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Epigraph

... "The steel birds find the air increasingly crowded,
and this has beeome possible in our country only at this t}me
when our whole industrious nation, every working man and we-
man io our Soviet land have all together set out t0 make
real mapkind's dream of conquering the heights beyond the

clouds...
"fodey I am very certain that my other dream, namely,

igterplanetary travel, whieh I subatentiated theoretically,
will also ecome true.

"For forty years I worked on jet-propelled engines aund
thought that a pleasurs trip to Mars would begin only after
geveral centuries. But times are changing. I believe that
many of you will witness the first flight beyond the at-
mosphere.sces"

 (From a speeeh by K.E. Tsiolkovsky
recorded in 1933)
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& PUBLISHERS' NOTE

On July 1, 1957 began the International Geophysical
Year. Joining their efforts, scientists of 64 countries
are engaged in extemsive investigations of the contlnents
and islands, seas and oceans, the depths of the sea and the
atmosphere.,

To be studied are the aurora polaris and glow of the
air, the cosmie rays, terrestrial magnetism, the earth's
gravitation, and solar radiation; also the ice situation,
the physics of the ionosphere and a number of problems of
meteorology, oceanography, selsmology, and so on.

| Occupylng a special place in the researzh is the study
of co¢smic spaes, one of the - fascinating tasks of moderan
¥ secience. It is of tremendous interest for physics, astrophy-
sies, astronomy, meteorology, aviation, chemistry, biology
and many other spheres of science.

An important place in the IGY programme has been assigned
to this exploratien: which is being conducted with the aid
of rockets and artificial satellites of the Eafth.

The Soviet Union plans to launchlgzs rockets, to rise
from g&{igggggupoinps_in~the USSR approximately along the

- same meridian,‘beginning with Franz Josef Land beyound the
Arctic Cirele, and from starting grounds in the middle la-
titudes belt. Rockets are also to be launcheéd from the area
of Mirny settlement in the Aﬁtarctic. The Soviet rockets
will take up containers with instruments for different
kinds of observations 100-200 kilometres high. The United

States plans to send up 35 rockets, and Britain, Francse and
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Japan, also intend %o launch rockets for‘research purposes.
The IGY's most important problem is the launching of

-7 artificial satellites of the Farth. The very emblem of the
IGY is a picture of our planet ringed by an orbit of a
moving artificial earth satellite. Only two countries --
the Soviet Union and the United States -- have decided to

S undertake to carry out this task, one of the grandest man
~has ever set hiaself. o

On Qctober 4, 1957 a truly history-making event took
place == the Soviet Union successfully launched Sputnike-l,
the first artificial earth satellite. And before another
full gonth had passed it was followed by Sputnik.2., its
younger but much bigger brother, which took up to the
fringe of outer space the dog "Laika", the Earth's first

- messenger, _

The launching of Sputnik-l was a great triumph of
man over nature. Man had surmounted "the physical marriers"
which have kept him out of cosmic space; he had overcome
the force of gravity and the resistance of the atmosphere.
However, there still remained the biological barrier, as
yet unexplored. Could a living organism endure the coun-
ditions of space beyond the Barth's atmosphere? "Laika's"

- _beartbeats heard by the world's radio stations furnished the
answer to this question. This is the first step toward
man's travel in cosmic¢ space.

In this booklet we offer for your attention material
pudblished in the Soviet press in connection with the launch=-
ings of the sate¢llites, amony them articles and other pube

lications by the following autchors:
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Academician V. Ambartsumyan, President of the Academy
of Sclences of the Armenian S5R; Academician A. Blagonravov,
Academician -- oeeretary of the Teehnical Sciences Section
of the USSR icademy of Sciences; E. Blinov, Corr¢sponding-
Member of the UsoR Academy of Sciences; S. Vernov, Corres-
ponding-Member of the Acadeny; K. Gilzin, Candidate of
- Technical Secienees; Prof. V. Dobronravov, Doctor of Physical
and Mathematical Seiences; S. Dolginov, Candidate of Physicul
and Mathematical Sciences; P. Isakov, VYandidate of Biological
Sciences; A. Karpenko, Learned Secretary of the National
Commission for Interplanetary Coumunication of the USoRr Acadenmy
of belences; V. Krasovsky, Doctor of Physical and Mathezatical
Sclences; Y. Krylov, Candidate of Technieal ®c¢iences; Prof.
V. S“onmadin, Doctor of Technical Pciences; V. Parin, Member of
. the Acadeny of Medical Sciences of the USSR; N. Pushkov, Can-
didate of Physical and Mathematical Bciences; Prof. A. Predvo=
ditelev, Corresponding Member of the UsisR Academy of Sciences;
Prof. Y. Poredonostsev, Doctor of Technical ociences; Prof.
G. Pokrovsky.‘Doctor of Technical Sciences; Academician |
A, Topchiev, Chief Learned Secretéry of the Presidium ¢of the
USSR Academy of ©ciences; A. Shternfeld, Winner of the

International Prize for the Promotion of Astronautics, and

- others.

)
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I. HISTORIC EVENT IN THE DESTINY OF MANKIND

OQur epoch is rieh in great discoveries in the ficzlds
of science and technology, and soue of them are so great
that it is souaetimes hard for us to assess them prop.ryy
at once. Space flights and an artificial Earth satellite
have been discussed in detall in the scientific literature
of differeat countries for a long time, and one would think
that the importance of this Question had long been realiscd.
However, now that the Soviet artificial satellites have been
successfully launched and are whirling over various countries
the history of the question should be re-examnined once more
and the success achieved assessed in a new way.

Many achievements of seience and technology can ULe
evaluated more correctly and objectively by first ascertain-
ing to what extent they have given man greater power over the
forces of nature,

If we approach the event of the successful launching
2f the Soviet artificial Earth satellites from this viewpoint,
We Day say the following:

Most biologists today are inclined to the view that
organic life, the highest manifestation of which is man, had
for more than 1,000 million years after emerging on Earth
beeh bound to Mother Earth, her hydrosphere and atmosphere.
And now we are witnessing the fact that machinery developed by
man has left.the Earth and its atmosphere and is striking

TOOV in cosmic space, where nothing emerging on ths Earth

had ever been before.-j
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Obviously it will not be many years before flights to the
Moon and other planets will be made not only by automatic
space ships without crews but also by vessels carrying beop&e
on board.

In other words, we are now standing on the border line
of two great epochs., The epeech in which the life of man was
confined to the Earth is coming to a close, and the epoch
of man's striking root in cosmic space is beginning. From a
terrestrial being man is beeoming a cosmic being.

There can be no doubt that this transformation will
have little effect om the course of man's normal life on Earth
in the next few years or even uecades. However, there can '
be no doubt either that prospects are opening up for future
centuries and wmillennia whiech we cannot begin to assess
simply because there is no appropriate yardstick.

We may say that there are in science and enginesring "
"tactical" and "strategical” achievements. '"Tactical' achie-
vements rapidly become part and parcel of life, bringing us
much that is useful but not changing the nature of man's
social existence. "Strategic" achievements do not affect
the 1ife of individuals directly. Their practical effect
nanifests itself slowly.lbut then they radically change all
relations of human society and its eovironment.

We can assume phat achievements such as the subju-
gation of fire, the making of metals, and 80 on, were

"strategical" achievements of technology in hoary antiquity.

- But presumably all these human accomplishments are a trifle

compared with the conquest of cosmic space. Only the dis-

covery of nuclear energy -- an achievement of our days =--

Approved For Release 2008/07/01 : CIA-RDP80T00246A003700510002-3



Approved For Release 2008/07/01 : CIA-R DP80T00246A90370051 0002-3 !

-l

can in any way be compared with cosmic flights.

The beginnihg of space flizhts opened to ménkind the
prospects of conquering endless space. Nuclear energy and
cosmic flights together open up t0 humanity boundless vistasg
for further development.

To master nuclear energy and cosmic flights fully,

science, engincering and the eeonomy have to be planned and

B Renth mmancese ol

managed in the interests of human society as a whole, and
it is therefore far from accidental that it was precisely

the Soviet Union which has found an excellent and reliable

solution of the problem of Wuilding and launching artifi-~
cial Farth satellites. '
Russian science has splendid traditions in the build~
ing of rockets, Advanced scisntists and inventors have
occupied thenselves with problems of rockets and jet propul=- | :
sion since way back. Many valuadble works on powder rockets
were put out by K.N. Konstantinov, an eminent artillery
engineer, who worked in the first half ard she middle of
the 19th century. In 1881 the famed Russian revolutionary
N.I. Kibalchich suggested the idea of vertical flight by
uéing & Je¢t engine to overcomethe force of gravity, and
towards the end of the 19th century Professor N.V. Meshchersky
of Petersburg Polytechnical Institute developed the theory
" of bodies of variable mass, which is even today the
basis for all caleculations in the sphere of rocket engineer=

ing. - However, the most remarkable occurrence in Russian
science in this direction is the works of K.E. Tsiolkovsky,
works which received universal acclaim for brilliaunce. in

their purposefulness, concreteness and classic simplicity,
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Tsiolkovsky was the first in the history of science to !
- work out the principles uncerlying the theory of jet
propulsion and the general theory of space flights as
early as 1903, and a concrete scheme of muiti-stage cosmie
rockets in 1929.
Towards the end of the twenties groups of enginucrs
- worked on a number of concrete problems in the physics and .
toehnology of jet propulsion. Tsiolkovsky was tirelessly
carrying his rescarch in the dynaaics of rockets which he .'
had begun at the beginning of the century, and by that
time he had come to the c¢onclusion that a one~piece rocket
powersd by chemical fuel would not be able to attaln cosmic ;
speed (8~11 kilometres a second), and in his search for
the solution to the problem of attalning greater speed l K j
” . he conceived the idea of multi-stuge rockets, an idea
whieh proved so fruitful.
Researeh in jet propulsion was placed in the category
of research of special state importance as far back as
early five-year plans, and this made it possible carly
in the thirties, long before similar work was begun in
.0ther countries, to conuuct stand tests of jet engines
in the UsoR, and in 1953 to launch a rocket designed and
- dbuilt by engineer M.K.<T1khonravov for meteorological ob- .
| servations.
~After the war Soviet scientists began to design long-
range gﬁided roc«ets.
In 1947 regular investigations of the upper layers of
the atmosphere were begun with the aid of instruments lifted
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in rockets, and study was begun of the processes taking
place beyond the atmospherse., It was discovered that the
Sun radiates X-rays, data was obtained on the chemical
composition of the atmosphere over 100 kilometres high,

a study was made of the concentration of free charges in
the ionosphere, which plays a very iaportant part in
short-wave radio comumunication, observations were conducted
of the condition of a living organism in the state of
weightlessness, which occure during the free flight of a
rocket, and a nymber of other valuable investigations have
been carried out which have widened the horizons of scien=-
tific knowledge énd have paved the way for man's flight in
space.

The artificial satellitgs viere launched in the USSR
under the IGY programme.

Artificial satellites are of importance purely for
_S¢ientific resesrch. The programme of scientific measure-
ments oun the artificial Earth satellites is very broad,
encompassing many divisions of physics of the upper atmos-
Phere and study of outer space near the Earth.

These problems include: a study of the state of the
ionosphere and i{ts chemical structure; measurement of its'
pressure and density; a.gnetic measurements; study of the
nature of the Sun's corpuscular radiation, of the primary
conpogition and chauges in comsic rays, of the ultra~-violet '
and Xe-ray reglons of the Sun's spectrum, the electrostatic
fields of the upper atmosphere and microparticles, and,

lastly, a whole series of investigations into the vital

Approved For Release 2008/07/01 : CIA-RDP80T00246A003700510002-3
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activity of the living organism in cosmiec flight;}

To obtain all essential seientific data from the
flight of the satellites thelr movement has to be syste-
zatically observed by means of astromomical (optical)
ihstruments, radi¢c ana radar aids.

Qbservations of satellites cin ve conducted by scient-
ists in all countries, ind this v.ill serve as a basis for
fhe growth and enrichmeut of all of world science. The
Soviet sputniks thereforernot only symbolize achievements
of the Soviet Union but also the friendship and co-opera-
tion of all peoples with the alm of giving man greater

power over the forces of nature for the benefit of all

mankind.

II._ _THE SPUTNIKS
The Prpablen of Laynching Them

The difficulty of launching an Earth satellite is due

first to the fact that it has to be imparted colossal spced:
To indicate what these difficulties are it is enough to
mention one figure: a rocket (single~stage) capable of
attaining the so-called primary cosmic speed (roughly eight
kilometrss a second), at which it will become an artificial
satellite of the Earth, has to take along 150 to 200 tiues
as much fuel by weight as weigh its body, instruments and
source of power required for the functioning of thé irbru-
aments, S0 far we have succeeded in building rockets in
which the weight of the fuel is 75-80 per cent of the total
vwelght, in other words, only four times as much as the

weight of the rocket itself.
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But even so, even under these conditions, primary cos-
mic speed can be attained by applying Tsiolkovsky's idea
of a multi;stage rocket, made up of two or three rockets,
with their engines working in turn. VWhen the fuel of_the

; first (rear) rocket has been used up this stuge falls away
-~ anq the second starts working. And when the Secoq§\has

used up its fuel it falls away and the third will take

the artificial satellite to its orbit.

It took many years of nard work by large teans of
engineers and scientists %o put into flesh Tsiolkovsky's
daring ideas. The greatest difficulties wers encountercd
in working out the carrier rocket which was to place the
satellite in its orbit. The rocket had to be lignt and
i -~ durable and it had to have powerful yet very light jet
| engines waich could operate under the difficult tnermal

conditions and would ensure a propelling force of hundreds

| | of tons for a sufficiently long period. Needed too was an
exceedingly precise and reliable system of countrol over
the rocket's flight. And, finally, coapact and light power

sources had to be designed for radio transmitters, and

e L L Wk el etd

automatie and remote-controlled equipmeut which could be

"pelied upon to funetion for a considerable time under oon-

ditions of iunterplanetary flight.

