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e . AUTHOR'S NOTE

The youth throughout the world have been manifesting a great interest
in the problem of space travel. This interest has long since ceased to be a
question of idle curiosity: “Is space Lravel possible?” Every pupil now
knows the answer to this question.

‘T'he interest of our young people in the problem of space travel has
assumed quile concrete form. They want to know what interplanctary flights
are possible today, al the present level of scientific and technical develop-
ment, they want to know what achievements have been attained in the de-
velopment of remarkable reaction engines, which will be the vital part of
any interplanctary vessel. These young people question the astronomers
about the routes of future cosmic flights. They question the doctors about
the specific effects of space travel on the human organism. They are interest-
eod in the possibility of a collision between a space ship and meteors, in the
possibility of using artificial satellites of the Earth and in many other things

[n a few words, our youth are keenly interested in all the problems covered
by the science of space travel. This science has already developed to such an
extent, especially during the past decade, that it is impossible even to attempt
any detailed account of its achievements in any one book.

1f this publication succeeds in replying to some of the questions put by
our young readers, if it arouses their greater interest and curiosity, its aim
will have been achieved. .

K. Gilzin




Declassified in Part - Sanitized Copy Approved for Release 2013/04/25 : CIA-RDP81-01043R001900120005-9

THE WORLD ABOUT US

_,ri INTRODUCTION

Travel to distant worlds.... What worlds does this book talk about?

There was « time when people considered the Earth the centre of the
Universe. Only individual scientists, such brilliant minds as Giordano
Bruno, were great cnough to understand that the Earth is but a speck
in tho Universe, and that life exists on countless heavenly bodies, in-
habited by thinking beings, even though they may, perhaps, be unlike
ourselves.

Thal was not so very long ago, and yet, how far have our conceptions
of the Universe advanced since that time! Science is striding ahead, and
s man is acquiring more and more power over nature. The time will come
- when people will very likely speak of us with a smile, so strange will
our “sccluded life” on Earth, this crowded world in which we live, seem to
the people of the future. And the day will come when people will not only
visit the Earth’s “suburbs” in the space about our Sun in their cosmic ships
but will even fly to other suns, penctrating further and further into space.

The heavenly bodies in the Universe are infinite in number.

Rbtating on their axes and floating around in space a} distances so
far from us that they defy imagination, are colossal stellar systems, “island
universes” or galaxies. Each stellar family consists of many thousands 3
of millions of stars. The distances between them are so great that it takes A
oven a ray of light, travelling at 300,000 kilometres a second, tens and
hundreds of thousands of years to travel from-one star to another lying
at opposite sides of the same stellar family.

Our Sun, an ordinary star located close to the edge of one of these galaxies,
also floats about in the cosmos. It is in all respects an average star. There

9
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are giant stars hundreds and even thousands of times larger than our
Sun in diameter, and midget stars hundreds of Limes smaller. Qur Sun
is colder Lhan countless stars, and. hotter than countless others. There
are stars more dense than the Sun, others less dense, stars that are bright-
er and stars that are less bright, and so on.

What is our Sun like, the source of life on Earth?

Tka Sun is a huge, incandescent, gaseous spherical body, the diameter
of which is almost 110 times greater than that of the Earth, or approxi-
mately 1,390,000 km. Within this tremendous secthing gascous sphere,
which slowly rotates on ils axis, complex processes are incessantly
at work. forming new atoms of helium gas from the simplest hydrogen
atoms. Due to these processes, colossal quantities of energy contained
in the atomic nuclei are released, with the result that a temperature of
about 20 million degrees is maintained in the bowels of the Sun. It is
not surprising, therefore, that every second the Sun radiates Lremendous
energy. The Sun's rays penetrate all the space surrounding it; they
bring warmth and light, which are essential for the existence of life.
They are life-giving rays. Tho wysterious processes that go on
in the Sun play a very important part in our life: they influence the
weather, radio communications, the magnetic phenomena, etc. Hence
the importance of scientific study of the “life” of the Sun.

Tho Sun, like countless other stars, is not alone in ils travels in space.
It is surrounded by a large family of heavenly bodies which taken togeth-
er form the solar system. All of these bodies arc inseparably bound
with the Sun and, judged by cosmic distances, are relalively close
Lo it.

. The chief members of the solar family are the planets which revolve
around the Sun. They are not hot, but cold, solid, celestial bodies, much
smaller than the Sun in size and much more mobile.

One of these planets is the Eaith. In other words, “the centre of the
Universe” is no more than an ordinary planet, one of the nine planets
of the solar system. It is not surprising that the church waged sich a
fierce war against Copernicus, Galileo, Bruno, against all those who
denied the exceptional position of the Earth and man in the Uhiverse,
for this latter assertion forms the basis of religion.

, What are the plannel.s of the solar system, those closest “rclatives” of
the Earth?, .o

10
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The planet closest to the Sun is Mercury, the smallest of them all;
then, aswe move away from the Sun, come Venus, our Earth, Mars, Jupiter,
Saturn, Uranus, Neptune, and Pluto, about which very little is known
so far .

The distances between the planels are so very great when compared
with the dimensions of the planets themselves that the solar system is
like a vast desert containing a few grains of sand, the planets, which
arc lost in its expanses. The following piclure may give one an idea,of
the solar system. If we represent the Sun as a huge ball a metre in diameter,
the Earth will be 'a minute cherry, less than one centimetre in diameter,
and at a distance of over 100 m. from that ball. Mercurywill be the size
of a pea only 3.5 mm. in diameter, sithated at a distance of 40 m. from
the ball, the Sun, while Venus will be acherry like the Earth, but at
a distance of about 77 metres from the Sun. Mars, the size of a bead about,
five mm. in diameter, revolves around the ball at a distance of over 160 m..
Jupiter, agiant, may be represented as a large orange 10 cm. in diameter
and al a distance of over half a kilometre from the ball. Saturn will he
an orange with a diameter of about 8.5 c¢m. and at a distance of about

11
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one km, from the ball. Uranus—a nut with a diameter of 3.5 cm., will
be two km. from the ball, Neptune, a slightly larger nut, will bo a little
over three km. from the ball, and, finally, Pluto, also a pea slightly over
44 mm. in diameter, more than four km. from the ball, tho Sun.

Our knowledge of the planets is by no means insignificant, but what,
indeed, does it amount to compared with what we still have Lo learn!

We know, for instance, that Mercury is almost completely devoid of
atmosphere and that ono and the same side of this planct always faces
the Sun. What we also know about Mercury, as well as about all the
other planets (oxcept Pluto), is how big it is, what its mass is, and what
laws govern its motion.

Venus has a dense atmosphere, but onc that does not resemble that
of the Earth in composition, and, unfortunately, it is so difficult for the
visible solar rays to penetrale it, that as yet we know very little about
the appearance of the surface of our neighbour.

Another such neighbour is the cnigmatic Mars, about which, however,
we have learned more than about the other planets. Mars has an atmosphere
similar to that of the Earth, but more rarefied. It also has water. These
are firmly established scientific facts. In recent years Soviet scientists
have obtained experimental proof of the fact that there is also vegetation
on Mars.

Jupiter is renowned for its dimensions—it is a giant as compared
to the other planets: its diameter is more than 11 times that of the Earth.
A dense, impenetrable layer of clouds envelops this planet.

Saturn is beautiful with its famous necklace of rings. Like the next
two planets, Uranus and Neptune, opaque clouds envelop it.

We finally come to the outermost plamet of the solar system, Pluto.
It very likely has.a frozen atmosphere that covers its surface with a solid
layer, for the temperature' on Pluto, from which the Sun appears to be
just a blindingly bright star, probably reaches —220°C.

Some of the planets, namely Mercury, Venus and, possibly, Pluto,

. make their endless flight around the Sun in complete solitude, whereas
the others have satellites, smaller in size and which in turn revolve around
the planets in their own orbits. This- family of planetary satellites
has as many as 30 mémbers, not counting the Earth’s well-known
satellite, the Moon.

One Sun, nine planets, and 31.satellites.... Is that ali?

12
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No, that is far from all. .

Besides these “inhabitants” of the solar system, we should mention
the tens of thousands of minute planets, the asteroids, They also revolve
around the Sun, but in the most diverse orbits, sometimes coming so close
that they almost touch the Sun, and sometimes moving at tremendous
distances from iL. ’

Then there is a very large group of heavenly bodies whose origin is
a riddle: the comets—*“shaggy stars,” usually adorned with long, beauti-
ful tails, These comets also revolve about the Sun, but they usually move

.along such -elongated clliptical orbits thal a year on one of these comets

might last tens of thousands of terrestrial years. No wonder that the
comets are sometimes called the vagabonds of the Universe.

Finally, there is a countless armada of heavenly stones, meteors,
which are fragments of large extinct heavenly bodies. These stones pene-
trate the solar system from all directions.

Well, that seems to be about all,

And yet, should we become acquainted with the solar system at some
time in the future, we may be able tosee artificial heavenly bodies created
by man—interplanctary vessels and artificial satellites of the Earth.

Indeed, the time is not far away when we will witness the realization
of this greatest of man’s dreams. '

This book tells you how man is preparing to take a leap into space, about
tho extraordinary difficulties he will have to overcome and the wonderful

opportunities space travel promises.

043R00190012000:




Part One
FROM FANTASY TO SCIENCE

The impossible of today will
become the possible of tomorrow.

K. B. TSIOLKOVSKY

Chapter 1
A BOLD DREAM

We are living in a remarkablo period. The features of Lhe communist
society which the Soviet people are building stand out more clearly with
every passing day. There are times when the wildest imagination, the
boldest dreams of man are surpassed by reality.

In their striving to promote the cause of peace, Soviet people endeav-
our to make the fullest possible use of their natural resources. They
have been setting remarkable examples of heroic Iabour and accomplish-
ing wonders,

The Lenin Volga-Don Canal, the age-old dream of the Russian people
has been built. Construction of the Kuibyshev and the Stalingrad power
stations, which are among the largest in the-world, and many other power
stations, canals, irrigation systems and dams, is proceeding at a rapid
pace. More and more often we find the names of mighty Siberian rivers
mentioned in our newspapers. Their incxhaustible water supply, together
with the waters of the Volga, the Dnieper and the Don, will be made
to serve the Soviet people by producing cheap electric power. Descerts
succumb to the efforts of Soviel people, equipped with the most modern
science and technique; age-old virgin soil is uplurned; rivers change their
courses, and the face of the Earth is changing incredibly. New giant plants
begin to operate, beautiful cities arise, and fields and. gardens blossom
‘foirbh. The life of the Soviet people is becoming belter and more beautiful,

1t
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Electricity and chemistry, atomic energy and marvellous automatons,
Michurin's biology and the radio, hundreds and thousands of wonderful
discoveries by Soviet scientists, inventions of enginéers and workers—
everything is being pul to-use by the Soviet people in their magnificent.
fight to transform nature.

Can we doubt that the bold dream of mankind as regards space travel
will be realized?

The dream of flying originated with our distant ancestors.

When primitive man tried Lo make his way through the heavy growths of
liana in the impassable jungles, he could not help envying the birds
which so easily soared in the sky above him. It is quite natural that this
dream found reflection in numerous folk legends.

One legend, which originated over 3,500 years ago, inspired the great
Tajik poet, Firdousi, to make a poem of it. It tells how the Persian sover-
eign, Kaikaus, attempted to fly to the sky. Having conquered all the
world, as he knew it, he decided to subdue the sky and subjugate the “realm
of the clouds.” Heiordered a chariot to be built of the lightest wood, and
four young, strong eagles, caught especially for this purpose, tobe har-
nessed to it. After getling into this “airplanc” of his, with all the -necessary
equipment and arms, the monarch gave the command and the eagles
were released. In their attempt to obtain the piece of meat fastened in
front of each of them, the eagles took off, carrying with them into the
sky the chariot and its “pilot.” However, these living “engines” grew,
tired of this meaningless game, and the luckless conqueror, disappointed
returned to the Earth.

And who doesn't know the ancient Greek legend of the carefree Icarus,
son of Daedalus, who rose into the air on wings made of feathers which were
stuck together with wax, but who imprudently drew too near the Sun and
perished? The fate of [carus may befall future-space travellers to Mer-
cury if the pilot of their vessel makes the slightest mistake in navigating.

For many thousands of years flying remained but a dream. Man, nature’s

sovereign, was not meant to fly. People learned to sail, they built boats .

and conquered ihe water expanses of the Earth, but the world at their
disposal still remained flat—the sky was still inaccessible to them.
People walked along the bottom of the greatest of all oceans—the atmos-
pheric—and could merely dream of floating off into that ocean, of flying
upwards.
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. I?mve, courageous Russian people also endeavoured to rise to the skies
This chcnsh-cd dream of flying is widely reflected in the tales ‘and lcgonds;
of l.,]m Russian people. We need but recall the flights made by Ivan-Tsa-
revu.:h, or the tale of the Hunchbacked Horse, It was in Russia that this
cherished drez}m of flying was at last realized, The first plane to carry
n:mnI to Llllie skies was built by Alexander Mozhaisky, the founder of modern
airplanc designing. That < inni .
dirplano. gning. Thal max:l\cd the beginning of a new era, the era of
fC&@ely bound up with the dream of flying in general was the dream
(E] {lying to the stars. People knew nothing about the structure of Lhe
niverse, nor what the stars were like, but their creative imagination
cillrmed them to those distant lights. The mythology of all ages and of
al peoples abounds in legends about flights to the stars, These legends
sing the courage of brave men, of their creative daring.
. As the science of the structure of the Universe and our solar system
ie\:Ieloped, dreams of flying to the stars began to acquire new meaning.
And when we dfeam of interplanetary flight, we speak of it, first of all
asIOI a great scienlific achievement, ' '
ndeed, interpl i i
nifged, Planetary flight would be of exceptional scientific sig-
D;l;ing ﬂigh.t and when on the surface of the Moon or the planets, it
I\;mu dbe Possible to make diverse scientific observations such as can;mb
] eﬂ{na e on Earth. There is no doubt whatever, that as a result of such
a flight many secrets of nature would be reve
(t;l;elr)ucndous stru:?es forward, and a new era would begin for a number
. r..:mches of.smeuces.AlI fields of the natural sciences such as astronomy
Iij gflrcls’ c]:le?lsbry;lgeology and biology would be immeasurably enricheci
v ew data, an. i
betng. new sciences as yeb unknown to us would come into
What a mysterious, thrilling, extraordinary
l\){e[ore those terrestrial beings who first reached ¢
éi:; fornils of plant and animal life, unknown to us on-Earth, might be
e“er:virﬁl eo‘ne I:,h:e apl];mets.h Thle ‘ume may come when our terrestrial trav-
s W v ch such planets, where thinki i i
ey may b pams von e N inking beings exist, thl_)ugh.
But it is not only the possibility
that malkes the idea of cosmic

aled, science would make

world would open up
he Moon, Mars, Venus!

i of wonderful scientific discoveries
» interplanciary travel so attraclive. We
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study nature not merely for the sake of studying it, but in order to make
it"serve mankind betler. And in this respect, space travel iould open
up new, truly colossal opportunities. :

The planets may prove to be inexhaustible storerooms of many useful
minerals. Science has established the fact that all these worlds of the
Universe known to it consist of one and the same chemical elements,
which are covered by the periodic law of the elements, discovered by
Mendeleyev. However, the planels may contain ores and minerals rarely
to be found on Earth and which may even be entirely unknown to us.
For il is a fact that such minerals are found in the celestial stones or
meteorites that fall to the Earth. .

Everyone knows that the basic source of life on Earth is the generous
supply of energy from the Sun. However, the Earth is but a speck in the
space around tho Sun, and that speck receives less than one two-billionths
of all the energy radiated by the Sun. Yet one must not think that this
so.ar energy received by the Earth is little. Judged by its absolute magni-
tude it is a tremendous amount. But man makes very little use of this
energy. The time will come, however, when this situation will change.

Not only will the wind, water, coal, oil and other forms of energy,
into which the energy of the Sun is transformed, be used, but it will be
used directly. Even then, when we take into consideration the increasing
needs of man, it may prove insufficient for the realization of his gigantic
projects. When that time comes, part of the Sun's energy which is now
going to waste in space may, along with the energy of the atomic nucleus,
come to the aid of man.

It will be most convenient to set up solar power stations of tremendous
capacity on the Moon and on Mercury, as they have no atmospheres and
are not far from the Sun. The power produced by these stations will best
be used right there, in particular to supply the chemical plants operating
on “local” raw material and poducing fuel for the rocket engines of inter--
planctary vessels. Then, perhaps, methods will be found to transmit
this energy to the Earth. It is even possible that suich solar power stations
will be set up not on the planets themselves, but right in interplanetary,
cosmic space. .

- We can go even further and say that a time will come when communi-
ties of people will appear on the Moon, Venus, Mars and, perhaps,.,on
other planets and “their satellites. Needless to say, at the present time

21955 . u
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these planets are not adapled for the life of people who are accustomed
to terrestrial conditions. But by making use of the colossal quantities
of energy which will become available in the future, man will be able
to interfere in the “life” of the solar system and change Lhe order of Lhings
that hasexisted there for thousands of millions of years. Scientific knowl-
edge, for instance, makes il possible, in principle—we shall speak
of this in greater detail later—to change the relative positions of the
planets, for example Lo move Mercury, which is now dangerously close
to the Sun, farther away, so as tomake the lemperature conditions on
Mercury more similar Lo those on Earth, or, for the very same reason, Lo
movo Mars closer Lo the Sun. These are but a few of the opportunities
which the realizalion of interplanclary flight will make possible.

Today it is difficult even Lo comceive of all the prospects awaiting
mankind when people will be able to visit the most out-of-the-way places
of the solar system, and the solar system will have, al last, acquired a
real, wise, forceful master.

Chapter 2
PRISONERS OF THE EARTH

What prevents us from Lravelling into space? Where lic the chiel dif-
ficulties? Aftor all, how does such travel differ from travel on Earth?
Perhaps only in the fact that such travel covers greater distances?

Or in the fact that it will take place in airless space, where vicious
cold dominates?

Or, finally, simply because such a journey has never as yet been under-
taken and may be fraught with all sorts of unexpectednesses?

Yes, for these and for many other reasons. There is one circumstance
which makes any sort of interplanctary journey, even Lhe shortest, differ-
ent in principle from any journey on Earth, even a round-the-world
voyage; it is the chief difficulty that prevenls us fiom making such a
journey.

You can guess, of course, what we have in mind: the force of gravity.

The force of gravity (or the foree of gravitabion, as it is sometimos
called) is the force of the mutual attraclion of material particles, one
_of the most important forces in nature. Science has not as yol succeeded
in fully explaining the origin or Lhe nature of this force. But the character

Ay
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of this phenomenon and the magnitude of the force of gravity have been
studied at length.

The force of gravity manifests ilself cverywhere, wherever there are
aL least Lwo bodies or Lwo material particles; it influences such particles
all over the Universe. That is an absolutely universal law. That is why
the law of gravitalion, discovered by Newton, is called the law of uni-
versal gravitalion. Any two bodies, any two particles are drawn towards
cach other with a force that depends on the masses of Uhese parlicles and
the distance between them. The larger the mass and the less Lhe distance,
the greater will be the attraclion.

We come upon the phenomena of the force of gravity all the time.
Our weight is the force with which the Earth attracls us. All objects on
Earth have weight. An apple torn off a tree does not head for the sky,
but falls Lo the Earth under the influence of the force of gravity.

Incidentally, this last explanation is notl indisputable. If, besides
the apple and the Earth, there were no other bodies in the Universe,
there would be but one path for the apple to take—towards the Earth.
However, as a matter of facl, the apple is attracted not only by the Earth,
but also by the Sun, the Moon and other heavenly bodies. If, despite
this, il falls only Lo the Earth, that is merely because its attraction
Lowards the BEarth is immeasurably grealer than towards any other
heavenly body, for the Earth is much closer. For just the same reason,
in many other cases we may consider only the Lwo bodies that attract each
other, as the Earth and the apple, disregarding the influence of the
others.

Incidentally, it became possible to formulate the theory of the move-
ment of heavenly bodies in the solar system only as the solution of a
“problem of two bodies.” As regards the “problem of three bodies,” to
say nothing of a grealer number, it has not been possible as yet. to find
any general solution because of mathematieal difficulties. It is, therefore,
necessary to consider the influence of other bodies as distortions, or so-
called perturbations, which these bodies cause in Lhe trajectories of mo-
tion, calculated for two Dbodies.

One must not, however, gel the idea that we, here on Earth, ignore the:
attraction of the Sun or the Moon simply because it is'slight in its absolute
magnitude.-It is a known fact, that such natural phenomena as high and
low tides, when thousands of millions of tons of oceanic water are brought

2%, 19
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into motion, are due to this attraction. Some day in the future the ener-
gy produced by this water will be used to operale most powerful “sidal”
hydropower stations. Even Neptune, one of the oulermost plancts of
the solar system, which is at a distanco of over 4,000 million kilometres
from tho Earth, exerts a force of 18 million tons upon it.

The foree of gravity plays a tremendous and, ncedless to say, positive
rolo in nature. If there were no force of gravity, the Universe would not
havo such a highly organized appearance as it now has. There would,
of course, be no solar system, nor would man bo in existence. And even
if we did exist, we would not be ablo to stick to the surface of the Earth—
oue light push would be sufficicnt to send us wandering in the vast expan-
ses of the Universe, after taking leave of our native places for-
ever.

However, the force of gravily plays quite a different role when we
consider tho possibility of space travel. Indeed, when wo travel on the
surface of the Earth, we do not notice the effect of the force of gravity
except, perhaps, in high mountain climbing. But an interplanctary flight
is quite a different matter. When making such a flight we must get farther
and farther away from the Earth all the time, which means we must over-
come the force of gravity. The force of attraction towards the Earth, which
protects us from the danger of accidentally flying off it, does not permit
usto part from it even if wewish to. And so this “alliance” with the Earth
may be compared to a form of captivity.

How can we sever those powerful chai of gravitation which transform
us into “prisoners” of the Earth? How cait we overcome this chicf obstacle
that stands in the way of space travel? -

Those well-known means by which people, from times ef old, stormed
the sky, overcoming the force of gravity—the balloon and the airship—
are of no use in interplanetary flights. In order to fly they need air, and
air is not to be found in space. .

However, science has found a means. It is speed, the speed that must
be imparted to the interplanetary vessel, .

If we want to impart a certain speed to any object, as, for instance,
to an ordinary stone, we must throw it. The greater the force with which
we hurl it, the greater its speed. The strength of a person’s muscles is

. not great, of course—a world champion can jump over a bar set at a
height slightly over two metres, A stone cast by the erorigesb arm will
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rise from 20 to 30 metres. But hero is where the intellect comes to the
aid of muscle. An arrow roleased from a taut bow will fly for tens and
even hundreds of metres; a bullet shot from a rifle will travel several
kilometres; and a shell fired from a long-range gun will rise in the air
to a height of 40 kilometres.

Ever higher and farther.... Isn't it possible to take such a swing with .
a stone as to hurl it to ... the Moon? In principle it is, but it would have
to be thrown with tremendous force. .

The greater the force with which we hurl the stone, the greater its
initial speed, and the greater this speed, the higher the stone will fly,
A stone hurled upwards with a definite initial speed, gradually flies slower
and slower until it stops completely for an instant, and then it begins
to fall back to the Earth faster and faster. What slows down the flight
of the stone when il moves upwards, and what increases its speed when
falling? The force of gravity. If the air in which the stone makes its flight
did not offer it any resistance, thus lessening its speed, the stone would,
on striking the Barth, possess the very same speed which was imparted
to it when hurled.

This enables us to determine the speed which must be imparted to the
stone if it is to reach, let us say, the orbits of the Moon or Mars. A stone
hurled at such a speed will reach the orbit set it, and then it will begin
to fall back to the Earth faster and faster.

Is it possible to impart such a speed to the stone, that it will not return
to the Earth at all, but will continue to move endlessly, farther and far-
ther away from it, into space? It is possible, at least in theory. This speed
must be equal to the speed the stone would have when falling to the Earth
“from infinity,” as the mathematicians word it.* Here, by “infinity” we
simply mean “very, very far,” so far that even a considerable increase
in the distance no longer changes the speed with which the stone falls
back to the Earth. For instance, if one 'stone falls to the Earth from a
height of 10 million km., and another from a height of 20 million km.,
the difference in the speeds of these two stones will be absolutely insig-
nificant. '

* As above, we are ignoring the resistance of the air, that is, we consider the stone
as falling in a void; moreover, weare considering the problem of two bodies, that is,
we assume that besides the Earth and the stone there aré no other bodies in nature,
We also are not taking into consideration the rotation of the Earth on its axis.
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The speed thal must be imparted Lo a stone (or any other body)
in order Lo make it fly off the Earlh, never Lo return to it, hut to
continue its flight away from the Earth, is usually called the escape
velocity.

When we impart such speed Lo a slone, it does nol mean, as some are
inclined to think, that the stone flics so far from the Earth that the foree
of attraction ceases Lo influence it and Lhe stone no longer is attracted

by the Earth. Thero is no such point in space where the force of gravily -

ceases Lo function, including the force of attraction Lo the BEarth. The
force of altraction to the Earth [unctions everywhere, only its magnitude
may become insignificantly small if the stone is far from it. This magni-

tude is inversely proportional to the square of the distance from the centro’

of the Earth: when the distance increases twolold, the force of attraction
is one-fourth; when it increases threefold, the force of attraction
is one-ninth, clc.

In other words, it is just this singularity of the law of universal gravila-
tion that makes interplanctary flight possible. If the force of attraction Lo
the Earth remained constant irrespective of the allitude and did not
decrease so rapidly, we could nol even hope Lo travel in space, unless,
perhaps, in the very distant future.

We can casily prove the Lruth of this statement. In order Lo sever the
chains of the Earth’s altraction, a certain amount of cffort is necessary.
How can we determine the magnitude of this effort? When we 1ilt a load
of any kind, let us say one kilogramme to a height of one melre, we per-
form work which, as we know, is equal Lo one kilogramme-metre. If we
decided Lo raise this load to a height of 384 million metres, that is, if we
decided Lo throw it Lo the Moon, we would, if the force of gravily were
constant, have Lo perform 384 millior times as much work. Thal is the
work. an engine with a capacity of about 1,500 horse-power performs
in one hour. But, the very lightest space ship must weigh Llens, if not
hundreds, of tons. And so the required power of Lhe ship's engine and
the fuel expenditure for such a flight would be so enormous that the so-
lution of this task would be beyond the means of modern technique. For-
tunately, this would be the case only if the force of gravily werc constant
and did not change as the altitude changed. In reality, however, as we'
pointed out above, the force of gravity decreages as the object withdraws
from the Earth. The further away from Lhe Earth, the casior il is Lo over-
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come its attraction. That is why the work necessary
Lo throw a kilogramme weight Lo the Moon is actually
aboul one-sixticth, or approximately 6.3 million kilo-
gramme-metres. Such work can be accomplished by
a crane which raises 630 Lons of brick to a height of 10
metres, This, too, is a wvery greal

amount of work, but even then, modern

technique is able Lo solve the problem of

space iravel, as we shall show you later.

Thal is what the decrease in the [ orce

of gravitation, as the altitude increases,

means t0 us. Q54g.

.0\,

o gravily in Jerms of
| N
4

)
”(9 20 40 60 80 100 120 MO 60 150,200
Distance from [he ceplre of fhe farfh
/7 Thousands of kilomelres

The force of gravily is inversely proportional to the square of the distance from the
centre of the Earth.

The escape speed of a slone is the speed necessary to ensure that it \\'lldl
continue to fly away from the Earth without ever returning. If the spee
of the stone is less than is necessary, the stone will, sooner or later, inevi-
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tably fall back to the Earth.* At a speed greater than tho escape speed
the stone will not, of course, return to the Earth, but this surplus speed
would simply be wasted.

What is the escapo speed cqual to?

Only with the aid of higher mathematics can we determine the magni-
tude of this speod. Its magnitude is determined by the fact that the kinetic
energy which the stone aequires whon it is impart ed such a speed, must
be equal to the work of overcoming the Earth's attr action, as shown above,

That will be approximately 11.2 km. a second, or 40,000 km. an hour..

This is the speed that must be imparted to
it is to break through that invisible “
kovsky so aptly
system.

an interplanctary vessel if
: armour of gravitation,” as Tsiol-
Put it, and fly to the Moon or other planets of the solar

Chapter 3
THE BIRTH OF SCIENCE

When man first came Lo understand the connection belween velocity
m.xd gravity, he took his first step from fantasy to science. However, this
did not mean that the science of space travel had come into being. One

more problem had to be solved before it could be croated namely, how
to attain the desired velocity, ' '

Generally speaking,
instance, in theory
giant catapult to s
force. One can also
.durmg the Middle sieging of fortresses. However theory
is one thing, the technical realizationfanother. Needless to éa};, in ac-

tual practice neither of these means is sati
isfactory as such unit;
be made sufficiently durable, v . sommet

Isn't it possible to use a
question naturally arises,
missile ejected from a long-r
per second. That, of course,

: Athis problem can be solved in various ways, For
1t is possible to make a giant how or build an equally

gun to fire an interplanetary missile? This
for it is a commonly known fact that a
ange artillery gun hasa velocity of 1.5-2.0km.
is still less than the required 11 km.; but the

* Here we refer to the ve

Chapter 15, rtical flight of 2 sfone, Other cases will be considered n
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" “’'magnitudes attained are sufficiently close to what we need to arouse

our interest in Lho gun as a means of effecting space travel.

Everyone probably remembors it was this very idea that Jules Verne
used as the basis for his scientific romance From the Earth to the
Moon. Jules Verne describes a gigantic gun cast right in the Earth, in
the form of a deep verlical well over 270 metres in depth. According
to his caleulations, a projectile fired from this gun could not fail to reach
the Moon, Jules Verne placed his travellers inside this projectile.

However, it would not be possible to make a trip through space as
Jules Verne suggested. The important thing here is not the fact that
Jules Verne erred seriously in his calculations, and a projectile fired from
his gun would not only not reach the Moon, but would not even get beyond
the limits of the Earth's atmosphere: the projectile would simply make

& @ relatively small arc in it and then fall back to the Earth. That, of course,
is something that could be corrected, and even if such a gun could not

" be built, the calculations for such a gun could be made, so that its pro
“Jectile would reach the Moon, although this would be impossible with
the gun powder now employed by modern artillery. We might even forgive

¢ Jules Verne his error in principle, namely, that his trip would be a
onc-way affair, no return being possible, for there would be no gun on the
Moon to send the projectile back to the Earth!

~ The chief obstacle preventing us from sending man to the Moon in
a projectile is based on .something quite different. It is here that we
first come up against something which, together with velocity, plays
an exceptionally important role in the problem of space travel. This
“something” is the acceleration that’ arises during such a flight.

The magnitude of acceleration shows how quickly the velocity of the
flight changes, that is, how quickly it increases at the take-off and decreases
when the brakes are .put on. We can impart the necessary escape veloc-
ity to a space ship gradually, over a long period of time; in this case
the take-off will be smooth and the acceleration small. But it is also
possible to impart to the ship the necessary velocity in a short space of time
and sharply; in this case the acceleration will be great. The same applie;s
to the landing of the ship: its braking can be sudden or smooth, as a
result, of which the acceleration will be correspondingly great or small.

1t is readily understandable that this is a matter of no slight importance
for the ship’s passengers and for ‘the ship itself. Everyone knows from
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his own experience how unpleasant greal acceleration is. One needs only
"? recall one’s feelings when a tram or automobile in which one may b
riding suddenly starts or stops, or makes a sharp curve, Air Jilol) n
particular, are familiar with these sensations, when cxc;:LIL P tetent
figures in the air: Lhe Nesterov loop, the roll, or when veering. Som
powerful force either presses them down to their seats or, on the Ci;ll "0
whirls them out of their seats. Where does this force ’comc from? e

So long as the velocity is conslant, no malter how gre '
not feel it al all, and cannot, even suspecl Lhat we
ever stop Lo think that, together with the E
ing ayouud the Sun in space at a rate of 30 km. per second? Of course not!
fub if .Lhc v‘elociby of the Earth's motion were suddenly Lo ‘clmugc s]mrpl\"
Ilec.oimng“clytlfcr grealer or less, the situation would be quite diﬂ‘crcn.bj
th:’it'jileu} l),}n!,L\vould be better not to enumerate all the unpleasantnesses
o ];:0‘:,(::-[3;13‘501.2[& the Earth would oxperience if they ever came (o

This force, which always appears when acceler,
the force of inertia,

When a lift hcgms Lo rise, acquirin acceleratio ¢ passengers i
’ u
s g cralion, Ll sseng

f wvere pressing them to i i
:\];(:gz:zs;\;:"; being inereased. It is the ﬂofr of the lifcu:,(;la{:o;:e’s::s ]a[gzﬂ]:;:

. Crs, overcoming their inertia and their altempt to presery
;,zlca;;;t:}‘tigo[ﬂgcssl};ez‘:e f;ial.er Li](! accelllcrlﬂtion of the Iifl, mI:d L]lcpr;u?ckcf‘
i ases i » Wie grealer will be the force of inerlia and this

mcrt.aased weight of the Passengers. The force of j ia is dir 4

gpﬁé;inclfto the acceleration. When the lift SLM(;:‘:‘L’;’;’1505;0512103 ff)]::(;
o wéjg]::n\ﬁf:fcs ]Lhc ]')asscngcrs to the floor of the Lift, that is, their
e appm.\-imﬂtxda L)O(?Q Talls in a void this foree causes an acecleration
caua exacu. ima 81y oL mc‘Lr.cs Per second for every second of the fall,
Tl e a)cwm‘mymc res. This is the so-called acceleration of a free
o rian el ; ion causcd‘ by the Earlh's gravily. If the l1ift begins
every soeon o wn actc‘elemtxon, that is, if is velocily is increased
the oo ot U in IIIILOL 1051 ['Jer secox}d, the passengers will be pressed Lo
forco o inertia. ooy 2 on') by their own weight, but also by a similar

» and the weight of the Passengers will scem Lo be doubled.

