one of the crestors of the Americen hydrogen bcmbv)' on the launching by °
the Soviet Unjon of the first artifieisl éat;allite in the world. Regerding the high
development of Soviet science, he remerked that if the Russiens lesrn to control
the etmospheric processeg before the Americens, then it will permit them to conquest
the USA without war. And here is another characteristic of the sctuelity of lesrning
the méchanism of.the atmospheric processes. The American scientist, R. Oppenheimer,
(s specialist in atomic nuclear plwsic;.s. snd director of the Awericen project for
the creation of the atoanic bomb) greeted e symposium in 1955 in the USA, devoted
to the problem of utilizing computer engineering for the study of the dynsmics of
the ciimstic processes. Opr;enheimer canperes the symposium with a meeting in Los
Alemos during the wer, at which the project for creating the atox bamb an discussed,
but remarks that at this time the problem is immeesurebly more complicated.

Soviet scientists, in differing from many A.mericans. avoid the striving to de-
vise some equivalent of nuclear weapons from geophysica. For Soviet scientists geo-
physics, end also estrophysics is ebove all the possibility of the ulterior rapid
develoymex;t of productive forces, erd t_he further raising of the welfare of the ne-
tion constructed by commnisnm. . -

Does this mean thast only those fields of science must be developed which offer

an obvious end rapid economic effect? Of eourse not. .
Economic utilization follows a detailed comprehension g} that or any diacovery.

any result obtained in the process of long scientific reaea;:ch. " And very often 1t

is impossible to foresee all possible consequences of any newly discovered phenowme-~

nom. It is known that a German scientist, G. Hertz, who di?gcoyered radio waves,

proposed that they will not have any practicel aignificapge, AA fev yeers vere needed
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80 that the works of the Russien scientist, A. S. Popov, indiceted thet the utili-
zation of redio weves will find wide app@icati'bn; Pnd right nov it is impossible ¢o
' ) Mine ‘our science and enginecring vi.th:.:&_f‘ﬁdip epparatus, and the world witbout
redio communicetions end television. | | »

Another exsmple should be'indicat.ed. A Brifiah ecientist, Rezorford, who lx;;iit
an atomic nuéleua. also p'ropose.d thet this achievement will have oniy & theoreticel
significance. This proposal slso turned out to be erfeneous._ The energy ot"an atonic
nu;:leua was soon utilized for the creetion of a destructive wespon, and now it is
being widely applied in the national economy, The atomic icebreaker ®*lenin® breaks
pelar ice, and for a long time slready atauic ele.c*_trostations.have been providing
current. Many similer examples can be given.

It .i;, doubtless thst those plenctary investigetions which will be made with
automstic rockets, satellites end man t‘ximself. le‘aving the limits of the eerth and
eve.n reaching other planets, will creste practicel possibilities which are now dif-
ficult to foresee. Obvionsly..tha:. specific trends of the various directions of in-
vestigation, already known now andn'possible in the future, consist in .the ‘poverful
flow of knowledge b‘y Soviet men of the universe, which will be widely used in prac-
'tical" at;tivity. .

Overcoming the force of grevity of the planet is & large victory of the human
intellect. It is a 'pledge of t'he affirmetion of the povwer of men over "che'fox"cea
of nature. .

The age of interplenetary voysges has sterted. Mgn is penetrating space. The
' ta;k of the gc‘iei":tists is to provide the astronsuts with deta conc_emi..ng what takes
place in space in ox;d_er to accurately,_'gulde the ships flying in the depths of the
Universe. . . ' |

'mie future of Soviet man is beautiful. In it, the knowledge of mature i» or-
ganically being interwoven, with the mastery of space, the development of economics

end the tuilding of coamunist society.
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-DISTRIEUTION LIST

DEPARTMENT OF DEFENSE Nr. Copies MATOR AIR COMMANDS Nr. Copies
AFSC
SCFDD 1
4LSTIA 25
KEADQUARTERS USAF _ ToOBTL 5
TDBDP , 5
AFCIN-3D2 . 1 © AEDC (AFRY) 1
ARL (ARB) 1 ssp  (SsF) 2
APGC  (PGF) 1
ESD (ESY) 1
OTHER AGENCIES RADC (RAY) 1
- AFMDC (MDF) 1
CIA 1 AFMTC (MTW) 1
NSA . .6 4SD  (ASYIM) 1
DIA 9 TDFSF : 1
AID 2 .
7S ]
AEC 2
PWS 1 .
NASA 1 N
ARMY 3
. NAVY 3
NAFEC 1
RAND 1
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