ROCKETS

5 ‘ Present-day extra long-range rocxets designed to fly

. at sul-cosmic speeds high gbove the Earth's surface, are
i ' set going by liquidefueled jet engines. In the main

B part of sueh an engine -~ the combustion chamber --

11
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special fue; is burned eontinuously and the gases produced
are ejected, developing the force of recoil, or what is
called the engine‘s thrust. ©Since a rocket over most of
its path has t¢0 fly in extremely rarefied layers of the
atmosphere, where the amount of oxygen required for the
burning of any substance is uegligible, the oxygen has to
be carried on the rocket along with the fuel.

In order that the rocket earrying the artificial satel=-
lite may attain the required speed, the engine has to de-
velop a great propulsion force. The rocket should weigh
as little as possible. Several enginucs have to be installed
{n suech rockets, for to attain a propelling force of even
several score tons from one engine is a problem which has
not yet been solved. '

Even on the best prusenteday rockets the structure weighs
about 20 per cent of the combined weight of the rocket,
and fuel., That 1s why the first thing that has to be
done is to umanage to attain the speed of cosmic flight
with less fuel.,

K. Tsiolkovsky showed that to acéompliah this it will
be necessary as far as possible to increase the speed at
which the gases produced by the combustion of the fuel flow
out of the engine, and then each kilogram of fuel will
produce a ﬁore powerful "recoil," and then less fuel will
be requifed to obtain the needed propulsion force for
acceleration.,

How is that to be done?

The answer to this question has long ago been furnished

Approved For Release 2008/07/01 : CIA-RDP80T00246A003700510002-3
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by thermodynamics and heat engineeriug: what should be
done is to take the most calorific¢ fuel and burn it in
the coimbustion chamber under high pressure.

In an engline working efficiently on such fuel, precssures
of 50 atmospheres or wore should be developed at a tempe=.
rature of some 5.0000. Although such an engine functions
very briefly (a few ainutes), no uwaterial available to
englneering could stand the strain of work under these

conditions. And such a problem has never come up before,

as tie most powerful taerwal engines of other types developed

only between 100th and 1,000th part of the power developed
by ligquid-fueled jJjet engloes.

To build a reliably working eugine it is necessary
first to solve the problem of cooling and of making its
walls strong enough. And that is not so simple. However,
even with good cooliug it is very difficult to obtuin a
wall temperaturs of less than 500-8000. Which wmeans that
the naterial of which the chamber is nade has to be excep-
tionally heat-proof. The proUlem of cooling 1is a basic
one dut not the only one.

To make sure that the engine works reliably highly com= -
plex calculations have to be made of the processes taking
place in it. We have to know what laws ops2ate in thel
mixing and burning of the fuel, how to ensure that it is
uniformly fed to the engine, how to produce safely the
initial ignition of the fuel and, finally, what loads the
engine parts are subjected to while it is in operatiom.

Special attention has to be given to ensure unifornm
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feeding and combustion of the fuel, as otherwise strong
vibrations will develop, leading to the destruction of
the engine and the rocket. This problem is no less
aifficult than tne problem of cooling.

Solution of all these problems would be impossible
without the joint effort of scientists working in the
fie1d of gas dynamics, the theory of combustion, hydraulies
and the theory of control. Only by starting out froa the

accomplishmeuts in these spherss of science have Soviet

* engineers been able to design a powerful and reliably

working engine for the carrier rocket.

Without the work doune in ballistics, aerodynamics, gas
dynazics and the theory of streanath it would bave boen
impossible to dbuild the carrier rocketb.

To cunsure that tae satellite gets exactly to the orbit,
the whole path of the rocket nad to be calculated in ad=
vance. BExperts in ballistics and aerodynamics, especially
the latter, had to labour much. The physical structure vt
the upper atmospnere differs sharply from the reguilar
atmosphere: Dvecause of the considerable rarefaction the
gas molecules travel at tremendous speed. At an altitude
of 300 kilometres the rocket triveling at a speed of seven
kiloaetres a second comes up agalnst a pressure of five
milligrams per square centimetre and as fhey bombard the
flying body the molecules impart their energy to it.

To make sure that the rocket or satellite do not burn
during the launching or flight highly coaplex computations

had to be made to deternine the force of resistance of

il Approved For Release 2008/07/01 : CIA-RDP80T00246A003700510002-3
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the surrounding aedium.

It is necessary to have an efficient and exact system
of automatic control to 1ook after the fuel feeding and
the flight characteristics, to detach the uwsad-upitazes
of the rockets, and to keep the rocket in the set trajec~
tory. The following figures give an idea of what is
gemanded of the control systen of a rockett when it.
reaches its top speed of 28,000 kilometres an hour (whieh

is 20 times as auch as the velocity of sound), an orror

" of 10«20 metres a second in the speed or 0.5° in the direc-

tion of the rocket's motion can prove fatal for the satellitc.
A rocket is made up of tens of thousands of parts, euch

perforaing a certain task. And if any of them should not

work perfectly the rocket may pot fly and aay not carry

out the progra:une set for it.

Extreme care in zaking and asgenbling it was necessary
tO ensure sSuccess.

Tn the few seconds that it takes the rocket to risc a
aoLstrous powsr is developed as the fuel burns, reaching
several million kw. The colossal speed of tue outflow of
gases from the engine, which is several times faster
than the speed of a bullet, the tremendous tenperatures
require special fuels and special constructions to moke it
possiblé to use such fuela.

It is not without interest to note that the encrgy of
tue useful mass of Sputnik=-2 , its kinetic force at a speed

of 8,000 metres a second is equal to the energy of a

- goods trTain weighing 320,000 tons traveling at a speed

Approved For Release 2008/07/01 : CIA-RDP80T00246A003700510002-3
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of 36 kilometres an hour. No such train could travel

on railway tracks, for 5t would have to be nade up of

thousands of waggons, making the train several score

kilometres long.

0f course, it is jmpossible to attain a speed of some
8,000 metres a second on land. Such speed is possible
only iu outer Space where there 18 no resistance "at all."

The construction of the rocket for launching the first
artificial Earth satellites in the history of mankind
shows that Soviet science has reached a high degrec of
development in eveIry sphere and 18 capable of solving the

most complex overall problens.

The Take-off

How is an artificial satellite of the Earth launched?
It is done by means of a multi-stage ballistic rocket, and
the flight of such a rocket can be pictured as follovws.

Towering over concrete grounds 18 the launching

. e

outfit, and through the open-work structure of steel trussué

éan be seen tne streanlined rocket set up vertically.
Iozediately before the launching the steel framework.of
the outfit is taken away on a special trick, the rocket
standing by itself for a few minutes before the take-off
as though taking ieave of the rarth.

The people leuve the take-off grounds, taking shelter
behiud thick reinforced=-concrete walls. The launching is
made automatically, the instruments installed in the
rocket :eceiveing the order from the comoand point by

radio.
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A thunderlike roar deafens the people, even though
they are in the shelter, and a dazzling torchlike flane
bursts from the rockot‘nozzle, scorching the concrete.
The rocke% quivers as though hesitating for an instant b
and tnen siowly rising fron the ground mouunts faster and
faster towards the sky. It takes off vertically to an alti~
tude of about two kilometres, then, guidcd by a prograoned -
control device, it begins to slope in a vertical plane.

The first-stage rocket engine stops a ainute or two after

the start; by that tiae the rocket had attained a speed

of something 1ike 7,000-7,500 kilouetres an hour and

reached an angle of about 450 to the Earth's surface.

After the first stage has fallen away the secoud-stage

engine stvarts, bringing up the speed to 18,000-20,000

kilonetres an hour. From then on the rocket travels dY

iLertia  tracing in space a gigantic ellipse desigued i
g0 that 1its suanit touches the set ofbit. hundreds of |
ktlometres high and 50 that the path is parallel to the

Earth's surface. By that time the rocket was more than

1,000 kilometres away from where it started.

Then comes the decisive moment. The rocket is atv
the set altitude but the speed is not enough to nake it
a satellite. If the rocket dces not get a further
impetus, in a second it will start falling back on its
eourse to the Earth, along the second half of the ellipse.

But this will not happen, for the last-stage engine be-
gins to work. Another effort and the rocket picks up the
reeded eircular apéed of something like 8,000 mqjreo B
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a'sochud, And then the rocket's englnes grow silent for-

ever. A satellite has been DBOLNs soe

Design
Sputnik 1 is spherical in shape. It is 58 centimetres

in dtameter and weighs 83,6 kilogramnes. Its heraoetically
sealed wody is made of aluninium alloys ar.d its surface

is polished and specially treated. All its apparatus

and power SOurces are located inside the body. Before
being launched it was filled with a gaseous nitrogen.

On the outside surface aerials were put upy four rogds
2.4 to 2.9 netres long. While the sputnik was taken out
to its orbit the aerials were folded back to the body of
the rocket, and after the two stages had fallen away
the aerials turned on their hinges, assuming the position
shown on %the photo.

While moving in its orbit the satallite is subjected
from tinme to tiue %O sbarply changing heat lnfluences -
neating by the Sun's rays while on the 1it side of the
Earth and cooling when flying in the Earth's shadow, the
influence of the apmosphere's neat and so on. Desides,

a certain amount of heat is generated when the cpparatus
on the satellite is working. As far as heat is concerned
the satellite 1s an independent heavenly body, exchang-
ing radiant heat with the surrounding space. To ensure
for & econsiderable period the normal te.perature nceded
for the functioning of apparatus on the satellite is

therefore a fundamentally new and rather difficult problem,
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The needed temperature on the Sputnik-I was gnsured by
incorporating in 1its surface the proper ratio of abscrption
to the Sun's radiation and by regulating the heat resist-
ance between the envelope and the equipment through the
forced circulation of the aitrogen in the satellite.

Two radio transmitters were installed in the safellivo
constantly emitting signafg}frequencies of 20,005 and
40,002 megacycles (1% éud 7.5 metre wave-lengths respect-
ively). _ -

Sputnik-2, unlike Sputnik-l, is the last stage of
thé rocket on which all of the scientific and measuring
iustrunents are installed. This arrangement nas caterial-
ly simplified the problen of determining the satellite's
ecoordinates with the aid of optical instruments; our ex=
perieunce with Sputnik-1 showed that observations of the
carrier rocket were simpler than of the satellite 1t-—:
self. The earrier roeket was dbrighter than the Sputnik-1
»y several stellar nagnitudes. The combined weight of
the apparatus, of the animal taken up and source of
electricity onVSOutnik-z amounted to 508 kilogranmes and
300 granaes. | |

Installed on a special frame in the forward part of
the last stage of the rocket are an instrument for meaBur-
ing solar radiations in the ultra-violet and X-ray Tregions
of the spectrum, a spherical container with the radto
transmitters and other apparatus, and the nermetically-
sealed chamber in which the dog was kept. The instrunents
for studying the cosmic‘rays wefe mounted outside the body

of the raocket. A special cone protects the instruments in
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the fraze and containers froa aerodynauaic and theriial
influences during the rocket's flight in the cense layers
»>f the atuosphere. After the last-stage rocket had been
taken out to the orbit the dune was disc:rded.

The radio trans.itters and thelr sources of electri-

city, tne systeu of neat regulatiun and the sensitive

elenents registering the changes in the teaperature anu
other paraicetres were put up in the spherical contalner
whieh reseibles Sputnik 1 in dgsign.

The signals frow the transuitter om 20,005 lega-
eyeles (15 netrs wave-length) sounued like telegraphic
elicks. They lasted oun the average about 0.3 seconus,

just as did the pauses petween the., changing within

i
Y
i
4
|
o
il
g

coertain li.its when there were ohanges in the paraceters

S

in the spherical container (teuperature and pressure).

AR SR
|
.
T

The tran84£tter on 40,002 cepacycles (7.5 aetre wavew

length) continuously gave out signals. These frequencies

s

o

T

pernitted the investigations of the propagativn of racio

-

waves coning frou the satellite and neasurenent of the

=

L I =
NN T oS

paraneters of its orbit, and audibility of the signals

was ensured regardless of the state of the ionosphere.

It should be uentioned that because of their rela=-

tively large weizht it was found possible to set up

powerful radioc. trangnitters on both sputniks. This

AR TR

and the selection of the wavelength have ensured getting

signals © frou the gputniks over great distances, enabling a

R g
e e T

great many radio amateurs in all parts of the worla %o

sooperate in the obgservations. The latter's observations
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. structural clements. The radiotelemctric apparatus en-
sured transmission to the Earth, of thce recadings of all
méasuring instrunents on the sputnik., It vas tined to
transnit the rcadings at regular intervols.

The programme of investigations connceted with the

meagsurcnents on Sputnik 2 was calculated to vork for scven

1 apparatus on board ccasced funetioning. Turther observa-
tions of the movencnt of Sputnik 2 for studying the charactor-
istics of the upper atmosphere and preodicting the sputnik's
aoveuent arce being carried on by optical ianstrunients and

radar,

! III. THE SPUINIKS' ORBITG

: liissiles have been shot over a lon Cisuvanccs be-

, o ' fore, but no aatter how fast they traveled they alisys

g recained within the confines of our plauct. Now that the

; sputniks have boen piven a speed roushly 10 times as great
| as the initial specd of shells leaving lons-ron,c runs,

| their flight distance increased by leap al.ost to infinity:
nan-inade structurcs bemgan to revelve arsund our plaanct just

lilze celestial bodies, and if there wewre a9 resistance,

vihich though it docs not anount to nuch in the rarificd

- air is neverthecless approcisble their move.:ent would nover

stop.