It goes without i
saying that such an “jper, " s h . ;
pleasant. i inerease” in weight is by no ineans

ing intricate

at it is, we do
are moving. Docs anyone

ation occurs, is called
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The passengers enclosed in that unique lift-of Jules Vorne's, his pro-
cctile, will feel the effects of tremendous forees of inertia, for the velocity
of the projectile musl increase during ils motion in the gun barrel from

al the beginning of its motion until it attains a velocity of 16 km. per
ccond* al the end of its Lrip. The acceleration of the motion will be tre-
mendous. According Lo caleulations, it will be about 60,000 times the
ceeleration of the Earth's attraction. Bul this mecans that the weight
of the passengers in the projectile will be just so many Limes their usual
weight—a passenger will weigh up Lo 3,000-4,000 Lons! This Lremen-
dously increased weight would crush these wretched travellers, and nothing

" would remain of them but a spol on the hollom of the projectile. As far

s the fale of the passengers is concerned, it would make no difference
where they were al the time the projectile was fired—inside it or right
in front of it.

The inertia overloads resulting from accelerations in flight are just as
harmful to the ship itself as they are to the ship’s passengers. There have

; " been cascs when a plane, coming out of a dive, ended tragically. If a
= pilot, after making a precipitous descent, turns his plane upwards too
suddenly, the wings of the plane cannot hold out and break under the

overload caused by the force of inertia. The time has long passed when
people said of a plane that “iL is nol a machinc and cannot be calculated.”
The science of calculaling the reliability of planes has been developed
to a high degree of perfection. Naturally, this calculation is made
for very definite inertia overloads, and space ships will be calculated
in this way. : ’

So we see, il is nol sufficient to impart a tremendous velocity Lo an
interplanelary ship; this velocity must be imparted gradually, evenly,
without great acceleration. We will tell you later just how great these
acceleralions may be. The only thing now clear Lo us is that Jules Verne's
cannon does nol meet Lhis demand. Incidentally, any other cannon will
sufler from the same .defect. .

It is inexpedient Lo use guns or any form of catapult to send space
ships off not only because of the unallowable accelerations which develop

* This value for the velocity is given in the romance From the Earth to the Moon
(16,576 m. per scc.); it isgreater Lhanthe escape velocity because of Lhe need Lo over-
come Lhe air resistance of a flying projectile, which decreases its velocity.
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in such cases. Even if it wero possible in some way or other to overcomo
this main difficulty, which is very unlikely, there are other defects inher-
elfb in this method. One of these is quile obvious—the projectile
will fly along a previously set path, and the possibilities of guidiné

its flight aro very limited. This fact will hardly be to the liking -

of the pilot. Even Jules Vorne's P
l%‘1.011. This, by the way, proved to be a saving fealure, for how would
1s‘ read?rs bave found out about tho adventures of his licroes?
I’lhotxje“lrs a m;)re lmportant problem: the landing of such a ship on a
planel. We can hardly conceive of such a landin: as the collisi )
L W s oll {
a projectile and its target, ¢ ion beteen

Finally thero is another defect in such a ship, ono which
less obvious, is also very I

rojoctile did not reach its destina.

¢ . ; although
important, that connected with the specific
features o.f the atmosphere that surrounds our Earth. Wo shall consider
these spcc.lfic"fentures in greater detail later on, for besides the “armour
Ef altraction,” as Tsiolkovsky worded it, the space ship will havo to
reak through. the “armour of the atmosphere,” which separates us from
:Eat(]:-le ’f:uzm:.l ls,bhowever, one specific feature which is very obvious—
¢ altitude above the Earth becomes greater the densi

k ty -

phere rapidly becomes less, § ' sl of tho abmos
" TI;;) deu.sesb strata o.f the atmosphere lie right on the surface of the
thart; LIt is throu.gh this densest atmosphere that the ship will {ly during
ho n-islt,. tens. of kxlom.ebres of its distant trip. And here, at the very begin-
aing ol its trip, the ship should fly at a Jow speed, as this will consihcrably
locity occasioned by the resistance of

¢ I case the loss of energy spent’ in overcom-
ing the resistance of the atmosphere. Purthermore, it will climinate

the danger of overheati 3 i ich is inevi
the 4 ﬂ}ing T gre;,“‘]:(i otcl;:ys;i;face of the ship, which is inevitable
of the resistance of the air and th
detail later on, but what is obviou:
ganize the flight of a space ship in s;
cosmic only at a respectable dj
atmosphere.

Thus we see it is not such a si
space ship: the required velocity
greater t};xau the maximum velo

the air; in other words, it will decr

e overheating of the ship in greater
s at once is that it is desirable to or-
uch a way, that its velocity will become
stance from the Earth, in a rarcfied

mple matter to organize the flight of a
Ilor such a flight must be many times

¢ity ever achieved by man; during the
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1aunching of the ship the accelerations in the velocity must be very slight,
the take-off must be smooth; at low altitudes, in dense air, the veloc-
ity must be relatively low; the ship must be able to guide its flight,
and measures must be taken to ensure a smooth landing at the desti-
nation.

The first person to find the means of solving all these problems, which
at first glance seem unsolvable, he who can rightly be considered the
founder of the science of interplanetary communication or astronautics
is Konstantin Eduardovich Tsiolkovsky, whose name will always remain
in the hearts of the people as an example of bold scientific thought, an
example of creative daring. The Soviet people also revere the memory
of scientists of other lands, such pioneers of astronautics as the Frenchman
Esnault Pelterie, the American Goddard, the Germans Oberth and Valier
and many others.

Back at the end of the 19th century Tsiolkovsky, a modest provincial
schoolteacher, became interested in the problem of space travel and
succeeded in solving many problems connected with the theory of it.

A scholar, investigator and innovator in science, Tsiolkovsky also proved
to be a bold innovator in technique, a remarkable inventor and engineer.
He created a wonderful engine without which space travel would be
inconceivable; he drew up plans for a number of projects of interplanetary
ships and found the answers to numerous practical questions connected
with the problem of space travel.

There wasn't a single important problem concerning cosmic flight,
which Tsiolkovsky wasn't aware of. There wasn't a single problem con-
cerning interplanetary communication, for which Tsiolkovsky didn’t have
a bold, original solution.

In tsarist Russia Tsiolkovsky's remarkable works could not find sup-
port in the bureaucratic, conservative government. In spite of the great
importance attached to his work even then by such universally famous
scientists as D. Mendeleyev, A. Stoletov, M. Rykachov, N. Zhukovsky
and others, during the more than 40 years of his pre-revolutionary work
as a scientist and inventor, Tsiolkovsky only on ome solitary occasion
received financial aid from the Russian Academy of Sciences, and then
it consisted of the magnificent sum of ... 470 rubles!

Living on the insignificantly small salary of a schoolteacher in the
town of Borovsk, later in Kaluga, almost deaf as a result of some childhood
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in such cases. Even if it were possible in some way or other to overcome
this main difficulty, which is very unlikely, there are other defects inher-
ent in this method. One of these is quite obvious—the projectile
will fly along a previously set path, and the possibilities of guiding
its flight aro very limited. This fact will hardly be to the liking
of the pilot. Even Jules Verne's projectilo did not reach its destina-
tion. This, by the way, proved to be a saving feature, for how would
his readers have found out about tho adventures of his heroes?

There is a more important problem: the landing of such'a ship on a
planet. We can hardly conceive of such a landing as the collision belween
a projectile and its target,

Finally there is another defect in such a ship, one which, although
less obvious, is also very important, that connected wilh the specific
features of the atmosphere that surrounds our Earth. We shall consider
these spocific features in greater detail later on, for besides the “armour
of attraction,” as Tsiolkovsky worded it, the spaco ship will have to
break through the “armour of the atmosphere,” which separates us from
space. There is, however, one specific feature which is very obvious—
as the altitude above the Earth becomes greater, the density of the atmos-
phere rapidly becomes less.

_ The densest strata of the atmosphere lie right on the surface of the
Earth. It is through this densest atmosphere that the ship will fly during
the first tens of kilometres of its distant trip. And here, at the very begin-
ning of its trip, the ship should fly at a low speed, as this will considerably
decrease the loss in the ship's velocity occasioned by the resistance of
the air; in other words, it will decrease the loss of energy spent in overcom-
ing the resistance of the atmosphere, Furthermore, it will eliminate
the danger of overheating the surface of the ship, which is inevitable
when flying at a great velocity i [

of the resistance of the air and the overheating of the ship in greater
detail later on, but what is obvious at once is that it is desirable to or-
ganize the flight of a space ship in such a way, that its velocity will become
cosmic only at a respectable distance* from the Earth, in a rarefied
atmosphere. -

Thus we see it is not such a simple matter to organize the flight of a
space ship: the required velocity for such a flight must be many times
greater than the maximum velocity ever achieved by man; during the
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launching of the ship the accelerations in the velocity must be very slight,
the take-off must be smooth; at low ‘altitudes, in dense air, the veloc-
ity must be relatively low; the ship must be able to guide its flight,
and measures must be taken to ensure a smooth landing at the desti-
nation.

The first person to find the means of solving all these problems, which
at first glance seem unsolvable, he who can rightly be considered the
founder of the science of interplanetary communication or astronautics
is Konstantin Eduardovich Tsiolkovsky, whose name will always remain
in the hearts of the people as an example of bold scientific thought, an
example of creative daring. The Soviet people also revere the memory
of scientists of other lands, such pioneers of astronautics as the Frenchman
Esnault Pelterie, the American Goddard, the Germans Oberth and Valier
and many others.

Back at the end of the 19th century Tsiolkovsky, a modest provincial
schoolteacher, became interested in the problem of space travel and
succeeded in solving many problems connected with the theory of it.

A scholar, investigator and innovator in seience, Tsiolkovsky also proved
to be a bold innovator in technique, a remarkable inventor and engineer.
He created a wonderful engine without which space travel would be
inconceivable; he drew up plans for a number of projects of interplanetary
ships and found the answers to numerous practical questions connected
with the problem of space travel.

There wasn't a single important problem concerning cosmic flight,
which Tsiolkovsky wasn't aware of. There wasn’t a single problem con-
cerning interplanetary communication, for which Tsiolkovsky didn’t have
a bold, original solution. '

In tsarist Russia Tsiolkovsky’s remarkable works could not find sup-
port in the bureaucratic, conservative government.’ In spite of the great
importance attached to his work even then by such universally famous
scientists as D. Mendeleyev, A. Stoletov, M. Rykachov, N. Zhukovsky
and others, during the more than, 40 Years of his pre-revolutionary work
as a scientist and inventor, Tsiolkovsky only on one solitary oceasion
received financial aid from the Russian Academy of Sciences, and then,
it consisted of the magnificent sum of ... 470 rubles! . o

Living on the insignificantly small salary of a schoolteacher in the
town of Borovsk, later in Kaluga, almost deaf as a result of some childhood
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illness, Tsiolkovsky spent all his free funds on ex periments in which Jo

was interested. He Dbuily models, apparatus, insLi-umean and also the o Part Two

first acrodynamic tube in the world. The uniniti ‘egar i T

e nn) fimic tubo i uninitiated regarded him a ’ A MIRACULOUS ENGINE
Only after the people Look the reins of government into Lheir own

hands did Tsiolkovsky have an opportunity to develop his ability Lo

the utmost. During the years of Sovie rule he wrote and published wover

four times as many books as before (he Revolution—550 oy, of a total

of 675, Tsiolkovsky became Lhe idcological inspiration and head of o

whole school of talented Soviet scientists, investigators and engineers

who developed the ideas of their Leacher. ' ' Chapter 4

THE THIRD BIRTH

Tsiolkovsky found an astonishingly simple solution to the seemingly
unsolvable problem of how to organize the flight of a cosmic ship so as
Lo meet the chicf requirements, those discussed in the Preceding chapter.

It was clear that simply thrusting an interplanetary ship into space
would not do; it had to be thrust, there in a special way. Its force would
have to be tremendous if the ship was Lo acquire a colossal velocity. The
process of thrusting it would have 1o be long-drawn out, so that the launch-
ing of the ship would be smooth and long enough for it to fly through
the dense strata of the atmosphere at a low velocily. But even this is
nol enough. The commander of the ship must be able to change its di-
rection and velocity in space as he secs fit, otherwise the ship will
simply become the plaything of the elements and will not answer its
purpose.

Bul this means that the push imparted to the ship at the take-off must
nob be the only one. Other similar pushes may become necessary, and
it may even be known beforchand that they will be necessary during the
{light itself, when the ship’s commander must be able to select the moment
for making such pushes, must be able to determine their intensity, dura-
tion and even direction. They will have to be special, direcled pushes.

What is most important is that such additional pushes become neces-

" sary when the ship is whirling along in space, where there is no air against
which it can push off, where there are no blowing winds, nothing solid
underfoot, as when taking off from the Earlh, Obviously, the only solution
would be in finding the source of those pushes in the space ship ilself.
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Such a solution is possible, and it was this solution, tho only possible one,
that Tsiolkovsky found.

Tsiolkovsky proposed using tho reaction principle for interplanetary
flights. He suggested installing in the space ship a reaction engine which
he had invented. This remarkable idea of his forms the basis of all modern
astronautics.

Every school child knows wh
people knew about it and u

ewlon,

ace in some

able of moving

along a horizontal track. In order to start off on their journey the boats

must be given a push forward. The racers Lry to reach their destination
by various means,

For instance, the Passengers in boat No. 1 have decided to push off

from land by

force. But every
of the basic laws i i ics. The Earth pushes
.against the Passengers and the hoat they are in with an equal force that
is applied in the opposite direclion, or with an equal forco of “reaction.”
A push of one and the same force moves the body forward at differen
velocities, depending on the mass of the body. The velocity of the Earth’s
motion, when it ig pushed by the Passengers, is insignificant sinee the
Earth’s mass is tremendous, But the boat, which is light, acquires notice-
able velocity, just as an athleto docs when he Pushes off from the ground
in order to jump over a bar,

The racers can Push off against somelhing else, othor than the Earth.

Taking advantage of the fact that running parg]jel to thg tracks of hoat
No. 2 there are lon,

its motion. The equal and opposite force of reaction o ' : y Y acti
- . o g infly of the forces of reaction.
mass of water makes the boat move forward. B . Motion under the mﬂuen.ce .
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Boat No.3 has no water to push ofl against, bul ils passenger just as
effectively pushes off against the air around him. For this purpose he has
to use a propeller, which makes a large number of Lurns when rolaling,
as it would on an ordinary airplanc. This propeller throws Lhe air back,

forcing it to move at a greater velocity; the force of reaction of .

the repulsed air shoves the boat [forward. Again the force of
reaction!

However, if we so desire, we can get along without heat-hooks, without. ’

oars and propellers, without all this “motor” power, by means of which
the passengers in boals 1, 2 and 3, labouring by the sweat of their brow,
create the push necessary to move their boats. Let us see what the racer in
boat No.4 has thought of! He has erccted a long trough beside Lhe railway
and has filled it with iron balls. The racer has taken a ball from the trough
and throws it behind him. The force of reaction of this ball pushes the
man who hurled it, and his boat moves forward together with him. So long
as the boat moves the length of the trough and there arc balls in
the groove, the velocity of the boat’s motion can keep increasing as a
result of the reaction of the hurled balls. Such motion which results from
the hurling of a mass and which takes place without the aid of any motors
is usually called reaction motion. It is exactly in this way, as we shail
see later, that the jet plane makes its flight. Only, of course, il does not
throw back iron balls taken from a trough, but the air, which it takes
from the surrounding atmosphere.

The racer in the last boal, No.5, had another idea. Instead of building
a trough, he stacked up a number of such iron balls right in his own boat.
Of course, the supply of balls, in this case, cannol be so greal as thal
in the trough, hut then the boat is no longer dependent on the groove,
and the passenger may, al will, get the necessary push for his boat by
hurling the ball even when in airless space. Isn't this the very thing
a space ship needs? .

It is this very idea of reaction motion under the influence of the force
of reaction of the hurled mass, which is stacked up on the moving machine,
that forms the basis for 'space travel.

This idea is nol a new one. The {light of the simplest dry-fuel rocket
is based on this principle, and people knew how to hurl such rockets
long, long ago. However, there is as great a difference between these first.
rockets and the reaction engine of a space ship, invented by Tsiol-
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kovsky, as between the kite of the ancient Chinese and modern air-
planes.

In the simple, dry-fuel rocket Tsiolkovsky found the protolype of
the future space ship. He was ahead of his epoch, creating a reaclion
engine without which the realization of the age-old drocam of mankind of
travelling through space would be impossible.

The history of the rocket takes us back through the ages, to ancient
times and ancient legends. It is not a simple story of peaceful, uninter-
rupted development; it is a story of leaps forward and sudden regres-
sions, a story of dying and regeneration on a new basis.

The latest investigalions in the fiold of rocket history show thal rockets
were used in Russia for military purposes as far back as the first half of
the 10th century, 1,000 years ago. However, it may be assumed that
rockets wore used even hefore then, in Greeee and very likely in ancient
China. Descriptions of the flying fire-arrows used by the Chinese clearly
show Lhat these arrows were rockels. According to available data, it was
from China thal rocket weapons spread to other countries,

Chinese fire-arrows differed from the usual ones in that a tube made of
thick paper, open only at one end and filled with a combustible substance,
such as powder, was attached to the arrow. The charge was ignited
and the arrow then shot off with a bow. The heated gases that formed
when the charge burned escaped through the back end of the tube at a
greal speed, leaving a fiery trail. The force of reaction of the escaping
gases increased Lhe speed and distance of the arrow’s flight, as well as the
force of its impact when it hit ils target. Furthermore, their burning charges
started fires. These arrows were used in a number ol cases, as when
besicging forlifications, against ships, cavalry, etc.

However, after this first birth of rockets, they were forgollen and
10 further mention of theiruse as arms in the Middle Ages is to be found.
The sccond birth of military rockels dales back about 150-200
years, ) .

Such rockets appeared in Europe ab-the beginning of the 19th cen-
tury. They were Laken over by the English [rom the Hindus, who had,prob--
ably preserved the ancient Chinese secrets. According to available data,
rockel weapons wore very widely used in India at the cnd of the 18th cen-
lury; there were special roclket detachments, whose number totalled about
5,000 people.
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Al the end of the 18th century, when the English invaded India, the
getuchments, as the English themselves ai]mittcd, caused Lhem’mnns's
unpleasantnesses” with their rocket arrow-projectiles, whicix \vcro\i'
the form of a tube conlaining a charge of somo combustible * One of Lhu
?)nglish leaders, Congreve, spoke of the “stupendous” nctiou.of theso n:
JCCL.HGS. On his return to England Congreve started producing simr‘:lar
PrOJchiles. By the beginning of the 19th century reaction artillery wi
included in.the armaments of most European states. Y ‘“5;
General Alexander Zasyadko, who had received a Suvorov training,
produced Russian war rockets. They were first used by the Russian arm |gt:
the Caucasus in 1825 and, later, during the Russo-Turkish war in ‘182848);9
About the middle of the 19Lh century Artillery General Konstau!.il;
Kon.stantinov, a talented engineer and inventor, was unusually success-
le in perfecting the rocket. His work on War R;ckets was L;-an);lnwd in-
artfl:lz:;'mﬁ:guagcs, and for many yecars sorved as a reference book for
wol;l;eczllzll:(llu‘l}lziused in rockel pr‘oducbion, made by Konstantinov (they
et hau;ém]]:lhl:::; n;?clglﬁx.cs”), (iid away with the dangerous and
a illing the 3 i

throughout Europe. Konstantinov rfckcts \l\:'oe(x:-](;etlsx,e al:lcdst. qiun] CkLlllbt;irspt;?l‘;d

and were effectively 1
il ively used during the famous defence of Sevastopol,

Konstantinov also did much
Lh;;le}\('clopm.ent of methods of using them in war-time.
cem,ui cth:)ru.llery was .widely used in Europe up to the cnd of the past
Son )I'{.ussélin‘\stanc?, l:hw;l; still used during the Turkestan campaigns
army in the 1880s. Thi i eriori
Ly of rockets aver s i oy s. This may be attributed to the superiori-
mobility. As with the smoo
th-bore guns, 1 Vi i
accuracy of fire of the rockets were p{éo:s’ Hoover, heth tho fistance sod
In the second half of the 1
way to the rifled artillery
and which fired oblong pro

for the production of rocket arms and for

*
* These tubes were made of iron, and stabilizers, b,
s

attached to them. These rockets woi
ety Se rockels weighed 5 kg.

amboo poles 3 m. long, wero
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pe of smooth-hore guns as regards weight and |

9th cent}u'y rocket guns quickly began to give
gun, which made its appearance at, that time
jectiles of the modern type. The rotation of

» and could fly a distance of more thana -

these projectiles during flight greatly increased their firepower as compared
with cannon balls. By tho end of the 19th century rocket artillery was
climinated from the list of armaments. And in the first wars of the
20th century, as well as during World War I, 1914-18, they wore
not used for military purposes. Rockels were cmployed merely for fire-
sworks, signalization and other purposes of a secondary nature.

+ The third birth of rocket armaments, which was accompanied by their
rapid development, took
place before our very eyes,
during World War II. The
whole world knows of the
glorious military achieve-
ments of the “Guards”
mortars, which the Soviet
people affectionately called

Katyusha.”

The reaction projectile
begins its flight when the
dry-fuel rocket motor is
started. A charge made of
a specially prepared pow-
der is kept in the combus-
tion chamber of this mo-
tor. Usually the powder is

preserved in the chamber :
in the form of one or more powder cartridges. When, aiter the

motor is started, the powder is ignited and then burns gradually, the
incandescent gases formed as-a result of the combustion escape from
the motor through a nozzle, moving backwards at a tremendous velocity,
which sometimes reaches 7,000 km. per hr. The force of reaction of this

Aowader charge

Plan of an aviation reaction projectile.

_ stream ol escaping gases pushes the projectile forvard, making it fly at a

great speed. In other words, we see the application here of the same prin-
ciple as that used by boat No.5, which took part in the race described
above. Only instead of using iron balls, a supply of powder was placed in
the reaction motor of the projectile and, instead of those balls, particles
of the gases formed during the burning of the powder are hurled back to
create the motive force of reaction. )
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Inasmuch as powder does nol require air in order to burn, Lhe dry-fuel
g * q i H ! -
rockel, mol.‘m might seem Lo be fully suitable for installation on an inter-
})h\noLm'y ship. Iowever, such is not the case. The dry-fuel rockel works as
ong as the Vi ' vhich i .

gz @ powder burns, which is usually seconds or even a fraction of

asecond, It is obvious that Lhis is nol sufficient for space travel Clearly,
. Clearly, .

it is IIL?L cnough simply to find a suitable reaction motor; we still have o
make il work long enough. Bul the motors of jol planes work many hours
at astreteh, Isn't it possible Lo install them on space ships?

) Chapter 5
TIIE SOUND BARRIER IS BROKEN TIIROUGH!

The idea of using reaction
. h molors for land and, lat ir
is by no means a new one. ¢ fnten for air transport
Llu?\ltl,‘(fllhlg}c c&nqucsb of the air ocean was undertaken, inventors often
¢ ir atlention to Lhe reaction motor. T}

! n ] o . The rcason for this was the
:,O‘S]Llﬂ-[:[l,lﬂ su[{i}cw;ﬂ,li' light, powerful and reliable motor for dirigibles
2 irplanos, the lack of which delayed th Ve i
ond, Lo e y ¢ dovelopment of acronautics
Lio’l‘nhc;nli}[:xcsisl;im :lll\'CnLDl‘S, Tretessky and Sokovnin, proposed using Lhe reac-

¥ ¢ in acronautics. In 1849 Tretessk

° ) . ky presented a design of

an acrostal which was sel into moti :

2 otion by the force of reaction of

4 \ o a stream
gl! ii;cnm or gas that escaped, under pressure, from an openiug in the ;.om
umu\ehn::;itnhl.?o}covmn, in 1866, developed a design of a similar, al-
e [i ~ ‘n‘\; 1ab 1{(11])1‘0\t0d ‘Lypc; in his explanations accompanyingy Lthe
_Niglm si‘r]( leL' the airship must be able to fly the way a rocket, flics.”
i : ,.:;cb-“bmhwh n.lso thought of building heavier-than-air nircraib
N Lh;u' o u?u m_olqr. Hisname is well known and dear Lo the Soviet people
s s of l\\le? olvunonnr):,- a person who gave his life for the cause of [L)he
rovol '.:]. As is known, Kibalchich was exccuted by the tsarist government
e ch \\1 \ oLlichr mt.:mhers of the Narodnaya Volya (Pcople’s Will) Party,
fo \[1:11‘ plfnmolanxou in an atlempt on the life of Tsar Ale\"mdc; I)I,
reh 1, 1881, Kibalchich was at the head of a laboratory be]onginé

* Motors having Lhis i
. particular characteristic are ca
which canno oS | rLicu crislic are called rock
- c““;\l:?:,;\m};‘ without air since they use the oxygen ol the nircLLo Tiﬂonl.oll's-”‘\“;w‘;s
eaction molors. We speak about them in the next chuplcgr e o e
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to the Narodnaya Volya, and it was he who made the bomb that killed

the Tsar.

It was very likely when working on this bomb, maybe carlier, that he
came upon lhe ideas which, when confined in the death-coll, he out-
lined in a reporl which hesentto the Lsarist government several days be-
fore his execution. Kibalchich proposed building a heavier-than-air air-
craft using a dry-fuel rocket niotor which he had designed. This idea of
the 27-year-old revolutionary was far ahead of its time, but the tsar-
ist government, as was to be expected, would not even consider his
proposal. Judging from the decision written on Kibalchich’s report,
the tsarist government considered it undesirable to draw altention
o Uhe fate of this convicted Narodovolets,* although when writing his
report Kibalchich had absolutely no intention of asking for pardon or
oven for a delay of his execution; he simply wished to meet other scien-
tists and tell them about his idea. Kibalchich was executed, and only
36 years later, in August 1917, was his report discovered in the police
archives.

The atlempts made at the beginning of our century to install dry-fuel
rockets in automobiles, motor-cycles, gliders and other means of transpor-
tation werc rather frequent, but most of them were of an advertising or
sports nature. They were of no praclical significance, for the chief defect
of the dry-fuel rocket motor, namely, the insignificant duration of its
operation, could not be overcome.

This defect is an inherent characteristic of the dry-fuel motor, for the
entire fuel supply, the powder, must be placed in the combustion chamber
beforchand, which greatly limits the amount of fuel that can be stored.
The delivery of additional supplies of dry fuel to the combustion chamber

is fraught iilh exceptional difficulties, and in spite of the large number
of proposals of this type by inventors, including that of Kibalehich, to this
day this problem has not been solved. i
However, ds aviation continued to develop, the need for a new motor
for airplanes, one which could ensure unprecedented flight speeds, was

felt more and more keenly. .

To increase the flight speed was one of the most important tasks that
had always faced aviation. Not without reason do airmen say: “He who is

» Aember of the Narodnaya Volya (People’s Will) Party.
39
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quicker 'in the air is stronger in the air.” From the moment Mozhaisky's-

_Plane mado its first flight, down Lo our very day, there has been a constant
striving, the whole world over, to increase the flight speed. And whereas
t!lxe first planes flew at a speed of 40-45 kilometres an hour, at the begin-
ning of tho past wa: their velocity had already increased to 700-750 kil-
ometres an hour. What tremendous progress! ;
‘Throughou!, all these years the piston internal-combustion aviation ex;-
gine, by means of which the propeller is set in motion, rendered It;ithl'ul
servico, It was tho only Lype
of motor that was used lin
aviation. This engino had
groatly developed since the
first ‘plane took Lo tholair. Iis
power increased from several
tens to several thousand
horse-power. Its design was
greatly improved—it became
more compact, lighter. And the
economy of its operation con-
siderably increased—it began
to consume wmuch less fuel
per horse-power, Furthermoro,
its reliability became extraor-
dinary—it acquired the ability
for many hundreds of hours at a strotch.
became a highly perfected machine, one of

Soviet piston aviation motor ASh-82,

to operate uninterruptedly
The piston aviation motor
the remarkable achievements

! naki and many others! - '
- And in spite of all this, by the ond Var 1
Lon snging bed hewr oS iﬂz{e: end of World War 11 the glory of the pis-

. it was fel
this motor wag becoming an ob: e o rvclopment s aoin

tion. In spite of the indisput
defect was beginning to mal
flights at such velocities as wi
menls in its design could corr

ab}e merits of the piston cngine, its chicf
ke itself clearly felt—it was unsuitable for
ers now demanded of aviation. No improve-
ect this defoct. The engine simply “gave up”

40

stacle for the further development. of avia- .,

in the face of the new speeds. And its replacement by a motor of another
order became inevitable.

When a plane flies at an ever-increasing velocity, it has to overcome-
the ever greater resistance of the air. But this means that the air motor
must develop more and more power, since the.work it does is spent on
overcoming the air resistance. Unfortunately, the piston aviation engine
develops practically one and the same power irrespective of the flight
velocity. If, when at the aerodrome, the engine can develop, let us say,
2,000 horse-power, it will develop this same 2,000 horse-power during

_flight, even when the plane is rushing along at a speed of 600 or 700 kilo-
metres an hour. If a more powerful engine were to be inslalled, it would
Ye heavier, which in turn would mean a larger airplane and; consequently,
the demands made of the engine would be correspondingly greater. It

is a vicious circle from which there is nmo way out for the piston
engine.

Besides this, the piston engine’s constant companion, the propeller,
also began to fall down on its job. As the flight speed increases, the ends
of the propeller blades, which make a very great number of turns, begin
to move in the air at such a tremendous velocity that the work of the pro-
peller loses much of its effectiveness. The greater part of the engine's pow-
er is lost with such a propeller because of the increase in the losses con-
nected with the compressibility of the air, and an ever smaller part of
this power is spent on the uséful work of moving the plane in ‘the air.
Yet with the increase in the flight velocity, the need for such useful work
becomes ever greater. .

Finally, one more obstacle was discovered, which definitely put an end
to the piston engine. An ominous, invisible wall arose to prevent increasing
the flight speed of airplanes—the sound barrier.... This mysterious “thresh- *
old” worried the minds of aviation specialists; it was the subject of ever
more articlés in technical journals and of an increasing number of scien-
tific investigations. It seems that as the flight speed increases, as was
proved by experiments in aerodynamic tubes, the resistance which the air
offers the flying plane begins to increase suddenly and sharply. As if some
invisible hand suddenly pushed up against the nose of the flying plane
and prevented it from moving at a greater velocity, retarding it. The great-
er the velocity of the flight, the stronger this hand, and the greater must
the power of the airplane engine be to overcome this braking force. The
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power of the piston motor is insulficient as is, and here, to make a bad

matter worse, we have this additional trouble. .
As had frequently been the case in many other instances, the reasons
for this suddon increase in the resistance of the air with the increase in
the flight velocity had not only been foretold long hefore the planes began
to feel it during flight, but had even been subjected to most Lhorough theo-
retical investigation.,
force of frontal Back in the {9th century
resis/ance N. Maievsky, Professor at the
Artillery Academy, first point-
ed oul the connection between
this unexpected increase in
resistance and the velocity
of sound in the air, that is,
, the velocity with which sound-
,»"%?@:i.y/am chapging pro-  WVOS travel through the air.
'Z%%’%%&% % sgiare In 1902 a brilliant scientific
v study was published, the
work of Sergei Chaplygin,
then still a young scientist,
later a member of the Acad-
N emy, and pupil and friend of
Nikolai Zhukovsky. This investigation laid the foundation for the theory
of.ﬂighl. ab velocitics approximating the velocity of sound. For over a
third of a century this outstanding work of Chaplygin's remained practi-
cally unnoticed, and was regarded merely as an original mathematical
research, until the development of aviation advanced problems which
proved to have been solved, to a large degree, by the work of this Russian

Trus resisfance

“Sound
P s +/ Wave resistance

Volozity of sound O of flight =

“Sound barrier.”

seientist.

Itisnow a well-known fact that as the flight speed of a planc approaches
the speed of sound in the air, which is approximately equal to 340
z:actres per second, or 1,225 kilomelres per hour, * the resistance of the air
_ Increases. As the flight speed more closely approaches the speed of sound,
the greater is this additional, so-called wave resistance. At the same time

. * At the Earth, at the usual temperature of the air,
tional tAo the square root of the temperature of the air a
the altitude of the flight increases,

This speed is directly propor-
nd, consequently, decrcases as
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-sual form of these wings, which
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the flight ilself becomes unsleady, the plane hegins to vibrate, and its
management becomes more difficull. ’ .

Soviet scienlisls, specialists in the field of aerodynamics, using Chap-
lygin’s ideas, had much work ahead of them before they succceded. in
finding a means of diminishing the unpleasant features connected with a
flight whose speed approximated the speed of sound. The results of these
studies are the unusually thin
wings of speed plancs,* the unu-

Pz'r!c//b_n_g&gbl

make a modern speed plane look
like a whirling arrow, and many
other specific fealurcs of these
machines.

It became clear, once and for
all, that, with the usual piston engine it would be impossible to exceed
the speed of sound, to break through the sound barrier. Aviation, therefore,
turned to reaction technique for help. )

This was the one and only logical step to take, for reaction motors are
the most effective for high speed flight. It is easy to convince oneself of
the truth of this statement merely by looking at the dry-fuel rocket.

Imagine such a rocket being tested on the test stand. The motor works,
the powder burns; incandescent powder gases escape through the nozzle
of the rocket, but it is all in vain, for the motor is not doing any useful
work while all this is going on. And indeed, work is the action of a force
along a certain path, and in the given case we have a force, the
force of reaction of the stream of escaping gases, but no path—the
rocket is immobile. It is the same as if, let us say, you were ordered to move
a heavy casc Lo onc side, about two metres. No matter how hard you la-
‘boured, trying Lo move this box, you would not be accomplishing any use-
ful work as yet. But, if the box did move from. its place, then work would
actually be accomplished, the work equivalent to the product of your
eflorls and the path traversed by the box. So long as the box remained im-
mobile, the encrgy you expended would be lost.

Profile of the wing of Lhe supersonic airplanc
proposed by K. E. Tsiolkovsky.

* Characleristic of the wide range of Tsiolkovsky'sscientific interests is the wing
profile of the supersonic airplane, proposed by bim, the so-called double-edged wedge
(seo figure on this page), which will very likely be widely used in the future, in partic~
alar for the wing of a space ship making a gliding landing in the Earth's almosphere,
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But there, the rocket has flown off and is whirling along at an increasing
velocity. Now the rocket is really performing work, which is equal to the
force of reaction of the stream of gases multiplied by the path traversed
by the rocket. ’ .

The greater the flight speed, the greater the useful work. It is casy to
calculate when the energy of the gases will be fully used to perform produc-
tive work, that of moving the rocket in its surrounding medium. Appar-
ently at that moment when the flight specd of the rocket will be exactly
equal to the jet velocity. Indeed, in this case the gases escaping {rom the
rocket at a tremeridous speed will be, as far as the air surrounding them is
concerned, absolutely immobile. This .also means that the gases have
lost all their kinetic cnergy, which has become transformed into the
useful work of moving Lhe rocket. True, in order for such 2 moment to be-
come possible, the dry-fuel rockel musl fly at a very great speed, about
6,000-7,000 kilometres per hour, but the closer the flight speed approaches
this most useful speed, the more cflective becomes the work of the reac-
tion motor.

And so we see that the reaction motor is indeed meant for great veloci-
ties. For this very reason reaction motors will probably never be widely
used in transport on land and ‘water—on railways, in automobiles and
boats. At relatively low travel velocities, such as are possible in these

cases, the reaction motor is at a disadvantage and yields its place to the
internal-combustion piston engine we have spoken of above. The siluation

is altogether different in the air, where tremendous velocities are possible,
in aviation and the artillery. In such cases Lhe reaction motor is unri-
valled. This is especially true as regards airless, interplanctary space. Inci-
dentally, the first to draw the conclusion a
tion motors at great flight speeds was also Tsiolkovsky.

So long as the flight speed of planes was relatively low, aviation could

get along fully well with the Piston engine, whereas the use of the reac-
tion motor would be un

ly, the piston engine b

* the reaction motor.
However, the aireraft reaction motor
respects from the motors of reaction art,
_ensure a flight of long duration. The w.
must now be measured nol in seconds

egan to give way and all oyes became focussed on’

must, apparently, differ in many
illery, first of all because it must
ork of the aircrafl reaction motor
» a5 with the dry-fuel reaction motors,
A4

s to the advantage of using reac-

profitable. But when the velocity increased great- .

b i it is 1 i tore all the fuel in the combus-

ut in hours. In Lthis case it is 1u1p0551ble to s 0. . il ().

tuiot;ll Cl:lﬂmlbsel‘ as in the dry—fuel motor, but it will have to be delivered
)

- there in small portions. It, therefore, follows that the- fuel for the avia-

tion motor must not be solid. But that is still not .ull—éuch a motor
st oxpend little fuel, that is, it must be economical in order that
211111; usu‘uIl) supply of fuel on the airplane be sufficient for a prolonged
ight. ) ‘
ﬁl’gl‘;lcrc are motors that satisfy these demands. They are the so-called
air-reaction motors, They operate niot on dry, but on liquid fuel, and use

- the oxygen in the atmosphere for combustion. As a result of this, the

duration of their work is immeasurably greater than that of dry-fuel
m("IEIK:ZS.ﬁrsL designs of air-reaction motors appeared in z:anlg ":1?11“}1;:5’
including Russia, back in the nineteenth‘ century. Ir? 1‘8 7, N. Teles! f:;
a Russian inventor, patented an air-reaction motor \Ylth a compressor
compressing the air. He called this_ a thermal gas jet motor.L. of the
In May 1884 the inventor Yakubinsky subx?alhted t40 a mee fm% a
aeronautical department of the Russian Technical socxeby L]{e irst design
for an air-reaction motor meant especiélly for flying I‘nil"hu?-es'h & and
Kuzminsky, a talented engineer and inventor, back m{iSQ/, uilt an
tested on a cutter on the Neva River the. first gas-turbine engine gver
produced; its construction was very much like that of motors in modern
]ethftl::;sal.fit;g projects for air-reaction motors were dev.eloped at thle 1ll)eg(;lj-
ning of the twentieth century by inventors Karavodin, Antonovich, Go-
"01;1‘01"92’12 'tliel;lig(n(ialjlga.zarov received an author’s certificate for the desig‘u
of 2 so-called turbo-propeller motor for aircraft, in.which the t]]lnust, is
effected by means of a propeller operated by the _turbllne, and hy.t e lrea((;
tion of the stream of escaping gaseis. Thsh?zoboss' [1:;'1 modern jet pland
their chief features from this project. )
ho’ll“rsoi\:lll;{:rzzy?fwho had also worked on the problem of using reacno: n;z-
tors for aviation, in 1932 proposed the so-called doubIe-cfontglg; bur :
reaction motor. The design of such a motor was developed in 1 Y en:
. ulka, .
gniflerl’\ll-‘lzglak,’ltob, the principles governing the Fheory and calcurl.';\t:;nl:-f ‘
jet motors were formulated. At the en’/d of the nineteenth century Nikolai
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Zhukovsky, in his famous works on T'he Force of Reaction of an Oulﬂaw:
ing and Inflowing Liquid (1882 and 1886), supplied the formula for the
determination of the thrust, which formula is used Loday all over the
world. Academician B. Stechkin, who had studied under Zhukovsky, was
Lllelgrséb to formulate a theory for air-reaction motors, published by him
in 1929, '

Whereas the dry-fucl reaction molor astonishes one because of ils sim- ~

plicity and the fact that it does not have a single mobile part, the turbo-
reaction motor of the
modorn jel airplane
is a rather intricate

tors have onc and the
same aim: to develop a
reaction thrust, which
is created by gases es-
caping from the motor.
The air, when com-
ing into the turbo-re-
action motor through
the air-inlet funnols,
is compressed in it
L0 a pressure of sever-
X al
is a special machine, the compressor, which is uscdaLcl;ll(::tlzji];jlrss.[o;n:izz
purpose. It may be a centrifugal compressor, which is a winged ;xppﬂratus

L )r < ssor %@%‘M 77//r&/‘/7£ Gases

2 i~

=

e———

]

Sy g i

Schcmcs. of turbo-reaction motors: above—with cen-
trifugal compressor; below—with axial.

of1 ia Ki arj '
arge diameter, making a large number of revolutions, or iL may be an axi- .

al compressor. The latler derives its namo from the fact that the air, when
compressed in it, flows parallel Lo the axis and not along a radius Iroym the
centre 'to the periphery, as is the case in the centrifugal ‘compressor
The axial compressor is a series of wheels lwith blades on the fell I.hc.
wheels rotating belween rows of immovable blades. . ”
The iur.zl,. most frequently ordinary kerosene, is injected inlo the com-
pressed airin the combustion chamber of the motor. The products of combus-

tion of the fuel—the heated gases—enter the gas turbine and cxpand in

it, transmitting part of their energy to the turbine blades. As a result of
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this, the turbine rotates, developing the power necessary Lo set the compres-
sor into operation. It is for this purpose that the turbine is in the motor,
: and il is, therefore, connected to the compressor by a strong steel shaft.
This shaft must indeed be strong, for in the most modern turbo-reaction
motors the power of the turbine and the power of the compressor, which
s practically equal to it, at times already excecds 50,000 horse-power.
The gases that cscape from the motor through the reaction nozzle have
considerable velocity, much greater than the flight speed. It is this differ-

~2ence in velocities that causes the force of reaction or the reaction thrust

“of thie motor. The force of reaction of the stream of gases escaping from

~the motor is the force which makes the jet plane fly at a great

peed.
The turbo-reaction motors used in army planes now develop a thrust
{ four-five tons and more. It is easy to calculate what power a motor of
" such thrust develops during flight. For instance, the power of a motor hav-
ng a thrust of 4,000 kilogrammes at a flight speed of 300 melres per sec-
" ond, which is the same as 1,080 kilometres per hour, is equivalent to
16,000 horse-power.

And this, at a time when the most powerful piston aircraft motors de-
velop a power which is one-fourth of this, Lo say the least. But that is
not all: about a fourth of all the power developed by the piston motor is
lost by the propeller so that when the power of the motor is 4,000 horse-
power, the useful power is about 3,000 horse-power. Al the same time,
such a motor is larger in size and weight than a Lurbo-reaction motor, that
is from five to six times more powerful. Therein lies the secrel of the suc-

“cess of reaction motors in aviation.

And Lhis success, we may say, is indced extraordinary. During the few
years that have elapsed since the end of the war, all high-speed aircraft
‘throughoul the world. has become jet aircrail. We can- unhesitatingly
speak of the technical revolulion in aviation as a result of the application
of reaction motors.

While on this subject we cannot help but recall, with justified pride,
Tsiolkovsky’s prophetic words, pronounced at a timé when the mere idea
of conslructing reaction aireraft was regarded as wild fantasy: “An era
of reaction airplanes must follow the era of propeller airplanes.” These
prophetic words, expressed a quarter of a century ago, have now come true:
We are living in a period when reaction aircraft is in its bloom.
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Today jet-propelled passenger airplanes already fly ab a velocity approx-;

imating the velocity of sound, and soon passengers will spend more Lime
on a trip from town to the acrodrome than, we may say, on a flight from
Moscow to Leningrad. '

What is more, many planes already fly with the speed higher than

that of sound. The sound barrier has been overcome!
But these achievements on the part of air-reaction motors in aviation

are only the first steps. There is an even more brilliant future awailing.

them, even greater flight

speeds: 3,000-4,000-5,000"

kilometres an hour. And what is
most interesting, at such great
flight speeds the motor will
not only not become more intri-
cate, but, on the contrary, will

be simplified Lo the utmost.
Theintricacy of a turbo-reac-
tion motor is connected chiefly
a N with its mobile, rotating parts,
the compressor and turbine.
On the one hand, they lessen
the reliability of the motor;
on the other—they limit the possibility of further increasing the thrust,

Turbo-jet motor with centrifugal compressor
RD-500.

which also means—the possibility of further increasing tho flight speed.

Unfortunately, however, we cannot get along without the compressor and,

it follows, without the turbine; in order for the motor to operate, develop- '

ing great thrust and expending little fuel, the air must be compressed
and its pressure in the combustion chamber must be increased. When flying

at aspeed two or three times greater than the speed of sound, the compres- *

sor becomes superfluous: we can obtain the necessary high air pressure
in the motor without its aid.

The secret here is simple. Why is it, when leaning out of a car window
of a fast moving train, when coming down a steep hill on skis, or when

making a swallow dive from a spring-board, one feels that the air becomes -

resilient? What is it that takes our breath away in' such cases? What

force hits usin the chest and face so powerfully? Why does an ordinary wind
become so.terrible when, with the f
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/be/i/y?:{pr Stark plug buildings, People, Lears the
Gasoutles,  '0Ofs off houses and overtu

railway cars? '

This force originates whep

Ny .Lllo impetuously whirling air

is stopped by somo unexpect-

s

od obstacle, when jt sudden- -

ly', sharply comes to a stand.
sbill, interrupting its mad run,
All the power, all the kinetic
energy of the air, in the

. . s
prfzsslon, _on increasing its prossur,o, creating
sure. It is this that throws people off their

Lhrection of figh?

Scheme of uniflow air-reaction motor,

cases, is spent on its com
the so-called speed pres!
feet and uproots Lrees.
What happens when a
dous speed, quicker than
to the motor at this spee:
t? imagine how great the
circumstances. And yet,
plzme.s fly, this speed press
sure in the motor; it sim
Sofnudb \;ﬁleeq i.)he flight speed begins considerabl
. then L A
- rﬂis,edytgwnrjejg }15mg this speed Ppressure, the pressure in the motor
When 1o happe )Lh;‘L:J‘omhl?res and even Lo tens of almospheres
ows pens, Will be no need for a com 3 :
o U c;zn\;rxil be 1o need for a turbine, and the I:r:ljg:e{:;:l:qiloso m
2 Tyimg [unnelwuhrmed m.Lo a fire-hox llying at -a Lremcndc:x n m['])_
Pty ol uniﬂ:“? mobile parts whatever, And in spite of nl‘I Sl,hisspsciemZ
at these great flight speeds, of the
lfl, L!.lﬂﬂ that of the modern Lurbo-
is tens of times grealer and will
U surprising that so much atten-

jeu plane whirls through the
hat of any hurricane?
d, almost comes toas

air at a tremen-
The air, which rushes in-
tandstill in i i 1
speed pressure of the air will ll:]eltx-nfligslflis)
evex? at the velocitics at whi o
ure is still unable to cr

Ply helps the compressor.

ch modern jet

Y Lo exceed the speed of

may be widely used in the supersonic aj

i * A defect of su
ing still and there!
must be installed

reraft of tomorrow.,
Fh amotor is that it does not, dev,
ore, cannot ensure its t,

: elop thrust when the plan}: isstand;
in the plane for this pu;

ake-ofl; s
oy 3 some other supplementary motor
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The development of avialion reaction technique has alrcady led Lo the
croation of air reaction motors that are powerful, economical, light, and
able to work for hundreds of hours at a stretch. They would be wonderful
motors for the space ship ifl... if they were fit for this purpose at all.
But they are-not, of course, suitable, for tho motors need air for their op-
eration (for the burning of the fuel), and Lhis is the very thing that is not

. to be found in space.

1t follows, that a space ship needs a reaction motor combining the abil-
ity of a dry-fucl motor (able to operaie without air) and that of an air-
reaction motor (able Lo operate for a long time). It was this kind of a motor
that Tsiolkovsky invented.*

Chapter 6
HARNESSING HALF A MILLION HORSES

Tsiolkovsky became interested in the problem of space travel and reac-
Lion motion, which was connected with it, back at the end of the past cen-
tury. An article written by him in 1883 but not published, entitled “Free
Space,” lias been found among his papers. The article discusses the prin-
ciples governing reaction flight in space. X

Tn 1896 Tsiolkovsky began a narrative called Beyond the Earth, in
which he describes a rocket which serves as an interplanetary ship.

Tsiolkovsky's first
printed work onrockets as
a means of effecting space
travel appeared in 1903.
It was an article called
“Exploration of Space
with Reaction Instru-
ments,” published 1n the
journal Nauchnoye 0boz-  geheme of K. E. Tsiolkovsky's interplanctary ship
reniye (Scientific Review), with liquid-fuel rocket motor, =~ °
No. 5, 1903. The appear-

“ance of Lhis article marked the official birth of a new science,
the science of rocket asbgonaﬁtics‘ After numerous reprints of this

Cvmuuastivl) -£OLMOEr

* Tt should be mentioned that Tsiulkovsky invented this molor before the first
air-reaction motors were built.
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article it was renamed, beginni i !
s in, E “T
Sy s g g with the year 1924, “The Rockel ip
Licies:ictsl.[or;nulgbir}g the Lheory of space travel, Tsiolkovsky, in Lilis 'a:;
whicil . ];?uel izveis:g: roLr a s'pﬂoc ship with a new type of reaction motor
ed. It is this very motor that wil i
pich ho : i will decide the proble;
requirs;i::n::a:lrlc;l!: afordxt. alo;ed happily combines all the contrfdictuerl;
ro demanded of a moto. i ¢ shi i€
the so-called liquid-fuel rocket motor " for ntarplanclary ships 1 i
" ’(I)‘hgr:fht,tcr, like the dry-fuel rocket motor, does not require air fo
o Eeuc;ocr]l m{d, consequently, can function also in airless space :mdr
. permdlan in the atmosphere. Furthermore, it can operate for a much
o o mntl.he dry-fuel motor, for, as its name suggests, it operates
. cOmbus,vno on dry, and this liquid fuel can be gradually sum;lie;l
o e comb mxsln chamber from tanks. It is this idea of using fiquid fuel
bl ekl tor Lh'al, makes this invention of Tsiolkovsky's so remark-
. idea is being widely used not, only in liquid-fucl rocl':ct, motors
3

ut also in the aijr-; i rs, about which we told you in the preced:
b 1 the air-reaction moto; Y
B u

Howe iqui

iqaid a"sﬂl‘»astélﬁ futiﬂ fm: liquid-fuel rocket motors does not consist of one
but us’uallfr s u’:i‘; or [P‘S“m motors, or kerosene for turbo-reaction motors
served in a specialts ok a0 difforent liquids. Bach of these liquids is Pl'e:
sky's scheme, and oi;JnI};' ;fe C;zpm‘m:ﬁnt; o 28 show in Teiolkor-

One of th  only th combined form the fyel.
given case cosgulslt.?;)l;:fml; htlhf so-called combustible. As you sce, in the

Lven ¢ el arc i
ml')ll‘; is only part of thy 1ol 1ot ono and the same thing: the combus-

e role ible i
@ ot givzf::;ehzotuhusttlblc.m this case is the usual one; when burnin
fuel rocket motor ’?]’ vhich 1s necessary for the opemLior; of the li Ui‘f
som, also alcohol. . 1?1'““&1 oil combustibles, such ag gasoline and (}{'ero-
bles. (in Tsiolko\,vsk;} ine hand other substances are used as the combusti:
s _schem X . -

amarked "hydrocarbou”) ¢ of the ship combustible compartment is

It is easy to at i

(1S 288y 0 guess what liquid is o go j
with allquld-f.uel rocket motor, Fou thﬁ c::;flf: th?bobher tank on the rocket
essary. Where is it t6 be obtained ifit ¢ ustible
a.t.mnsnbo.rn? Obviously the gther Cank
lclent quantity of oxyg

to burn, oxygen isnec-
annot be taken from the surrounding
must contain a liquid which has a suf-

o ~ Lo
n or a so-called oxidizer. Such liquids as strong
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*nitric acid, hydrogen peroxide of high concentration and others are used

s oxidizers. Pure oxygen, suggested by Tsiolkovsky, is also widely used,
not, of course, in its gaseous form (the tank could contain very little, be-
sides which, it would have to be very durable), but in liquid form. In or-
der to be liquefied the oxygen must be cooled to a temperature of 183°C

elow zero. .
Both parts of the fuel, the combustible and the oxidizer, are delivereq

o the combustion chamber of the motor under high pressure. This pres-

‘sure, which reaches tens of atmospheres, can be created, for instance, by

. %ome gas flowing into the fuel tank from the high-pressure tank in which

is contained. Fuel delivery may be effected also with the aid of special
umps, as indicated in Tsiolkovsky's scheme.

The component parts of the fuel meet in the combustion chamber and
ere the chemical reaction of combustion takes place. A tremendous quan-
ity of heat is given off during this process, so that the temperature in the

- combustion chamber becomes very high. It is the highest temperature

" ever obtained in motors, in some cases exceeding 3,000°C. The heated

- gases, the products of this combustion, escape from the motor via the noz-
zle ab a tremendous velocity which reaches 2.5 kilometres per second and
even more.

It is natural that the force of reaction of the stream of escaping gases,
which is the reaction thrust of the motor, is very great, for this force is
directly proportional to the jet velocity of the motor. It is the reaction
thrust that must impart to the space ship the required high ve-
locity.

During the half a century that has elapsed since Tsiolkovsky invented
the liquid-fuel rocket motor, it has traversed a great path of development.
The first decades were marked chiefly by the persistent labour of individual
inventors, enthusiasts, and their modest attempts to build a liquid-fuel
rocket motor for use in rocket flight. Today we already have many tested,
reliable designs of such motors. They are installed in various aircraft and
rockets, and are used for the most diverse purposes. Scientific research
institutes and groups of designers are at work on this problem. A.new branch
of industry for the production” of liquid-fuel rocket motors and flying ma-
chines with such motors is growing up. .

As in the case of other branches of reaction technique, Russia has done
much to further the development of liquid-fuel rocket motors.
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Somowhat laler than Tsiolkovsky and quilo independently
talented investigator and self-taught inventor Yp s
\}'ox-kiug on tho problem of space travel and :
h.cld of roaction technique. In addition to L
flight, which he discussed in his works, Kondratyuk came out with

ber of original ideas regardi
as regarding tho perfecti iquid- rock
In particular, he, independently 4 povaky, s iy ookl

idoa, proposed using ozone instead
today holds forth greal promise,

F. Tsander, who supported
contributed greatly

of him, the
. Kondralyuk, began
» in this connection, in the
he theory of interplanetary
atume
of Tsiol!covsky, who first suggostl:: Ltolflss
of oxygen as the oxidizer, an iden which

0 problem of space travel. a
;l;;\;]oo;ﬂliglgi; c;f) ‘nfﬂny.mlcstmns concerning the devzlopmc::(;]malcer;:a:
Bock e IW;HLDI |1JJancLa.ry ships.,

L Wt 20 ,fnc l(])l) {,.xc SomcL- Union was Just emerging from the Civ-

oy mnd:c with the difficult tasks of resloring its ruined ccon-

s design for oo e ? lroporl, at L.he Moscow Conference of Inventors on

Loniu 5 for an orp an.cLﬂry ship and a motor for it. Vladimir Ilyich
' promised the inventor support in his further work 1 e

!
___.Amﬂﬂﬂ ! ,
] )/

=

“ 1

ron test stand (1933).

B 1. sander's [ "
- 1sander’s liquid-fuel rocket moto

* fuel rocket motors in the

In 1930 Tsander built his
first liquid-fuel rocket motor,

. which operated on gasoline

nd oxygon from the air, This
otor was essentially only a
model of another, larger mo-
tor that operated on gasoline

" and liquid oxygen, built by
" "Tsander in 1932. It was tried
~ “out only after Tsander's pre-
. "mature death in 1933. This

was one of the first liquid-

world. But even before then,
in 1930, a liquid-fuel rocket
engine was built by another
Russian designer, Valentin
Glushko. That was the first
engine of its kind in the So-
viet Union. It operated on g
fuel consisting of nitrogen
tetroxide and toluene. Tsander
also advanced the idea of
using certain metals as com-
bustibles for liquid-fuel rockel motors (Kondratyuk also suggested
this idea independently of Tsander). This would make it possible

Take-off of M. K. Tikbonravov's rocket with
liquid-fuel motor (1933).

" t0 burn those parts of thespace ship itself, which became unnecessary dur-

ing the flight, as empty tanks, etc. Tsander also developed a method for
calculating liquid-fuel rocket motors. .

On August 17, 1933, the first flight of a rocket-invented by Mikhail
Tikhonravov, using & liquid-fuel rocket motor, was made. Many other
flights were made after this.

The year 1940 was marked by an outstanding achievement in the devel-
opment of liquid-fuel rocket motors. That year a flight ‘was made for the
first time by man in an airplane with a liquid-fuel rocket motor. On Feb-
ruary 28, 1940, a plane towing a glider plane with, a liquid-fuel rocket
motor took off from one of the aerodromes in the suburbs of Moscow. Flier
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V. Fyodoroy, who piloted the glider, then flew it in the air independently,
turning on the motor. A new Page in the development of reactionitechnique
was begun. Slightly over two years later, on May 15, 1942, Caplain
G. Bakhchivanji made the first flight in a plane with a liquid-fue}
rocket motor designed by V. Bolkhovitinov.

Liquid-fuel rocket motors are now used in aviation for various purposes.

In many cases they are employed to facilitate the launching of heayy air-
craft. Sometimes these motors are installed in planes to supple-
ment the main motor which is of another typo as, for instance, the

turbo-reaction motor, for the Purpose of increasing the flight speed

at some necessary moment, as when gaining altitude, during an air
battle, etc.

Liquid-fuel rocket motors are also installed in airplanes as the main
and only motor. Planes with such motors are usually designed for pur-
Poses of exploration—to study the specific features of flight at very high,
supersonic speeds. They make it Possible to achieve theo greatest flight.
speeds as yet attainable. There are also military planes with such motors,
the so-called defence or intercepter fighter planes, whose task it is to com-
bat enemy bombers,

However, planes with liquid-fuel rocket motors have
fect as compared with other Planes—they ¢
smaller period. This is due to the fact that liquid-fuel rocket motors
are exceptionally “greedy”—they use up from 15 Lo 20 times more fue}
than turbo-reaction motors of the same thrust, For this reason, if the lig-
uid-fuel rocket motor works uninterruptedly, at fyll power, the fuel

supply on an intercepter fighter Plane is sufficient, for only 3-5 minutes.
By alternatingly

a very serious de-
an remain in flight for a much

rengage the enemy in battle in

- and then land with empty tanks. That is why liquid-fuel rocket motors

are as yet used only in thig one type of military plane, the intercepter
fighter plane.

Liquid-fuel rocket motors today are to be foupd chiefly

) not in aviation,
but in various kinds of rockets, Th

ese are the heavy Projectilas Sommmmiimecs; -

s,long-range projectiles and stratosphcfo
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Exploratory supersonic airplane with liquid-fuel
rocket motor,

The use of heavy rockets with liquid-fuel rocket motors is becoming ever
greater, and some of these rockets are already beginning to look very much
like small space ships, as they are usually pictured in books,

Here is one of these rockets, used during the past war as a heavy, long-
range reaction projectile (see page 58). The war-head of this projectile con-
tained */, of a ton of explosives, and the projectile flew a distance of about
300 kilometres. Of course, not a single heavy, long-range gun ever fired
such heavy projectiles over such a distance. A powerful liquid-fuel rocket
motor was installed in this projectile.

The rocket was about 14 metres long; its diameter was 1.7 metres, which
at its tail was as'much as 3.6 mectres. One cannot help but be impressed
by the dimensions of this rocket, when comparing them with I,he. figures
of the people standing beside it. The weight of this rocke‘b, too, 15” most
impressive—about 13 tons, so that the weight of the “pay-load —the
explosives—constitules but a small part, a slight per‘centagq, of the to-
tal weight of the rocket. ) )

The motor is installed in the “stern” of the rocket, as it probah.ly \-v1ll -
be in a space ship. This motor operates on fuel ‘consisting of two liquids.
That is why two gigantic tanks have been put up in the middle part of the
rocket. S .

The foremost tank contains the eombustible which, in the gwer.l case,
is ethyl alcohol (not less than 75° in strength). The rear tank c.onl,a.ms the
oxidizer—pure, liquid oxygen; as proposed by Tsiolkovsky in his day.
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The fuel supply on the rocket is

Nyse of racke! about 9 tons. This is what con.

AR stitutes the greator part of the

Sherug casin B total weight of the rocket, about,

j *ly ol it. Of these 9 tons abouy

4 Lons are alcohol, the rest—
liquid oxygen.

To be shot off, thal is, Lo be
launched, this rocket is sel up
in a vertical position, in which it
is supported by means of a spe-
cial light cradlo. Almost like an
interplanclary ship that js get-
ting ready to take a leap into
space. When in this posilion
the gigantic tanks of the rotcket
are filled with fuel. Powerful
automatic fuellers are used for
this purpose, but they look like
toys alongside the rocket, which
stretches up to the sky.

Finally the fuelling is over
and the rocket can be launched.
The fuel taps are opened, the
Plan of beavy long-range projectile-rocket  alcohol and oxygen begin to flow

with liquid-fuel rocket motor, into the combustion chamber
of the motor. There the fuel
ng from the combustion h-egin
the atmosphere at a-tremendous
am of gases escaping from the motor

Mleakel lank

e
urbo s

is ignited and the heated gases resulti
to escape through the motor nozzle into
speed. The force of reaction of the stre
is directed upwards: it tries to raise Lhe racket, to force it off the ground.
. True, that is no easy matter, for the rocket weighs 13 tons! However
it -seems that when working normally the rocket motor can develop:;
thrust of twice the weight, of the rocket—a thrust 0f 25-26 tons. This is the
f,hrust of modern powerful locomotives thal, haul heavy trains. And it
is with such a tremendous force that the gases escaping from t;h.e rocket
below, push it upwards. It takes several seconds after being launched for
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the motor to develop this full thrust (in the beginning there is a so-called
preliminary thrust of § tons). Increasing rapidly, the thrust becomes
equal to the weight of the rocket and then begins to exceed that weight—
the rocket trembles, then slowly, as if against its wish, tears away from
the Earth and shoots upward, more and more quickly, very soon vanishing
from the eyes of the onlookers,

The entire further flight of this rocket is automatic, It is steered by in-
struments which are on the rocket itself, in aspecial instrument compart-
ment in back of the war-head. It is impossible to influence the flight of
the rocket after it has taken off. The rocket takes off and then, obedient
to the orders of its instruments, flies towards its goal, which is 300 kilo-
metres from its starling place.

For the first 10-11 seconds after the start the rocket flies straight up-
wards into the sky. Then the rocket’s steering gear deflects its elevators,
which are located in the rear. As a result of this the rocket stops ris-
ing vertically and begins to fly along a complex curved trajectory, which,
by the way, approximates the arc of a circle. Flying in this fashion the
rocket altains a very great altitude, about 40 kilometres. At this altitude
the rocket motor is turned off and stops operating. By this time it has suc-
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ceeded in using up all the fuel stored in the rocket, all nine tons, Both gi-
gantic tanks, the alcolol and the oxygen, are practically empty by this
time. ’

How much time has clapsed sinco the take-off of the rocket? All in all
about one minute. During this one solitary minute, the rocket succeeded
in attaining an altitude of 40 kilometres, and its motor, in one truly gi-
gantic gulp, swallowed nine tons of fucl, ’

Alfitugte i; Z Z
P ptein

e
- veu,,

,»’/ Soundling-balloon

g Strafosltal
“Osoaviaklim™

Reaclion airplane
-~

9 ad
Lyeres/ Stralostal USSR
8884m. Subslraloslals

3040506‘(7705090/
Distance of llight i #ilomelres @ 1o 720

Trajectory of artillery projectile.

.How.ever, the motor does not, expend this fuel in
flight it develops a truly colossal power.
N If xx;e/(])zaay judge by the energy of the jet from Lhe motor, its power is
almost 400,000 horse-power. The useful power that corresponds to the work
. nding mediim is even reate i v
:nctrgases t(:lmsta?hly with the increase in the flight speged forx: '311155 I:&:‘I‘lfl;
© the product of the thrust and the velocit; ’
he pr 0 ! Y. Before the motor sto s, bhi
rogLet flies at a velocity of about 5,500 kilometres an hour, or 1.5 kI')ly "
tres a second. At this Lime the u . ion horse
power.
LheAILeIr L}.Je motor stops working, the rocket, continues its flight by using
e ]:re ;))clty accumula!.ed earlier, like a Projectile that comes flying out
‘neceszara'rizl olf an artillery gun, True, in the given instance it would be
Y Place such a 8un at an altitude of 40 kilometres,, Flying this
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vain, for during the

seful power exceeds half a million horse-

way, the rocket goes even higher and reaches & maximum altitude of about
100 kilometres.