The artificial satellitcs do not ..ove vwestward, as

do all heavenly bodies, Observers, depcading on where they
i . arc, sec then flying northeastward or southwestward, and

j observers near the 65th parallel in the ncathern or southern
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heaisphere see then on rare occasions flying in an eastern'
direction. It may seen therefore that the curve along which
the sputniks nove is very intricate. They move in orbits that
are ellipses, in first approximation, with one of the foci

—— i

lying in the Earth's ceuntre.
Sputnik 1
Sinece the Earth rotates on its axis, the sputnik should
appear over a different arqg.‘at each succeeding turn, shifting
approxiuately 24° in longitude each time. Actually, the longitu-
dinal shift will be a little greater (roughly a quarter deg-
ree greater each revolution). As a result of the motion of

the Farth relative to the orbit plane each succeeding turn

.will pass approxinately 1,500 ku. west of the preceding one

at Moscow's latitude, while at the equator the shift is
roughly 2,500 kilouetres.

The plane of the sputnik's orbit is inclined at an
‘angle of 650 to the plane of the Earth's equator, as a resuit
of whieh the sputnik's path crosses the land areas lying
approxinately between the Arctic and Antarctiec Circles.
Because of the rarth's rotation about its axise the angle of
slope of the path to the equator differs frou the angle of
slope of the plane of the orbit. On entering the northern
heaisphere the path crosses the equator at an angle of
71.5 degrees in a northeasterly direction.

Then the path gradually turns nore and rore to the east

- and touching the parallel meeting 65° N.L. it deviates to

the south, crossing the equator at an angle of 59° to the
southeast. In the southern henisphere the path touches the
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parallel meeting 650 S.L., after which it is deflected to
the north and again enters the northern henisphere. (See
pieture).

Owing to the large angle of slope to the plane of the
Earth's equator the sputnik flies over aluost all continents
and expanses of water, except sone small regions beyond the N
Aretic and Antaretic Cireles. This has opsned up considere
able possibilities for solving various scientific problems.

It can be stated that launching the sputnik on this orbit

is a nore diffieult task than launching it on an orbit near
to the plane of the equator. If launched along the equator
the speed of the Earth's rotation about its axis could be
utilised to a larger extent to accelerate the speed of the

rocket.

How to Find the Orbit

Sputnik 1 wade approxinately 15 revolutions around the
Earth in 24 hours in the initial stage of flight.

Readers can easily see what areas the sputnik will fly
over and when bj doing the following.

Put a ring around a globe at an angle of 65° to the
equator and fasten it to the leg of the globe. At a cer=-
tain mouent, let us say, when Sputnik flies over Moscow
turn the globe s0 that Moscow eoues in the plane of the ring,
whic¢h represents the orbit of the sputnik, Now by sicple
caleulation you ecan figure out where the sputnik is at any
particular time, For instance, let us locate Sputnik after
it has passed over Moscow., In one nminute Sputnik flies

over 360° divided by 96.2 (the period of its revolution
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" around the Barth in the given tiwe; we @rbitrarily took the

initial periodi?%.?# degrees and in 12 mihutes, roughly 459.
Mark the ring accordingly. During the saue time the tarth
has turned around its axis three degrees to the east, and
the mark on the ring will show the spot sought.

In the same way we can solve the probleun in reverse,
naielyt the tize when Sputnik passes over a partlcular locall~
ty. We can also figure out whether Sputnik will fly over a
particular territory at all.

If we make with the help of this deviee the consecutive
projections of Sputnik on the globe along its orbit we shall
find that the 16%th turn of such projection coincides almost
exactly with the first, the 17th with the second, and 89
on.

fle may say that Sputnik 1 appears at regular intervals
(with slight Variations)} since every 24 hours it appears
over approxiuately the sawe area over which it had already
flown,

Using our dgvice (the ring and globe) we can easily
understand a nunber of other features of the nove.ent of the
artificial satellite.

It nay be thusi an observer notes, for instance, that
Sputnik travels in & southeasterly direction. Then sone
tine later it again appears over the sa.e area but this tine
flying northeast, Does this wean that Sputnik is flyiag in
a different direction? OQf course, not. Sputnik keeps re-
volving all the tize in a so-called straight direction, and

the apparent change in direction of its moveusnt is due to

N
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FOMIELARRE I Ditecn i

the fact that 1n the interval between two regular obser-
vations the observation spot on the Earth's surface has

" ' nade along with our planet half a revolution (or one and a

half, two and a hulf revolutions, and so on) about its

_j axis,

E - 48 Sputnik nakes a couplete revolution the observation

i point on the Earth's surface shifts, as a result of the
Earth's daily motion, 1,130 to 2,670 kilometres, depending
on whether the observation point is on the 65th parallel

é or on the cquator. However, if Sputnik were up at an al-
titude of even 200 kilouetres the diaueter of the area

from which it could be seen would be rore than 3,000 kilo-
lietres. This zeans that approximately an hour and a half
after the artificjal satellite passes over the given local=-
i ity it would again come into the field of vision of the pare
ticular observer, But that does not aean that it really

j would be noticed, for this would require special conditioans,
nanely, that our "little star" should be flooded with sune
shine, and the surface of the Earth where the observations

are conducted should be dark, Twilight is therefore the best

tine for observations.

Fron what has beén said before,it is clear that the ar-
tificial satellite will never rise in the east or set in thu
west as we are accustomed to see the Sun do. Why is that so?
Theoretically it is possible to launch a satellite to revolve
| SO0 to speak in the general strean of huvavenly bodies,Practical=

ly however,this is not done for the followinyg reasons.Rotatius
as it is on its axis the Earth can help in the launching of

A an artificial satellite if the latter is launched in the saune
¥ direction,or hindepr inparting to it the neoded speed if it

‘ is launched in the opposite direction. (The Earth, as we know,
R Loves fron west to eagt).,
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However, to turn to aocouht the speed of the Larth's
rotation is not always expedient. In fact if the
satellite 1s launched in the direotion of the Zarth's
motion it will fly only over a belt confined on tho
north and south by the parallel of the starting point
relative to either sphere, For Sputnilk-l a compromise
decision was adopted under which the Earth's daily
rotation is utilised to an insignifioant degree. ?his
is appoarently because of the tasks connected with'
the Internationanl Geophysioal Year, namely, that
Sputnik should fly over as much terrestrinl space as

possible.

In our reasoning before/cssumed that Sputnik moved
clong 1ts orbit ot a uniform speed. However, cven where
there 1s no air resistanee this movement would be
possible only 41f the orbit were g perfect circle with
its centre ooinciding with the Earth's centre. Actually,
howeve», Sputnik describes an ellipse, and for this
reason, when 1t passes through 1ts perigee (the point
on the orbvit nearest to the Lorth's centre) its speed
is appreciabdly greater than when it passes through its
apogec (the point on the orbit farthest from the Eorth's
centre). As to the ellipée along whioh Snutnik moves
it moy be pointed out that it 1is very slightly flattened:
tho difference in length betwcen its major and minor
oxes 1s less than a quarter of one per cent. As ocan be
seen, this 1s praotionlly a oirole, but tho centre of
this "eirole" 18 o 1little off from the Earth's oeontre.
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The period it takes Sputnik to circle the Zarth

'gradually changes because of the braking force it

encounters, and as the orbit contracts the period too
will grow shorter. The ropidity with which the period
chonges will serve to show how fast the shape of the
orbit changes. Since on great heights where Sputnik
moves the density of the atmosphere is very small the
cvolutlon of the ordit will at first be very slow,

The height of the apogee’ will decline faster than thot
of the perigec and the orbdbit will more and more approxi-
mate o c¢ircle, and when Sputnik entors the denser layors
of the atmosphere the braking force will be quite
substantial. Sputnik will then grow burning hot and

burn up like metecors from interplanctary space when

thoy cnter the Larth's atmospheré.

Other conditions being equal, the greater the mass
of a satellite'tho longer it will survive, since the
greater the mass the less speed it will lose on orossing
through upper layers of the ctmosphere., '

Why liust tho Rocket and Sputnil Burn up?

After the take-off the rocket used for launching
a satellite rises straight up, which enablos it to cross
tire lower and dense layers of the atmosphere the shortest
way. The rocket'!s speced risecs graduelly. 2assing through
the dense layers of the air therc is not enough time fo»
it to become greatly ovorheated; it will thercfore not buran
and manage to got out to a greater altitude whore the air

is vory much rarefied.
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On returning to Earth the movement of the satellite

and carrier rocket will present a different pilcture.

Gradually descending the rocket and satellite will enter
the dense layers of the atmosphere at a tremendous speed
and at a relatively small angle to the horizom. Moving
towards the Earth in a spiral they will have to travel
longer in these layers, and as the friction of the air
will be very great both bodies will rapidly prow very hot
and "burao up."

Apparently the carrier rocket will burn up first as
it will land in the lower strata of the atmosphere some-

what earlier.,

Are There Impermissible Orbits for Satellites?

First of all, the orbit of a satellite must absolutely
1ie in one of tne planes passing through the centre of the
Earth. A satellite can be designed to revolve in the plane
of any meridian or im the plane of the equator, but its
orbit will never stay in the plane of a parallel. A
satellite launcned on such an orbit will certainly shift
to the plane of the equator or fall back on Earth.
A satellite's path has to lie at a great height, beyond
the dense atmosphere, otherwise the resitance of the air
will act as a brake and the circular flight will turn into
s spiral, ending in the satellite falling to earth. ¥or-
tunately, it is not necessary to lift it too high. In the
neighbourhood of 200 kilometres above the Zarth the resist-
ance vf the air is virtually impalpable. | -
In selecting orbits for future satellites specific features
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of some of them must be taken into account. For instance,
a characteristic feature of an orbit at an altitude of
557 kilometres 1is that the satellite's period of re-
volution aleng it will equal exactly an hour and a half,
and it is therefore sometimes called an "hour-and-half"
orvit. Traveling in it the satellite will circle the
Earth 18 times in 24 hours. Moving in a "two-hour" orbit,
which lies at an altitude of 1,669 kilometres, it will
cir¢le 12 times. OQbviously there is also a "24=hour"
orkit, for which the period of revolution will be exactly
24 hours. This orbit should be at an altitude of appro-
ximately 36.000 kilometres. Especially interesting is a
24«nhour orbit inm the pléne of the equator. Indeed, in
such a case the satellite, which actually travels at
breakneck speed, will hover mbotionless over some point

of the equator as %hough on top of an invisible tower
tens of thousands of kilometres high. There are also a

number of other no less interesting orbits.

Sputnik-2's Orbit

Sputnik-2 was taken out to its orbit by means of a
sectional rocket. W“hile being taken out to the orbit the

rocket rose to an altitude of several hundred kilometres

above the Earth's surface and on reaching the end of take-

out sector the last stage moved parallel to the Earth's
surface at a speed of more than 8,000 metres a second,
becoming an Earth satellite. By the time it reached the

ordit the fuel in the rocket's tanks had been used up

and the '‘engine staopped. Thereafter Sputnik moved by kinetic
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energy gainéd by the rocket while it was sped up into
the orbit.

The speed imparted to the rocket's last stage was higuef
than the speed needéd for Bputnik's movement in the tircular
orbit at a constant altitude at which it entered its orbit.
Sputnik does not therefore move in a circular orbit but in
an elliptical, its farthest'point from the Earth being
roughly 1,700 kilometres: or almost double the highest al-

titude attained in launching Sputaik-l. Since the semi-

R s R

major amis of Sputnik-2's orbit 1s larger than that of
Sputnik~l, the period of its rotation around the Earth also
proved greater, initially amounting to 103.7 minutes.

Owing to the greater psriod of rotation Sputnik-2 makes
some 14 complete turns around the Earth in 24 hours, while
Sputnik-l in the initial period made about 15 turns.
Because of the Earth's rotation the shift of Sputnik-2
with each successive turn is 1.15 times greater relative to
Sputnik-1, and the distance on the Earth's surface between
the paths of two Dearest turns has grown to the same
extent. C

The resistance of the Earth's atumospherc acts as a brake
on Sputunik, its orbit changing its size and shape. Owing
to the fact that at great heights the atmosphere is very
thin the braking force acting on Sputnik does not amouat
to much. At the point of apogee the Sputnik moves at such
a great height that it is in outer space beyond the Earth's
atmosphere, which according to theoretical calculations
extends to an altitude in the neishbourhbod of 1,000

kilometres above the Barth's surface. -
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The braking force operating against a satellite de=
pends not only on the density of the atmosphere but also
on the shape of the satellite and on the ratio of its
wight to cross-section areas The greater this ratio the
smaller the loss in speedq

Two satellites taken out to the same orbit but move-
ing against different braking forces will after a certain
period wmove along different orbits, since their orbits

will vary with time at a different rate. And while the

~orbits are contracting it is mainly by decrease of.the

apogee height.

~ Sputnik-l and its carrier rocket at first moved
approximately in the same orbit and their pe¢riods of
revolution differed slightly, being about 96.2 minutes
for either: ‘Later, owing to the fact that Sputnik-l eXper-
lenced less resistance than the carrier rocket their orbits
began to differ materially.

The braking force operating'against both the carrier

rocket aod the Sputnik has changed in time as a result of

the change in the orbit's parameters. As the or?it lowered
s

the braking force increased progressively. This/distinctly .

confirmed by the findings of the observations.