But even 100 kilometres is by no means the limit of modern reaction
technique, just as the flight speed of 1.5 kilometres a second is not the max-
imum velocity. By using Tsiolkovsky’s ideas, it has already become pos-
siblo Lo achieve considerably greater success in the’ conquest of space by
means of reaction technique.

What are these ideas?

Chapter 7
“DWINDLING” PROJECTILES AND “DWINDLING” TRAINS

Since we know what velocity an interplanetary ship must have and since
we have found the motor it needs, it should not be difficult to calculate
the space ship, to determine the necessary fuel supply, the total weight of
the ship, and the trajectory of its flight. However, in his very first attempts
to solve the simplest problems, as, for instance, to determine how far any
rocket will fly or how high it will rise, Tsiolkovsky came up against
asomewhat unexpected difficulty. Prior to him no one had as yet solved such
problems. And, as things proved, they were not such simple problems
after all,

We know, for instance, that the science of motion, or mechanics, found-
ed by Nowton, governs the laws of motion of various bodies. And, natu-
rally enough, Tsiolkovsky, when looking for the solution he needed,
turned to mechanics for help. However, at that time this science
proved unable to help him. :

Before Tsiolkovsky, the science of mechanics had always dealt with
bodies that had a definite mass. And that was all well and good, for so
far only such cases had been met with in practice. It would be difficult,
for instance, to imagine a problem connected with the falling of a stone
of any kind, which, during its flight, “became thin,” losing part of its mass.

But, alack and alas, Tsiolkovsky was confronted with these very prob-
lems. The mass of the rocket changes considerably during its flight, inas-
much as part of it is thrown off in the form of the products of fuel combus-
tion. That is why the rocket, as 71, ut 1tS L0t Coimu—Twaswcle: usual
Projectile, It is.a special sort of projectile, one that rapidly “dwindles”
in flight. Just call to mind the rocket described in the preceding chapter.
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During but one minute of powered flight, the weight of this rockel, de-
creases from 13 to 4 tons. A calastrophic “dwindling away.”

In order to calculate the flight of the rocket, it was first necessary to
write a new chapter on mechanics—the mechanics of bodies with a variable
mass. Without this it was impossible Lo formulate the science of the
movement of rockets—rocket dynamics.

The honour of having solved these problems belongs to Tsiolkovsky. And
in solving them he rendered one of his greatest services to mankind, to
science. The laws governing the mechanics of bodies with a variable mass,
as developed by Tsiolkovsky, mako it possible Lo solve a number of im-
portant technical problems; they form the basis for the theory of inter-
planetary travel,

It is interesting to note that practically at the same time that Tsiol-
kovsky worked on this problem, but independently of him, another out-
standing Russian scientist, Professor I, Meshchersky, also studied the me-
chanies of bodies having a variable mass, and solved a number of important
problems in this field,

In order to study the laws of motion of a rocket Tsiolkovsky consjdered
the simplest case of rocket flight—its flight in such space where there
Was no resistance of the air and no force of gravity. Tsiolkovsky called
this conditional space “free space.” The space ship, during its flight in
interstellar space, will be wmoving under approximately such conditions:
there is no air and the force of gravity for the time being can be ignored if
the space ship is not in the direct neighbourhood of large heavenly bodies.

The chief taslk confronting Tsiolkovsky was Lo determine the final
velocity of the rocket, that is, the velocity a rocket will acquire when its
motor stops operating becauso of the consumption of all of its fuel.

Tsiolkovsky was the first to solve this problem, the solulion of which he
published in 1903. The formula he obtained, which enables one to determine
the final velocity of the rocket, is of tremendous importance for the whole
study of rocket theory and for the theory of space travel as well, This
formula, the so-called rocket formula, is-known throughout the world as
Tsiolkovsky’s law or Tsiolkovsky's formula,

Tsiolkovsky's fqrmula makes it possible to answer a very important
question: on what, after all, does the final velocity of a rocket depend?
We find that this velogity does not depend on whether the rocket is small
or great, nor on the fact that it bas a fuel supply of several kilogrammes
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or several tons, nor, finally, on the length of time ils molor operatées., It
depends only on two conditions: on the Jet velocily and the relative sﬁp-
ply of fuel on the rocket, that is, what part of the total weight of the rocket,
at take-off is the weight of the fuel, the fuel-weight ratio,

The final velocity of the rocket will be all the greater, Lhu4gre’al.er the
Jot velocity (the velocity at which the gases escape) and the greater the rei-
ative supply of fuel, the fuel-weight ratio.

For modern liquid-fuel rocket, motors a jet velocity of 2,500 metres per
sccond is considered very good.

What should the fuel-weight ratio be? .

For the heavy rocket described in the preceding chapter the fuel weight
at take-off is 9 tons, while the tota] weight of the rocket is 13 tons. It
follows, therefore, that in this case the Iue]-\veighb ratio is 9:13 or about
0.7. According to Tsiolkovsky's formula, if the fuel-weight ratio of this
rocket were increased from 0.7 to 0.8, the flight speed in free space would
be increased by 34 per cent, and a further increase from 0.8 to 0.9 would
increase the speed by 43 per cent. If we could build a rocket with a fuel-
weight ratio of 0.9, the flight speed of the rocket, according to Tsiolkovsky's
formula, would be 5,750 metres per second. In order to attain the escape ve-
locity of about 11 kilometres per second, the weight of the fuel supply on
the rocket must be 99 per cent of the take-off weight of the rocket.The weight
of the rocket itself, of the motor and the useful load should, in this
case, be only 1 per cent of the take-off weight of the rocket.

However, it is practically impossible to build such a rocket. Further-
more, an increase in the fuel-weight ratio of the rocket involves more and
more difficulties in construction. A value of 90 per cent for the fuel-weight
ratio will probably be the maximum achievable in practice. It is unlike-
Iy that the? problem of interplanetary flight will be solved by increasing
the fuel-weight ratio. The best sorts of fuel that may be created in the fu—
ture, even if the values forthe fuel-weight ratio of the rocket are the
greatest possible, will ensure a flight speed of not more than about 9 kilo-
melres per second. This will be the case even if we do not take into consid-
eration various losses. .

Yet Tsiolkovsky’s remarkable talent as an inventor suggested® a bril-
Ifant solution to this problem. He was the first to propose the idea of a step-
racket, or, as Tsiotkovsky called it, a “rocket train.” According to his idea,
those parts of the rocket which become unnecessary during flight, are
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Scheme of Tsiolkovsky’s “rocket train,”

thrown ovex:board, or jettisoned. Like every outstanding idea, this pro-
posal of Tsiolkovsky's is a combination of exceptional simplicity and

ess. Independently of him and at the same ti
! me the
American Goddard suggested the same thing. '

Tsiolkovsky proposed that the rocket, in this case, should consist
of a number of independent, autonomous compartments, that is,
a n]llm.lberfof st}a]parate rockets connected one with another." Just imagine
a chain of such rockets, resembling the usual train of raj
<ol up Tarcioaly ) rain of railway cars, but

This ro'cket train should fly as follows: at the take-off the first motor to
operate will be that of the very hindmost rocket,* which carries the entire

d imparts a considerab I

the earth or descends by parachute. That very

* e
tho Lr’i‘is;oll(i?lv?ky E}‘cposed that the motor of the foremost rocket operate first, so that
> during flight, would be stretched out by the thrust and not CDDLI‘;CLGd.
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samo instant tho second rocket begins.operating and it continues to in-
crease thé velocity of the entire train until its fuel supply comes to an end.
At that moment it, too, separates from the train. The motor of the next
rocket then starts working, etc.

In this respect, this train is quite unique and differs greatly from.the
usual train. As it gradually dwindles in flight, all the Ppassengers in such
a train should be in tho-first “car,” or they risk never reaching their des-
tination.

It is easy Lo see that the velocity of the very last rocket to operate, that
is, the first rocket, will, in this case, be greater than the speed of the en-
tire train would be when expending the same amount of fuel. For in
this case it is not necessary to haul a dead load in the form of rockets that
have served their purpose and are no longer of any use.

The greater the number of steps in the rocket, the greater the effect
obtainable (we can calculate the most advantageous number of steps).
For instance, if a rocket with a useful load of five kilogrammes is to acquire

“Dwindling” train: above—railway; below—rocket.
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the escape velocity, it may bo a five-step rocket and its take-off weight
should then he 375 tons. If the number of steps of the rocket is increased to
10, the total weight of the train at take-off will bo decreased to less than
one-sixth and will amount to only 60 tons.

However, according to Tsiolkovsky, there is little Lo be gained in build-
ing rocket trains with a very large number of sleps, hesides which, there
are serious designing difficulties involved here. It is sufficient to point
out, for instance, that a train consisting of five rockets would ensure a ve-
locity five times greater than one rocket, but the useful load in this case
would bie decreased 10,000 times, and for every Lon of weight of the initial
step there would be only... 10 grammes of useful weight!

We can consider that in practice it will hardly be feasible to build rock-
et trains having more than 5-7 steps. In hiswork, Cosmic Rocket Trains,
published in 1929, Tsiolkovsky discusses in detail various possible types
of trains. i

The idea of building step-rockets, as proposed by Tsiolkovsky, has al-
ready found wide application in military rockets. In particular, two-step
rockets were widely used during the past war. We may say, in this connec-
tion, that with the aid of three-step rockets altitudes and velocities for
rocket flights were attained, that are records for modern roaction
technique. We shall tell you about them in Chapler 10. More intricate
step-rockets were also used, ¢.g. the military dry-fucl rocket, which had
four steps.

F. Tsander, a Sovict engineer, further developed Tsiolkovsky's, idea
of multiple rockets. It is obvious that if we were able Lo use L];c l;nliec-
essary parts of the rocket, those that are later jeltisoned, as [uel for the
Liquid-fuel rocket motor, the final velocity of the rocket would bhe increased.
It is this very idea that forms the cssence of Tsander’s proposal, He de-

many other, very imporlant problems in the theory of interplanetary flight,
and developed formulas which form the basis for astronautics. Gradually
making his task more intricate, Tsiolkovsky studied the {light of a rocket
in the field of gravity, He studied the influence of the resistance of the air,
in other words, the flight of a rocket in the Earth’s atmosphere, as.is the
case during the take-off and the landing of a spaco ship. Tsiolkovsky es-
tablished the most advantageous methods for tho take-off of a space ship
and calculated the fuel supply necessary. Lo make various space flights.
These and other valuable results oblained by him in his studies of the theo-
ry of space travel supplied a stable, theoretical basis for astronautics.

What prospects for the development of reaction technique can astronau-
tics count upon, when making plans for the gradual conquest of the
boundless expanses of space?

Chapler 8
FROM THE ROCKET PLANE TO THE COSMIC SHIP

The decades that have elapsed since Tsiolkovsky founded the science
of astronautics have shown how correct was his strategic plan for the con-
quest of space.

Tsiolkovsky considered that the roads leading to space and to the
development of aviation and reaction technique coincide. First of all,
greater and greater altitudes would be attained by aircraft with the usual
piston motors. Then would come the crealion of “semi-reaction strato-
planes” (as Tsiolkovsky called planes with air-reaclion motors many years
hefore such planes actually appeared) with increasingly greater flight
velocities and altitudes. Finally, we come to rocket planes with liquid-

fuel rockel, motors, capable.of flying in the uppermost strata of the atmos-

veloped a number of designs for interplanetary multi-steprockebs-inwhich
those metallic parls that become unnccessary in flight, such as the om ptied
tanks, wings and others, arc melted and d

k s elivered Lo the combustion cham-
ber ‘of the liquid-fuel rocket motor. It was Tsander, as we pointed out in

ng a number of metals, aluminium

: ers, as I iqui el motors. He also conducted exper-
iments in burning such metallic combustibles,

Wken fleveloping his study of rocket, dynamics, Tsiolkovsky did not
confine himself to the simplest case of flight, in free space. He considered
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phere at speeds other planes are incapable of. And still later, with the
gradual increase in flight speed, altitude and distance, and a decrease in *
the surface of the supporting wings, we arrive at the cosmic rocket.

Many Western scientists viewed the matter differently. They wrote
that astronautics would develop independently of aviation, that it would
g0 its own way. According to them, the science of astronautics was quite
anew field of endeavour, the creation of a cosmic ship was a task that had
to be solved from its very foundation, as something completely new, so
that the experience of aviation could be of no help whatever here.
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reater dj

considerably less time than the existing planes of all types are now
capable of. .

There is no doubt that this is the very way that super-distant and su-
per-speed flights on Barth will be effected in the future. For instance, we
will, in this way, be able to fly from Vladivostok Lo Moscow in about
one hour, outstripping the seeming motion of the Sun. So that, after hav-
ing supped in Vladivostok we will bo able, that same day ... to have
breakfast in Moscow! Such flights make aviation akin to astronaulics, for
when making them, the aircralt must fly at what is essentially the thresh-
old of space. The flight technique of a space ship will also be based on a
short run in the beginning and a consequent long free flight. In Chapter 10
we shall discuss in greater detail the possibility of such astronautical
flights on Earth.

Tsiolkovsky's formula, which we discussed in the previous chapter,
shows along what lines reaction technique must develop in order to solve
the problems of astronautics. Reaction flying machines must be improved
in order that:

a) the machineof a given weight should accommodate as large a weight
supply of fuel as possible; b) the liquid-fuel rocket motor should ensure
the greatest possible jet velocity.

What are the prospects for the development of reaction technique im
these two directions?

- The possibilities of further increasing the fuel-weight ralio of the rocket.
are today very limited. Recall the long-range rocket described in Chapter 6.
The weight of the fuel on this rocket was 2!/, times the weight of the empty
rocket, In the best of cases, it may be possible to increase the fuel-weight
ratio to 3'/,4, which would be a remarkable achievement. For .t,he
usual liéht, aluminium tank with a capacity of 10 kilogrammes weighs
about 1 kilogramme. In other words, as regards the weight of the rotfket,,
for every kilogramme of fuel stored on it, it will weigh only four times
more than such a tank. But the rocket is calculated for flight at tremendous
speeds, and it must, therefore, withstand great inertia overloads t].mt firise
during this flight. Furthermore, there is a motor in the rocke?, mtr%cat.e
instruments, steering gear. All of these considerably increase its wexghth

Only by using step-rockets, proposed by Tsiolkovsky, can we e'ichleve
such a situation that for every kilogramme of rocket weight which the
rocket will have after all the fuel is consumed, there will be many tens of
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kilogrammes of fyel at the take-off, a
cosmic flight. And Tsander's idea of usin
increase this ratio many times more,
This explains why astronautics is interested most of all in thag trend
of development, of jet flying machines, which jg closely connected with
the perfection of tho design of slep-rockets, the accumulati
in operating them, and the attaini
range flights by these rockets, first
No less intricate and diffi

condition that ijg necessary for
g parls of the rocket as fuel may

on of experience
ng of ever greater altitudes and long-
without people and then with them.
cult is the task of increasing the Jet velocity
from a liquid-fuel rocket motor, At the present, moment this velocj ty does
nob exceed 2,000-2,500 metres per second, Ap increase in the jet, velocity
comes very slowly and can be obtained only at the oxpense of great
effort. In order to achieve such ap increase, Lwo independeng problems
must be solved at once: amore highly calorific fue] must be found, that is,
a fuel which gives off a greater amount of heat when burning, and the
ability of the motor to operate on these fyels must be ensured., The greater
the heat given off by the fuel during combustion in the molor, the greater
will be the Jet velocity, other conditions being equal,

The greatest, jet velocities are attained today when liquid oxygen is
used asan oxidizer ang oil products (gasoline and kerosene) as the combus-

tible. The lowest Jet velocity is obtained when hydrogen peroxide or ni-
tric acid is used as the oxidizer.

What are the Possibilities of increasip
binations of oxidizers and fyels that

chemical elements are used?
I

bili
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Oage of these pros ivi ng Oy -1
. pective coolj i
ing, " ° g methods is the so called “penetratiou"

all

fuels of mycp higher calorific

Coolin, Systems for Jj uid-fye, ocket moto. 0 e died
g sy rocket mot, TS are now b g st
q g stu

most inten vely ere aso. ope anetar

sively. Ther, 18 reason to h, pe that Lhemotors of Interplanet; Y

ships will work fully reliably for sever, 1 mi or aXimum of spy-
p: N al minuteg a max

er ,teus of minutes (as far as is now ]\DOWH, that is all Lh\at will be re-
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quired), and that they will operato on fuels of tho future with a higher
calorific value.

Inasmuch as the usual chemical fuels do not contain sufficicnt enorgy
to ensure the jeb volocity necessary for cosmic flights, tho interest mani-
fested by scientists working in tho field of astronautics in other possible
sources of energy besides chemical is of course nalural. And, ncedless (o
say, the problem of using atomic energy comes first.

As is known, atomic, or, to be more exact, nuclear energy is millions
of times greater than chemical onergy.

The tremendous magnitudoe of atomic energy makes it theorolically
possible to undertake the most distant flights into space. It is sui-
ficient to point out that the energy given off when 20 kilogrammes of uran-
tum or plutonium are split up is sufficient (o send a body weighing 1,000
tons to the Moon and back. Authors of books on astronaulics usually make
note of this circumstance and proceed to paint fantastic projects of such
super-distant flights. However, the case here is not so simple as it seems.
Atomic energy, although much has been written about it in many books,
still does not supply the complete solution of the problem of interplane-
tary flight.

That an atomic cosmic rocket can be built is no longer a supposition
bul a fact based on achievements in technique. Such an atomic ship,
however, will not differ so greatly in its abilities from the usual ships that
use chemical fuel, for the potential possibilities of atomic energy are
one thing, the actual technical prospects for using these possibilities—
another,

How is this to be explained?

The essence of the matter lies in the problem of how to create an atomic.
motor with a reaction thrust necessary for the flight of the ship. To obtain:
this, as we know, we have to throw some substance back at a great, veloc-
ity. In the liquid-fuel rocket motor the products of combustion of the
fuel form this substance, But what will this substance be in an atomic
reaction motor? There is nothing in it that burns.

In the atomic motor, instead of the combustion of fuel'we have the
splitting of the atoms of some nuclear combustible, as the metallo.f uranium.
When this takes place, the complex, heavy uranium atom disintegrates,
or, as we say,splits up into two simpler, lighter atoms of other substances,
Both of these new atoms, which result from the, splitting of the uranium

73




» R001900120005:
| d in Part - Sanitized Copy Approved for Release 2013/04/25 : Cl DP81-01043|

atom, fly off into opposile directions with a velocity that is equal to tens
of thousands of kilometres a second. The kinetic energy of the products
resulting from this splitting forms the basic part of the atomic energy
given off when the atoms disintegrate,

How can this tremendous energy be used to creale the reaction thrust?
The simplest thing would be to force the products of this atomic disinte-
gration, which takes place in the motor, to escape from the motor in one
direction, through some opening. Then this stream of the substance
escaping at a tremendous velocity, which is thousands and tens of thoy-
sands of times greater than the usual velocity of the Bases escaping from a
liquid-fuel rocket motor, would create a correspondingly greater thrust.

However, such a solution, the one that immediately occurs 1o us, is,
unfortunately, impossible in Ppractice.

There are several reasons for this, but one chief reason. If the thrust
of such an atomic reaction motor is to he sulficiently great,

for instance, when a space ship Lakes off, a sufficiently
at least gr.

as is necessary,
large quantity,
mmes of the products resulting from the
pe from the motor every sccond, But this
grammes of uranium must he split up in

-power.
For when a gramme of uranium splits Up, as much energy is givenpoﬂ' as
during the combustion of approximately 1.7 tons of gasoline, that is,
every gramme of uranium splitting up in one seconq is equivalent to about
100 million horse-power. .
In such a motor a tremendous quantity
second. The temperature of the walls of the
less number of blows against it caused by
a tremendous velocity, will reach many
will evaporate instantly,
That is why a motor designed on this Principle is often called a pscudo-
rocket. Such a psendo-rocket could be built

only if its thrust were very
small; we shall te]] You in greater detaj] about this in Chapter 17.

It follows,‘then, that since the substance which must be thrown off
by the atomic reaction motor cannot pe the product of atomic disinte-
gration, there muygt be some other special working substance for this
purpose on the ship. Here, indeed, isa substance to be “thrown off.” Because
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of heat will be given off every
motor, as a result of the counl-
the particles whirling about at
millions of degrees, and the motor

°

of this, thé main advantage of the atomic motor, the practically Emlimite_d

duration of its operation, is lost. What, then, is the need of this work if

tho entire working substance has already been expended? It becomes

stop the motor,

‘lc'[;‘li?is: rgle:]s thpab the length of time that the atomic reaction moLm: of

a space ship will work is determined by the possible supply of the wo'x;iungf

substance on the ship. When, by installing such.a m.otor, we gel rid o

the supplies of chemical fuel, we, whether we wish it or not, substitute

another substance for this fuel.

And as a resull we arrive at

practically the same situation.
The atomic reaction motor

will differ from the usual liq- \ )

uid-fuel rocket motor only in 2 5 (ﬂ/%%ﬂ%::;/}%ms}

that, instead of a combustion

chamber, it will have an

atomic pile, or reactor, in 2/ %,‘;;i,’%f;,"i‘,i@f’;,ﬁ%’.’

whieh the chain process of = Juel rockel mofors

splitling the uranium atoms

or other nuclear combustible

takes place. The heat emitted

in the reactor will be transmit-

ted to some liquid or gas, Drolelive sereen

the working substance, which y (weight 20 Ions)

will escape as a heated stream {,ﬂ{;’;”,,’}”,-;””f,”,,’:,f,‘;ﬁ,”,ﬂ."’””"

from the motor through the Weigh! of moler 40 ons

nozzle, creating - the reaction

LllrusL.’ In thigs case the jet Second slep

velocity may be greater than -

in the usual liquid-fuel rockel

. Tank Ihof can be
= jellisomed

irs/-slep fuel lanks
st ool

motor. , R — e,
This constitutes practically Tolal ///ru:/o/ﬁ”/ﬂlf-v)
all the advantages of the atom-
ic rocket,. “
The problem of building an Design for interplanctary ship (five-siep rockd.
alomic reaction motor, which, et) willi alomic reaction motor in the secon
in theory, can be fully step.
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solved and realized with those technical means that are available
today, is, nevertheless, bound with many difficulties thay have to
be overcome. There is no doubt whatever that this problem will be solveq
in the future, It will, of course,; be a most, important, victory for astronay-
tics, although, as pointed out above, it wil] 1ot effect the revolution that
S0 many count upon. Generally, one can consider that the Jet velocity of
the gases from an atomic motor will be no more than double the maxi-
mum possible velocity of 8ases escaping from (he usual chemical liquid-
fuel rocket motors, But even in this case the Possibilities) available to
astronautics will increase very greatly, of course,

One of the serioys difficulties to be encountered in the building of ap
atomic im.erplanebary ship is the necessity of Protecting the crew of the
ship and the personnel altending jts take-off against, the harmful effect
of the rays which, as is known, are emitted by the Operating atomic reac-
tor. If the necessary protective measures are no taken, it will not be
Dossible to come cloger to the motor without harm ang éven without mortal
danger, than withip several kilometres. For this reason in some designs
only one step, the second, of a multi-step space ship is supplied with an

, When on the Earth, the atomic motor does
eans of the usya] liquid-fuel
erable altitude, t6 which these

isoned, and the atomic motor is

the ship's crew against

rays, whereas the langd Crew no longer needs such

DProtection, A relatively light protective sereen can be made, inasmuch as

the engire design of the sh; D, which absorbs the harmful rays, contributes

to this protection. After the entire working substance of the atomic motor
has been consumed, the seconq step, the one containj ) 1

also separated anq sent down to the Rarg), by means of 5 parachute, Fur-

ther flight is effected with the aid of the usya] mot,
which have a ship, ¢

beginning an attack
The third Dart of this ook isdevoted to the fir
and to plaps for further attacks.

Part Three
THE ATTACK ON INTERPLANETARY SPACE

di v he
The distance between tl
wildest fantasy and the mos‘i
real reality is being _re'duce
with astonishing rapidity.
M. GORKY

Chapter 9
THE ARMOUR OF THE ATMOSPHERE

indebted to the
ink of how much weare in
o one stops to think ol 0 ted
i all‘lﬂ; ’axl-lound us for a good deal that takes plac; in ou;sslible From
aulrzoillxjel:: were no atmosphere, life on Ealrth g,woiliih 2 ;nl]i}i o amim
ithout w!
e we inhale the oxygen wi !  organiam
o at’i];:sp;::l.unately, the atmosphere cou!.amsL ?1 Llr);mf]:méli)\;zn mownt of
oxrgon. + i lemente .
ich i stantly being supp! [ the
oxygen,' ‘vgﬁzhatlxiozslﬁere were liquefied, it would cover the Earth wi
oxygen in tig
i 2.2 metres thick. . of oxsgen.
Bt e 1a§,etrhe atmosphere not only I)ECaus.e itisa sg:f;f,iml& grhe
ity makes life on Earth exceptwnally. ;: bing. on 1o
Th'e atmosphe:)ef the Earth’s atmosphere protects Lhedlll e‘: cibing on ite
th?k Swat}mslt the direct, harsh influences of thebt;un )des‘ p !
S ain. % 10 . ’ and.
aoi: i]‘g":]:i floats about like an mmgmfif::mt. Cgiroa:;:l ; e he temperature
" i revails in space is vi pomperatur
b cm'nate Lcl;ﬂ;:f lin is at a great distance from the sLa;z,szls&te oy t'haé
iy b'Ody " Spfa 'e star from another, is very close to olute zero, that
Fhe dlsm"nce OO 01n ‘the heat radiated by distant ;ba;sm uld raise the
toporatare ofnt}}lfis body several degrees above ai Isr:ht e s,
mml’erﬂ""‘:e osphere, the temperalure of thatlpart [} e s surlase,
which foge. " vould be as low as — -
e Sun, wou ‘ er
o die's HO"a:ZCEf th]]?e Suut; it would exceed --100° C. Such are
the scorching ray: .
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conditions that exist on the
uncomfortable planet?

The atmosphere, which envelo
serves as a powerful heat-isolatj

ingenious sort of sereen, and you will not find o single blanket of down
that can vie with it, For the atmosphere normits the passage of the solar
rays, that come rushing to v warth wiien the Sun shines, but it will not
let the Earth part with the warmth i has received, or disperse it in space
after the Sun has set. Thanks to the almosphere, the Barth’s surfaco js
not subject to very sharp drops in temperature, the daily temperature
fluctuations being relatively slight. We live on Earth as if within o gigan-
tic thermos bottle of artful design, onc thay, permits the warmth o pass
through in one direction, but does not let it pass through in the opposite
direction, Indeed, it is terrifying Lo think what would happen without
“thermos bottle,”
Because of the fact that the atmosphere heats up uncvenly, air currents

and winds arise in jt, The coergy of these winds has served man f;
times. These air currents help t,

Pphere; they carry the clouds from
rains upon the ripening wheat f
necessary to man. The atmospher
with all its specific Properties.

But the atmosphere is nof, merely
ena that take place in it merely |
rays the Sun sends down Lo our |
violet rays, It is under the action of these rays (hat our skin acquires
that attractive bronze colour we call “sunbyrn,” However, a cerlain  par
of these ultraviole, Tays, instead of doing good, causes harm,
too, the atmosphere steps forward ag the invisible ckampion of all living
things: it absorhs the harmful parl of the wultraviolet solar beams, If
this stream of Tays were to reach the Earth’s surface With their original
strength, life on Rapyp would very likely be impossible, *

But the Earth's atmosphere protecis Us not only against the Sun's
rays, weakening them, diminishiug their strength, ﬁltering and absorhing

Moon. What would our life be like on sycl an

Ps the Barth like a thick blanke|

rom ancient
0 regulate the temperature of the almos-
one place to another and pour benevolent,
elds, creating the eirenlation of water so
¢ is the birthplaco of the Earth’s climate,
a thermal sereen, nor are the phenom-
ng with its heat
abundance of so-called ultra-

" * In Ghapter 21 We consider, in detail, the effects of varipys forms of radiation on
the human organism,
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the harm{ul beams, Science has established that cerba.in ol.,her r;)lllse ?0:111;:
rushing down to our Rarth oul of space, from all directjons. Y
kug‘g:mia: ri\oyssmziier:i,fljmlly streams of particles of matterdwhich lco;iz:
i q lium and severa
chicfly of the nuclei of the at?ms of llh)drogen, hel Pty
i nts. These particles whirl about at a tremen dou ;
fililcc‘jlx"?nlc:[l;(;mlz millions o]fj times greater than t,hev energy {iven i:vi; i\gllleI;
U gt of this erile bobardons 1o penti o e eveneencs
is terrible bombardment, & b
Elt;:nt:g:;):{ LI]clJlrscing their way into the human organism, would do great
. jecti the
ha;ﬁwcvcr, these invisible, impetuous projectiles .doth];ortcorﬁ?g: -
Barth's surface. They perish in the atmospl%cre, whelllethei: onengy in 1t
the atoms of the gases comprising it, and dls.perse "a e g
Only the “grandchildren” and “grcat-gmnd‘ch1ldrenthose rapmants of the
force their way into the atmosphere, that is, only .do‘ T amasphars
lei of the atoms with which these particles collide in ho amosphere,
mw] the bottom of the occan of air. The energy of the partic riz .L(h Jeaet
:Ielic;larl,h’s surface and which penetrate not .only us 1)(111:; Lshc;) uta;L i, nev—,
to a depth of scores and hundreds of melres, is Prcyn;ex; L;i‘,nary il
ertheless, immeasurably less than that of the ini ia ,‘py e
Thanks l,,o the atmosphere, the intensity of the cosmlxc rays
surface is such that they are nol dangerous Lo pcoa[:ncs.t’ ho offects of Lhes
The Earth’s atmosphere nol only pl.'ote~cljs us agvrdes Space bombards
al rays and the bombardment of lll\’lSlhle.])ﬂl' i c .] Bty svanes.
ﬁ:l'cd Erz;r::.h with oven more substantial “pl‘olccblhc;;ng 1ic;:0 Lh)e phones,
i issi come
oo Mi\uly Tiirl]izon:l. (:lr \':(1;1‘;5[3:;‘3? lslgzrcs and hundreds of Lh(?rsraonfd:
ﬂthSPhl‘»F? ?1 X 1?mur \’vhich is many times grealer Ll.um the vel ?ch i e
or&)l;‘ul(:otlgztlﬁil})gzxncs Iiy'mg out of the barrel of an artxlle?' '?:1,2), ]‘Zscr,nblc
howe , rojectiles are nol very great.
di'mensious '0[ ‘“?SL iIdLlllifli lilh?ierct‘l,lll'ztsn;odous vclocil,y. lllalit'{s]fvext) iu(;hf
;’:mzco%ls;ﬁfl 3:\520:&\15. 1f not for the atmosphere, in which mos

i to man has
rs would indced be dangerous
i vhelher or not these rays wo et thor o
* The quostion o[':\ ]wscl,r,[ed. Some scientists are of UI.O opx{noﬁm ol
ot s hcelz ﬁeﬁ:l‘s’;n);e the total number of these particles in
not cause great har
mlntively small.
79-
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these heavenly stones are destroyed and consumed,. one such:
of stones would make life on Earth impossible or, to say the le
dangerous. .

Without the atmosphere there would be no sound. We would be unable
to speak, unable to hear. What an impoverished world this Earth of ours
would be!

And what an invaluable service the atmosphero renders in supplying
‘oxygen for countless thermal engines, in furnishing a support for the
wings of airplanes, for the propellers of helic

Besides rendering
not only possible bul

“shower”
ast, very

‘o the Earth’s atmosphere,

The atmosphere is splendid when we consider our life on Earth. Bug
when we make plans to desert our Earth and travel through space, it not
only ceases to be of any help, but is even a hindrance. No matter where
we direct our space ship, it will have to fly through the Earth's atmos-
phere, will have to pierce this “armour” and overcome difficulties that
are connected with very rapid flight in the air. Even greater difficulties
await the ship on its return to the Earth.

To defeat the enemy one must know him. What our Earth's atmos-
phere really is, how high it extends above the Earth, what dangers lie in
wait for the ship on its way through the atmosphere, and how these dan-

—all these are questions which,nat,urally enough,
interest the designer and the captain of the space ship.

The atmosphere which envelops the Earth extends to a tremendous
altitude above it. However, it, is impossible to say just where the atmos-
phere ends and where space begins, at, an altitude of 100, 1,000, or 10,000
kilometres. The atmosphere gradually, unnoticeably, changes into space,
and it is absolutely impossible to draw any sharp line of demarcation, be-
tween them.