How long a satellite will survive depends on the brak-

ing force of the atmosphere. Obviously the greater periqd -

of revolution and the less braking force the longer it will
survive. Estimates based on data obtained from the obser=

vations of Sputnik-l and the carrier rocket suggest that

Spweoticort e soomdeceanedicng o i x ki e nent kErf oo thex
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R EEX XX XK XTI AFE Ex xx xR I s xxexnExrx%X Sputnik-1,
Janusry 1958,

will move in orbit apparently until TXEXTIOBEXXXOODOCOC
The carrier rocket will not last as long, and it can be
expected to burn up before Sputnik. The greater period
of revolution of Sputnik-2 and the smaller braking force
it experiences warrant the statement that Sputnik-2 will
move in orbit appreciaebly longer than Sputnlk-l.

When the trajectory measurements have been worked
up it will be possible to establish fully the whole process
of evolution of the parameters of satellites' orbits and =
to obtain important information on the distribution of the
density of the upper atmosphere. Later on it will be
possible realdably to predict how long artificial Earth

satellites wiil survive.

IV, WHAT MAKES SATELLITES MCVE? .

Modern ¢elestial mechanics is based on the law of
gravitation. The artificial satellites move around the

Larth like hcavenly bodies. The movement of the little

"Moon" is subject to the same laws of celestial mechanics

! as that of the real Moon around the Earth oF the movement

of the Earth and other planets of the solar system around
the Sun.

Satellites move around the Barth at great speed. If
there had been no terrestrial attraction the satellites

would be moving in a vacuum uniformly and in a straight

line, and would disappear im outer space. The farth's
attraction distorts their path, making them circle the Eartk

and move around the Earth along its surface.
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The force of attraction acting on the satellites 1is
of a definite magnitude, and that is th they can make
their circular movement around the Earth cnly at a certain
and quite definite speed.

The Needed Spoesd

The approximate value of this so-called circular speed
> can be determined on the basis of the following reasoning.
In order that a satellite moving around the Earth should

continue at constant altitude it must every instant &t an

TTTTYTTTT

far away from the Earth as it gets nearer to iv in its
continuous dropping. In the first second a body falling
freely to the Earth loses approximately 5 metres of altitude. -
Obviously in this second the satellite has to get away
from the Earth the same five metres so that there is no
change in the altitude at which it is moving. This makes
it possible to build a right-angle triangle and making use
of the Pythagorean theorem; t6 figure out the specd we want.
For a satellite moving hHot very far away from the Earth's
surface the speed ib equal to roughly eight kilometres a
second.

The question may arise why the speed is the same for B

bodies of any weight when the force of attraction acting

on a heavier body is greater. At first sight it would

i

seem that such a body should move around the Earth in a
circular orbit at greater speed because of the action of
force of attraction. However, if we bear in mind that
it is harder to deflect a heavier body from movement in
a straight line, and exactly as as many times more as it

weighs more, it will become clear that the speed of a
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satellite's movement should not depend on itsweight. The
specd of movement of Sputnik-l in its orbit therefore will
be approximately the same also for other and heavi;; satel-
lites.
It should be mentioned that to launch heavier satel-
- lites it is necessary to hurdle a nuuber of other obstacles.

That is why their launching will be a new and important

stage io the development of science and englnecring.

Altitude and Speced

The required speed of a satellite changss with alti-

tude: The force of the Earth's attraction diminishes as
the distance from the Earth increase¢s, and qperefore in a
higher orbit a satellite must move at a lower speed. For

B satellites moving in different orbits lying about 1,000
Kilometres above the Earth's surface the differcence in the
speed of motion is comparatively small. However, for
satellites moving at considerably greater distances from
the Earth the speed appaars to be substantially less.
For instance, the Moon, which is also a satellite of the
Eartﬂ and is approximately %80,000 kilometres distant from
it, moves around the Earth at a velocity of about one

- kilometre a second, that is, a speed roughly one-eighth
that of a satellite flying close to the Earth. Bearing
in wmind that the Moon's path around the Earth is much
longer than the path of an artificial satellite per revo-
lution, it will become clear why the Moon revolves around
the Earth not in an eighth of the time the Sputnik does

but much more slowly.
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In order to launch an artificial Earth satellite it
has to be lifted to a great height and accelerated to the
speed required for its movement in the orbit at that height.

No e¢nergy is expended as the satellite moves in its
orbit. The satellite has no engine, moving solely at the
expense of the spved imparted to it by the carrier rocket.

Because 1in a higher circular orbit the satellite
moves at lower speed, it follows that when the satellite
is taken out to such an orbit it has to be accelerated
to a lower speed. This however does not mean that it is
easier to luunch a satellite on a higher circular orbit
than on a lower one. The thing is that in launching a
satellite the difficulties in lifting it to great alti-
tudes are very great and the higher the altitude the
greater the difficulties,. |

We pointed‘out before that at every height the move-
went of a satellite in a cireular orbit has to proceed
at a definite spoed. If the speed is less than the one
required, the Earth's attraction will deflict it more easi-
ly from a straight line; the path will be distorted in the
direction of the Earth and the sateliite will begin to
drop. If the speed is only slightly lsas than required,
the drop will be relatively small, and the satellite,
after drawing closer to the Earth and gaining a certain
speed thereby, will be able once ﬁgain to rise to the
earlier height, repeating the drop and rise periodically
on each revolution.

If the difference in the spevd of movement from the
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circular is somewhat greater, the drop may prove praecipit-
ate. The satellite will enter the dense layers of the
atmosphere, and after losing its energy as a result of -
friction in the air it will not be able to climb again,
end dropping lower and lower will grow terrifically not and
burn up in the atmosphere,

If the speed of the sateliite at the point at which
it enters the orbit is considerably greater than the circul-

ar specd required for its motionm 1n the circular orbit at

a constant height it will be harder for the force of gravi{y '

to deflect its course closer to the Earth's surface and the
satellite will then be able to rise to a very great height,
mwuch higher than to which it was originally lifted by the
rocket. Should the speed reach something lixe 11.2 kilo-
metres a second Or more the satellite will disappear in
interplanetary space.

Thus, in order that the satellite may move in an
orbit at the predetermined altitude its speed has to be
quite definite. It is impossible to design anothsr sa-
tellite to move in the same orpit af a different speed,

A speed of eight kilometres a second is called pri-
mary cosmi¢ speed. It is the speed a satellite must
attain to move in an orvit close to the Earth. A speed
of 11.2 kilometres a second is called secondary cosmic
speed, and an interprlanetary vessel launched near the
Farth must have it to overcome the Earth's attraction and
to begin to move in interplanetary space as a new Planet

of the solar system. Speeds betwsen the primary and secondary
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cosmic speeds will make it possible to launch a satellite

moving in e€lliptical orbits whose perigee will be near the
Earth and apogee considerably distant from it. The orbits

will be the more ¢xtended and farther away from the Earth

T

the greater is the initial speed imparted to the satellite
by the carrier rocket.

If a satellite's orbit can be made to pass at all
points at altitudes in the neighbourhood of 1,000 kilometres
or more above the Earth's surface, the satellite will move
virtually in a vacuum and continui?for an indefinitcly -
long time. With present progress in the building of rockets’
it is quite realistic to speak of iaunching a satellite to

survive scores of hundreds of years, and such a satellite

will be practically a perpetual satellite of the Earth.

V. OBSERVATIONS OF THE SPUTNIK'S wmoTION

A very important element of the research conducted
with the aid of satellites is the observation and record-
ing of their motion,treatmeqt of the records and forecast
of their further motion on this basis.

During the first period of the sputniks' motion
the scientific stations conducted observations with the
aid of radar and radio direction finders and by means
of optical instruments and photographing their motion.
Since the radio transmitters have stopped working the
observations have been conducted mainly by the latter &wo
methods.

All data obtained by the stations and the observations
of amateurs are collected and anal.sed and electroaic

computing machines are used to work up the data. How
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valuable will be the geophysical observations by the
Bcientists will depend on how correct and presise are

the data obtained in observing the Sputniks as they move

in their path. For example, to determine the Earth's exact
shape for geodetic purposes the orbit of the satelli;es'
motion has to be determined accurately within a few seconds
in the arc and a few milliseconds in time.

Many of the ground stations measuring the position
of the Sputnik in its path transmit the results of their
observations %o a central station, where the orbit is de-
termined, and the more observations are made the more
accurate will be the determination of the orbit. Radio
amateurs have been very helpful in the collection of radid
observations; in particular, thousands of Soviet radio
amateurs have conducted observations of the sputniks using
ordinary radio instruments as well ‘as radio receivers de-
signed specially for the purpose. Diagrams of the receivers
and of the direction finders with which they are equipped
were published in "Radio", a Soviet popular-scisnce magazine
in the field of radio engineering, long before Sputnik-1
was launched.

Used too for observing the Bputnik are ground radar
stations, which irradiate thé Sputnik and receive signals
reflected from it, the same as radar stations designed to
detect planes in the air at high altitudes, or which make
iﬁ possible to receive signals reflected from the Moon.
However, as the Sputniks and their reflecting area are
relatively small, these special stations must have a very

larse pulse radiation capacity.
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Optical observation of the Sputniks is possible

-

- moruings and evenings on cloudless days, when the Earth's

surface where the observer works from is all in daTkness
and the sputnik, very high up, is lit by the Sun.

Since the transmitters on the Sputniks have ceased

T T

working, optical observations have been widely used.

Besides, optical observations in conjunction with radio

nethods have made it possible the better to ascertain the
actual path of the Sputniks, and to make geographical
caleulations much more exact.

Wide-angle optical instruments are best for these
observations. But the satellites can be seen also through
an ordinary binocular or a wide-angle prism spyglass.

It should be mentioned that observations of the
Sputniks with the aid of astronomical instruments present
& certaln difficulty; they are not similar to observationa
of regular heavenly bodies, as the Sputniks move very
fast across the 8Ky, at an average speed of approximately
Cne degree per second,

To make sure that the observations are reliable,
each optical station has one or two sets of optical
instruments placed as a barrier on the meridian and along
the vertical circle perpendicular to the appareant orbit

the method employed
of the Sputnik. In addition,/in searching for the Sputnik
{8 based on the so-called "local-time rule”". This method
turns to account the fact that the Sputnik's orbit is not
involved in the rotation of the Earth, and the Sputnik

itself passes through a given latitude in locsl sidereal
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time, which changes slowly as the orbit revolves in ab=-

golute space around the Earth's axis, owing to the di-

vergence of the gravitational field from central. There-
fore, with respect to a given station the satellite will
in the course of its motion pass successivély through the
points in the celestial sphere which way be called

waiting points. If the axis of the optical instrument is
regulated so0 as to be directed to the waiting point next
in order in the celestial sphere as figured out in ad-
vance, then sooner or later the satellite will inevitably
be detected, and when detected the time of its passage
should be noted with the aid of a chronometer or by

radio time signals. In this way the accuracy in determin-
ing the time the sétellite passes through their range

of vision will not be above ua second. Among other things,
the Soviet amateur astronomers at 66 optical observation
stations and all observatories have at their disposal many
special improved wide~angle optical instruments. The '
observation stations also have sets of equipment making

it possible to fix the Sputniks in the celestial sphere

as accurately as within one degree in position, and

one second in time.

Optical observations of tne satellite and following
it up will be more precise and thorough if the optical
instrumeunts are fitted out with special photographic and‘ .
photoelectric apparatus registering the position of the
satellite and the azimuth énd quadrant angle of the in-
strument's optical axis. The purpose of the optical follow-

up is to obtain a relatively exact position of the

Approved For Release 2008/07/01 : CIA-RDP80T00246A003700510002-3



LR

Apprbved For Release 2008/07/01 : CIA-RDP80T00246A003700510002-3

-38-

satellite in the eelestial sphere (during twilight hours).’
All along the time of each recorded position of the satel=
lite in the orbit should be determined precisely.

The satellite can be followed up by instruments
with a focal distance of 0.6 -~ 1.0 metres. In such an in-
strument, as the satellite passes through its range of
vigion, the rate of movement of its image is 1-2 centi-
netres a second. A particularly important part will be
played by the optical observations of the satellites at
the last moment of the final st.ge of their passage,
when they make the last spiral movements before entering
the atmosphere's denser strata and when they begin to

burn up.
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Along with visual observations, photographic observa=
tions of the carrier rocket and Sputnik-2 are conducted.
The photographs taken by observatories in the Soviet
Union and other countries have made it possible to define
the orbits of the Sputuiks and of the carrier rocket with
considerably higher precision.

In using the special cameras for photographing
satellites highly sensitive plates are required.’ The
shutters should permit very small exposures and the lené

should have an aperture ratio of 1 and the sight at least
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50 degrees. Exact pictures of the position of the Bputniks
in the orbit will make it possible to determine their geo-
detic position in space in relation to the Earth's centre
with an error of about 10«15 metres. When we have a num-

ber of these positions for 10 to 15 regions of the Earth's

surface it will be possible to determine the Earth's figure

Tt T Ty T T_:"-"'—"‘T*" )

more accurately than has been done up to now., As a result
we shall be able to refine the continental geodetical
system. These observations will also enable scientists
to understand better the distribution of wasses in the
interior of the Earth.

In fact the Sputniks move in the gravitational ficld
of the Earth and this field in turn is determined by the

.distribution of the masses in the Earth's interior and

'

“its crust. OStudying the wmovement of the Sputniks we can

highly refine our knowledge of the gravitational field

of the Barth and therehy arrive at interesting conclusions
o6n the EBarth's structure:. True, revolving around the

Earth is also the real Moon, but a study of its motion
gives us information only about those parts of the terrcst-
rial gravitational field which are relatively far from the
Earth, as the distance from the rarth to the Moon is somec
380,000 kilometres. Of course at such a distance the terrest-
rial gravitational field depends much less on the distribu-
tion of the masses in the interior of the Earth. The study
of the ¥pon's motion can therefore furnish only very meager
information on this question. Artificial satellites, how-

ever, launched something like 1,000 kilomectres adove the
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Earth's surface, offer many more opportunities in this
respedt.