As the altitude above the Earth iner:

eases, the densit.y of the atmos-
phere decreases, and

the number of ajr molecules per uni of volume becomes
8

; - ,
ver less and less. The main mass of atmosphere lies just above the Earth's
sel:r[acs; at low altitudes. If we were to cut out a vertical, endlessl'yhlongi
column’ of atmosphere, having a cross=secton of 1 sq. em., the we:ignfl: o
the air in this column would be equal to about 1 leogame. And i vhvev
were to cut off the lower end of this column to a length o? 'l'k1hlomet;e~, Iog
weight of the air in the column would immediately be d'm.un}shei iy (
gra;mes that is, by 10 per cent. The weight of the Zuaumftthee ::t:
) 55k i1l be 0.5 kg., or half o
d of such a column 5.5 km. long will, g ‘ !
?ainht of the air in the column. The lower end of a 'coll-mm ISLIG?;;OEQ
woucld contain ¥/, of all the air in the column. L—&;d Lil‘luzhwerfa :bove uz
i bout 150 km., all the air
ch a column to an altitude of al )
a%z?lﬁlsll:c equal to only one hundred-millionth part of the.to.tal wexght‘\ﬁ
\t‘he air in the column, that is, about one-hundredth of a milligramme. A
st of the air would be beneath us. . ) ) .
lh:\fee :xay therefore, get the impression that there is pracucal'ly no:trzto;e
here at su,ch altitudes, but even at such an altitude, a cu;’nc' cenE::n at
cl:i atmosphere contains about 100,000 million m.olecules o gaal:,'nmphem
altitudes of thousands of kilometres there are still trace; oth,= cu;face_i
which i; billions of billions of times rarer than at ghe heaus O;l_y Hace
at such altitudes there are only several hundreds. and per] 2 ooy tens of
mo]ecules in a cubic centimetre. Even that Whld'l we arette ustomed b
calling airless space is actually not comsp]ecely vt)iidi?iisll)aocgizle vl
y ini we see it is S8
d atoms float about in it. So b I ole -
m?;zc:kllzs‘;;uudary of the atmosphere on the basis of its density. Suc
mi

- itional -
v can only be conditional. ; boundaries
hoi’?)iai;ill its other properties help us much to determine the boun

here. - » 5t atmos-
o ;h% ‘autnaoxffe suppose we consider the “comfort” qualities of the
or insf s

N P N ife 1i
phere, that is, those qualities which make life livable fovr people. The
boundary of th:a atmosphere will then be rather close to the Earth’s surface.

E B N - ti
t relatively low altitndes a person cannot live ontside the hermetic
- Lven at r P t 1 d h

1 it i an oxygen mask,

i i ing a special suit, even if he wears ‘

o the mthoulh Wz;nul.]rg mg prove insufﬁcient,E!penemEe Edhovaj ;1;?; a

fo"_the enemfi =PY consciousness in 10-13 seconds at an almyu feother m:

"’a(;“:}‘j Eetr]j'on po;e;d does not change when the alt;tIlédE'l:S aLu; her 1o
o ol i 1 diness of Kokkin

; 1 physical har 0 '
ZfeaEed- Oﬂil‘ th:-lt?txncgf t;?riz 5pk1z1.,m his record flight of November 21,
im to reach an %
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1935. Thus, judged by theso properties the atmosphore extends no higher
than 10-15 kilometres,

The action of tho atmosphereas a filter is manifested at somewhay, groat-
er altitudes. At an altitudo of 20-25 km. the cosmic rays retain almost,
their full strength, and the ultravioley, solar rays—at an altitude of
over 30-35 kilometres. At an altitude; of 100-110 kilomolres one cay
oxpect serious unploasantnesses from encounters with meteorites. It js at
this altitude that “shooting stars” usually flare up,

And so, if we base our conclusions on the propertics of the atmosphere
Just mentioned, interplanetary space begins at an altitude of 15-20
kilometres and becomes “absolute” g an - allitude of over 100 kilome-
tres. However, there are certain atmospheric phenomena that oceur at
much higher altitudes, in Particular, the northern lights, which sometimes
blaze at an altitude of 1,000-1,100 kilometres.

The resistance which the atmosphere offers 4o any body moving in
it ab a definite velocity depends on the density of the air. This explains
why, when the density becomes insignificantly little at these altitudes,
the resistance is exceptionally small. We may assume that this refers to
altitudes of aboyy 100 kilometres, but certain scientists consider that
during flights at a tremendous cosmig velocity the resistance of the air
must not only be taken jnto aceount, but it may also Play a relatively
important role even ai altitudes of many hundreds of kilometres,

It is usually considered that the so-called zone of dissipation beginsTat
an altitude of 800-1,000 kilometres. Pagt of the air molecules vanish
from this zone, flying off ingo Space, in which they are scallored.
The air in this zone is so rare, that, a molecule can fly for many hundreds
of kilometres before colliding with another molecule. These collisions

’ Earth’s surface molecules collide hun-
a path of one centimetre,

The structure atmosphere is nog, uniform, and a space
rocket, when braversing the atmosphere, will pass from one zone Lo another
like an alpinist, who Dbasses through varioys climatic zones when making
a high-mountain ascent, :

The stratum of atmosphere that lies closest to the Earth’s surface, the
so-called troposphere, extends to-ap altitude of 7-18 kilometres, depend-
ing on the time of the year and the latitude (less at the poles, greater at.
the equator). The troposphere is the forge in which the weather is made;
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i; ;Srl;;: L\)i:id?osfz of the irocesses determining the weather take place
N » 1085 aro born here. The ¢ » ;
o omperature of the ajp j
—soo-rfjo&o%)h::ewcnnstanLly drops as the' altitude increases rozlt\l;]ix;n
oy fﬂct. ;,h © upper boundary of the troposphere. This is’e\'plain g
e e fa Surf::ze t,l;;b prg;’zs%sphere is warmed by the heat rad;atcd lfy
¢ a . Abou © i
in the tropane® per cent of all the atmosphere is to be found
The stratosphere beging i
T 810s just above the ¢,
o : : ? : Toposphere, altho
T;Jse;:g‘u\;:imz at‘shghb hmtermedmry layer, the tropopause bl;f\l\lrezzeLﬁuen
tme when it was considered tha y "
her t the tempera
zzra;:z l:.:ne %L(;‘:\éosphere does not change with the nltitudzerl';ll'xl;m . ‘:hO
2 ab in—space., z[l;ziﬁtfezx later gradually drops, so that ’tho colx:?;:fs
ates at the houndari g
oy ] g undaries of the at,
x aIL\it:heaotfen;gsz'gnge of —60°C, is actually maintained ao;ll]lorsphcr:.
i -40 kilometres, and then the temperature of t} y it bo.
rise suddenly, reaching 460° C * at i Yorlg
e . an altitude of 50-60 kilo-
8O.Fl‘:).lllowing tIAJis~the temperature again drops sudden]y:
% i otmbriltres 1lt 1S once more below zero: in fact, it is).
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of temperaturc at very high alitudes is different from that om
Earth.

The air at such altitudes is so rare that only a relatively small number
of molecules will keep hitting up against the surface of the rocket every
moment, and it is these very blows that increase the temperature of the
rocket envelope. At the same time the rocket’s envelope will lose much
heat through radiation into the surrounding space. The result is that at
such high altitudes there will be no “heat” whatever, and the tempera-
ture of the rocket’s surface will be even lower than at lesser altitudes, if
only this surface is not heated by the solar rays. In this case it may exceed
100° C.

Our knowledge of the upper strata of the atmosphere is constantly being
enriched. In this connection the radio-balloons, first flownin the U.S.S.R.
in 1930, play no unimportant part. The altitude weather rockets proposed
by Tsiolkovsky for this purpose are beginning to play an ever more im-
portant role.

There was a time when people thought that there were absolutely no
winds in the stratosphere, that a dead calm prevailed there. But such is
not the case. There are winds in the stratosphere that blow at a velocity
of 300, 400, and—at high altitudes—even 1,500-kilometres an hour. These
winds, which are incapable even of stirring a hair on one's head, as
the air is so rare there, are remarkable for their constancy; they almost
always blow towards the east. It was also formerly (hought that the
sbrabhsphere in no way influences the climate on Earth, but this, too, has
proved to be a mistaken conception. .

The stratosphere extends to an altitude of about 80 kilometres, and
contains almost all of the remaining air, that is—20 per cent. All the
atmosphere that lies above the stratosphere and extends for many hun-.
dreds of kilometres upwards, contains less than 0.5 per cent of the total
amount of air in the atmosphere.

The fact that the first half of the stratosphere contains a large quantity
of ozone* plays quite a special, exceptionally important role in our life.
The ozone molecules, which consist of three atoms of oxygen, absorb

* This saving stratum of ozone, which extends for a distance of 60 kilometros.up-
wards from the Earth’s surface, would, at sea level, be only about 2f3 mm, thick;
60 per cent of all the ozone is to be found at altitudes of from 16 to 32 kilometres, but
its maximum concentration is at an altitude of.about 25 kilometres.
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Chapter 10
AT THE THRESHOLD OF SPACE

by man, and when drawingup
od the gradual stages for the
4 that the only way to at-
increase our

conquest of space
Tsiollkovsky outlin
ted task. He realize!
s Lo perfect reaction technique,
knowledge of space, and broaden the scientific and experimental founda.
tion of astronautics. First, higher and higher flights in the atmos-
phere; secondly, leaps beyond the atmosphere, t0 the threshold of space;
then, a more pro[ound exploration of space, flights around Lhe' Moon,
landings on the Moon; finally, flights around the planets, landings on
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them, and the gradual conquest of all space. These are the obvious land-
marks on the road leading to the realization of man's age-old dream.

Half a century has elapsed since Tsiolkovsky first outlined his plan to
conquer space. But these decadeshave not been in vain: Tsiolkovsky him-
self witnessed only the first timid steps along the path he had outlined,
the first theoretical work in astronautics, the first attempts of enthusiasts
to build liquid-fuel rocket motors, and the first flights of these rockets,
After Tsiolkovsky's death, especially during the past decade, reaction
technique, which is the technical basis for astronautics, began to develop
at a rapid pace. This made it possible to achieve significant results as re-
gards increasing velocities and to undertake that attack on space, which
Tsiolkovsky dreamed of.

How has reaction technique contributed to the realization of this at-
tack?

Modern jet-propelled Planes fly freely in the stratosphere. Tho offi-
cial world altitude record was set in 1955 at 20,094 metres, by a jet-pro-
pelled airplane with two turbo-jet motors. A turbo-jet motor was also
installed in the plane that made a record speed {light in 1956—1,822
kilometres per hour. .

Does this mean that there have been no other achievements in avia-

with their new, powerful, perfected turbo-jet motors, now fly at veloci-
ties far exceeding the velocity of sound.

Even greater altitudes a
the aid

these planes are often raised to 2 high altitude by means of heavy “carrier”
airplanes. The light, small rocket plane is usually suspended under such
a “carrier” and released only at a high altitude, when it begins its
mdependent flight. The fyel which would necessarily be consumed during

kind, as are very likely records for flight by man. According to cortain
data, a flight speed of 3,500 kilometres per hour and an altitude of about
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o h aircraft live under conditions that are very much lixe those
pilots of suc d h like th

i ight in a space ship. . -~ e by no means
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Reaction techuique has made it possible to fly (true, as yet without man)

at such speeds and altitudes thal far exceed the records set by rocket -

planes. These flights have been made with the help of heavy rockets that
are guided during flight and are supplied with liquid-fuel rocket mo-
tors. Some of these rockets have reached altitudes of hundreds of kilome-
tres, that is, they have, we can say, made leaps beyond the atmosphere,
have been at the very threskiold of space., Tsiolkovsky's dream is Dbegin:
ning Lo come true!

Rockets used during the past war as super-long-range projectiles had
already attained altitudes of about 100 kilometres and flight speeds of
5,500 kilometres per hour. After the war was over, similar rockels were
used to make altitude flights for various research purposes, most often in
the field of meteorology, their observations being of interest Lo the weath-
er burcau and for a study of the atmosphere. Tsiolkovsky had also pro-
posed using rockets for this purpose.

It is not surprising that rockets flew Lo even greater altitudes during such
flights. For in these cases the rocket, flies only vertically, and does not take
any explosive along. Furthermore, as time went on, both the rockets and

their motors were constantly being perfected. These stratospheric or, as
they are sometimes called, meteorological rockets attained altitudes of

150, 200 and even 250 kilometres, th
into the ionosphere.

Equipment installed in such rockels to make measurements during
flight has made it possible to obtain much new scientific data of the most
diverse nature, including such as is of exceptional value. Indeed, as yet
this is the only means by which the scientist can. fly his instruments to
such a tremendous altitude, an altitude that is beyond the limits of Lhe
atmosphere, in the direct neighbourhood of interplanetary space.

Of great interest are photographs of the Earth, take
tude by cameras installed in altit
at altitudes over 200 km. Of course in. these photos the Earth does not
resemble the Earth as we see it not, only from the window of a railway car,
b}lt even from a plane that flies at a high altitude. Although in these
p{ct}ues We cannot see any details of the Earth's surface whatever, they
are interesting in other respects. It is sufficient to say that these pictures
cover a territory 5,000 km. in extent, a fact that affords new possibili-
ties for cartography, for studying the movement of the clouds, ete. It

at is, they made their way high up
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is also interesting to note that in these pictures we can clearly sec the spher-
ical shape of the Earth, o
N It is 'Il‘siolkovsky's idea of step-rockets or “rocket eru.ns’ that ]'fﬂS maDd:
such flight speed and altitude records by modern reaction technique p
ible. )
si At fitst two-step rockets were used for such recor(.l flights. Thfz ﬁ(r:itaoi
rei‘ll‘ rocket is approximately the heavy rocket dCSCI'.l])Od above, 1:1 ) ui)e
ter 6. The foremost rocket (which is smaller) was msl.:rlllcd on i (:Lor e
place of the war-head, and weighed about half & ton. W hon.Lhc n;an a
the rear rocket stopped operatling because of the consumption (ernL o
fuel, it separated from the foremost rocket. '[Il‘hal. \»'013' san;zdmtohe e
. d cet started operating
motor of the foremost, smaller, rocke e o
continued its \'crLical’ﬂighL. It stands to reason .t,haL this f;::tsz«r:ing
flew higher and acquired greater velocity than one big re;irl roc Lm.s* uring
onc such flight, we are told, an altitude of about 400 1\1L012n§ s
flight speed of about 8,300 kilometres per hmTlr, or abo;ls 1.956 omotres
per second, were attained. Quite recently, on November 2 ,f X u_"we_gtage
greater altitude, about 1,130 km., was attamefl by meanstarM 000 o e
rocket, fired in the U.S.A., and a flight velocity of about 11,
vas attained by a four-stage rocket. ) ) .
ho'lIl‘;;i\s\ u'1slreadymark)5 the conquest of one of the front lluels uLlhtl;zththdaif
on space. What now remains to be done is to go beyo;d t,(;edozer O Cn
space and farther into it, ever farther from the Earth an
i L goals of cosmic flights. ) . ot un
dl?;f\z afhievemeuts in the development-of heavy hlgh_g}t;f;iz rgr;rfh. _
fold quite new opportunities for super-speed long—rau%:] silferably sl
this purpose the initial rocket velocity must be ck ey boyond the
Having taken off al such a speed, the rocket can ma eéabsp%d T
limits of the dense atmosphere an({, 1ﬂyini LbhireeI jzi:ygr(ab o m’oment, el
d istances. If the initial rocke! ot can
ZZTeniosulfuglsﬂi)l?s equal to about 5 kilometres per second, the roc!
Or 1 v

ecrease in the force of the
ly felt—the weight here is about mfptir c;l;:a];::
i
ki tres is only 0.1 per cent of the
E ’ . Although 400 kilome! nly 0. Lol the (sianee
to e Moo El}t‘:z :oscul::zcxih;ch has attained such an albmﬁie ]:‘s(icg:eag ished about
o }iugl'.]‘of all the work necessary for a flight to tbe Moon—s
six per ce! rk s
of the decrease in the force of gravity al

N . P
* It is interesling to note that at this altitude the

Earth’s attraction is already strong

t such an altitude.
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two rockets: the rear ono—tho usual wingless rocket, and the front one—
a winged rocket. Whorcas tho front step is the one we already know, the
jong-rango rocket Dbut with wings, the rear wingless rocket must be much
larger in dimension and its motor must, naturally, possess greater thrust.
According to one such project, the thrust of the rear rocket should be
approximately 180 tons, the total weight of the train at take-off—almost
100 tons (of which about */, is the weight of the fuel), and tho length of
the train—over 30 metres.

Tho nature of the flight of this train will depend upon its aim. At first
the rear rocket will lift the entire train Lo an altitude of about 25 kilome-
tres, al which point the motor of this rocket stops operating because of the
consumption of all its fuel; the rocket automatically separates from the
train, dropping to the Earth by means of a parachute. The sccond rocket
can now iy horizontally at this constant altitude at a velocity of 2,600
kilometres per hour, until all its fuel is consumed. In this case the total
duration of the flight will be about 70 minutes, during which time the
rocket will cover a distance of about 2,500 kilometres.

But it is also possible Lo increase the distance of this flight considerably,
and at the same time decrease its duration. Much further and ... much
quicker! This sounds paradoxical, but it is strict, scientific calculation
based on the remarkable properties of the wings and the properties of the
Earth’s almosphere, If, after the rear rocket separates from the train, the
front rocket continues to fly vertically, it can attain an altitude of about
300 kilometres, and then coast downward, using the wing lift. The total
distance of such a flight will be about 5,000 kilometres and its duration
only 45 minutes. The flight speed here will be greater than that ever be-
fore achieved by man—up to 12,000 kilometres ap hour (3/, kilometres ,
per second).

Studies by Soviet scientists show that by combining tremendous flight
speed with wing lift ib is possible to make a much more effective flight.
The present level of dovelopment of reaction technique already makes it
possible, in theory, to build a super-long-range rocket plane capable of mak-
ing a non-stop round-the-world flight.

The crealion of a‘supor-long-range plane is possible only because the
liquid-fuel rocket motor can ensure tremendous altitude and flight speed.
Such a motor works only a few minutes, during which it consumes all the
fuel stored up on the plane.'And, of course, during these few minutes of

93

Approved for Release 2013/04/25 : CIA-RDP81-01043R001900120005-9




5-9
: - 81-01043R00190012000:
ified in Part - Sanitized Copy Approved for Release 2013/04/25 : CIA-RDP:

Allifude in
#ilomelres
Jog|

000 77 a0
Jistarnce ip /r//pme/{es
— == W akiomel

Trajectory of flight of various long-range rockets:
1—initial long-range rocket described in Chapter
6; 2—the same rocket equipped with wings;

3, 4—step-rocket,

The round-the-world {light of a plane with
will be something as follows: the
ing the few minutes it Operates,
400 kilometres and imp
tres a second, or about
figures, the motor must operate on pney an,
greater jet velocity than af the present ¢ime,

The motor operates only during these firsg
stops and not a drop of fuel is consumeq any
ward, expending the kinetic
run. In this respect such a flj

The plane begins its free
flight around the Earth
from this tremendous alt;-
tude, gradually desceuding.
At - first glance ¢ scems
that such a free flight at
such high altitudes is out
of the question, for when

art to it a velocity of
14,000 kilometres

gliding, the weight of the Pohor / Aleokal fank
Pplane must, be only

slightly
more than the ljf of its
wings, and at ap altitude

Cxygen lomi

Powerful mo
carry the pl

energy it accumulated during
ght greally resemp]eg

Lorge rear wingless rociet

powered flight the . plane
cannot make a long—rnnge
flight. But a powerful lig-
uid-fuel rocket motor will,
in the very few ininutes
that it operates, carry the
planc to a tremendous alij.
tude and impart to it 5
tremendous velocity, The
free flight of ¢he plane
beginning from this alij-
tude can cover a very great
distance and e of long
duration.

a liquid-fuel rocket, motor
tor of this plane will, dur-
ane to an altitude of 300-

10t less than four kilome-
an hour. True, (o attain such
d better fuels, such as ensure

minutes of flight; theq jt
more. The plane fljes for-

the take-off
a flight in space.

F7on! wingeq. rockel

Adloirafi;
2oupling of rockels
Aarackufe

Step-rocket (project).

Approved for Release 2013/04/25 : Cl

f hundreds of kilometres L}lfsro is
oracticnlly no wing lift 51mp1.y
{)’ccausc there is almost no air
there. This means that the plane
will not come down gradually but
will drop liko a stone from the
altitude to which the motor has
arried ib. ) N
) True, the plane will drop like
)
a stone. And it would, of course,
drop very quickly were 1!;' not for
tho fact that it is mobile. B]ul.
when falling to the Earth the
planc is also flying around[ Lilc
Earth at a tremendous speed. I Lfg
e wou — .
o T4 down on 1. Bt 05 i o ont i ot et
soon fall down on it. s e i
lane contin-
here so that as the p .
By to drop towards the Earth, o ool in covering & great
e ’ round il at a tremendous velocity, it sue s vaone,
lfl‘ml.ng aemanOOO 7,000 kilometres. But m]iuve1 thcaru dens.er hen the plate,
istance—6,000-7, s tato the lower,
ing i is manner, breaks inf ° o S o he
e amandon locity, ils wing lift makes i
tremendous velocity, e tmosphors,
s f these dense strata :
b e s f water, and then rushes
B . 1 the surface of w , : s
A e S b af in its former altitude since
e o i { course, attain its for:
t will not, of ¢ , . b o am
“P‘Vﬂffs Pan][;z:Ism'flcr'e:fﬂy been d{minishcd, but it can again cli
the velocity a o i ;
i 00 and more I\llomc. - ich erad
s s e s il
ils final free incline ig e s vary
and by means of ils ; e apable o . ’
e raor tire round-the-worl
e oo o ich it took off. The enti .
N lane will not even
same acrodrome from W] o s, sl tho 7
i X than severa IS, L L not e
e e nodﬁznl}and against the wind, a?Yls usually the ,
have to turn aroun agau .+ ook o, -
i direction as ofl. . s of the
oy VE"Y ;;‘::]f a round-the-world ﬂlghht to f;'h:h;r;fer
i a far step o .
Ezllrili?sn::biﬁcial satellite, but more of this in

95

Allilude in kilomelres
Joo]

uali)’ die down,

1043R00190012000




Declass

Chapter 11
ISLANDS AT THE TERRESTRIAL SHORES

And so, a plane having a velocity of four kilometres per second is able
to fly around the Earth and mako a landing at the very same aerodrome
from which it took off, It goes without saying that if its velocity is great-
er, it will be able to fly even farther, past its own aerodromo. It may even
fly around the Earth twice, three times,

Isn’t it possible to make the plane revolve around the Earth a count-
less number of times? The Moon revolves around the Earth in.exactly
that way, doesn’t it? And the Earth around the Sun?.

Of course it is Ppossible, but there are certain conditions that must be
satisfied,

In the first place, such a plane must, fly around the Earth at a very
high altitude, so that the air resistance wi]] be practically negligible and
i the flight speed, Otherwise the motor of the plane will have
to work all the time in order to recover that velocity. This, of course, is
impossible, for the motor of the plane should 1ot operate during such a
flight, except during the take-off Tun, otherwise the flight will end vory
quickly as all the fye] stored up on the Plane will soon be consumed. If
the Moon made its flight around the Earth in the atmosphere, we would
probably have been deprived of (he charm of moonlig nights long ago,
and the Earth jtself would probably have long ceased to exist, as a result
of the catastrophe which muyst necessarily have ensued, as the Moon would
inevitably have fallen down on the Earth,

Of course, the ideal thing would be a flight in space at a distance of
thousands and tens of thousands, of kilometres from the Earth, However,
there is 1o need to Penetrate space to such depth. Flight becomes fully
Possible even at mych lower altitudes, The trajectory of the flight in the
upper strata of the atmosphere Will, of course, not he circular, but will
be spiral in form, with a graduql Iowering because of the air's resistance,

but this lowering will he slight—the greater the flight altitude, the less
it will be.

For practical pu;
Earth at an altitud
It may, Pperhaps,
several days, to
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altitude. And so, the first condi-

tion is a {light altitude of not

less than 200 kilomelres,

- The sccond obvious condition

is a sufficient flight velocity. It

is casy Lo see that this velocity

must be a very definite one. If

it is decreased, the.'plane will

begin Lo lose altitude; if it is

increased, it will fly farther away

from the Earth. What is this

so-called circular* velocity equal

to, at which the flight altitude e Dissitle
of the plane above the Earth ———Impossible
will remain constant? Arlificial satellite can rotate around the

The circular velocity, we find, Earth only in the plane of a large circle.
will be about 7.9 kilometres per
second, This is the velocity at which the plane must fly if it is to
revolve about the Earth infinitely long in a free flight, the plane
having become an artificial satellite of the Earth.

And so, at a velocity of 7.9 kilometres per second the plane will become
asatellite of the Earth. If the escape velocity is 11.2 kilometres per second
it will leave the Earth forever. What happens to the plane if its velocity
is greater than the circular but less than the escape velocity, as, for in-
stance, 9 or 10 kilometres per second? At such a velocity the plane will
also become a satellite of the Barth and will revolve endlessly about it.
However, ils revolulions wzll not be along a circular orbit, but an ellip-
tical one, and the nearer the plane's velocity approaches the escape ve-
locity, the more elongated will the ellipse be.

Finally, there is another, a third condition, if the plane is to. become a
satellite of the Earth. Such aircraft must make its flight in the plane of
the great circle, that is, in one of the planes that pass through the centre
of the Earth's sphere.

It is ¢lear that the higher the plane {lies above the Earth the less
should be the circular velocity at \Vthh it flies, for when flying in this

* 1t is sometimes also called clrcu]nhon or first cosmic velocily. . t
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ould be equal to the vel

e ocity of
, that js, about one kj e he

. lometre per
. It is easy to calculate how
cmfular velocity, to make ope
beriod of revolution of this ne
’Ijhus, for instance, durine a
eriod of the plane’s revofuti
utes. Less thap 1!

much time it wi] tak

: € a plane, fly;
revolution aroypd the Earth, j. ¢ :‘]vl;fhat .
w.l:errestrial satellite will be. h the
ﬂlghF at Lh_e very surface of the Earth th
on will be 5,050 seconds, or 1 hogr 24 ;Ixine

ses, the period of jts revolution wi

: Earth’s rad; i
Period of rev, i i about 14 oo,
pertod olution will he equal to aboyt, 14,

Lt 11 increase.
s, 6,378 kilometres, the
n 200 seconds or almost four
great interest wil] b
Tevolution of the P Ity
is, the same as th,

flight alt; vhi
lae rones s o itude at which the period of

will be exactly 24 hours, thag

of tho Eanty oo Y ated on a straight Ij
e Moon; it wil j i
ground of the Iupay dis:ou, o Hasiaily

* To be more e i vel W han th n’s veloc
for th Xact, the airplane’s locity w e Moon’s
for : . ould be less ity,
lm nbe MOIOD has EmL mmeaslur:ij; greater mass (this folh:r\\‘st fron: KeM lef s’ lr ltav:
. pler’s third Jaw
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Tsiolkovsky was tho first person to realize how tremendously important
the Earth's artificial satollites would be in solving the problem of space
travel and for many other scientific studies. It is now generally recog-
nized throughout the world, that the creation of artificial satellites of the
Earth will bo one of the most important steps in the altempt to conquer
space.

According to Tsiolkovsky, after the first successful flights of cosmic
rockels had been made along circular orbits around the Earth, at first
without peoplo and then with people, and after many questions connected
with the realization of such flights had been clarified, it would be neces-
sary to begin building a permanent satellite of great dimensions, an entire
island off the shores of the Earth. This island should have a considerable
population: a large group of specialists with numerous, important duties.
From time to time these specialists would have to be replaced by others
arriving on the island from the “Mainland.”

Tsiolkovsky was also of the opinion that after this first island had been.
created, others would follow, of different dimensions, at various altitudes,
including some that were very great, 100,000-150,000 kilometres.

Kondratyuk proposed creating such interplanetary stations to revolve
not, around the Barth, but around the Moon. These would be satellites
of the satellite of the Earth. Later, similar communilies might be
built near other planels of the solar system, first of all ‘mear Venus
and Mars. New planets might even be created to revolve around the
Sun.

The creation of interplanetary stations would be of vast significance.
These stations would have very important functions, some independent,
and others connected with the organization of interplanetary communica-
tion, . .

It is difficult to overestimate the role which an-interplanetary station
can play in the development of science. One observatory erected on such
a station would mean more than all the observatories of the entire world,
taken together. Such an observatory would be beyond the Earth's atmos-
phere, beyond that stratum which is many hundreds of kilometres dec.:p,
and which, despite its seeming transparency, is very dusty and tul:bld,
and is the chiof obstacle in the way of many astronomical obsorvam?m.
It is not surprising that astronomers here on Earth so persistently clu.:nb
to the top of high mountains, taking their instruments along with
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them, to get to regions known for the purity of their air. The
most valuable observations are those obtained by these observa-
tories.

The dusty content of the air, which we cannot observe with the naked
eye, the constant bubbling and “stirring up” of the almosphere become a
vicious evil when the eye is equipped with a powerful telescope to enable
it to penetrate the depths of the Universe. It is this partial transparency
of the air which, in Ppractice, limits the possible magnifications that could
be obtained with the aid of astronomical apparatus. In actual Ppractice,
a tagoilying power of no more than 500 times is used, although the
most powerful telescopes now in existence make it possible to obtain
magnifications several thousand times greater.

Optics permits the construction of more highly improved astronomical
instruments, but their perfection would Prove of no value on Earth, as the
image becomes faint, hazy, indistinct. The greater {he wmegnifying power
t he more insufficient is the transparency of the atmosphere. For (his,
T eason a large telescope often proves worse than a small one, and the as-
tronomer’s eye—better than the camera. Astronomers on interplanc-
tary stations will never encounter such obstacles. And how their col-
leagues on Earth will envy them!

At this observatory beyond the atmosphere we will be able to obtain
authentic photos of Mars and other planets, will be able ccmpletely to
solve the mystery of the “canals” on Mars, and attempt to penetrate the
impenetrable blanket of clouds that envelop Venus. It will be possible
to check up on the correctness of the hypothesis advanced by Soviet as-
tronomers, to the effect that Pluto js merely the largest of a group of small
planets that form a second, outer asteroidal ring in our solar system.
It will be possible to study new galaxies, considerably extend the bound-
aries of that part of the Universe that we are able to see, the melagalaxy.
Just see how many absorbing problems such an observatory would help
to solvel .

The Earth’s atmosphere is an obstacle in’ the way of astronomical
observations not only because it is not transparent cnough. The
atmosphere scatters the sunlight, and although this scatlering of the:

.light gives us such a remarkably blue sky, it causes the astroncmers no
enc} of trouble. It is for this very reason that the astronomer’s work-day
is the night, when the sunshine does not, Prevent his seeing the stars and
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planels. And it is for this very reason, too, that astronomers so highly
value those precious moments when therc is a solar eclipse, enabling
them to photograph and study the Sun’s corona, which cannot be secn
in the bright rays of the Sun at any other time.

At our observatory beyond the atmosphere the situation will be quite
different. The blinding glare of the Sun will be even brighter against the i
background of a velvety-black sky, and yet it will not eclipse the cold
light of stars that will not twinkle but will seem to be frozen; stars that
will fill the firmament in much greater number than the 3,000 which we
can sce from the Earth even on the “starriest” of nights, Astronomers of
this observatory beyond the atmosphere will be able to see and photo-
graph a sight as yet never seen by anyone—the solar corona when the
Sun is not eclipsed by the Moon, tremendously long flames of incandescent,
gases, prominences] that break out not from behind the dark disc of the
Moon, but directly from the flaming day-time heavenly body, darkened
only by a piece of cardboard. And it will be possible to glalce such obser-
vations not for tho mere instant of a total solar eclipse,* but every day,
for many hours at a stretch. And it will also be possible, a.t laél,, to study
the regions of the sky that are near the Sun. In particular, it will be much
casier Lo make observations of Mercury, which is difficult from our
Earth because of Mercury’s closeness Lo the Sun. It never moves more
than 18°-20° away from the blazing solar disc. .

The observatory beyond the atmosphere will make it possxl.)le to use
new, more offective methods of making astronomical observations, Ever
since people first began to study the sky, up to rocenl._ years, we may say,
the only source of information about the heavenly bodies was their visible,
and, to some extent, their infrared and ultraviolet rays. The spectral anal-
ysis of visible light led to tremendous progréss in the {ic?d of astronomy, and
enabled scientists to determine the chemical GOU‘IpDSlLlOI.l of t.he s.tars thz.xt
are at such great distances from the Earth as defy our imagination. This

* In recent years astronomers have .learnud to \’iln\v undrpyfll;f)grg:lph Lshe :(:Ig:-ozg:
Tona not only during an eclipse. A special apparatus is u_sed ll])l ﬂ‘lstl,)s rlf)?iei,; corono-
graph, which is based cither on the principle of m:ercommgt e effec j(-;owiw, cottr-
ing or on the principlo of using a very narru\v-schlon ‘?f the spcctll;;lm. o vu]“,ﬂhle -
vation of tho corona beyond the utmosphcre. \\’}l[ be fmmeasu;’n 3: T}?e. o Cor;m‘
only for the reason that until this very day it is ]).osslh]e to observe 3
only during.the briel instant of the tolal solar eclipse.
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spectral analysis has ma

candescent hoavenly hod

Lhe atoms in these bodi

trum have cnabled {he ikhov, not only Lo establish

tho oxistence of plant life on Mars, but even to deternine the differenceo
. between Martian flora and terrestrial, and thus lay the basis for a now

science” of plant life on Lhe plaucts—asu‘obowny, and many other things.