Thus, not to mention the telemetric measurements
of different quantities in following the artifidal Earth
satellites in their orbit, simple observations with the aid
of radar, optical instruments and photography will furnish
scientists abundant geophisical data widening and refining

our knowledge of our planet.

VI. RESEARCH wITH THE AID OF Tdp SPUTNIKS

The Upper Atmosphere

In studying the heavenly bodies around us and the
outer space in which the Earth moves, scientists have en-
'countered considerable difficultics due to the fact that
the observatories and scientific stations are situated
at the bottom of the air ocean surrounding the Earth,
hundreds of kilometres deep. This ocean is the Earth's
atmosyhere, which lets through to us only some narrow re-
gions of the spectrum of electromagnetic oscilliations
emitted by the dun, stars and other heavenly bodics.
Scientists have therefore always dreamed of extra=-atmos-
pheric observatories, as are artificial satellites, which
open up new possibilities for carrying out all kinds of
scientific experiments that earlier seemed unrealisable.

What is meant by the upper atmosphere today is the
region above 30 or uo‘kilometres high. It is of great

practical inferest. as8 it is the medium through whieh

artificial satellites will travel and the routes of future

Anterplanetary ships will pass, Besldes, the upper
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atmosphere is the mediuq in which radio waves are propagat-
¢d. The strata and regions with high ionisation foruming
in it reflect or scatter the waves, thereby creating the
requisite conditions for their propagation over great diste-
ances. At the same time, under certain conditions, the
upper atmosphere sowetimes becomes a medium in which radio=-
waves are absorbed.

The processes going on in the upper region of the
atmosphere are characterised by a great many features
which are not usually intrinsie in its lower parts. Among
them are the features related to the coantinuous chemical
conversions of the atmosphere's molecules and atoms and
their ionisation which occurs when they are irradiated
by the penetrating ultra-violet, X-ray and corpuscular
emission of the Sun (corpuscular radiations of the Sun are
the fast-moving elementary particles: electrons, protons,
neutrons, alpha-particles, ete.). Besides, in the higher
parts of the upper atmosphere the change of its relative
atomic composition becomes significant: Here the lighter
molecules and atoms -predominate owing to the force of
gravity. The circulation of the ioniced atmosphere, which
is an electrical conductor, in the Earth's constant magnet=-
ic field is accompanied by the generation of c¢lectric
currents which cause different kinds of variation in thia‘
field.

Valuable information on the circulation of tne upper
atmosphere has been obtained by the observation of the drift

of meteoric trails by means of optical instruments and radan
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and the observation of the tides in the atmosphere caused

| by the Sun and Moon, Ve know of tae high and low tides of
the seas, yet these phenomemna have been observed to be
- much more intensive in the upper atmosphere. From the obser-

vations approximate characteristics of the upper atmosphere

JEEPA gt eyt Pt P

have been derived; the temperature in the upper part was

i _ estimated to be several thousand degrees and the density

A

' about 1,000 million molecules and atoms per cubic centi-

‘ metre (at an altitude, of some 300 kilometres). It should

be menﬁioned that the air density at the Earth's surface

is more than 10,000 million times as much. . -
It had been believed that in the upper atmosphere

there were three or four distinct ionised strata. How-

ever, the {nformation gained about the penetrating ultra-

viclet and X-ray radiation of the Sum which is absorbed

by atmosphere and does not reach the Earth's surface, was

until recently rather hypothetical. The dynamics of the

upper atmosphere related to the photo-chemical changes and

ionisation remained unclear. 7Too little is known also about
corpuscular emission,which causes auroral displays and anemalous

icnisation.Without exact knowledge of tnese disturbing factors

SRt T rN . AN T 2

it is difficult to build up a general theory of the dynamics

O w2 Eed

of the processes going on in the upper atmosphere.

Of late there has been considerable development of the

study of emissions, that is, certain forms of radiations

of the upper atmosphere. Many valuable data have been
obtained in this way. For instance, by using spectroscopes

it has been estahlished that the Earth's atmosphere about

By - . e

100 kilometres above the surface is colder over the equator

5; - and warmer over the polar regioms. That is a very
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important fauctor for the origination of circulation. The
higher temperaturo in the polar regions leads to a highly
original structure of the highest reglons of the af;;sphere.
called the exosphere. As is known the ionised particles
in highly rarefied medium can move only along wagnetic
lines of force, and thergfofe projections of ionised
particles or columns are formed over heated arcas and they
are souctimes discovered in the twilight hours when the
exosphere is lit. These are the so-callcd high radiant
structures of polat auroras. Interesting information about
ionisation was obtained by investigations of the auroras
by means of radar,

lMieteors greatly influence the properties of the upper
atmosphere. Their falls lead to the formation of readily
ionisable nitrogen oxides and shock sound waves, which cause
variations in the density of the medium. This phenomencn
occurs in the upper atmosphere also vhen sub-audio waves
produced by winds send the disturbances of the ocean sur-
face and so on, penetrate up there frow the atmospheric
strata near the Earth. Thus, %o employ a figurative
expression, the outer part of the atmosphere suggests
sonewhat the agitated foaming water surface during a
storm.

In recent ycars new and important results have been

obtained through the use of rockets in investigations of

~ the upper atmosphere. A lower density and lower temperatures

have been found above 150-200 kilometres, Exceptionally
valuable results have been obtalned in determining ioni-

sation; it was found that there is a gradual and smooth
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rise in ionisation with a large nuwber of very snallow peaks,
which it is difficult to identify with the sharply defined
simple strata assumed earlier. Then, the rval ionosphere
proved to be lower tnan had been belicved, and the penet-
rating ultra-violet and X-radiation of the ®un has been
measured directly. |

The measuring of absorptions of the penetrating solar
radiations has made it possible to bring out tihe fict of
the lower density of the upper atmosphere. However, a
material shortcoming ¢ rocket investigations was the
short time they lasted.

Artificial satellites can ensure long and conti-
nuous observations over different localities of tne globe,
and therein lie¢s their chief advantage. Most important is
the observation of the penetrating ultraviolet, X-ray and
corpuscular emission of the Sun.

QOn Sputnik-2 instruments for investigating tae bun's
radiation were installed. Three special photoelectronic
multipliers set up at an angle of 120 degreces to wach
other serve as the radiation receivers. ZEuch multiplier
is successively covered with several filtcrs made of
thin-metal and organic plates and ﬁlso ot special optical
waterials, which wmake it possible to separate different
ranges in the X=-ray region of the solar sp.ctrua and the
hydrogen line in the far ultraviolet‘region. The electric
signals produced by the photomultiplicr trained on the Sun
wers ﬂasnified by radio circuits and transmitted to the

Earth by teleﬁtrié system.
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Qwing to the fact that the Sputnik has continuously
; L : - changed its orientation in reglation to the Sun and part

of the time was in the sector of its orbit lit up by thc

Spn, to economise on power the electric circuit was

switehed in only when the Sun landed in tihe range of onc

of the three light receivers. It vias switched in with the

aid of photo resistors lit by the Sun simultaneously with

the multiplicrs and the system of automatic control.

Parallel with the observations of solar radiation
from the Sputnik, observations of the Sun are also ¢on-
ducted by the whole network of the "solar service"
ground stations under the IGY programme. By cooparison
"of all the observations it will be possible to arrive at
the preliminary deductions on what conncction there is

between the ®un's ultraviolet and X-radiations and the

processes going on in the chromosphere and the Sun's

¥ AR A R /SR -l v v At
——

corona and the state of the Earth's ionosphere; thesse data
will serve as a basis for the regular observations %o
follow.

Quter space is full of cosmic dust, the rature and
characteristics of which it has heretofore not been
possible to study directly. ©Science had only conjectures
on its origln and characteristics., With the artificial
satellite serving as a laboratory it will be possible to

begin direct study of this problem too. What makes it

e T e L e T L I e T DL e

important is the presumption that cosmic dust is the

naterial out of which planets are forued.
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Since Newton's wuys sc¢ientists all over the wurld
have been pon.ering over the physical nature of terrestriul .

3 Jravitation anu of tue furce uf inter-action between ..a-=

-

fl terial bodies in general. But it was only Linstein's
theory -f relativity which slishtly lifted the weil froro

the nystery of these phenocuena and hence attracting the

attention of the vast .~ajority of scientists throughout the
world. |
% S0 convincing is Binstein's conception that tocay
3 {t is the vnly rational theory explainin; rany cosuic phe-
J no.ena. However, in somelrespects it has to be refined
! and checked by experiaents. Artificial Earth satellites
i laynched to cove in hish altitudes can help to check expericen-
| tally sone of the theses ) of this theory, one of |
% the fundgnental theories of nouern science.
It is known that the lietagallagy possesses a cuelinite
i lurinoesity and its value should be An agreement with the
3 weneral tneory of relativity. It is difficult to measure the
i luninosity of the Metagallaxy froa the Earth's surface be-
1 cause of the nizht-sky aireglow, but with the aid of an

artificial satellite it will be easier to solve this probler.

: “hen we have neasured the luninosity of the Metagallaxy we
shall solve an iuportant ¢osmic probleu and verify certainm
theses of the general theory of relstivity.

Finally, in astronomical observations by telescope
fron the Earth's surface nagnification of 90C tines is
ordinarily the linit because of interference caused by tiny

air streaws in .the atmosphere (twinklin. of stars,

il o o e e R =l
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breaking up and blurring of the lmages of the heaveniy bo-
dies in the telescopes, efe)e On the other hand deyond
the atmosphebe magnification as high as 10,000 times is

_possible s0 that objects 12 metres in diameter will be

seen on the Moon from a satellite , and on Mars arcas - y
measuring approximately 1.5 kilouetres in diameter will

be observable,

0f considerawle interest is the study of electric
fields at great heights (in the nelgdpourhood of 1,000
kilometres) and solution of the problem whether the Eartk
‘and its atmosphere constitute a charged or a neutral system.
Along with indirect studies of the ionosphere, by observ-
ing the passage of radio waves, the programme of investiga-
tions on satellites envisages direct mecasurements of ionic
concentration at different altitudes, and later the chemical
composition of the ionosphere by mass spectrometry. If the
present ideas that there are no negative ions at great alti-
tudes are correct, these experiments will furanish coamplete
icformation on the composition of the ionosphere.

Qf great laterost for secience is the atudy of the
radiation arising from the disturbance of the atmosphere by
a body moving at cosmic¢ speed. This radiation will becomc
especially interesting when the satellite will be somewhat
slowed down by the breaking force and will get into the
lower strata, behaving like an enormous artificial meteor
which excites and ilonises the molecules and atoms of the
surrounding medium. It will be particularly valuable if all

these observations are conducted simultaneously with those
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4from the Barth's serface as provided for under the curreat
IGY programme. .

It goes without saying that a complete solution of
the problems enumerated above will require many satellites

equipped vith various equipment of high degree of psrfection..

¥ 1

And the data thus obtained will of course give bdirth to g

great many new problems.

smie¢ Rays

Cosmic rays come to us from outer space. These

e i ast

radiations are a stream of nuclei of the uatoms of different
elements travelling at velocities very close to the velocity
of light. They are the heralds of the gligantic. processes
as a result of which the nuclei of atoms of elements are
accelerated to very great energies. The cosmic rays produced

s " in this way offer the possibility of studying the cosmos at
great distanceé from the ZEarth and even from the solar systum,. .

In most cases the energy of the rarticles of cosmic

Tadiation amounts to thousands of millions and even tens of -
thousands of millions of eleetron-volts., Some of the
particles, however, attain an energy millions of times gruater.
Up to now particles have been found with an energy of as mueh
as a billion bill;on electron-volts. This high eaergy of

o cosmic ray particles makes it possible for physicists to use
then effectively to "bombard" atomic nuclei, and to study
the laws operating only at the extremely high energy of the
eclliding partieles. The study of cosmic rays, especially
With the aid of instruments mounted on a satellite, will

make it possiyle consideradly to 8implify some of the studics
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which when conducted on the ground require highly powerful
accelerators sueh as a eyclotron or proton synchrotron, !
We might mention incidentally that the world's bilgsest proton |

synchrotron, made in the Soviet Union, can accelerate to

an energy of "a mere" 10,000 million electron~volts,

Not many particles of cosmic radiation reach the
Earth. On the average a square centimetrs receives one
particle a second. Despitg the gre#t energy of the indivi-
dual particles the total energy of cosmic radiation is there-
fore small, being equal approximately to that brought to us
Ly the light from the stars.

That is a trifle compared with the energy entering
the Earth from the oun, However, far away from the Sun
the cosmic rays play no small part in the general ¢nergy
balance, |

The question naturally arises how cosmic rays come
.into being? There can be no doubt that as a rule they start
out far from the Barth and even from the solar system,
Sometimes, though éxtremely rarely, the oun itself is thc
source of cosmic rays, and in such cases explosive processes
have been observed on the Sun.

Cosmic rays produced on the Sun consist of particles
rossessing little energy, which shows that the scale of
phenomena taking place on the Sun is very small compared
to that which cause the formation of cosmic rays.

Where then in the Universe do these gigantic processes
occur? To answer this question it is first necessary to

study the composition of primary cosmic radiation. When
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colliding with the nuclei of the atmosphere's atoms the
Particles of cosmic radiation impart g portion of their
energy, scmetimes g very consideradble portion,to secondary
radiations, and owing to the high energy of the particles

of cosmic rays a good many generations of Secondary particlesg

appear. For this Teason, what wa are studying on the

darth's surface and in the stratosphere too is not the primary

tumerous offspring, ' . -

In order to s8tudy primary cosmic rays scientifie

- Apparatus has to be lifted beyond the Earth's atmosphere,.

Until now we could 1lift instruments to considerable
heights by means of sounding balloons, stratostate or
r'ockets, but in the first two sases Primary radiatibn is
masked Ly a Secondary, while in the case of rockets the
time of measurement is limited to a few minutes,

Artificial Barth satellites make it possible to study
fully the composition of primary cosmic radiation. We shall
very likely succecd in finding new components of cosmic
radiation which will reveal wmany of the universe's suerets.

Puysicists have long tried to establish the age of !
cosmic rays, to fingd out how much time has Passed since
the partieles of cosmic radiation have obtained their great
energy and began their wanderings through the universe,

This question, however difficult it 8eems to be, can
nevertheless be answered if we tura to account the fact that
the longer cosmic rays travel in the universe the more

tizes they collide with the atoms of laterstellar space.
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In such collisioms the atomic nuclef?%eavier elements in
cosmic rays will break up and out of their fragments nuclei
of lighter elements will be formed.

In cosmic Tays wé.find nuclei of the atoms of different
elements. The more nuclei of the atoms of a particular
clement there are in the cosmos the more of them will
heeome accelerated and gain high energy. bxperiments have

. shown that the composition of ¢cosmic rays corresponas, 1o
<he main, to the distridbution of the different elements
in the universe. Though there 1s VeIy little of some
elements in the ¢osmos, lithium, beryllium and borom, for
instance, yet the nuclei of these elements are oftenh produced
when heavier nuclei decay.

GQonsequently if such nuclei are found in the cou-
position of primary cosmic rays it will mean that cosmic
radiation travels a long time in the universe.

To find the nuclei of atoms of different elements in
the composition of cosmic rays is a very difficult problem.
It may be successfully solved by using special
counters, which registér the Vavilov-Cherenkov radiation.')
Y The "Vavilov-Yherenkov effect” (named for the Soviet

scientists who discovered it) is that charged particles fly.
through matter at . a velocity greater than the veloclty of
light, producing an original lightwave similar to the sound-
wave produced by a plane flying at supersonic speed.
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The greater the specifie gravity of the element the more

et 2ot roma Mol § A et e Bl gl

4 . intense the radiation of the atomic nucleug passing through

the eounter. As shown by experiments carried on by the

Soviet scientists L.V. Kurnosova, L.A. Razorenmov and

-

{ M.I. Fradkin, this is a good way to analyse prinary cosmic

~ radiation and especially to try to find out if it has the. i
nuclei of lithium, beryllium and boron. In the same vway
the nuclei of the atoms of many other elements, particularly
hcavy elements, can be searched for in cosmic rays. The
large opportunities offered by the satellites will permit
undertaking new attempts to find among primary radistion

i electrons, and photons, the tiniest material particles of

q§ light. If these new compoments were found even in very small

quantities our knowlcdge of the origin of cosmic rays

would be considerably advanced.

- This will be evident, indeed, if we rccall that

oy

LTy LRGP T IPINI N LITUL A N-LL. o R L SRS P -y TR

there are magnetic fields in outer space. While passing

through the Earth's magnetic field the cosmic-ray particlus

are greatly deflected in the field, and as a Tesult the

primary particles of cosmic radiation, possessing as they do .nu .
an eleetrical charge, follow a considerably distorted path.A
Observing these particles on the Earth we cannot tell where

they came into being since the original direction of their
motion was completely lost owing to the deflection in the

magnetic fields.

s st

Photous, on the contrary, move practicaliy in a
straight line. If, therefore, we . succeed in finding them

they will better than any other radiation indicate to us
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where in cosmic space are to be found the sources of cosni¢
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Thus, study of the composition of primary radiation
will make it possible to discover a nuaber of phenomena
occurring in cosmic space and to shed light on the origin

~ of cosmic rays, and in particular to check some consequences

of the hypothesis put forward by the Soviet scientist
V.L. Ginzlurg to the effect that cosmic rays are formed on
gupemovae outbursts.

With the aid of artifiéial Earth satellites long obser-
vations of primary cosmic radiation can be conducted affordin;

the possibility of discovering even relatively little variatiuvus

in the intensity of the different compoucnts of this radiation.
Tn every particular case it is very interesting to
f£ind out the nature of those particles of cosmic radiation,
§ : which have changed in number. The use of satellites will
make this possible.
Among other things, the number of primary particles
can be registersd to this end and simultaneously the ionisa-
tion caused by them. In this way it will be possible to
scparate the variations in the intensity of the main componeuny
of cosmic rays consisting of the nuclel of the atoms of
hydrogen, namely, protons, from the changes in the noumbcer
of puclei of the heavier elements. Instruments on the Earth's

surface cannot effect this separation.\but satellites offer

an altvogether new approach to analysipg the processes going

R

on with ¢osmic rays.

The number of primary particles can be measured
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with the aid of a counter of charged particles. As has

been shown by experiments conducted in the USIR (by N.L.

Grigorov, Y.I. Logachev, A.M. Charakhchyan and A.E. Chudakov), .

it is now possible to design an instrument which will use
electricity viery economically.

Considerable difficulty is presented in measuring
jonisation produced by cosmic radiation beyond the atmos-
phere. However, the measurement can be managed by employ-
ing a method developed by Chudakov, as follows: owling
to the ionisation, the instrument travelling outside the
atmosphere accumulates an electric charge, and when the
charge is removed an impulse emerges which is radioed to
the Earth, and the ionisatiou produced by the cosmic rays
can be judged from the value of the impulse.

The orbits of thé'Sputniks girdle almost the entire
globe, and th.s makes it possible to study the dependence
of the intensity of Qosmic radiation on latitude and longi-
tude. This dependence is due to the deflection of the
primary cosmic rays in the Earth's magnetic field., By utili=-
sing the Earth as a huge meaéuring instrument the composi-
tion of cosmic radiation can be analysed, and the distri-
bution of the radiation over the globe makes 1t poséible
to investigate our planet's magnetic field,

Instruments for studying cosmic rays were installed

~on Sputnik-2.

The particles making up cosmic radiation were regis-
sered on the Wputnik with the aid of charged-particles

counters. W“hen an electrically charged particle passed
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through the counter a spark was produced which supplied

an impulse to the radio eireuit incorporating semi-con-

ductor triodes, the purpose of which is to add up a number %.
of cosmic-ray partieles and signal when a certain number |
hes been counted. After transmitting the signals that
the particuiar aumber of particles had been added up
registration of cosmic-rag particles began again and when an
¢qual number of particles had VLeen counted another signal
followed. Dividing the registered number of particles by ;
the time in which they were dounted we get the number of |
particles passing the counter per second, or, in other .
words the intensity of cosmic rays.

The preliminary analysis of the data on the cosmic
rays transmitted from the Sputnik has shown that the instruw L
ments function nofhally. It has been definitely shown
that the oumber of particles of cosmic radiation depends
on the geomagnetie latitude, and the analysis of the
rany measurements of the energy spectrum of the priaary
cosmic particles makes i€ possible to study the variation
of the spectrum with time and compare it with the processes
going on during that time in the space around it.

There can be no doubt that in time the instruments
set upon the Eputniks will provide the possibility for a
continuous observation of the primary cosmic radiation.

In this way cosmic rays will become a powerful

means of studying the Universe.
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The Secretg of the Jonosphere

The characteristics of the atnosphere at altitudes
above 200-250 kilonmetres have been little investiated.
Especially interesting is the study of the fine structurc
¢of the ionosphere, that is, the part of the atmosphere
which contains a vast nuuber of electrically char_ed
particles -- eleotrons and ions. Scieuce today nossesses
few data on the cirecular electrical currents in the iono-
sphere and other related phenocena, as until now the rrin-
cipal inforuation on the ionosphere has been obtained by
studying tiae ;atns of the radiowkv¥es sent from the Earth anc
reflected fron the ionised strata. Moreover, 2®his Lethod
rzakes it possible to get an ided of the ionosﬁhere ouly up
to the level of maxinun ionisation (F2 layer), that is, up
, to a height of roughly 250-300 kilowetres. This is because

the ionosphere reflects or lets throu_h radio signals, de-
pending on the frequency used in transnitting them. For
instance, greater density of ionisation is required to reflect
signals sent on high frequency waves.

The sreatest frequency at which radio waves are
reflected frou a siven layer of the ionosphere when they
fall vertically on it is called critical frequeancy.

- The greatest critical frequency is observed in the F2
layer. uadio waves of a greater frequency than the critical
frayuency of the F2 layer pass through the inoanosphere and
do not return to the Earth. Thus,  -in order %o study the
higher layers of the ionosphere it is necessary to have

radio-wave sources placed considerably higher than the F2
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layer, and it is such sources that the Sputnik carries.
However, radio waves fron the Sputnik falling on the
ionosphere frou the outer side and not from the side of
the Earth can also be reflected and not ret to the Earth.
To avoid this, the Sputnik's radic transmitters had higher
frequencies than the critical frequency of the F2 layer,
with a range of 10~15 uegacycles, dependin, on the season
of the year.

Kadio vaves Enjtted from the Sputniks Made it Possible
to Get Signals fror an Area in the Ionosphere in which
hadio .aves Travelling from the Earth Cannot Penetrate

Radio observations were conducted froa peints in
different geo raphical latlitudes and longitudes by radio
dircetion-finder stations, r.dio clubs and thousands of
radio amatéurs. |

0f very éreat inportance are the neasureuents of the
£i0ld intensity of radio signals received from the Sputnik.
The measurenents were zade by continuous automatic record-
ins as well as by separate measureuents at certain fixed
instants, and so uwuch uaterial has been obtained that at
this time ounly a prelizinary analysis has been coupleted.

The results of receiving the radio signals fron the
Sputniks and weasureaent of thelr levels have shown that
the signals transuitted on a 1S5-netre wave-length rose very
high up, far exceeding the direct visioq range.

0f special interest is the fact that while movin, in
the elliptical orbit the Sputniks occupy a varyin, position

in relation to the wain maxinun of electronic concentration
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in the terrestrial atmosphere. Wwhile inm the Southern
Hemisphere the Sputnik travels above the ionosphere layer

in the Northern Hemisphere at certain ooments it is above the

. peak lonisation of that stratum, at other mouents under it,

and a¥ still others, unear the peak. These conditions uake for

a great many ways of propagation of shoft waves Over great
distances. One of these ways is the reflection from the
Earth's surface of the radlo waves which have ' come
from above through the whole maes of the ionosphere,
followed by a single reflection of 1t from the ionosphere
in the regzions where the critiﬁal frequencies are suffi-
ciently high. In other cases the radio waves fallin, oo the
ionosphere from above at a certain angle are considerabdbly
refracted by it and as a result penetrate into a region
lying beyond geometrical direct visibility.

The position of the Sputnik near the area of.maximum
ionisation of the atmosphere createé especially favourable
conaitions for the propagation of radio waves by means of

ijonospheric radio-wave guides. In soue cases, as the obser=
vations have shown, radio waves came to the receiving

ﬁoint not the shortest way but rather travelled about
the globe over the longer arc of the great circle. In sone
cases the phenomenon of round-the-zlobe echo of the radio
signals has been observed.

There can be no doubt that the final analysis of the
great amount of uaterial obtained through the radio abserva-

tions of the Sputniks will provide very valuable information

on the specific features of ionisation of the upper layers of
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the ionosphere and the absorption and propagation of radio-
waves in themn.

Ihe ZBarth's Magnetic Field

There is a natural nagonetie field around the Earth,
Its properties, for instance, its directional effect on
the zagnetic needle, have long been utilised in practice,
though the nature.of the field and its origin still remain
obscure. The Earth's magnetie field affects the wmotion of
charged partieles coming frow the »un to the Earth through
outer space, particles formed in the upper layers of the
atmosphere when the latter are ionised by the “un's ultra-
viocliet rays: This is the explanation for the geonagonetic

effects such as the latitude distribution of the intensity

of eosaic rays and the frequemey of auroral displays, the

polarisation of the radio waves reflected from the 4ono-
sphere and Lany oOther things.

Until recently the Farth's magnetic field We& neasured
either on the karth's surface or close to it (from aeropismes);
it was only lately that several measurements were taken from
rockets at altitudes exceeding a 100 kilometres. The
nathematical analysis of the zeasurements made on the ground

has led to a number of interesting deductions. It turoed out

 that the field observed near the Earth's surface should be

Teggarded as consisting of two partst one due to sources
in the interior of the Zarth, and the other to sources
outside the Earth.

Althoush the share of the outer sources is very small

(one to three per ceﬁt), its valwe lying close to the limits -
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of the error involved in the mathematical analysis, there is

no. doubt that it exists in reality. The cxistence of an
external field ig confirmed by the rapid changses takin.

place in the Earth's magnetic field. changes that are

known as diurnal wmagnetic variations, magnetic disturbances

and magnetic storms. These changes are closely related to

nany phenomena occurring outside the Earth's surface, such

as solar actiVity, the state 0f the ionosphere, auroral displays
and cosaic rays.

A mathematical analysis of the chanses shows that
thair sources lie outside the Earth's surface. Unfortunately,
the analysis of the data obtalned from ground observations
will neither indicate the exact spot where the field's sources
are to be found nor define their nature. Other data have
to be found for this purpose.

Investigation of the daily variations, magnetic storms
and the phenomena related to¢ them have led scientists to-
assune that an external magnetic fiseld may be produced by
systens of clectrical currents outside the Earth's surface.
The most likely place where such currents might originate is
the upper conductive layers of the Earth's atwmosphere,
namely, the ilonosphers.

It i3 also suggested that there may be currents
beyond the ionosphere too, They may possibly be due to
charged particles and corpuscles, ejected by the Sun and
captured by the Earth's.magnetic field and revolving around
the Earth in the plane of its magnetic equator several tens

of thousands of kilometres Away from the Earth. These
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extra-ionospherie currents increase when during magnetic

storms the Earth finds itself in the nidst of intensive

corpuseular streams ejected from the Sun's active regions,

L]

At such time their magnetic field shifts the zones of

auroral displays closer to the equator and reduces the

intensity of cosmie rays.