And in spito of al] this, it is only visible light that essentially forms the

basis for all methods of observation,

Quite recently scientists took a new step towards increasing their means
of knowing the Universo, a step which immediately led to truly remarkable
results—the radio wag applied to astronomy. This idea oceurred to the
Soviet scientists L. Mandelshtam and N. Papaleksi. in 1928, They pro-
posed sending a powerfy] radio ray up into the sky, ono that would pierce
the “clectric ceiling” of the Barth, the ionosphere. Tho reflection of this
ray from the celestia] bodies could be registered by radio receivers on
Earth in the form of a radio echo. This idea was first effected in actual
practice in the United States of America in 1946, when a radio echo was
received from the Moon.

But the sensitive receiving apparatuges which had been designed for
such purposes also received certain radio signals even when none was sent
from the Earth, As blished later, these signals came from the depths
of space, the Sun and the stars themselves emitting radio waves,
This laid the foundation for radio astronomy, which made remarkable
discoveries within a fow years: invisible sources of radio radiation were
discovered, which have been called “radio stars” and “radio galaxies”;
it was also discove efore invisiblo interstel-
lar gas, hydrogen, ’

It has recently oo established beyond any doubt, thal the so-called
new and super-new stars are the soupee of especially powerful radio ra-
diation, Mighty streams of radio beams, that come to us from the depths
of the 00smos, are, in thig case, the--reverherations of those mysterious
Processes which take Place within the stars and sudden]

colossal soap bubble

i i iati niverse,
Radio-telescope. Equipment to reccive radio radiation of the Uni

ies i i ion of the
Cygnus was caused by the collision of two galaxies in this regi
, i the sur-
Sk}U.n[orl,unately, much of the radiation {rom ipace I;;xls“t;izlelatf:i\ne e
} 1 ive only those rays w i
a tho Earth. Actually we receive y se ra) o fores Leir
f\:\z:’; z][nough two narrow windows, the o?dm‘ar)' ;lsiﬂznl;gcgn“metm o
waves thal have a wave-length of al?]:irixuxaz:gegar;ﬁ,s oo rente
- D
2 res. All other rays are absorbed by ore: radio
120 m:Lile'lsviﬁ a wave-iength of over 20 metres, elictrz?;pz:f ;[ eams
mi{lfl‘:l1 w(zwe-%ennl.h of less than one cenLimeLre,.the arga et of Tow
;va od‘ and ultr;violcb rays, and the X-rays with a w:
rar : 17
e e sonemilionth Of;' l‘lfn HhItnz’;ri;agards the observatory beyond the
‘ tuation is quilo cifforen i diation of a
L’l];: 15};?;“"?11110 engire spectrum of the electron]llz}glnozt;ecrs;\t;ry’ o
. Il;lt . 'ill in the hands of the astronomers of L I:sb el oo
nn ,:}ﬂce " '11;on for a study of the Universe. It will be a p
an active wes
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spectral analysis has mado it possible to determine tho temperature of in-
candescent heavenly bodies, the laws governing their motion, the stato of
the atoms in these bodies. Photographs made in certain rays of the spec-
trum have enabled the Soviet scientist, G. Tikhov, nol only to establish
the oxistenco of plant life on Mars, but even to determino the difference

. between Martian flora and terrestrial, and thus lay the basis for a new
science of plant life on the plancls—astrobotany, and many other things.
And in spite of all this, it is only visible light that essentially forms the
basis for all methdds of observation.

Quite recently scientists took a new step towards inereasing their means
of knowing the Universe, a step which immediately led to truly remarkable
results—the radio was applied to astronomy. This idea occurred to the
Soviet scientists L. Mandelshtam and N. Papalcksi in 1928. They pro-
posed sending a powerful radio ray up into the sky, ono that would pierce
the “olectric ceiling” of the Earth, the ionosphere. Tho reflection of this
ray from the celestial bodies could be rogistered by radio receivers on
Barth in tho form of a radio ccho. This idea was first effected in actual
practice in the United States of America in 1946, when a radio echo was
received from the Moon.

But the sensitive receiving apparatuses which had been designed for
sach purposes also received certain radio signals even when none was sent
from the Earth, As was established latcr, these signals came from the depths
of space, the Sun and the stars themsclves emilting radio waves.
This laid the foundation for radio astronomy, which made remarkable
discoveries within a few years: invisible sources of radio radiation were
discovered, which have been called “radio stars” and “radio galaxies”;
it was also discovered that non-luminous and therefore invisible interstel-
lar gas, hydrogen, cmitted these radio waves, etc.

Tt has recently been established beyond any doubt, that the so-called
new and super-new stars are the source of especially powerful radio ra-
diation. Mighty strcams of radio beams, that come to us from the depths
of the cosmos, are, in this case, the roverberations of those mystorious
processes which take place within the stars and suddenly cause some of
them to become inflated like a colossal soap bubble, as a result of which a
modest, barely visible and, at Limes, completely invisible little star begins
to shine blindingly in the firmament at night. It was recently discovered
that a powerful radio radiation coming to us from the constellation of
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Radio-telescope. Equipment to receive radio radiation of the Universe.

the collision of two galaxies in this region of the

Cygnus was caused by

sky. : )
){Iniorl,unately, much of the radiation [rom space fails to reach the sur

face of the Earth. Actually we receive only those r.ays wh.iclh {ur(gz :;1;11;
way through two' narrow windows, the ordinary v1sd?le light sn | radie
waves that have a wave-length of appruximately froni one centim

th’ : radio
2 r o absorbed by the Earth’s atmosphere: ra
A e Ao dongth o 0 metres, electromagnetic beams

Dbeams having a wave-length of over 2 ' : s
with a \\vave-:l’eugbh of less than onc centimetre, the larger part of the in-

frared and ultraviolet rays, and the X-rays with a Wave-length‘ of less
than ono ten-millionth of a millimetre. ]

The situation is quite different as regards” the obser\tatorg('l 'h?:,?dozh:
atmosphere. The entire spectrum of the olectroma?gnclluc tat;af o
substance will, in the hands of the astronomers of L.hls observa ?{'wea. e
an active weapon for a study of the Universe. It will be a poweriu P
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inusmuch as it has been established, for instance, that our system of

stars, the galaxy, is much more “transparent” for certain radio waves

than for the visible rays. And who knows what now forms of existence

this endless matter may be discovered to have, with the aid of this means .
of cognition! ’ ’

This is also true, in no less degree, of the corpuscular radiation
of the Universo, that is, those strcams of particles that come rushing
down to us on Earth from the depths of the cosmos and the absolute ma-
jority of which “perish” in the atmosphere. Only beyond the atmosphere,
on an artificial satellite, will it be possible to make a thorough study of
these streams.

There is another form of astronomical observation which 1s quite .
impossible on Earth, but which will be a most ordinary thing al this ob- |
servatory boyond tho atmosphere. It will at last become possiblo Lo study
a certain planct about which we know so much and yet so little. We refer -
to the planet on which we live. What valuable material we would be able Lo
obtain if but one terrestrial inhabitant could look at the Earth from
aside, from far away! .

1f we succeeded in glancing at it with the eyes of an “oulsider,” it would
be of great help to astronomers on Earth in their study of other planets.
For instance, it is suffi¢ient to point out that astronomers kiow to what
degree other planets are able to reflect solar light, the so-called albedo,
but know nothing about the albedo of the Earth, which malkes it impos-
sible to judge of the character of the surface of the planets* with sufficient
authenticity. .

Not only will astronomical observations of the Earth become possible
from its artificial satellite. From such a satcllite it will bo possible to
make mauy observations which directly concern our life on Earth. We
will be able to study many terrestrial phenomena that cannot be studied
from the Earth itself. From an observation point that is at such a great
distance from the Earth’s surface, from this observation tower of such an
unusual height, the eye can embrace tremendous areas of Lhe Earth's
surface. This presents entirely new opportunities for geophysics, carto-
graphy and meteorology. How valuable is just the mere simultancous ob-

* We can judge of the reflecting ability of the Earth’
called Earth-shine of the Moon when it is il
during the new-moon phase.

s surface only from the so-
minated by the reflected light of the Earth
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sorvation of the thunder regions or clouds on millions and tens of n.xilli;ns
of square kilometres of the Earth's surface!®* The weather Ioreca.sl.mg :.1;
reau would acquire a most valuable weapon and would funf:uon !;n:,he
moro confidently. The same holds true as regards observations of
movement of the ice in the Arclic regions, and. many o.Lher ohscrval.lllonls‘
Somo such observations are now being made \\'1'L11 the aid of stratosp! ex-;cs
rockets. But the value of Lhese observations, which last but a few mlomexeld
at, most, is by no means compm-abéu tIo the vah;zlia.[mconstanh, prolonged,
i g bservations as made from a satellite.
UH;EW;‘:‘Z{);:U‘L Dl,os astronomers, metcorologists and cartographt’:rsi) Li(:‘g
are many other scientists who would try to get to the }z}horatmﬁfle E()de—
tho atmosphere. Physico-chemists would have unusually avouradmonS "
tions for studying the properties of molecules an.d aLomE, iox: Hions o
yet impossible on Earth: an unprecedented, pract.lc?l.lyra Iso ute e 1owi
a wide temperature range co?xl)iufd Yith L'],l'e pos:):li:irc;l;ls;%mg o
est temperatures for an in miLe' y long time, A o herons. 4
very brief intervals that are posﬁxble on Earth L(; ay,ﬂ;ia,tion Bmlogi,sbs
powerful flow of electromagnetic and corpuscuhar .rﬂueuce ;)[ s on
and physiologists would be able to stx{dy the :ln e O e
various phenomena of our life; magnetologists wou} acquir
0§:L1:1dyli)ug the magnetic ficld of {;hledEathl a:li) ﬁ;s?cizt;ci}giiéhgee{l\:c:
i orms on this field; nucle
S:L;I:&?gsfetl')llcisss?’l’al:as\}i;g at their service these powerful streams of un-
cosmic rays, etc., etc. ! .
Wefill{le:ii(ilﬁcial satelli};.e would be invaluable as a solaAr labijiszo:i’ \::Je‘f’;?:}?
could study the life of the Sun and the proce§ses Pak;;‘g }Ianake ) [’nost, o
play such an important part in our terrestrial hfe.h [0 e e aakoite
tailed observations possible it will be necessar)ﬁ for Lh ets.ab e Sun v
flights around the Earth at Jeast within the time that 1 s o dayats
make several rotalions on its ‘axis, and one such rotation ‘ v
‘tcllile situated at an altitude of 35,900 kilometres, that1s,

i ial day, we will be able
Y ion is equal to one terrestrial s
iy e(sI of terrestrial surface, while the angle of

* Tor instance, from a sa
a satellite whose period of r t
to sce about 50 million square kilometr
vision will be only 17°.

tes one revolution in
#% To the terrestrial inbabitant it seems that the Sun makes o

- this is that the
27 days, but as a matter of fact it lasts only 25 .days: Thﬁ-;?ssi?uﬁr\-exocuy of rota-
Barth lself movos around the Sun [ the same dmcuo? ¥ les it is much slower.
tion at the cqudlorial part of the Sun. Nearer to the solar po;
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An exceptionally valuable feature of an observatory on a satellite would
be the possibility of making constant observations without any interrup-
tions, as it would be independent of the time of day or year and also inde-
pendent of the weather, which causes so many unpleasantnesses to as-
tronomers on Earth.

But the opportunities afforded by an artificial satellite are not confined
to the observation and study of the Universe. In addition to this passive
role, which, we admit, is a most important one, the satellites can play a
very active part in terrestrial affairs, doing much practical good for
people. At present all that is possible is to indicate some ways in which
such interference in our life can be effected, but there is no doubt that in
the future, as the number of satellites increases
lates, more and more opportunities wi
cial branches of the Earth in the sky.

As a matter of fact, the meteorological service of the satellites is one

illustration of the very active role they can play. The use of satellites
as relaying stations for television bro

Today only those people who live with
100 kilometres from the television centre can enjoy the wonders of tele-
vision, that remarkable achievement of human genius. This is due to
the fact that such television broadcasts are effected by means of very
short radio waves, whose Iength is only several metres, and which are
poorly reflected from the ionosphere. That is why broadcasts ‘on such waves

can be received only in the so-called zone of direct visibility of the broad-
casting station.

If the Earth's artifi

" ing station which coy
and, in turn, broadeag
-casts could be immeas;
satellite is so great that five o
around the Earth along their “one
to serve such areas with televisio

cent of tho Earth's population, T
used for televi
and telegraph

and experience accumu-
ill be found for using these artifi-

adcasts is of no less importance.
in a distance of but a little over

cial satellite were to be equipped with a relay-
Id receive the broadeasts of the television centre
b them anew, the distance covered by such broad-
urably greater. The zone of direct visibility from a

r six such relaying stations floating
-day” orbit would be able, for instance,
n broadcasts, as are inhabited by 90 per
his chain of satellites could not only be
sion, but would successfully replace all the terrestrial radio
stations, would free radio communication from those dis-

turbances which are inevitable on Earth, and would effect a saving of mil-’
lions of tons of cable and wire.
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By means of thesoe satellites the solar encrgy could be used. nfuch' mon;
ffectively in serving man. For instance, take the night illumination o
ii cities. Powerful mirrors set up on an artificial satellite could send the
rc%cctcd solar rays to. the Earth during the hours of night when, on Eartt,
the Sun had already set, and the satellite, flying high above tl.m Ear?];
sas still basking in tho Sun's rays. Two or three such satellltt?s wit,
\“ccially selected orbits could make the Moscow night as bnght as
fll;v without any expenditure of clectric power. Eternal, free 1ll.um1-
'.’ ‘ . .
na’i‘ll?:solar rays, directed from the satellites, could not only illuminate,
: ’ . . . . -
but could also heat the Earth. Very thin metallic mirrors h[avmgm!:(r;erli\itix;
ilometres or even tens of squ -
urfaces of several square ki ¢
ifc‘:jc: could be installed on the satellites. Because olfdtz.\e ahf]f:g]zi
; i v very light. They could focus
ospliere, these mirrors would be very ey co ,
z11)':;:msp uu\\’rcakencd by an atmosphere, on a relatively small p'z:'rt :fL]LJ az
Ea‘rl,h’,s surface, raising the temperature there Lo such an el;\ceu0 e
ice would melt rapidly or water boil. If we had a large num [rrence "
“fire-spitting” satellites, we could count upon their achve‘ 1;1Lexl‘ler range
the Barth's “weather kitchen,” and we might, perhaps, g;;r‘r]il L])Jeir e
the climatic conditions in certain regions of the Enr.th. .nﬂlueme o oy
it might be possible Lo cause rain to fall or prevenl it, 'I. e
clonig activity in the atmosphere by creahing and destr?} tng[erince e
anti-cyclones and by changing their direction. S}_Ich in! er‘ e
be cs }ccially cllective if we could make the saLclhte§ hovtel ;)1 ot
the sz[\)mo regions of the Earth, especially those poorwlfx n:h;lsr P Dnh,'
i g 1lites can “soar” in )
r regions. However, satel b color
‘\lvsh:::ieﬂligiag '\l)ive'Lhc oquator, where there are morg than enoug
is. : ) atellites in solv-
m?;‘ssi:kiysvsky attaclied great importance .Lo L}l(} ro;‘e c;): 's'lti]ellshiislel R
ing problems’ of interplanetary commur;wat.xor;;l cstos;zce fight, such o8
i the sim '
e . ally recognized. Even v ‘ ! o ally
Sl sl e, T, el
‘ y : [ velopment ol r
i i L esent ~ level of devel .
impossible at® the ’p,. hat later, Howover, 1ot on1y. such flights, b
but wo shall speak 5f L]ﬂ tary flights becomo possible even today 1I
y i interplanctary ! e oSSt o5 of fue
3019 toﬁl‘léiwi?idsc(llnas isort of space “service station. Supplies
he satelli

d ites, that space
1d be gradually accumulated on such satellites, so th D
cow ° :
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ships could later be servic r i
o viced by them when their fuel tanks became
Sp’:‘::)eitas‘itltilolisbesl m‘ig:n, lio of equal importance as “transfer” stations for

vellers. In interplanetary communicati h
hght o that which b ation the most advantageous

a made with one or several L “
gt ; ! ransfers. “Through serv-
rmu::;l;eseﬁ cases is bound with very great difficultics. lncidgenLalllP;
s ptce. ravellers need have no fear of making such transfers- L]u;
; : . | —
et s aotu?xll:;rwd} be equped with the maximum of comfort, includ-
oy meng:?ll‘] i 1(.'y of makmg?r radio-telephone calls to Ll\eh" terres;
e .he he time-table for interplanetary trains would be such Lhat it
Sation i ;1elcessary to wait around for any length of time al the
Scrvme, hum;llxls wo?ﬁi le(iugh[ to dine; the precise work of the space travel
praiy » OL course, permit any delays in, the arrival
What will these artifici
ificial satellites of tho E i

il th b Barth look liki “ethe-

real dwellings,” as Tsiolkovsky called them? ool ke, theso Tethe

Chapter 12
ON AN ARTIFICIAL SATELLITE

Science has developed to such
a state that the sending of a
rockel plane to the Moon, the
creation of an artificial satellite
of the Earth have become a
thing of reality....

Academ{cian A, N, NESMEYANOV

It will be i

an antifioin) st:f:llleizedousldy ml,e.rest,ing and thrilling to live and work on
than Tivieg at some’ gn yel 1I;.\vill probably be not much more difficult
Lond” willacs oty m;St;l.ub .\vmte.ring station on Earth. The “Little
hood of interplanel,lzr : ect ils inhabitants against the dangerous neighbour-
bion, vicions cold—b)b Space—encounters with meteors, harmful radia-
Thatks to sehos air-co:lld'\:'dl even afford them the maximum of comfort.
fresh air and vy S li}o?mg Plants, such a satellite will always. have
beon aocumularoy Th. u lcl.cﬂb experience in this direction has alrcad

- the air will be purified so that it will not contain LhZ

harmful prod v i
Products we exhale; it will be enriched with oxygen and the nec
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cssary moisture will be added to it; it ‘will even be saturated with light,
pleasant aromas, s0 that the dwellings on the satellite will be filled with
a fresh embracing atmosphere as that of a spring morning or of a warm
autumn evening, fragrant with the scent of distant flowers.

But it is not only tanks of liquid oxygen that will supply this “elixir
of lifo” on the satellite. Tsiolkovsky advanced the idea of, and even made
calculations for, a hot-house whose plants would be able to absorb the car-
bonic acid exhaled by the inhabitants of the satellite and which would
produce the life-giving oxygen* with the help of the chlorophyl grains
of green leaves. This wonderful cooperation between the plant and
animal worlds, transferred from the Earth to the satellite, will not only
ensure ils inhabitants fresh air and supply them with fruit and vegeta-
bles, but will also beautify the satellite with an cternally blossoming
garden and will fill the vases in the “apartments” of the passengers with

fresh flowers.
side the satellite will enable its inhabitants to

The absence of air out:
make small excursions in world space at will. In order to do so they will
ble a diver’s suit, but which

have Lo wear special space suils that resem!
will be much more intricate in design.**

The fabric of these suits must be sufficiently
blows that may be dealt it by minute heavenly stones, and also to with-
stand the pressurc within the suit, which will be created by an air-condi-
tioning apparatus. The fabric of the suit must also protect the wearer
against the harmful effects of various rays which penetrate space.
It may be feasible to make the interplanetary suit of metal with flexible
folds in all the joints.

Through the hatch, which serves as a uniq
passengers on Lhe satellite will make their way
satellites of the Earth. Many valuable scientifi

durable to withstand the

ue sort of “canal-lock,” the
out, becoming independent
o observations can be made

* Developing these ideas of Tsiolkovsky's, Tsander, Vhack in 1945-17, built a
bot-house of an astronautical type and grew vegetables in it. ) .

s This was also one of Tsiolkovsky’s ideas. Tt is interesting to note tl}nﬁ Su.ﬂs.\\'hxch
greatly resemble the future interplanctary suit are already b'cmgA used in gvmluon. by
high-altitude pilots. Their purpose is to save the life of ll.le pilot in case ax]xyigmg g:);;s
wrong with the hermetic cabin. If Llie pressure in the ca.bm should suflden y drop, (e
suit aulomaltically becomes inflated. This ¢nables the flier to lgwer his plane to a sa! .e
altitude and sometimes even to continue his flight for-a long time. - =
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oaly there, ibeyond tho walls of the
satollite. And genorally speaking, it will
be of great value to ho able Lo move
about outside the salellite, as, for in-
stance, when repairs must be mado on the
outg part of the salellite, when now
cquipment must be erccted on the exte-
tior surface, or when_construction work
is going on during the building of the
satellite, elc. The cumbersome suit of the
astronaut must, therefore, permit free

. movement of the hands, feel, and cven
the fingers,

Every excursionist will have to he
supplied with various equipment neces-
sary for a sojourn of several hours out-
side the satellite, A small tank of oxy-
gen, a minute receiving and transmit-

o st 1 l;mg f"adio—.telephonc station, and lights
erplanctary travel 107 illuminalion outside the salellite

may look like this, ° which may prove useful if it hecome;

- o necessary to examine that part o

;?::;}nz:tsflg:aﬁe \\thlcll Is not illuminated by the Sun; appnbouxfzatlil:
siouis;; - fanllxlntmg c?smw hares, Lo be sure, bul to help the excur-
the pistol aner er a;vay from Ll}e satellite by making use of the kick of
“swimmert 1o ) rlxcse 1r€Id——su.ch is the approximate equipment of every
satellite, iom a.p( . eavy:sh‘? ‘By no means, for everything on the
s uding the excursionists flying about beside it in space

and who seem to he i i i
absolute]y nothing, ied. to the satelljte by invisible threads, will weigh

But this weightlessness
case, is, perhaps, the mo,

, which is a convenient phenomenon in the given
What dos the e - §b ug_pleasant asp?ct of life on the satellite..
that the pasgen érsA P 1leorl it ?ws no weight” actually mean? Car it be
atiracted by Lhi an;x'-g ersaLelhte and all the objects on it are no longer
and only altibude: ? L\O,. of course not; they are attracted as formerly
considerably Tos Thmany times grgaber does the force of attraction become
S. Lhere is something else that must be considered here.

110

What is il that gives us weight on Earth? It is the support beneath us,
tho floor, a chair, the soil, ctc., which prevents us from falling Lo the
centre of the Earth, wherc we would absolutely find ourselves as a result
of tho forco of gravity were it not for such support. It is the pressure we
exert on this support that is our weight. Should you like us to do so, we
can measuro this force: il is sulficient simply to place a strong spring
bencath the support. Under the pressure of our weight the spring will
bo compressed, and if we know what forco is necessary to compress it, we
will also know what our weight is.

Romove Ltho support from beneath our feet and wo will immediately
begin to fall towards the centre of the Earth. We will [fall faster and fast-
er and the velocity with which we fall will increase rapidly—10 metres
por second for every second we fall, if we ignore the resistance of the air.
That is what wo call the acceleration of a free fall.

What will happen to the spring if, together with the support beneath
us, we really do take a free fall, that is, if we fall towards the centre of tho
Barth without anything in our way to stop us? Obviously, the spring will
o longer be compressed, since the support no longer stops us from
falling.

Lot us imagine another way of falling, when the spring is compressed,
but Iess than in the beginning, for instance when the spring is compressed

10 ono hall of what it was before. This means that we weigh half as much
as usual. In this case we will fall towards the contre of the Earth not with
the acceleration of a free fall, but with an acceleration that is half asmuch—
our velocity will increase five metres per second every SBOO{Jd.' )

Can the spring become compressed more than in the hegmnmg, that is,
can we weigh more than usual? That is egact.ly what will happen when

taking off in a space ship (just recall Jules Verne's cannon). )

So we soe that the compression of the spring enables us to ]udg'e of t,he(
magnitude and dircclion of the acceleration of our moi:ion. This often
becomes very necessary and not only in astronautics. An important ap?a-
ratus has been built on the basis of this principle, the accelerometer, wln.ch
is used to measuro acceleration. Not asingle space ship will 'sel, o'ﬁ on its
journey without this apparabus. In the accelg‘romel,er a massxvehrilng hl:;(;
resls on a spring slides along a smooth pin. An arrow at.b['iw.e{ ti? e
ting shows the degree to which the spring is F“mp“’ss"d and, it Ot oS,
the magnitude of the acceleration of the motion of the accelerometer.
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LA ms

razzns Ahat ooly the noual weight of the ring 2feeis the
icg. Then the morket takes off. The spring is compressed
arrew 09 lonzer ¢ 0§ bus, let s say, (9 4. In olher words,

pedderziion of the eseaping rorked is four times the aceeleration of a

B2l 2od the weizht of the ring is £ times its nspal weight. * Bot now

st randor bas been shnt down, znd the rocket bezins to fall freely
i ike Ezsth (while doing =0 it will, of eourse, continee Eo move nmapi;
in Ao beginoiny becanse of the velotity it has accamuleted, then it will
stop for 20 inslant, 2nd Bezlly bezio to move down towards the Earth);
ihe seeslersmeter amow points &

to 0: the spring is net compressed at all
evw, 2nd the ring has po weizht whatever.

Tee wery seme thing takes place on 2 satellite, for together with every-
thinz on it, 3t fallz freels to the Farth. Everxthing t'm such a saie]liEe
is weightlees, 2nd this fzct makes life on the satellite not onlv unusual
Bt we must 2dmit, even anplezsant. Very likely (we shall spe.ak of this
in Chzpler 20, which is especially devoted tothis problem, one of the most

irepsrizal in ialerplanetary communication) a person cannot remain in a
sizte of weightlessaess for a long time, and measures must, therefore, be
tzken srtificially to create weight on the satellite. | '
The absence of weight on the satellite destroys one's conception of what
is up zad what is dowan, a feeling so customary to people on Earth. And in
order Lo walk on oae's feet znd not on one's head, it may be necessary to
put mzzactic coles on one’s shoes. Incidentally, the very coucepliot‘l of
ihe tera “to wall” is, under these conditions, also m’m’sual. On Earth
we move zbout becanse of the friction betseen the soles of our feet and
the soil, but this friclion resulis oaly from the fact that our weight presses
ue Lo the soil. If there were no weight, there would be no friction, and the
nsual walking vould be impossible. It will probably be nec&ar'\' to put
a number of handles and loops on the walls of the cabins and corridors

i During a vertical take-off the rocket speed will be increas:
:lunn',r a h:ﬁé fall, but only threefold, for the acceleration acquired by the rocket when
its molor is ap'er:zLing is opposed by the acceleration of a free fall

Therefore, if Ehc arrow of the accelerometer points to 1 duriu’a flight, it means
that the mck&:b is simply suspended motionless in the air. \?’e :hail tell you
more’ about this inflnence of the Barth's attraction in Chapter 16 ' ’

ed not fourfold as
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i i i i These walls, as woll as the
1lite Lo aid people in moving ahout. ,
of the Sﬂlg} ‘coil'mgs (incidentally, the distinction between these words

(loors an ditional), will have to be padded with a thick layer of

becomes quite co;x o
or oth-
soft upholstery, Direclion of Direclion of

erwise 2 carcless move acceleralion acceleralion o
by the satellite’s inhab- of rocke rockel

jtants may send them off
into the most unexpected
direction and they may
end up by becoming
covered with abrasions
and bruises.

On Earth the force of
gravity causes a con-
slant thermal stirring
up of the atmosphere. If
provisions are nob m%ule
for an ingenious ventila-
tion system for all the

. lite, Apparatus permitt e i Sengers,
premises o0 thn.satcl ing.}:rplnnetury ship and of weight of 1LstP¢i5_ “acgcele-
the people will suffo- This apparatus is called an accelerometer

. ip i ding still
cate inthe products that rating gavge” Ab leﬂ,—-Lu\e lixé;fyxs ;{i?: :; g
5 i i ve! 8
they themselves oxhales o moving with cgnstaﬂ; the weight of passengers
the'y will suffor foo $ho - meter ol po}:;(llsl mlht; sh;p tak; off; its velocity
i “en- is normal, In middic—
heat as they will be “en- s no

T v points
i i he accelerometer arrow po
in immobi conlinually increases. meter oW B 2
veloped” in 81 ¢ obile Lo 4, signifying that passengers’ weight is fo

s

i i i ip fli vith the motor
s of e osted 3ol 250055 508 Lo e ot
their own bodies, andA it yrned off, conscqucmilg 11 alls froly O ndieating
M imPQSSiblc v e Mcclc"‘)mete:s‘:F%hemship Dbave no weight. The
i iga- t'the passenge! ¢
light a match or a ciga- tha o O ponts 100,
relte because of the ab- -

- c
senco of OXYEOR. A ccial tubes through whi
i i i ary to use sp °
In order to drink it will be necess )b Ot look Tivo T bor poars

N liquid, or resilien > . irt the lig-
omh cﬂal ;“thltﬂli«:: ml]((Il [u;m which it will be- possible to squIT
or toal as|

iar into a glass
i t pour out of a jar .
i1 . H th. Water will no ater will
uuLl Egm' ;1?%: Oll)lsbsifmf;l spite of all, it should pour out, the W
se cneal 1L, ’

rmilting one to judge of acceleration of
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not fill W
t fill the glass as we are accustomed to ﬁlling it on Earth but it w
1 1t will

collect in a ball under the

However. “weight? v
. oi\t:se\;r};a ’;fog?t will probably created h
. e on the satelli
des‘,gns for the s experiences. Numzmllz:
It s h riific already been proposed
ted for diverse purposes:
eople. They will make

v be artificially
ill be spared these “exotit):"

. Means of protecti i
C ction g
. ! gainst
oﬂseoéoun'l 2 space will be tested by
ermine the eflect of encounters with

many dangers that accompany

, the tempe;
other questions of pri y
g ri
satellites it will be possli]b;:i:‘)y

fnany

‘ I;z]?:rt?nce: By means of these most si
astronomy, geodesy, physics, ra scientific obsorvations in the fields of

mple

dip engi i
recorded by the instruments i 1 bo ran,

The next step will be expen'lu be tratsmitl

edl.c. All the necessary data
A ed to the Earth by io:
' o 2 y radio:
::;;Po;ied ,;OhOB satellites equi;;::l\li?lfmgs o oeen by sucadio-
ctable. The startin a "ot the s which can al
be effected ei 8 and- stopping of the ; " tochete e
o begid"é:heliaummatically P commn;;go;s of tllllese rockets can
usin ! rom t| 2
g robot satellites for eXperimental p;}i’sﬂ'bh- hich
P es, whicl
eopl}gll\efilof space, even later, when’numer:
i \vid“ "E‘f"]"f’ around the Earth, robot
oy eeh application, Such satellites will
o gfor ous‘t;?, as searchlights to illuminate
o \Vorkersriilfh al:d 2‘\' broadcasts. And
inter ¢ e € “road” service d :
. at ¢ department * -
.::;E;glthe inseription “Servic:a(’)’no:l?}f Fhem on their cosmic spged shi};s
/e1al cosmic bodies created by manetf; :eTOﬂdSide, vorinspect all these
TVe man.

11

As a rulo it will be feasible to select such an altitude for the satellite's
orbil, as will enable the satellite, within the course of one day, to make a
number of complete revolutions around the Earth for the convenience of
its observations. For instance, at an altitude of 557 kilometres the satel-
lite will fly around the Earth 16 times while the Earth will make one ro-
Lation on its axis (such an orbit will take 11/, hours); at an altitude of
1,669 kilometres—12 times (an orbit of 2 hours), etc. A rocket train of
\liree or four stops with motors operating on the usual fuels, such as we
know of today, is sufficient to launch the simplest orbital rockets. It is
quite possible to construct such trains at the present level of development
of reaction technique. Values for the fuel-weight ratio of the rocket which
have already been achieved are fully acceptable.

If the rocket standing on Earth is to become an artificial satellite, it
must obviously spend a certain amount of energy, This energy will be
spent on raising the rocket to the altitude of its orbit, imparting to it the
necessary circular orbital velocity, on piercing the “armour” of the atmos-
phere, that is, on overcoming the resistance of the air, and on compen-
sating for various other losses of energy, which are inevitable during such
a flight. The cnergy necessary for all these purposes must be contained in
the fuel stored up on the rocket. What should the value of this ener-
gy be?

If the rocket flew in free space where there is 0o air or any force of grav-
ity, all the energy of the fuel stored up on the rocket would be spent only
on the take-off run of the rocket and on increasing its flight speed. In this
case the final velocity of the rocket would obviously be much greater than
the velocity of the rocket as it flies off from the Earth. It is not surprising
that this velocity is often called the “ideal,” to show it is unattainable in
reality.

In astronauties the fuel supply on & rocket necessary to make any inter-
planetary flight is usually based on the value of the-ideal velocity. The
more complicated and the more difficult the flight, and the greater the
energy to be spent on cffecting it, the greater will be the amount of fuel to
be stored on the rocket, which, in turn, means that the ideal velocity of

the rocket will be that much greater.
satellite of the Earth, the value of

If a rocket is to become an artificial satel ! 0
the necessary ideal veloeity of the rocket will depend chiefly on the alti-
lations show that this velocity

tude of its orbit above the Earth. Caleu
8 115
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increases from 8 to about 13 kilometres per second when the altitude of
the orbit increases from 0 to 35,000 kilometres.

The methods which can be used to achieve the necessary velocity are
known to us. They have been defined by Tsiolkovsky's formula, namely, {0
inerease the jet veloeity of a liquid-fuel rocket motor and increase the fuel-
weight ratio of the rocket,.

Let us once more recall the long-range rocket described in Chapter 6,
Theratio of the take-off and final masses of the rocket is 3.23, and tho jet ve-
locity is approximately 2,100 metres per second. Tsiolkovsky’s formula
shows that a rocket, which could become a satellite that would revolve
around the Earth at an altitude of 500 kilometres must, at the indicated
mass ratio, have a jet velocity of 7,000 metres per second, which is unat-
tainable by modern reaction technique. If we retain the value for the jet
velocity given above, namely, 2,100 metres per sccond, the mass ralio

must be approximately 60, which can be obtained, although not without

much work, by means of three- and four-step rockets.

The flight of such a rocket along its orbit will very likely resemble the
flight of the long-range rocket already mentioned, The rocket will take
off vertically; then, at a certain altitude, it will begin to fly at an angle
Wwith the horizon until it, has acquired the velocity sufficient for it to attain
the necessary orbital altitude when continuing in a free flight. When this
has been reached, the motor is turned on again so thag the rocket’s flight
velociby in its orbit will become circular. In this case the motor works for
avery brief period, but Lwice, al the beginning and at the end of the trip, *

In order to take advantage of the velocity which the Eargh has as it
rotates on its axis, the satellite’s flight in its orbig should be in the
same direction as the rotation of the Earth, thay is, from west to east. The
maximum gain in velocity in this case may be at the equator, and will
be equal to approximately 465 metreg Ppersecond. The greater the geograph-
ical latitude of the launching point, of the rocket, the less will be this
gain. A flight in the Opposite direction will mean an equal increase in the
Recessary ideal velocity. If the take-off is at the pole, the direction of the
flight, will, of course, in no way affect the value of the ideal velocity,

* We can launch the satellite in a different way: for instance, the original ascent
of the rocket, can be effected by means of an acrostat or airplane, and the final push
(the run until it, attains its orbital velocily) can be achioved by means of an explosion
of-a,special charge in the rocket, 5
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2 ons of [rajeclory
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Verlical Take-off

Llliplieal Irajeclory
ghl
WS

ectionaf gkt
Tieetional My

Trajectlory of flight of orbital rocket,

The building of orbital satellite rockets of the smallest dimens.ionzliis
not only fully possible today but does not even involve any special kx ;
ficulties. In the simplest case the only thing ncceslslazy gu such a roc] et

i ; in this case, will be 0.
is the steering gear; the useful load, in i , y L
l According gto one of the designs, by using anl;h;oc-step. 1?1001;? Eﬁ:ﬁlgﬂs

‘ i 1 -off, it will be possible
total weight of 17 tons* at take-off, : : -
artificial salellite three metres long, with a g]:];m:%zlz]fl (i)ﬁsafe;:ﬁit 1:“’

ighi ilogr 0 rovolve aroun Ear

e e o S oS i f even smaller dimensions can

an altitude of 800 kilometres. Salellites of ev mensions o1
i i ing tement by the National Ac y
1. For instance, according to a sta b 2l

gfe }SJ‘:ilences of the U.S.A., during the International Geopygsi’cal zlza;;

whicli will last from July 1957 to December 1958, aLLemﬁbsI:vxisl fa’:llned ko

launch robot artificial satellites the size of a basketbal .f b ]{;aml*s b

install instruments on them to study the phenomena o

mosphere and of the Universe. catem
Tll:cse satellites are to revolve around the Earth for several day :

¢ i t, using fucls
* According to otber calculations the take-off weight of such a rocket, I'd
nvnilnblc'tuduy, must be equal to 100 tons.
17
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altitude of 350-500 kilometres,
kilometres per hour,
Academician [, Sedov, Chairman of the J.
Academy of Sciences of the US.S.R. on the Coordination of Research Worl
in the Ficld of Interplanetary Communicat,ion, has stressed the fact that,
from the technica] viewpoint, it g Possible to build 5 satellite of greater
dimensions than those indicated in the statement of the Academy of S;.
encesof the U.S.A., ang hehas pointed opy, that the realization of the Soviet
Project can be expected in the relatively near future.*
It is interesting to noto how greatly the slightest load on the satellite
complicates the task, If just a few of the most important, instruments,
having a tota] weight of 100 kilogrammes, were installed on the half-
metre satellite discussed above, this Pay-load of 100 kilogrammes would
increase the take-off Weight of the rocket train almost, fourfold, from 17
1065 tons. I is, therefore, understandable why exceptionally light equip-
ment must be instaljed on the robot satellite. The latest achievements
in the field of radio-electronics unfold specjal OPportunities in this con-
nection. These achievements concern replacing the ysyga) vacuum elec-
tronic lamps by metallic semi-conductor instruments whose dimensions
and weight are insignificant ang which consume very little electric power.
In sach a rocket, the ratio of the take-off weight of the train o the weight
of the useful Joad would be 650, However, this ratio can be decreased in
the future, which is,
the develg

ab a velocity of approximately 30,000

oint Committee of the

ast step,
off. However, if

the rockeg, design, .

The first orbital rockets that wi]y carry people will very likely resemble
the robog satellites in many respects. After making theip {flights around
the Earth Within a iod of time, thege rockets will land on Earth.

n landingA

* Problems of the cr
Astronautica] Section of

eation of qn artificial satollite are also being studjed by the
of scieatist;

.  the Centra] Aeroclub of the USSR, a public organization
S, engineers anq sLudents—aszronnuLic enthusiasts of the Soviet Union,
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If the number of stops of t.l'm P—
cket train were increased, ils
:gke—oﬁ weight would be def-
creased, while the value o
the useful Joad of the last ste{)d,
that is, the orbital rocket, would
remain the same, Thus, nc.cox -
ing to one of the projects,
:vl%eu the useful load of “ﬁe
orbital rocket is 3.5 toms, the
take-off weight of a four-step
train should be equal to870 Fons 27m.
(the ratio of the take-off weight [
Lo the useful load would be ?50}. Neme
The length of such a Lra.m is
35 motres, its maximum dxamei
ter—11 metres, and the tota
time during which all the mol;
tors operate—844 seconds, wit]
a fuel expenditure of 740 tons.
In this case nitric acid .and.hy-
drazine, with a jet velo:xty ull)ea:

of 3,000 metres : :

::cc;i:tln,]should serve as the fuel. Last stop of L]liséhrgﬁ:?gt;{ﬁﬁ?t oy
The first two steps of 1suchha betomo o Tar |

train may descend to the Earthby

L
gain; Lhe third step will fall to the Earth and be smashed; the
be used again;

final step will becom e at an altitude of kilometres, which
p i Ititude of 1,669 3
i o the satellit .
0101 esponds lbO a period of revolution of t‘_‘!o.h? urs. This la‘St 1‘001(95 may‘
\r W, if there are people on it and if‘ itis intended to land on Earth
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sands of kilometres, Such a train
would weigh hundreds of thousands
of tons at the take-off. Obviously
it will be necessary to build gugh a
station on Earth, test it, then take
it apart and send these parts off -
by rockets (o the orbit where the
station will he assembled. .
Such g “construction Jjob” in
Space will be an unprecedented yp.
dertaking, gigantic i scale, uny-”
sual in jtg difficulties, It will be
necessary not merely to creato a
new  heavenly body, the Moon's
younger sister, hut one on which
People can live, a settlement for
human beings, The path, dimen-
sions and velocity of the motion of
this bheavenly body will be set by
man. What , trivmph of science
=" this wi]] bel This star will not ap-
Project of four-step orbita) rocket with  pear ipn the telescopes of astrong.
Pay-load of sateljje equal 10 3,5 tops, mers. who study the heavens; it
will firsg appear on the drafting
d will be bujly at the “Little Moons
]ane!.ary Space, .

aving electro-
the future satellite.

Hefuelling of space ship on satellite
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We must nol underestimate the difficulties attending the building o
such an artificial satellite. If it is fully possible, at the present time, to
taunch small orbital rockets from the Earth, both robot rockels and
others with people, we cannot say the same as regards the building of
large interplanctary stations, which, as we have pointed out above,
will have to be erecled beyond the boundaries of the atmosphere,
in space. Such a building job involves not only tremendous technical
difficulties, but also difficultics of an astronomical nature.

It is not such a simple matter to-overcome thesc difficulties, and the
builders of an island at the, shores of the Earth will have to display great
ingenuity and skill. They will have endless difficulties. And yet, despite
the gloomy pessimistic asseverations of certain séientists, it will be pos-
sible Lo create such satellites.

Scientists, engincers and inventors have various ideas regarding the
‘exterior appearance and design of an interplanelary station. Some con-
ceive of it as a cylinder with hemispheres at the ends (Tsiolkovsky); oth-
ers—as having four parls connecled by girders (Kondratyuk); still oth-
ers conceive of it as having the form of a spherc, a wheel, a cigar and
other intricate geometric figures. But all of them strive to overcome
the phenomenon of weightlessness on the satellite, they try artificially to
creale the sensation of weight, and for this purpose use the only means
possible—rolation. In fact, thal very physical phenomenon which
deprives the satellite of its weight is used again to restore that weight.

In Chapter 3 we spoke of inertia overloads that arise when the velocity
of motion sharply changes its magnitude or direction. These overloads
may increase our weight manifold when the cosmic ship takes off, but
they can also restore our weight when it vanishes on the satellite. In or-"
der to attain this end, we must make the satcllite rotate in such a way
that the acceleration which arises during the rotation will be equal to
the acceleration of the Earth’s atiraction. Incidentally, this acceleration
may be léss, in which case the weight on the artificial planet will be less
than tho terrcstrial weight and equal to, let us say, the weight on Mars
or on the Moon. The idea of creating artificial gravity in the form of the
force of inertia which arises during rotation also originated with Tsiol-
kovsky.

It should be pointed out that the rotation of the satellite involves many
inconveniences—greater intricacy in design, difficulties .of making sci-
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entific observations, especially astronomical and others. It is only. the
need of creating artificial weight in order that the human organism might
funetion normally for a long time, a noed confirmed by experiment, that
may make the introduction of rotation necessary.

Artificial load created by rotation.

As regards the shape of the satellite, the one that most roadily and
most frequently occurs to the mind is the sphere. It will require the least
amount of construction materials and will afford a number of other
conveniences. A sphere having a diameter of 20 metres should make from 5
to 10 rotations a minute om ils axis, so that the weight on it (at the
“(;quator”) will be equal to the weight on Barth or will be equal to half
-of it. .

Another popular idea is that of building the satellite in the form of a
tremendous wheel, a “doughnut” or torus, as a i)ody of such a form is
«called in geometry. This wheel may have a relatively large diameter,
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60-70 metres, and may, therefore, rotate on its axis at a low speed
or at the speed of the second-hand of a clock. For the inhabitants of such
a wheol the outer felly would be the floor, and the inner one—the ceil-
ing.

It has also been suggested that the satellite be built in the form of colossal
Indian clubs, similar to those gymnasts practise with. In this case two
large passenger compartments (or only one of them for passengers) are
united by a tube and rotate about a common centre of gravity. Some-
times simplo guys may be used in place of the connecting tube between
the passenger compartments.

The work of assembling the massive parts of the satellite in space
will be greatly facilitated by the absence of weight—no cranes,
no pulleys or scaffolding will be necessary. However, one must
never forget that the absence of weight does not make the parts of
the satellite less massive. Should the erection man forget about the law
of inertia, he might find himself in a bad fix if, through his careless-
ness, he should be squeezed between two massive parts of the satel-
lito.

The absence of weight will not onlysimplify the assembling of the sat-
ellite, but will also make it possible, in many cases, to simplify its con-
struction: to use hollow parts, decrease their cross-section, etc. At the
same time it will be possible to use astronomical apparatus of much great-
er dimensions than are possible on Earth. Some telescopes used on Earth
weigh over 100 tons as they must be massive to increase their rigidity and
to decrease deformations resulting from their own weight. A mirror of
much larger dimensions than that used on Earth can be assembled on
the satellites from the parts delivered from the Earth, and then silvered
and polished; a telescope with such a mirror may weigh much less than
even small telescopes on Earth.

One of the most serious problems will be to supply the satellite with-
the power necessary for the numerous research plants and to satisfy. the .
everyday needs of the inhabitants. Apparently, the usual thermo-power
plants used on Earth will' not do for this, as they require- air for their
operation,

The motors to be used on the satellite, as, for instance, those necessary
to start the rotation of the electric generator which feeds the numerous
electric motors, will have to operate on a fuel that burns without air,
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that is, the samo fuel as is used by cosmic rocket motors. It will be quite
possible to use gas turbine motors, which operale on the produets result-
ing from the combustion of such fuels. But, of course, even such motors
do not solve the problem fully, for the fuel necessary for their uninterrupt-
ed operation is oblained at a very high price—it must be delivered from
the Earth.

The wisest solution of the problem, o[ course, would bo to build such
a power plant on the'satellite as did not require any fuel.

There arc several ways of solving this task. For instance, an alomic
motor could be used, as il consumes an insignificantly small amount
of fuel.

Atomic balterics, which are already-obtainable today, could be in-
stalled on small robot satellites. These batteries use the so-called volt-
clectron offect, as a result of which atomic cnergy is converted directly
into electric enegry. Any artificial radioactive substance which radiates
electrons serves as the basis for such a battery, as, for instance, the stron-
tium radio-isotope obtained in atomic reactors. For this purpose a thin
layer of strontium is deposited on the surface of the semi-conductor, which
may be an especially treated quarlz. When passing through the lamina
of such a semi-conductor, every electron that comes flying out of the stron-
tium evokes a “shower” of the hundreds of thousands of electrons that are
contained in the semi-conductor. As a result we get an cleclric current.
This weak current can be considerably increased if several similar “atom-
ic elements” are collected in one battery, as has been done in apparatus
already built to feed radio instruments and for other purposes. Inasmuch
as a strontium atomic baltery can operatc uninterruptedly for many dec-
ades and is very small in size and weight, we canreadily understand why
its use on robot satellites should arouse such interest. However, on large
inhabited satellites powerful atomic motors of another type will have
to be installed. Atomic motors of tremendous power and of very small
dimensions have already been cxeahed they will be very suitable for use
on satellites.

It is quite likely that direct. use will be made of the solar energy, of
which there is so much in the space near the Sun. A contributing factor
is the fact that the night on a satellite is very short. For night on the
satellite sets in only when the satellite.is in the shadow cast by the Earth.
For the satellite, the night is a total eclipse.
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A most abtractive idea is that of building a power station on the satel-
lite, in which the energy radiated by the Sun would be directly converled
into electric power. Science knows how this can bo done, and therc are
soveral ways of accomplishing this,

For inslanco, it is possible Lo use a photo-electric cell for this purpose,
one in which the light energy of the Sun would be directly transformed
into electric enorgy. However, hefore this can be done it is necessary to

make considerable improvements. in the photo-electric cells which, as
yet, give very little current.

Another method would be to, use Lhe thermocouple in which thermal
energy is transformed into oleciric power. It is a known fact that if the,
joint of wires of Lwo differont, especially selected metals, as, for instance,
iron and a constantan alloy, or platinum and rhodium, or certain other
metals, were heated and another joint of these same wires was maintained
at a lower temperature, current would flow in the electrical circuit
composed by these wires. The strength of this current will depend on the
couples of metals used, and the differonce in temperature of both joints,
the hot and tho cold. This property is widely used today in measuring
the temperature in machines, furnaces, laboratory apparatus. So-called
thermocouples are made for this purpose.

The application of this principle for the direct transformation of ther-
mal energy into electrical is very attraclive because in many cases the
cumbersome, intricate thermal engines would become unnecessary. How-
ever, this method of obtaining electricity is now very rarely used on Earth,
for it is less profitable: only a small amount of the heat is used as
yet. )

The situation is quite different as regards the future, when the use of
therzaocouples will make it possible more fully to transform heat into
electricity.

Tho use of semi-conductor photo-clectric cell and thermocouple genera-
tors of electric current, which use the Solar energy, affords especially bright
prospects. Such generators as are capable of supplying a small artificial
satellite with electric energy can already be built today.

For instance, if one joint of a semi- conductor thermocouple were to be
heated by solar rays concentrated by a reflecting mirror (which can be
made of tin), and if another were placed in the shade, it would be possible
to obtain energy in the amount of 100 watts per squaré metre of mirror
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surface. A semi-conductor electric battery with photo-electric cell will be
able to produce the same amount of energy.

It is most likely that for large interplanetary stations and also forro-
bot satellites of large dimensions, solar thermo-power plants will be used,
similar to those which are coming into ever greater use on Barth, in partic-
ular in the southern regions of the U.S.S.R. In such a plant the solar
rays aro collected by a mirror and directed to the steam boiler installed
in the focus of this mirror, The liquid flowing in the pipes of the boilor,
as water or mercury, evaporates and moves to the stcam turbine which
sets the electric generator into operation.

The waste steam once more becomos transformed into a liguid in the
condenser, so that the working liquid is not-expended but keeps circulat-
ing all the timo in a closed circle. Calcnlations show that such a plant
today is much more effective than any other which can be installed on a
satellite. The power of such a plant varies greatly, from one-two kilo-
watts for small robot satellites to thousands of kilowatts for tremendous
space stations.

Such a solar plant could be erected right on the satellite, for instance
in the centre of the wheel mentioned above. However, in this case cer-
tain difficulties will arise, connected with the rotation of the satellite,
for the mirror must always be “looking” at the Sun. It can also be assumed
that if the rotation of the satellite to create artificial weight should
prove necessary after all, many auxiliary enterprises of the interplanetary
station may be located not on the satellite itself bubt at a small distance
from it.Then the satellite with allits “population” will be able to rotate
as much as it pleases; it will simply bo the centre of a whole inter-
planetary community, a small archipelago of islands.

In this fashion the satellite will whirl around the Earth in space,
surrounded by its auxiliary service stations. The list of such service
stations may be rather long. It will include the power station for the
entire community, which will be either solar or atomic. And there will
be a huge fuel storage house Lo service space ships. Then, there is the ob-
servatory. And a tremendous mirror-searchlight to illuminate the Earth.
Then, too, there will be radio stations for relaying radio and TV
broadcasts, for communication with the Earth, with space ships,
with the planets, and also for radio-astronomical and radar observations.

These auxiliary structures may be either stationary or they may rotate ac-
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c:’)rding to their own laws, as when following the Sun, the stars,
ete.

Tl.le inh.ubitunts of the satellite will visit these stations by using small
service ships or they may simply g0 “on foot,” when clad in the necessary
suits. These servico stations may be connected with one another and with
the satellite by electric cable for the transmission of power and by other
means of communication. There will be great opportunities, in this case,
to transmit power without using wires, for in space transmitted power
will not be lost or.dispersed. Tsiolkovsky, in his day, proposed using
streams of cathode beams, that is, electrons, for this purpose. The achieve-'
ments of radar make possible the transmission of high frequency elec-
tro-magnetic power, generated by means of radio lamps, practically
without any losses, and in this case the energy transmitted may be
quite significant, amounting to hundreds and thousands of kilowatts.
The invisible radiant streams of the power transmitted in this way can
also be used to feed the reaction motors of the service ships
and even small motors with which any “swimmer” in space may be
supplied.

It may cven be possible, in this way, to supply space ships with the
power they need from the mighty robot solar power stations which move
in definite orbits. True, the distances will have to be relatively small for
this purpose.

Will it be possible, when on Earth, to see the artificial satellites creat-
ed by man?

According to calculations, if small satellites, having a diameter of about
a metre, are not very high above the Earth, it will be possible to see them
not only in a telescope or spyglass, but when atmospheric conditions
are favourable, even with the naked eye.

Satellites with a diameter of several tens of metres may be seen with
the naked eye even if they are moving along a one-day orbit, that is, at-
an altitude of over 35,000 kilometres. The satellite will be best visible-
at twilight, before sunrise and after sunset, and will look like a little
bright star rapidly moving through the dark sky, sparkling in the rays
of the Sun, which is invisible to those on Earth.

A satellite at an altitude of 800 kilometres will traverse the sky in 15
minutes, By looking through binoculars we will be ableto see the “suite”
of this main satellite: an interplanetaiy community whirling around
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in the sky, a huge laboratory of scicntists and the station from which
space ships take off. )

And what a marvellous picluro the terrestrial dwellers will see on hol-
idays, when their distant brothren on the numerous artificial stars will
light up the festive, glittering lighls of their entire “space fleel”l Spar-
kling with numerous colours, shining with the lights of many-coloured
searchlights which flare up and then go out, the artificial stars will trav-
erse the evening sky in all directions and at various speeds, It will seem
as if the mysterious space itself, the ontirc Universe, is saluting the peo-
ple who have conquered the cosmos.

Declassified in Part - Sanitized C Approved for Release 2013/04/25 : Cl

Part Four
“CONQUEST” OF THE UNIVERSE

Chapter 13
THE FIRST GOAL—THE MOON

Man will not remain for ever
on Earth, but, in his pursuit of
light and space, will first
timidly proceed beyond the
boundaries of the atmosphere,
and then will conquer all the
space around the Sun.

K. E. TSIOLKOVSKY

One need have no doubl whatever that the first goal to be selected by
space ships will be the belle of the heavens, the Moon. And not because
it has been lauded by the poets, nor because it has, since times immemo-
rial, been the object of our fantasy. The selection of an itinerary for the
first space flight is determined by much more prosaic considerations:
the Moon is that celestial body which is closest to the Earth, and a flight
to the Moon will be the simplest of all space flights.

The Moon moves around the Earth in an elliptical orbit which is al-
most a circle. The distance from the centre of the Earth to the apogee of
the Moon’s orbit, that is, to that point in its orbit which is at the great-
est distance from the Earth, is equal to 407,000 kilometres, and the dis-
tance to its perigee, that is, to that point in the orbit of the Moon which
is nearest to the Earth—approximately 356,000 kilometres. The mean
distance between the centres of the Earth and the Moon is equal t0 approxi-

‘mately 384,000 km.* When the Moon is closest to the Earth, only 27

globes as big as the Earth could be placed on a straight line between the

* The diameter of the Sun is almost twice the diameter of the Moon’s orbit, so that
this orbit would be deep within the bowels of the Sun if the Earth were its centre.
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two. A flight by plane along a straight line from the Earth to Lhef Moon

would be equivalent ‘in distance to about nine round-the-world flights,
Judged on a cosmic scale, the distance from the Eath__to the Moon is
insignificant; it is hundreds of times less than the distance Lo other heay-
enly bodies, even those that are closest to the Earth. This is the deter-
mining factor in selecting the Moon as the first goal for a flight in space.
The less the distance from the Earth, the less the duration of the space
flight, which, in turn, means less difficulties and dangers connected with
such a flight. This is an especially important advantage in the beginning,
when captains and pilots of space ships have not as yet adequately stud-
led all the “reefs” and “submarine currents” of the ocean of space.
A second advantage resulting from the fact that the distance to the Moon
is not 5o great, is not such an obvious one, but is actually of very great
ance of a flight from the

ards the Sun will exercise practically no influence
whatever on the flight of the ship,* whereas such influence is decisive
during more distant flights to the plapets, This means, in Particular, that
any ship ready to Iy to the Moon may start at practically any time, at
any utually favourable Positions of the

is why, in the future, when space
flights will have become an ordinary undertaking, an everyday affair,
as airplane flights on terrestrial airlines are today, Dassenger ships trav-
elling, let us say, from Moscow to the Moon, will have as regulara “train
schedule” as the Moscow-Sochi express trains. Flights to Mars or Ven-
us will be more like the passage of ships along the Northern Sea Route,
in which an entire caravan of ships takes part, travelling during the most.
favourable season of the year,

Judging by usual terrestrial conceptions, it might seem, at first glance, °

that there is another very important, if not decisive, advantage as a re-
sult of the relatively sma]] distance a space ship will have to cover in

* The change in the force of attraction towards the Sun during the Earth-Moon
fight will be less than ome per cent; it should be taken into consideration only
-when calculations are most exact.

; The first travellers on Mars
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its flight to the Moon, a distance that is hundreds of times less than that
of any other space flight. This advantage is that much less fuel will have
to be expended. It may also seem that the need of expending large amounts
of fuel makes only relatively short flights possible today, such as a flight
to the Moon, and that more distant flights to the planets are as yet out
of the question.

However, such an impression would be erroneous. During any terres-
trial journey, it is true, whether on land, on water or by air, the greater
the distance we have to travel, the greater will be the amount of fuel ex-
pended, for the engine of the automobile, the ship or the plane will have
to operate throughout the entire trip. However, the situation is quite
different as regards space travel. Here a flight that is many times greater
in distance will require much less fuel. This is one of the unique features
of a flight in space. During a space flight the ship’s engine operates, con-
suming fuel, only an insignificant part of the total time it takes to make
the flight. The rest of the time the engine is shut down, and the ship flies
on the kinetic energy accumulated while the engine was operating. That
is exactly what chauffeurs do when they first drive their cars at a great
speed, then shut off the motor and continue to coast, using the speed it
has acquired. However, during a space flight theship “coasts” in this fash-
ion only once or twice, at the beginning of the trip and when it becomes
necessary to change the direction or speed of the ship’s motion,

The consumption of fuel during a space flight is, therefore, determined
not by the distance to be covered, but by other factors, chiefly by the fields
of attraction the ship must overcome during its flight, and this, in turn,
means it is determined by the mass of the celestial body towards which
the ship is flying. Judged from this viewpoint the Moon is far from being
an ideal goal because of its relatively large mass. It is not surprising
that a trip to the Moon will require a greater expenditure of fuel than cer-
tain other space flights over distances tens and hundreds of times greater,
as, for instance, flights to many asteroids.

The Moon is quite an original heavenly body, quite exceptional in the
family of satellites of planets that make up the solar system, a family
that has 30 known members* besides the Moon. This originality of the

* Of these, Neptune's second satellite, Nereid, was discovered oi:ly in 1§49, and
Jupiter’s twelfth satellite in 1951. It is possible that there-are other satellites which
have not as yet been discovered.
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tuno's, and the masses of Jupiter’s and Saturn’s satellites are tens and
hundreds of thousands of times less than those of their planets.

Wo can, of courso, be proud of that exceptional couple, the Earth
and the Moon, and of the rare beauty of the picture they will offer future
spaco travollers when the latter observe this “doublo star” from their
cosmic ship, somewherc en route from the Earth to Venus. However,
from the viewpoint of astronautics, we cannot help but regret that the
Earth is so large and that we do not live, for ‘instance, on Mars, whose
mass is*/,, that of the Karth’s. For the very same reason we cannot
help but rogret that the Moon is so great, and that we do not have a
minute satellite close by, one like the Martian salellites, Phobos and
Deimos, whose diameters are only 15 and 8 kilometres, and which are
only 9,380 and 23,500 kilometres from Mars. If we lived on Mars, to say
nothing of Mercury, it is quite possible that space ships would already
be ploughing the boundless expanses of space; the escape velocity from
Mars, which is only 5 kilometres per second, could easily be attained by
modern jet technique. If the Earth were to change satellites with Mars,
we would have remarkable space bases, and there would be no need of
erecting small artificial “moons” simply because the real Moon was “bad”
from the point of view of astronautics.

Neither the large mass of the Moon, the cause of its own field of attrac-
tion (which must be taken into serious consideration), nor the relatively
large distance of the Moon from the Earth are to the liking of the as-
tronaut.

The Moon's field of gravitation is superimposed on the terrestrial.
If the motor of the space ship is shut down and there is no air re-
sistance (or we may ignore it), and if the flight is so close to the Barth that
we need consider only the Earth's attraction, then only one force of grav-
ity, that directed towards the centre of the Earth, will influence the ship. *
The closer the ship approaches the Moon, the greater will be its attraction:
towards the Moon, until we are finally compelled to take it into consider-
ation. There are nOw two forces that influence the ship: one directed’
towards the centre of the Earth, the other—towards the centre of the -
Moon. A resultant force must be found, obviously, according to the rules

* Of course, the force of attraction towards the Sun also influences it, but we may
ignore that for the time being.
138
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governing a parallelogram; it will no longer be directed towards the centre
of the Earth, but to some poini between the Earth and the Moon *

Finally, the ship, in its flight to the Moon, no matter what path it
travelled, would inevitably reach such a point where both forces of attrac-
tion, that of the Earth and that of the Moon, would be equal. Of course
this point will be much closer to the Moon than to the Earth, for the Earth’s
mass is greater. Inasmuch as the force of attraction is inversely propor-
tional to the square of the distance, and the ratio of the masses of the Earth
and the Moon is approximately equal to 81, it-is obvious that both forces
will become equal when the distances of the ship to the centres of the
Earth and the Moon, will be to each other as }/ 81 : 1, that is, when the
distance to the centre of the Earth will be approximately 9 times greater
than the distance to the centre of the Moon.

Apparently there are a countless number of such points in the space
between the Earth and the Moon, which meet this condition, so that these
points form an entire surface. This surface possesses a remarkable proper-
ty. It is a unique sort of boundary: on one side of this surface the ship
will fall to the Earth, and on the other side—to the Moon.

There is one point in this surface which is of special interest, that which
Lies on a straight line connecting the centres of the Earth and the Moon.
This point is at a distance of only 38,000 kilometres from the centre
of the Moon. Obviously there are no forces at all which affect the ship
at this point: two forces that are equal and are directed in opposite direc-

tions do not produce any resultant. In other words, a ship which does
not possess its own velocity should, theoretically, remain at this point,
which is called the critical or neutral point, an endlessly long time. At
this critical point, the weight ofa body is equal to zero, not because it no
longer presses against its support, which falls freely together with it, as

is the case on an artificial satellite, but because the force of atiraction
really does not affect it. :

The traveller who decided to make his way to the Moon up a ladder, as
wo used to read about in fairy-tales, would rise upwards going head first,
until he reached the critical point; there he could rest without using the
ladder, and then he would have to turn around with his head tow.

ards

* 8o long as (..he force of attraction towardsthe Earth is greater than that {owards
the Moon, the ship, if it were immobile, would nevertheless fall on the Earth
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The attraction towards the Moon changes the situation, and favourahly
s0, if only the nature of the meeting between the rocket and the surface of
the Moon is of no significance, as will be the case, for instance, with the
first robot rockets, which will simply have to inform of their collision
with the Moon by, let us say, a bright flash or a column of smoke.

The favourable effect of the attraction towards the Moon in this case is
twofold. First of all, by means of the velocity acquired during its take-off
from the Earth the rocket should reach not the lunar orbit, but that neu-
tral surface between the Earth and the Moon, where the attraction to these
two bodies becomes equal. The further motion of the rocket towards the
Moon will result from the Moon’s attraction—the rocket will simply
fall on the Moon. True, when that does happen, the rocket’s speed at the
moment of impact with the surface of the

point-blank shot at the Moon. However, as we have already agreed, we
won't let that disturb us. As the altitude to which the push from the
Earth will now send the rocket is about 40,000 kil

tial rocket speed should also be less. Forty thousand kilometres is about one-
teath of the entire path, but the Earth’s field of attraction weakens rapidly
with the distance, and that is why the decrease in the initial veloc-
ity of the rocket, as a result of these 40,000 kilometres, proves to be in-
significant; it is less than 0.1 per cent.

Another favourable effect of the

effect of the attraction towards thé Moon

gnored. On the other hand, the difficulties

in those cases. when a smooth landing of

: be ensured, are much greater. If the ship
18 10t t0 be smashed up when landing, it must brake in such a way that
at the moment it meets the Moon’s surface, its velocity will be équal to
zero. In this case not even that slight speed with which a plane lands at
an aerodrome is permissible, for there are no landing sites on the Moon.
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Inasmuch as the Moon has no atmosphere, the ship will have to slow
down by using its own motor. In order to do this the ship will either have
to make a 180° turn, with its stern to the Moon, or special motors for brak-
ing will have to be installed on it in front. In any case, the jet thrust
of the engine must be directed opposite to the direction of the flight,
decreasing its volocity gradually. When braking in this manner, the
expenditure of fuel will not be less than that necessary to impart to
the ship the escape velocity from the Moon and will be equal to about
2!/, kilometres per second. Actually, it will be greater, for in this
case the ship and the Moon, when meeting, will have different veloci-
ties, and this difference in velocities. must be reduced by the wmotor.