The presence‘of sources of a magnetic field in the

ionosphere is confirmed today by direct magnetic measurenents

conducted from rockets.

Considerable attention is given in %he International

Geophysical Year to studying the varying vxternal magnetic

field and its relation to solar and other geophysical phenomena,

The changes in the magnetic field will be registered continuously

at a great many

stations. It is also planned to measure

.the magnetic field from satellites and rockets, Magnetic

measurements on

satellites make it possible to survey the

magnetic field aroynd the Earth at great altitudes. Their

purpose is to check the existence of extra-ionospheric

surrents, to find out the system of ionospheric¢ currents

and learn more about the main part of the fild, i.e, the part

due $O the Earthl!s interior sources, By means of satellite

measupements it can be checked whether the streams of the

Sun's particles are neutral or consist of electrically-

ohdrged particles of either sigu.

Data on the field portion created by external sources

can be obtained by comparing the measured values of the

field with the

theoretical calculationa based on the

' assumption that the field is produoed only by sources in
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the interior of the Earth. Knowing the field produced by
the external sources at high altitudes it will be possible
to appraise better the part it plays in particular geomagnetic
effects. It is not impossible that in some cases it plays
a considerable part. In particular, the recently revealed
differenece in the position of the Earth's geomagnetic equator
as found from the data obtained by magnetic measurements on
land and by measurements of the intensity of cosmic rays,
may possibly be caused by the astion of the field'é external
sources on the charged particles of cosmic rays.

Observing that the intensity of the large magnetic
anomalies decreases with altitude we shall be able to
judge whether the sources of these anomallies lie near the

Earth's surface or far out in space.

Vieather Forecasting

It is close to 75 years since the first attempt was
made to carry out geophysical investigations simultaneously
on a worldwide scale. That was the first international
polar year. Its task was to study the influence of the
Arctic on the weather, and to investigate the Aurora Borealis
and the Earth's magnetic field. The second attempt was made
50 years later, in 1932-1933, when the second. international
polar ycar was orgaunised. The object of that attempt was
to study the ioncsaphere and its effect on the propagation

of radio waves, and to conduct meteorological observations

by an extended network of stations.

The meteorological maps compiled following the observa-

tions of the second international polar year (for the Earth's
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Northern Hemisphere) geryegd scientists as a basis for

developing a thermo-hydrodynamic method of long-range weather
forecasting, and to verify whether the ¢xperimental hydro-
dynamic longerange forecasts were justified.

The next international meteorological observations were
planned for 1982-198%, but the rapid rate of development of
science and technology in the middle of the 20th century made
it necessary o change the schedule and fix the IGY for
1957-58.

Participating in the IGY are 64 countries, with the
USsR taking an important part in carrying out its programae.

couwe 300 meteorological ground stations and some 100 aero-

- logical stations wers set up on Soviet territory. The

work done un.er the IGY programme will be extremely important

for metgorology, especially for weather forecast, which 1s tne

principal problem in this science. For the first time the

results of observations by a wide network of meteorological

stations will be received from both hemispheres of the Barth,
This will be the first time that meteorological condi=-

tions in the Antarctic and equatorial regions will be widely

acalysed, an analysls that meteorologists are so badly in need

of. Vast material will be collected for meteorclogy, during
the year, and by using electronic fast computing machincs the
naterial will be analysed in brief time. The calculations,
which formerly would have taken scores of jears. can now be
done in a few hours.

The automatic meteorological stations set up on the

Sputniks operating beyond the Earth's atmosphere will lead
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to fundamental changes in the theory and practice of
weather forecasting. Many meteorological phenomena

hidden from observers on Earth will become obvious when
observed from the Sputnik. Today meteorclogiasts are forced
to colleet mést of their data from an extremely limited

guzber of sround cobservations. However, making use of

a satellite it will be possible, for instance, %o photograph

ot once all clouds over the Earth's surface at least sevcral
times in 24 hours, It will alsolbe possible to obtain
data on ice conditions and information on other factors
influencin; the weather all over the world.

Many problems of meteorology are already in the process
of golution as a result of the observations of the first
two satellites; for instance the distribution of the density:
of the air in the upper layers of the atmosphere along
lonzlitude and latitude, ete. In future satellites will
help to solve a vast number of weteoroclogical questions.

The successful launching of the Sputniks has afforded
the possibility for the first time in the annals of meteoro=~
logy to conduct extended observation of the Earth's atmos=-
phere “from above."

By equipping the dputniks with special sensitive photco-
cells, scientists will zet a picture of the distribution
of clouds o§er extensive regions of the Earth's surface and
simultaneously ¢t a picture of the distribution of the
gigantic planetary and atmospheric waves (more than
1,000 kilometres loung), which play a part in shaping the

weather over large distances; scientists will be able to
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watich Jjet currents, that is, a pronounced belt winding
ﬂ , among the cyclons and anti-cyclons which block it, like a

river winding between islands, and many other things.

In short, the Sputnixs will furnish a picture of the

distribution of the air currents, a picture of total air

circulation over wide expanses,
It has been proved that for short-range forecasts
it 1s necessary to know
(24 to 48 hours)/the initial field of meteorological
¢lements for a relatively small area, surrounding the
particular region for whieh the forecast is made, However,
as the time for which the forecast is made grows longer

the territory to be elucidated by the initial data in-

s

creases sharply. In the case of long-range forecasts

for some point in the Northern hemisphere the initial
13 o data have %o cover the euntire Northern Hemisphere as a
minimunm. |

a densu network of statlons to take observaticns and
couplete information from the stations are essential for
' making more accurate forecasts. Thefe are still however,
| large areas on the Earth's surface in which there are few
j stations or nome at all. - Thus, while on the Atlantic
| Ocean daily observations are conducted on a few stationar&
vessels belonging to the meteoroloegical and aerological
service, practically no obeservations are conducted on
the Pacific Oceén. Here observations from the Sputniks will

render indispengable service, They will cover vast areas

in¢cluding the oceans, on which no regular observations of

the state of the atmosphere have bgen conducted.

b e maa

AR,

Approved For Release 2008/07/01 : CIA-RDP80T00246A003700510002-3



AN A W el anct

LR VT

B T gt

J———

Approved For Release 2008/07/01 : CIA-RDP80T00246A003700510002-3

-66—

VII. TAWARDy THE QONQUEST OF QUTER SPACE

Problems Involved in Study of Animals Traveiling in Quter

Space

Soviet scientists began the conguest of space wy implef
menting a broad programme of medical and biological investi-
gations of animals on their flights in rockets to 100-200
kilometres above the Earth's surface.

From the bilological standpoint a flight in the upper
layers of the Earth's atmosphere has nuch in common with a
flight in outer space. A living organism in that case
too, will be affected by a vhole series of factors not

found in the usual environment, such as the effect of

" cosmic radiation, the long gravity-free dynamic state and,

under certain coqditions, the virtual absence of atmcspheric
pPressure aund molecular oxygen.

Some of these factors can be produced artificially
and studied in labvoratories, and others during dbrief flights
in rockets. A good many papers deal with the study of
their effects on the organism. Airflight medicine today
has enough experimental and theoretical data which reveal
more than merely the physiological effects of the influence
of this kind of faetors. At its disposal are preventive
aud protective measures to safeguard the living organism;
these are héfmetically-sealed chambers, space suits and so

on.

The effects of weightlessness, of priaary cosmic radiation,

corpuscular snd ultra-violet radiation of the Sun have as

yet practically not been studied from the medico-biological
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angle. Their biological effects and perhaps also other
factors we still know inadequately can be found out only

by long flights in the upper layers of the atmosphere.

To conduet such investigations, considerable difficultic:

" as regards design and method have to be overcome. All appara-

tus in such cases must operate independently over a long

period, ensure automatic recording of the needed data and

be highly resistant to the action of overstrainyibrations

and variations in pressure and temperature. At the same

time the apparatus has to be compact, weigh little and consume
litctle electricity.

No less are the difficulties arising in providing coa-
ditions to enable animals to survive 1o the flight. For
instance, the efficient systems of air regeneration used
ordinarily are unsuitable for the hermetically-sealed chambers
because of their bulk and laxrge weight.

New and more e¢fficient systems had to be designed.
Qbviously tne ventilation system nad to be a forced feed
gystenm since the gravity-free state precludes the air ex-
change usual for conditions on Barth. Becaus®of this, the
heat e¢xchange in the chamber and protection of the animal
from the considerable variations in the temperature have
to be specially designed{

A special system had to be worked out to provide the
animal with water or liquid food, as in conditions of weight-
lessness liquids in a free state can possibly disperse
throughout the chamber.

It was necessary to work out a whole system 0f rather
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complex automatic equipment to eansure that the conditions
required ¢to keep the animal alive are maintained. Scientif-
i¢ lanstruments are used which are designea to investigate

= musber of higte physalosisal funstions of fhe anical and
hygienic conditions in the chambey: For this purpose par-
ticular physical valueg are converted into electrical,

then they are coded into different kinds of radio impulses,
which are transmitted by radio and automatically recorded on
Barth with the aid of special recording devices.

Even this by far incoumplete enumeration of the prob-
lems is enough to give an ides of the variety and comple-
xity‘ of the tasks due to the specific conditions of the
experiment. '

OCbservations of the animal's bsehaviour on Sputnik-2
made it possible to find out the effect on the organism of
factors which could not be studied in laboratory conditious

or in high flights on aeroplanes:

Biological Phenomena in Cosmic Flights

For the purpose of studying a number of medico-biclo-

gical questions a special hermetically-sealed chamber was

" fixed up on Sputnik-2 in which the animal (a dog called

Laika) was placed, also instruments to study the physio-
logical functions of the animal, equipment for regenerat-
ing the air, for feeding the animal and removing the
products of its physiolugical activity. In designing

the equipmenc account was taken of the neecd of the utmost
economy inm the size and weight of the instruments and of

minimum consumption of electricity by them,
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Functioning for some considerable time, the apparatus
ensured with the aid of radio telemetric system the re-
gistration of the animal's pulse and respiration, its
arterial blood pressure, thg;glectrical potentials of the
heart, the temperature and air pressure in the chamber, =nd
sSC Onh.

It is perfectly natural-that the first "passenger' on
the Sputuik wis a warm-blooded animal -- a dog =-- the normal
physiology of which had been thoroughly studied. It may be
that to clear up special questions it will be necessary to
use anthropoid apes, rodents, mollusks and insects. Insccis
will afford opportunities for gemetic studises.

Laika, the passenger on S8putnik-2, was a small 4og
weighing approximately five kilogrammes. Unfortunately
-~ its gensalogy is not xknown., It was a fhle gmatic animal;

while living in the vivarium it never guarrelled with its
four-footed neighbours. The information obtained from the
Sputnik shows that during the space flight too it did not
lose its calm dispeosition.

Before sending it on the Sputnik, ILaika underwent
preliminary training. It was gradually accustomed to long
stays in a small hermetically-sealed room wearing a speciel

- outfit, and to the gauges attached to different parts of its
pody for registering the physiological functions, and sO oO.
The animal was also tralned to stand the effect of overatralos,
and in the laboratory it was determined how far it was
proof against the effect of vibration and certain other
factors. Following long training the animal calmly endured

several weeks in the hermetically-sealed chamber, which made
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it possible to conduct the needed scientific investigations.

The study of the blological phenomena of a living
organism travelling in outer space became possible as a
rasult of extensive preliminary investigations on animals
in short flights in rockets to altitudes of 100 to 2CC
k‘lometres, investigations conducted in the USSR over a
humber of years.

‘This is the story of one of the flights.

... Five minutes before sunrise a cigar-shaped silver
grey rocket was zooming up to the stratosphere. In the
forward part was fixed up a non-hermetically sealed
compartment ia which catapulting trolleys had been placed.
Attached to the trolleys were special outfits -- oxyger |
supply instruments, coutaining 900 litres of oxygen, &
parachuting system aﬁd apparatus for recording the physical
functions in flighti

The catapulting trolley weighed 70 kilogrammes, and
the parschuting system ensured a vertical landing speed of
about six metres a second. The rocket quickly reached a
height of 110 kilumetres, at which the head part fell away
from the body and began its free fall. At an altitude of
80-90 kilometres the first trolley was catapulted at a
speed of some 700 metres a second; three seconds later, the
parachute system vegan to work and the animal dropped down
to Earth from a heigbht of 75-85 kilometres, the descent
taking an hour.

In the last five years Soviet sclentists carried out

many similar rocket flights for the purpose of studying
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the high layers of the atmosphere and their effect on

living organlsms. . .
Unlike earlier ipvestigations, the flight of an
. snimal on the Sputnik makes it possible to study the effect

o zero gravity over a long period. Refore this the in-

fluence of welghtlessness could be studied only on an aero-
plane feor a3 few seconds at a time, and during the vertical

launching of a rocket for a few minutes. On the Sputnik,

L

ey

howsver, it was possible %0 study the apimal's organism

e

in gravity-free state for several days.

The experimental data obtained in the pmedico-biologic~-

§ L L o<—orile:

al investigations are now being studie® tunoroughly and in
detail. It may be said already now that the animal stood well
the long actioﬁ of the-acceleratidns as the Sputnik was

taken to its orbit and the gravity-free state which followed

S SN L S a S

for several days. The data show that throughout the experi-

ment the animal's state was satisfactorys

AL R

VIII. LIFE_ON A SATELLITE

i —

viithout Atmosphere

% Animals and human beings can travel in outer space
only in nermetically-sealed chambers, where the air compo-

K sition and pressure are close tO those prevailing oa Earth.
In order that the organism could breathe the space ship nust
have a supply of oxygen, and most expedient is liquid
oxygen. One litre of liquid oxygen yields 8C0O litres of
oxygen gas as it evaporates. However, the required amount

of oxygen dissolves in the blood only at a certain barometric
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pressure; if there is;not enough barometric pressure, even
if the organism breathes pure oxyger it will not get all it
needs. |

If the harometric pressure drops (in outer space there
is practically none) the gases dissolved in the blood pass
out. This brings arout grave oconsequences, and sometimes
a complcta disturbance ¢f the vital activity cf the organism
is the resgult,

Ligquids' »oiling tempsrature depends on the surrounding
pressure. The lower the pressure_the lower the temperature
.t which a liquid Ptegins to ¥Yoil. At a pressure of 47 mm,
of mercury (which corresponds to 19 km. above sea level)
the liquid begins to boil when its temperature tarely
reaches 37°C. This is the blood temperature of a human
®eing, and the "¥oiling" of the ¥lood would inevitably
bring serious conseqﬁences.

When could such disorders arise? They could occur if
scmething unforessely’ happergd t©o the hermetically-sealed
chamrer. If a meteorite $raveling at a terrific speed
coliided with the space ship and plerced the chamrer arnd
the astronaut was not wearing protective clothing he would
taint in 15 to 30 seconds. For this reason, besides
hermetically sealing ohe ghamber, space or special high
altitude suits are provided. 1In the space suites the re-
quired barometric pressure is maintained and in the special
al%itude suits the pressure is produced by _ * ten=
sioning the fabric of the suit which tightly fits

the human body. Both hermetically-sealed chambers and

Approved For Release 2008/07/01 : CIA-RDP80T00246A003700510002-3 '

1

A



ARy

Approved For Release 2008/07/01 : CIA-RDF80T00246A003700510002-3
, | -73-

space or altitude suits are used.

Flights of animals in satellites will make it possible

to check up how reliable are the hermetically-sealed chumbers
. and the space and altitude suits and to work out ways to
enable the organisms to take food and water under these
conditions, and to solve a number of other questions,

An important requisite'for the normal life of living
beings is the adequate temperature of the surrounding medium.
The firét experiment of launching a satellite with a dog on
board has shown that Soviet sclientists have correctly solved
the problem of producing the required temperature inside. the
satellite; the animal bebaved calmiy in flight and 1its

general state was satisfactory.

The Syn Is Not all Life

It is extremely important to study with the aid of

satellites the effect of the different kinds of solar and
cosmic radiation on living organisms. The intensity of
the ulcpafviolet_radiatiop in the upper atmosphere and_
beyond iS 80 great.that it is fatel for the living cells.
Kowever, protection against the action of the Sun's ultra- °
including ordinary glass, do not let through this part

" of the solar spectrum.

Solar radiation also contains the so-called X-rays.
While -at first their influence on the organism is quite un~
noticeable}.in may later lead to very unpleasant consequences.

' Thérefore an effective protection agﬁihst X-rays must be .

secured.
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Cosmic rays, or cosmic particles, as they should be
called more properly maybe even more dangerous. Possessing
enormous kinetic energy these particles, on encountering
molecules of other substances, cause their disintegration
into ions. Molecules become ionised also when cosmic
particles penetrate into the tissue of the organism; that
leads to the destructidn of the cells, to unhealthy symp-
toms like those caused by gamma radiation, which occurs in
nuclear reactions.

The question naturally arises! how can the organism
be protected against casmic particles? While there are no
finished plans on this score as yet, published data
:ndicate that this protection is faced with considerable
difficulties, and the launching of satellites‘carrying
animals will make it possible to obtain highly important
information on this guestion.

Sputnik-2 is equipped with measuring instruments
for studying all "radiant' effects of outer space:. the .
Sun's short-wave ultraviolet and X-Tay radiation, and cosmic
TaySs

A few words should be said atout the aanger from
meteorites.

It has been established that more than 8,000 million
meteorites enter the planet's atmosphere every 24 hours,
their %otal mass being approximately one tom. Possessing
an immenge speed of movement -~ 30 to 50 kilumetres Or
nore a Second -- they bdecome hot from friction in the air

and »urn away in the upper strata of the atmosphere;
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we see them as "falling stays;" Meteorites do not, as a
“rule, penetrate helow 70-100 kilometres. However, the
higher a satellite moves the more likely it is to meet a
meteorite, It is important to estadblish how much this
possibility depends on the heignt of the orbit, the time
of the year, and so oa.

The véry first weeks .0f the Sputniks' flight have
shown ﬁhat the Sputniks have not been hit by a metevrite
of destruective force. It may well be that the chance of
¢0lliding with meteoric partidles will turn out to be no

greater than the chance of an automobile accident.

‘What_Is Weightlessuess?

) To have a satellite get out to its orbit a speed of
. some 8,000 metres a second has to lie imparted to it; and
this 1nvolves a considerable acceleration over a long
period. The effect of acceleration depends on its magni-
tude, period of action, the rate of increase and the direc-
tion of the motlon in which the force producing the accele-
ration acts on the hody of the human being or animal.

The effect of the accelerations, or overstresses, as
they are also called, on the organism of animals and humau

. beings has lLeen studied quite intensely in recent years,
since modern high speed planes are subject to comsideravle
accelerations over long periods.

If the acceleration acts upward from a person's feet to
his head it will cause a redistribution of the whole mass
of the blood, and there will e more ULlood than usual in
the lower part of the body and uot enough in the upper.
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If the acceleration is strong enough the ®lood circulation
in the brain may be less than the regular, and this will

lead to a disturbance in the functions of the central ner-~

vous system, including the loss of conscivusness.

If the acceleration does not act on a person along

2 his body but perpendicularly it can be withstood much
! easier. The special suits also help to protect from over-
A strains, as they eunvelop the different parts of the body

tightly, not letting the blood accumulate in them. These

questions too will be checked in the experiments with

animals,

i

o e e

A few words on the speed of movement the organism
can stand. Uniform speed does not affect the organism.
We certainly are not troubled in the least by the Earth's
rotation on its axis. Neither are we disturved Ly the
Earth's motion around the Sun, at a velocity of more than

100,000 km. an hour. We may state definitely that the

' kuman organism can safely stand any uniform specd., However,

at a certain speed of movement there comes a point when

e ot ¢ T e

maL's sense organs c¢annot supply the brain with exhaustive
information because the information is transient and in-
complete, Space flights will therefore be controlled
cliefly from land stations by means of electronic computing
machines with a stored programme. Astronauts in space
flights will be released from having to coatrol their

flight themselves, which is literally beyond man's capacity.

Let us now pass on to the question of weigltlessness,

which travelers in space are bound to come up against.

et el

Approved For Release 2008/07/01 : CIA-RDP80T00246A003700510002-3



Alpproved For Release 2008/07/01 : CIA-RDP80T00246A003700510002-3

-77-
The effect of weightlessness has been studied in recent
years on both animals and human Veings. True, the cbservaw
ticns were of effects lasting but several scores of seconds.
Undoubtedly the effects of being a considerable time in a
gravity-free state will be quite different. That is just
what satellites carrying animals should establish. Dogs
clad in special space suits on their brief flights in
rockets also experienced a state of wightlessness. Automate-
ic¢ iastruments recorded the animals' respiration, measured
the blood pressure and pulse, and an automatic motion-
picture camera took photographs. No material changes in
respiration or heart activity were found. However, such
experiments were limited as to time,

Interesting results have been obtained in studying
the effeet of zero gravity on human beings. Weiglitless-
ness occurred in a speclally programmed flight by aero-
plane and it continued for 30 to 45 seconds. Of the 14
persons who took part in those flights eight said that
they had felt well. The scientist who conducted the study
and who took part in the flight stated that the zero-
gravity state was the best form of relaxation for a human
veing. Five of the fliers, however, experienced illusory
sensations during the gravity-free states they had the
feeling that they were iu a state of free falliﬁg or that
they were flying "upside down." And one showed symptoms
of health disturbance very much like the sick feeling one
gets during air sickness.

It has been estalLlished that after repeatedly exper-
iencing weightlessness in flight the human orgunism adjusts
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itsalf ¢to it, and a person who has experienced it several
times retains a sufficiently good orientation in space and
is capable of making precise coordinated movements.

The dog's flight on the Sputnik, in which the éravitya
free state continued for a considerable time, makes it
possible to study the effect of prolonged weightlessness’
on the organism and to solve the problem to what oxtent
centrifugal forces should ue ¢reated on a satellite to
take the place of gfavitys

There can be no doubt that weightlessness also affects
the organism's functions of breathing, blood circulation,
hody temperature, and so on. Observations have showu
that weighflessuess causes some drop in bloocd pressure,

Under the action of accelerations there is increased
gas exshange in the organism, and the consumption of oxygen
and evdvement of earlLomic acid gas rises severalfold.
During the gravity-free state a drop in the gas exchange
nay e expected, at least after the organism had become
~adjusted to this state. These facts are important for
.ensuring a supply of oxygen for the animals and for deter-
mining the capacity of the air-conditioning apparatus.

Another important reason wuy satellites should be
lasunched with animals on board is the saving of crews of
future space ships. It may happen that unforeseen circum-
stances will force pilots to abandon the cosmic vessel, and
provision should be made to save the people in suclu cases.
Naturally, such experiments‘should first be conducted with

animals. Besides, for scientific purposes it would also
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he highly desirable to save the animals after the satellite

has completed its movement in the orbit.

Where Are the Bilological Limits?

The height of the orwit ahove the Earth is important

for flights of satellites; the greater the altltude the

longer will the satellite survive. But what about satellites

carrying animals? Is there any reason to limit the distance

of its orkit from the Earth? There appears to be no
difference, for animals have the same chance for survival
at any of the heights to which a satellite can be launched,

The thing is that already at very low heights our
atmosphere begins to lose rapidly its proporties which are
essential for a living organism.

At eight .Or nine kilometres above sea level the
effect of insufficient barometric pressure is felt, and
at 19,200 metres, where total Larometric pressure equals
47 mm, of mercury, measures have to we taken to protect
the organism against the liquids Leginning to boil.

4t 36 to 37 kilometres up lies the Loundary where
heavy particles of cosmic radiation are absorbed; avove
that lével in the atmosphere one must be protected against
cosmic particles. Above 42-43 kilometres oegins the re=
gion which as regards the ultraviolet part of the solar
spectrum is equivalent to interplanetary space.

Meteorites generally burn away at an altitude of

. absut 100 kilometres.

1 At 122 kilometres allove the Earth's surface and
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bigher sound cannot propagate in the atmusphere. At that
altitude the distances between the air's molecules are
approximately equal to the lengths of sound waves apprehend-
ed by the human ear. Above this limit the free path of thu
air's molecules is longer.

Approximately at these heights the intensity of
cosmic particles begins to inerease sharply.

However, the region in which a satellite can survive
for a ldng time is considerably higﬁer than these outside

limiUSQ'

IX. ' Man in Outer Space

Today we may already say that in a very few years

satellites will be built to revolve around the Earth at a

‘distance of several thousand kilometres from the Earth's

surface and they will be equipped with apparatus for
every kind of scientific measuremsnt. One of the next
steps should be the development of a rocket capable of
breaking away from the sphere of the Earth's attraction,
get close to the Moon and fly ardund it. Such a rocket
would give us sbundant information on the nature of the
Moon's surface and on the structure of the Moon's hemi-
.sphere whieh we never see,

We can say that a flight to the Moon is a matter of
the not distant future. The carrier rocket of the world's
first artificial Egrth satellite imparted to 1t an or»ital
speed of some eight kilometres a second, and the second

satellite was imparted an equal speed. And to send up a
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space ship to the Moon it will need a speed of only three
kilometres more, or slightly more than 1l kilometres a
second. In the latter case the space ship will travel in
a drawn out ellipse, and entering the sphere of the
Moon's attraction will after a few evolutions land on the
latter's surface. |

The whole trip will take no more than five days and a
ninimum of fuel will be consumed. A route has Deen figured
out to make the flight in less time. If the space ship
will fly faster than 11 kilometres a second it will te
aksie to reach the Moon in 24 hours. Such projects too lhave
been worked out Ly Soviet scientists.

Soviet scientists are also working on projects for
flights to Mars. One of the projects envisages the assembly .
of 10 space ships each weighing 1,700 tons on flying
stations, From their circular orbit around the Earth
they will get out via the transitory orbit to an ellipse
and will move towards Mars in the sphere of the Sun's |
attraction without using fuel. The trip to Mars will take
256 Ggys. For the return flight the travelers will have
to walt on Mars or its artifieial satellite until tae
position of Mars and the Earth in relation to each other
is again such as will favour the start of the return fiight.

This waiting period will equal 440 terrestrial days. The

‘whola: trip will thme take 952 days, or nearly three

years. Scientists believe that such flights will be made
towards the end of the present century. There are also
projects under which a path has been figured out for a

fliglt to Mars in - less time.
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At first, space ships will make their flights without
people on board. The development of Present-day automation
and electroanic computing machines provides a theoretical
basis to build equipment which besides taking measurements
will be able also without human intervention to figure out
exactly which measurements should be taken and how they
should be arranged in view of the findings of the earlier

Deasurements. The radio makes it possible automatically

in short time to transmit to the Earth the results obtained -

in the vast number of obsérVations and m¢asurements. Theo-
retically it 1s possible also to transmit Pictures visible
from the ship. .

It will thus be possihle to oLtain enough scientific

data without sending people out into outer space.
] ] *

Considerable technical difficulties are still to be
Overcome before man will be able to fly tn outer space.
However, the brogress made and the continued hard work by
sclentists give us grounds to Lbelieve that before very leng

man's flight in outer space will become a fact.
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