If we are planning a flight to the Moon with a return to the Earth, the
influence of the Moon's field of gravitation) will be felt a second time,
when escaping from it. Once more it will be necessary to impart a
velocity of 2!/, kilometres per second to the ship, in order for it to
reach the point from which it will begin its fall to the Earth.
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We can now approximately estimate the full value of the ideal veloc-
ity which should determine the minimum supply of fuel on a space ship
making a flight to the Moon and back:

Initial velocity at take-off from the Earth  11.5 km.fsce.

Braking when landing on the Moon 23 » »
Take-off from the Moon 23 » »

Total 16.1 km.[sec.

However, the actual supply of fuel will have to be much greater than
this minimum. .

First of all, the ship’s velocity at the neutral point should not be equal
to zero. Of course, if this velocity is equal to zero, the consumption of
fuel will be a minimum, but the duration of the flight will increase inor-
dinately. For instance, if the ship's velocity at an altitude of 4,600 kilo-
metres is equal to 9.9 kilometres per second, the ship will cross the neu-
tral point at a velocity close to zero.* If the take-off velocity is increased
by only 100 metres per second, that is, if the velocity is raised to 10 kilo-
metres per second, the ship’s velocity at the neutral point will be equal
to about 1.4 kilometres per second, and the total duration of the flight
will be reduced to onehalf, that is, from 4100 to 50 hours. It is most like-
ly that the ship will cross the neutral point at a speed of about one
kilometre per second. But this means that the initial velocity of the ship
during the take-off from the Earth, the expenditure of power to brake
when landing on the Moon, and the initial velocity during the take-off
from the Moon will have to be increased. In this case the total increase
in the ideal velocity can be estimated at about 1.5 kilometres per second.
If we also take into consideration the inevitable losses in velocity during
the flight and also the necessary reserve supply of fuel on the ship to com-
pensate for mistakes in steering, etc., we get a value of not less than 20
kilometres per second for the ideal velocity.**

* In the figure on p. 237, for purposes of simplicity, the flight is considered as taking
place along a straight line joining the centres of the Earth and the Moon (as in the
figure on p. 135), and the motion of the Moon in its orbit is not taken into consider-
ation. .

** A more cautious estimate which takes into consideration, for example, braking
by the engine when landing on Earth, gives an even greater value for the ideal velocity,
one equal to about 25 kilometres per second. Sometimes even greater values are given,
as 30-32 kilometres per second.
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According to Tsiolkovsky's formula, when the jet velocity of the motor
is three kilometres per second, the value of the ratio of the initial and final
masses of the ship will be about 800. This proportion is unattainable in
practice, and it is, therefore, impossible, at the present level of develop-~
ment of jet technique, to make such a flight to the Moon. An increase in
the jet velocity to four kilometres per second, which will be fully possible
in the future, would decrease the necessary ratio of the masses to 150,
which can. be attained, in principle, by means of a multi-step train, but
its weight at the take-off from the Earth, even with an insignificant pay-
load, would be tens of thousands of tons, that is, it would be equal to
the weight of gigantic ocean liners. Such is the disastrous influence of the
massiveness of the Earth’s satellite, if we wish to make a landing on it.
That is why we can hardly expect to “conquer” the Moon by means of
a frontal attack on it. A well-planned siege and careful preparation for
a decisive attack would be more effective here.

The first rocket to be sent to the Moon will very likely be one whose
aim will be simply to signal its sale arrival, and for this purpose several
kilogrammes of powder on the rocket* will be sufficient. Such a rocket
could be sent to the Moon even today. According to one project, for in-
stance, such a rocket with a pay-load of 10 kilogrammes should weigh
50 tons at the take-off. This three-step rocket will not be much larger than
the long-range rocket described in Chapter 6 (for purposes of compari-
son these rockets are shown in the figure on p. 139).

Tho next vehiclo to be sent to the Moon will be a robot radio station
with a number of measuring instruments. This station will relay its lu-
nar “impressions.” Then, perhaps, a television broadcasting station will

be added to it, and we will be able to see the surface of the Moon close

by. Before a flight to the Moon is undertaken, it will undoubtedly be pre-
ceded by a flight around the Moon in a space ship at a relatively small
distance from it, first without people and then with people. Such a flight
would be of importance for various reasons, one of them being that we

* In order to exclude all possibility of “overlooking” the moment when the rocket
collides with the Moon, as may be the case because of ciouds, and also in order to create
a permancnt indication of the place where the rocket falls, it will be feasible to supply
the rocket, in addition’to the powder, with a charge of plaster of Paris or crushed glass.
The white spot that-would thus be formed on the dark surface of the Moon would al-
ways be visibl¢ from the Earth. )

140

Declassified in Part - Sanitized C Approved for Release 2013/04/25 : Cl

would at last bo able to glance at the “hack” part of the Moon, which we
never seo from the Earth. Such a flight will require only a little more pow-
er than is needed for a simple flight to the lunar orbit. The necessary
xdea% velocity would be 13-14 kilometres per second, which, at the mod-
ern jet velocity of about three kilometres per second, could be attained
by a five-or six-step rocket.

Such a flight to the Moon clearly illustrates the importance of artificial
terrestrial satellites for jnlerplanetary communication if these satellites
are to be used as refuelling stations for space ships.

Let us assume that such a refuelling station has been built at an alti-
tude of 500 kilometres above the Earth, where it will keep whirling around
the Earth along a circular or slightly” elliptical orbit at a speed of 7.6-
7.7 kilometres per second. Hundreds, thousands of tons of fuel can be
gradually transferred from the Earth by means of freight rocket “tankers”
and accumulated in the cisterns of this fuel station.

The Moscow-Moon space ship will fly over to the refuelling station and
regulate its velocity to equal that of this artificial satellite. Both of them
will then go whirling around the Earth side by side. Much experience
has been acquired in refuelling jet-propelled airplanes in the air with
fuel from flying “Lankers,” heavy and slower-moving aircraft, and this
experience can be of greal help in developing the technique of refuelling
in space. There have already been cases when small, rapid, jet-
propelled planes that were making long-range flights, refilled their tanks
in the air. All they had to do was to decrease their flight velocity to that
of the “tanker” and then continue on their way.

Aswas already pointed out in the preceding chapter, in order to fly to'such
a refuelling station a space ship should have an ideal velocity of 10-12
kilometres per second. Afler refuelling, it will be necessary to turn on
the ship’s motor once more, in order to increase the velocity from the cir-

cular to the escape velocity. To do this it will be necessary to take advan-
tage of the most favourable position of the satellite in its orbit.* The
velocity of escape from the satellite will be less than that from the Earth;
in the given case it can be considered as equal to 11 kilometres per second.
To increase the ship’s velocity from the circular of 7.6 kilometres per

* This question, as others connected with the-irajectories of the ﬂigh't of space
ships, will be discussed in greater detail in Chapter 15.
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second to tho escape velocity of 11 kilometres per second, an additional
velocity of 3.4 kilometres per second will be necessary. In this caso the
ideal velocity of the ship whose fuel supply has to be calculated, will
be decreased to 8.1 kilometres per second, as a velocity of 3.4 kilometres
per second will now be required instead of the 11.5 kilometres per second
necessary during a take-off directly from the Earth. It follows that the
ideal velocity willnow be equal to about 12kilometres per second, and not
20. If the jet velocity is three kilomelres per second, the necessary mass
ratio of the ship will decrease correspondingly, from 800, as it was
before, to 40-50. We thussee that refuelling en route will not only make it
possible to lessen the required amount of fuel on the ship, but will also
make the given flight actually possible.

Another flight to the Moon can be undertaken with refuelling in the air,
even though special artificial satellite fuel stations have not as yet been
created. Instead of one ship of 20,000 tons taking off, three rockets, each
weighing 600 tons, can fly off simultaneously. At an altitude of 500 kilo-
metres the rockets become satellites of the Earth. Two of these refuel the
third, which then continues its journey. At a small distance from the Moon
this ship leaves its reserve fuel tanks flying about in its orbit, where, for
some time, they are satellites of the Moon, while the ship itself makes
a landing on the Moon. On the return trip it “picks up” the tanks. These
operations involve the least waste of fuel on the take-off run and braking
of the fuel itself, which causes most trouble in astronautics.

The duration of the flight to the Moon will depend on the route selected
and, mainly, on the flight speed. As when travelling on Earth, the quick-
er the flight to the Moon, the more expensive it will be, for it will re-
quire a greater expenditure of fuel.

The lowest velocity the ship should have at the Earth, if it is to reach
the Moon, is11.1 kilometres per second. If the velocity is 11.2 kilometres
per second, it will fly off into infinity, for this is the escape velocity. There-
fore, all orbits of the ship whichintends to fly around the Moon require
an initial velocity between 11.1 and 11.2 kilometres per second. At the
minimum velocity of 11.1 kilometres per second the ship will fly to the
Moon in about 415 hours. In other words, this is the maximum possible
duration of such a flight. At a velocity of 11.2 kilometres per second the

flight will last about 50 hours. If the velocity is increased still more, the
duration of the flight will be greatly decreased.
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At an initial velocity of 15.2 kilometres persecond, it will last 10 hours,
and if the velocity is 21.2 kilometres per second the flight will take
6 hours. Thus, if the initial velocity is doubled, the duration of the flight
is decreased to */,.. This is a feature obviously characteristic of astronau-
tics, for such a phenomenon is not observable on Earth.

A Moscow-Moon express will make its flight in 24 hours or even in one
night, as the Moscow-Loningrad trains now do. The organization of such
express flights will become possible only when fuels with a greater calo-
rific value are found, and even then, when refuelling takes place en route.
Such flights will probably take two or three days. Throughout the flight
the ship's motor will work no more than 10 minutes, during its take-off
from the Earth and when landing on the Moon, The rest of the journey
the ship will fly without consuming a drop of fuel, Unless this were so,
we could not even dream of a space flight of any kind whatsoever.

Chapter 14
A FLIGHT TO THE PLANETS

The Earth has only one satellite and so, whether you wish it or not,
the space flight following the one to the Moor will have to be to some
planet, one of the other eight planets of the solar system.

One would imagine that the Earth’s two neighbouring planets in the
space around the Sun, Venus and Mars, would be selected for this honour.
However, there are other goals much easier to attain, and not merely
because they are closer to the Earth than these two planets. They are cer-
tain minor planets of the solar system, the so-called asteroids.

A hundred and fifty years ago, on the first day of the past century, the
first and largest of these asteroids was discovered, Ceres. Today ‘we
know of more than 1,500 of these asteroids, and new ones* are being dis-
covered all the time. Many of these have been discovered by Soviet astron-
omers and include the asteroids “Russia,” “Moscow,” “Simeis,” “Arme-
nia,” “Komsomolia” and others.

According to a hypothesis advanced by some scientists, the asteroids
are fragments of a planet that once revolved around the Sun in an orbit

* Over 6,000 asteroids bave already been discovered, but only 1,600 bave been
entered in the catalogue, as their orbits must first be calculated before this is done.
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lying between the orbits of Mars and Jupiter, but which has since been
destroyed.* Whatevor the case may be, these little planets revolve around
the Sun just as their bigger sisters do, but in elliptical orbils that arc usu-
ally much more elongated. Certain asteroids at their aphelion, that is,
at the point in their orbit which is most distant from the Sun, closely
approach Jupiter's orbit and even Saturn's, while at their perihelion,
that is, at the point nearest to the Sun, they come within the orbits
of the Earth, Venus and even Mercury. Those asteroids whose orbils
approach the Earth’s orbit may prove interesting as the next goals for space
flights.**

The family of asteroids which “touch the Earth” is by no means a small
one. The best known of these is Eros, which has done science a good turn,
for with its help astronomers have been able to determine, with greater
precision, the distance of the Earth from the Sun. Eros was first discov-
ered in 1898. It is apparently not spherical in form, but irregular. The
diameter of this little planet, or, to be more exact, its largest dimension,
is about 25 kilometres. Eros can be seen in a telescope of average mag-
nitude. The shortest distance from Eros to the Earth is ?/, of the short-
est distance from the Earth to Mars, and is equal to approximately
99 5 million kilometres. In January 1931, the last time that Eros approached
the Earth, its distance from the TEarth was 26 million kilometres. It will
next approach our planet in 1975.

The asteroid Albert was discovered in 191; its diameter is only about
four kilometres, and it approaches the Earth at a distance of 28 million
kilometres.

* This viewpoint was expressed by the Soviet scientists S. Orlov, A. Zavaritsky
and others. Orlov named this planet “Phaethon,” alter the mythical son of the ancient
Greek god of Sun, Helios, who perished when he couldn’t contro) the fiery borses with
which be tried to traverse the heavens in lis father's chariot. Another bypothesis is
that the asteroids may be fragments of comets.

##+ Tsiolkovsky expressed this idea. Certain asteroids may be used to make “cxcur-
sions” in the solar system. For instance, the asteroid Hidalgo, discovered in 1920,
then lost and rediscovered in 1934 by the Soviet astronomer G. Neuimin, may serve this

purpose. Hidalgo has a greater orbit than any other asteroid. At its aphelion itis ten”

times farther from the Sunthan the Earth is (it almost reaches Saturn’s orbit), while
at its perihelion it approaches Mars’ orbit and is only 1% times farther from the Sun
than our planet, the Earth. It takes Hidalgo 14 years to make a trip in its entire
orbit.
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Above is shown the scheme of the solar system on scale where 1 mm. is
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10—1255

roved for Release 2013/04/25 : CIA-RDP81-01043R001900120005-9




Declassified in Part - Sanitized C Approved for Release 2013/04/25 : CIA-RDP81-01043R001900120005-9

Two interesting asteroids were discovered in 1932, One of them, Amour,
which has a diameter of not more than three kilometres, at that time . Tugiter
came as close to the Earth as 15 million kilometres. It was seen again g
in 1940. Astronomers, in their “pursuit” of such minute celestial bodies,
como up against some very difficult tasks. Their paths are hard to
calculate with precision because of the various perturbations to which
they are subjected as a result of their small mass. Thus, asteroids that
have already been discovered often “get lost” and have to be discovered
anew. The other of the two asteroids mentioned above is Apollo, which
came even closer to the Earth, a little over 11 million kilometres from it.
So far this asteroid has never been seen again. Its diameter is about two
kilometres. *

Another asteroid, Adonis, was discovered in 1936. It is even smaller
than Apollo, its diameter being only one kilometre. Adonis passed the
Earth at a distance of only 1.5 million kilometres.

However, the asteroid Hermes set the record in this respect. Hermes,
whose diameter is slightly over 1.5 kilometres and whose mass is equal
to 3,000 million tons, is only a grain of sand when judged on a cosmic \ . Morcur
scale. In 1937 Hermes approached the Earth at a distance of 780,000 kilo- 4
metres, which is only twice as far as the Moon is from the Earth. Accord-
ing to calculations, when it is in opposition it may come as close to the
Earth as 500,000 kilometres.

A most interesting asteroid, Icarus, was discovered in June 1949. It
is not by chance that it received its name. Like Daedalus’ mythical son,
this asteroid “flies” too close to the Sun. Icarus’ orbit is very clongated,
and is very much like a comel’s. AL its peribelion it is 30 million kilome-
tres from the Sun, that is, it comes within the orbit of that planet which
lies closest to the Sun—Mercury. The hypothesis exists that at this time
the Sun’s rays heat Icarus to such an extent that it becomes luminous
itself. .

One of the latest’ asteroids that “touch the Earth” was. discovered in .
1950. It passed the Earth at a distance of about nine million kilometres.
There is no doubt that in the future new asteroids will be d_iscovered,

~e " Nlros
Herimes

Salurn

*. Apollo passed Venus at a distance of only 200,000 kilometres, which is a record Orbits of certain asteroids,
for its small extent. Its distance from Venus was only half of the distance of the :
Moon from the Earth, )
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which will come close to the Earth.* Astronomers oxpect Lo discover many
thousands of such asteroids and, of course, among them will bo some that
will “touch the Earth.”

Flights to certain “nearby” asteroids require the least expenditure of
fuel when compared to flights Lo any other heavenly bodies, even if theso
asteroids are tens of times farther from tho Earth than the Moon is, so
important is the absence of any considerable field of attraction near Lheso
minute asteroids. It is only necessary to select such asteroids whose own
velocity is not too great.

Of the Earth's two neighbours, Venus and Mars, it is casier to reach
Mars, as wo shall see later on, although the distance 1o it is greater than
the distance to Venus. This is due to the fact that Venus has a consider-
ably greater mass; the shortest distance from the Earth to Venus is
40 million kilometres, and to Mars—56 million. There is no doubt what-
ever, that in the future flights will be made to both of these planels, but
only after a flight to the Moon and, perhaps, to some of the asteroids.
These will be flights of the second stage. We shall speak of them in great-
er detail in the next chapter.

Flights Lo goals of the third stage will involve considerably greater
difficulties. This group includes that planet of the solar system which
is closest to the Sun—Mercury, whose average distance frow the Sun
is only 58 million kilometres, that is, about */, of the distance from the
Earth to the Sun, and also those outer planets: Jupiter, which is 778 mil-
lion kilometres from the Sun (5.2 times farther than the Earth), Saturn,
which is about 9.5 times farther from tho Sun than the Earth (1,428 mil-
lion kilometres), Uranus, almost 20 times farther from the Sun than the
Earth is (2,870 million kilometres), and the last two planets of Lhe solar
system, Neptune and Pluto, which are 30 and 40 times farther from the
Sun than the Earth is (4,500 and 5,900 million kilometres).

The direct goal of a space flight may Dbe, and most assuredly will bo,
the satellites of the planets, at least, certain ones of them, All told there
are, as we have already' pointed out, 30 such satellites in the solar sys-

* In 1948 and 1949 four asteroids were discov
that they left traces on photo-plates, similar
are so small that they cannot be seen even with the most powerful telescopes and can
be discovered only when they pass close to the Earth, We may assume that there are
many such minute asteroids moving right close to the Earth’s orbil.

ered, which came so close Lo tho Earth
to those of a meleor. These asleroids
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tem, not counting the Moon. Jupiter
has the lion's sharo, having 12 sat-
ellites. Saturn takes sccond place,
with nine satellites;* Uranus has five,
Mars two, and Neptuno Lwo.
The next stage, the fourth, will in-
clude flights to those heavenly bodies
lying outside tho solar system, to
other worlds of stars. These flights
will present immeasurably greater
difficulties. It is sufficient to recall
that the star lying closest to the Sun
(from which it derives its name,
Proxima*#) belongs to the constel-
lation of Centaurus, and is at a distance \\
of 4.27 light-years from us, that is, Tearas
at such a distance as takes a ray of
light 4.27 years to lraverse. Thelif 1is
eed to give this distance in kilo-
2:9:4]1‘85, espefially when we realize that a ray of light travels about 3{00,0.0:)
kilometres per sccond. That figure is equal to 4 plus. 13 naug'hbs a l.el;' i t
As it takes eight minutes for a solar ray to reach. our eye, Proximais u ouc
280,000 times farther away from us thas the Sun. The most dlstz?x
worlds of stars that have been photographed hy*xrfans of powerful tele-
> en millions of times farther away.*** . )
sci[peess ifge:(g, when we bear all these things i mind, it is ob.vxous tl}at
a flight to the stars will not take place very soon.... Yet how' interes mgt‘
and important it would be for science! It woulld become possdf)lehl,oI:{lsbl];l
such places in the Universe where the mysterious processes of the bir

Orbit of asteroid Icarus,

* vSnLum is supposed to have a tenth satellite, which has eve.x'x been named

is. However, therc is some doubt as to its actual existence. . .
Thcrﬂ‘*s"l‘ll:iosw sfycn’llcd Proxima (from the Latin meaning "neuesL")~ Cenfn;u‘l],] }10 rs:l&lg
reddish star, is to be seen alongsidc the Dbright star Alpha Ce]ftﬁur;, wg;]ca, ise‘me it
discovery of Proxima, was considered the nearest to the Bartl (Proxima
cent closer).

**% The most distant stellar worl
1,000 million light-years.

1ds seen in the telescope are at a distance of about
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tzking place, in other words, we w
: , s would be able to ¢
clves to the epoch when the Sun was 2 x’nete infant. We would l:an:]fer
to ws':z the places where new planeta iy
en:g;i}}::‘st as a;r ,::1; solar system did several thousand million Yearsago,
e conside rom the viewpoint of the durati " ife,
poy e consi ] e duration of a human }i
O::‘E;:i;x,tc!} slow is the development of the Universe, the solar =:'1=llele:’
i) ! And zmw Lren-mndousl_v enriched would science be aIte; 'aun in'
be.r: a; Zxcurswn, during which all the new secrets of nature wou]d_
m;_.ng‘:?:h !{J(’_-f(-yre’ our very eyes, and the different stages in the develo
p ﬂ;.-,mf niverse would unfold impetunously, one after another! i
v W;rlgstz‘lt]he slie'!;s }v]:ere possible, we would be able to visit =uc-h dis
vhere life has been i i inki in o
bocn Yiving foons G nes be In existence and thinking beings have
thii:;f;:: of the opini_on that an average of at least one out of every
e s ;rs has satelhteis, planets similar to our Earth. Inasmuch r:
i Whicx;]e ;1 em;b 102,(;00 million stars in that island Universe, the gala;;
un belongs i £ 1 ’
ootar systoner gs, our galaxy must contain about 100 million
AS v
p]ane; eto ?z;!;l th”e most powerful telescopes do not Permit us to see thes
P Lleu suns, but science has already advanced from hy othe
im;,ismle”r‘ec p'rooi. Such are the victories won by the “astronom ')01; Lh_
ol Pu]koéz gl';fnt years. For instance, A. Deich, a Soviet, aeroanmer az
ion of or o) J;rv}z:tory, by Stl}d)’iﬂg certain irregularities in the mo-
ot 1 oo 8 ,}OLL e c:n‘lstel.lauon of Cygnus, has definitely established
Io the e ar.__ satellite similar to the Planets of the solar syst
e Sm; e ;v:toy '1t. has been fliscovered that other stars lying cloées:r:,lt;
, xima Centauri, also have satellites. The development of

Ty syslems were coming into exist-

sys\;em, a prevision for which
Needl iti
edless to ;aylx;}::le conditions necessary for the origin of life do not
: ) ¢ no
iuclulg must be afl@tted that these conditions are very
s e a very limited temperature range, about 100°
ote, Novertipronat. e posslb}e; the presence of an atmosphere, humidity:
it o o hios;)h ere;lre,wmhuur, doubt, a countless numhe;‘ of planei-,
Vil ere, that is, planets inhabi ivi : .
Yvine e X Is, s inhabited by living bej
g beingsmay be most diverse in form, they by no meangsh::;gbso. —
resem-
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ble terrestrial beings, but, in principle, life in the boundless Universe
should not differ from ours.

According to Engels, “life is the mode of existence of protein bod-
ies”; consequently, living beings on distant worlds consist of protoplasm
resembling our terrestrial protoplasm and having, as its basis, protein
formed of one and tho same chemical elements: carbon, hydrogen, oxy-
gen, nitrogen, and others. Life will exist on such heavenly bodies where
protein compounds can be formed and can exist. This, in turn, means
that reasonable, thinking beings can inhabit many distant worlds, for,
as Engels said, “it is the nature of matter to advance to the evolution
of thinking beings, hence this always necessarily occurs wherever the
conditions for it (not mecessarily identical at all places and times)
are present.”

As yet a visit to these distant worlds is still but a dream. Even if we
ignore the technical difficulties, which are insuperablo at the modern
Ievel of development of astronautics, difficulties involving an expenditure
of colossal quantities of energy, the duration of such a journey atvery
great flight velocities will be many times greater than the duration of a
human life.

However, with thi
may be revealed here. What we have in mind
human life, for which Soviet science is striving, inasmuch as the “pro-
longation” necessary in the given case is beyond the possibilities of sci-
ence. Certain unexpected prospects in this direction become possible as
a result of increasing the ship’s velocily to the velocity of light in a vac-
uwum, which is the maximum speed possible in nature and is equal to,
300,000 kilometres per second. Such velocities can be attained in
principle if only the necessary energy were available.

1t might seem that even such a tremendous velocity would be unable
to solve the problem of interstellar flight, as the distances covere@ by
such journeys are equivalent to many tens, thousands, and even m{l— .
lions of light-years. However, according to the latest theory of rapid
motions, developed by modern physics (this theory is usually ?alled-the
restricted or special theory of relativity), time, Fhe fourth dimension,
changes its flight speed when the velocity of motion closely approach.es
the velocity of light. On a ship moving at such a speed; the hours v{ﬂl )
drag very slowly. For instance, if a ship goes rushing away at a velocity

o further development of science certain possibilities
is not the prolongation of
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that is only one Per cent less than the velocity of light, towards Star 61
of the constellation of Cygnus, where, as we have already mentioned above,
Soviet astronomers discovered a planetary satellite, the time that will
elapse from the moment the ship flies off to the moment it returns (the
ship is considered as flying at one and the same speed all the time) wil)
be, for inhabitants of the Earth, about 22 years, since this star is about
11 light years from the Earth. However, to the Passengers on the ship it

PR

ory of rapid motions,

Should the velocity of the ship approximate the velocity of light even
more, it will be able, in a brief period, to maki
corners of the Universe that are distant from the Sup, For instance, the
ship will be able to fly in but a few “drawn-out” hours to thespiral nebuy-
1a closest to our galaxy, in the constellation of Andromeda, which is at a
distance of about a million light years from us.

True, even with such a velocity of interstellar ships the duration of
the flight will be much more than that indicated, for much time will he
required for the gradual, slow, take-off run of the ship (jts acceleration
will probably approximate the acceleration of the Earth’s gravity) un-
til it reaches this velocity, and then for a similarly slow braking. Yet
in spite of all this, those velocities that approximate the velocity of light

Tbunities for interstellar flight.

Dossible, of course, only when the problem of
¢ atomic nucleus has been completely solved,
locities approximating the velocity of light will
difficulties. For instance, it is sufficient {0 men-
isions between the ship and particle;
ce.* During such 5 collision the;

.* It has been established that besides rarefied cosmic dust, atoms of bydrogen, ,
helium, calcium, sodium, titanium and also other atoms and even molecules float
about in interstellay space.
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will be immeasurably more dangerous than the most powerful cosmic
rays.

Special protectivo screens, tens of centimetres thick, will be needed
to protect Lthe passengers against the harmful radioactive radiation result-
ing from a collision with such particles. What should be said about a
collision with a metcor, during which the ship will simply evaporate in-
stantly!

But lot us return from the distant future to the more real prospects of
astronautics, those problems which this scienco must solve within the
next few decades, that of making a flight to the planets of our solar system.

During flights to the planels, as distinet from a flight to the Moon, the
space ship must travel considerable distances in the solar field of gravi-
tation, since it moves either far away from the Sun or towards it. In this
case we cannot ignore the attraction towards the Sun, as we did when discuss-
ing flights to the Moon or near the Earth. A considerable amount of ener-
gy will have Lo be consumed in overcoming the gravity of the Sun, and
this may greatly complicate a flight to the planels, as compared to a flight
to the Moon. The chief difficulty of such a flight, however, is its great
duration if we are thinking of a manned flight. Only gradually, careful-
ly, as we study all the specific features of a space flight, and what is most
important, perhaps, its effect on man, will such flights to more distant
goals become possible, and space ships will begin to make their way far-
ther and farther into the space around the Sun.

There is practically no superimposition of the fields of attraction of
the Earth and tho planet to which the flight will be made, and it may,
therefore, be ignored. These fields do not oxtend over very great distances.
Tor practical purposes it may be considered that Lhe attraction towards the
Earth vanishes at distances over 800,000-1,000,000 kilometres, as it is so
slight there. An iron ball weighing one kilogramme on Earth would weigh
about 0.05 grammes at such a distance from the Edrth, that is, about
‘/.ﬂ.uoo» as much. : .

A flight to any planet whatever will, therefore, consist of three difler-
ent scctions: a) the relatively small section of the flight in the terrestri-
al field of gravilation; b) that section of the flight which is in the planei’s
field of gravitation and which is' also usually small; ¢) that section of
the flight lying between the other two, which is longest in duration, and
where only the solar attraction is felt.
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An exact determination of the amount of fuel necessary to make a space
flight, that is, the determination of the corresponding value of the ide-
al velocity, is most difficult at present. The general solution has not as
yet been found, and the answer can be given only after numerous intri-
cate calculations have been made on mathematical machines. This explains
why we have to confine ourselves to approximate calculations of the
value of the ideal velocity. However, these calculations arc sufficiently

exact to determine the question of whether one or another flight is or-

is not possible at the modern level of development of reaction technique.

If we consider a round-trip flight of a passenger space ship from the
Earth to some other planet, with a landing on it and then back again
to the Earth, it will be necessary, when determining the ideal velocity,
to take into consideration the consumption of enmergy for the following
chief purposes: .

1) to overcome the terrestrial field of gravitation. The corresponding
ideal velocity will be equal to the velocity of escape from the Earth;

2) to impart some velocity to the ship beyond the Earth’s field of
gravitation. This is necessary in order to make the flight to ils goal pos-
sible, and to reduce the duration of the flight. At a low flight speed in
the solar field of gravitation along the main section of the route, the flight
will last extraordinarily long because of the tremendous distances that
have to be traversed during this flight;

3) to overcome the planet's field of gravitation twice, once when the
ship brakes on landing if the planet has no atmosphere which can be used
for this purpose, and also on its return take-off;

4) to equalize the velocities of the ship and the planct and, on its re-
turn, with that of the Earth, for usually these velocities will ha different
when they meet.

Furthermore, energy will have to be spent in overcoming atmospher-
ic resistance and losses in the ship’s velocity when it is gaining altitude
or when making a powered landing, also when manoeuvring, or hecause
of navigational errors, etec. . .

All this necessary power must be stored up in the ship at the take-off
il it isnot planned to use any other sources of energy during the flight,
as, for instance, solar energy, or if it is not intended to refuel during flight
at some intermediate base, artificial or natural.

The supply of energy on the ship at take-off consists not only of the ener-
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gy of the fuel stored up in the ship’s tanks. The ship possesses a very con-
siderable amount of kinetic energy, since, together with the Earth,it
revolves around the Sun in ils orbit at a velocity of about 29.8 kilome-
tres per second. Furthermore, it possesses a relatively small amount of
kinetic energy as a result of revolving around the terrestrial axis. If the
ship’s flight is properly directed, this kinetic energy can and should
be used. -

Approximate caleulations show that the minimum ideal velocity for
a ono-way flight to Mars with a landing on it should be equal to about 25
kilometres per socond, that is, the same as for a round trip from the Earlh
to the Moon and back. A similar trip to Venus would require a greater ve-
locity, about 30 kilometres per second, because of this planet’s greater
mass. A decrease in the duration of the flight would requirc an additional
ineroase in the ideal velocity. Obviously, at the present level of develop-
ment of jet technique oven these simplest of space flights are impossible.

A much simpler undertaking will be to make a flight to these planets
without landing on them, merely for the purpose of flying around the plan-
ot at a small distance from it to photograph its surface and to make va-
rious observations. Such’a flight around Venus would require only about
halfl the ideal volocity, that is, it could be made with about the same
amount of fuel as is needed to fly to the Moon and land on it.

About the same amount of fuel would be necessary to fly to these p}an-
ets and land] on their satellites. Unfortunately, Venus has no sat?111bes,
but it is almost beyond doubt that a landing will be made on Mars' satel-
lites before landing on Mars itself. .

However, even such simple flights to Mars and Ven}xs are at present im-
possible, especially if we are thinking of manned flights. If tht.ey are to
Dbecome possible, the jet velocity of the rocket motor must be mcrease.d
> to 5-6 kilometres per second. This .

to twice its present value, thab is, )
problem cannot be solved with chemical fuels, .

This task can be solved by using artificial refuelling stations, the Earth’s
satellites. With their help it would be possible, even coday,.tohabtempb
"a round trip o Mars with a landing on. it,. However, such artificial satel-
lites cannot solve the problem of flights Lo the outer planets o'f t..he so}ar
systom, beginning with Jupiter, until new fuels are created. This is ..chlei}
ly due to the tremendous duration of such flights. If the durz.mon o
these flights is to be' decreased, the flight speed of the space ship must
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be greatly increased, which, in turn, demands a manifold increase in
the mecessary fuel supply.

The duration of a flight to the planets will dopend chicfly on the veloc-
ity selected and on the route. A flight to Mars and to Venus will prob-
ably last several months, while one Lo Jupiter and the remoter planets—
years.

In tho future, when regular passenger space trips between various
points in the “inhabited” solar system will have been organized, tho most
popular flights will be thoso with transfers, for they will be most advan-
tageous as regards fuol consumption. For instance, it will require much
less fuel if a terrestrial passenger making a trip to Mars travels not
by through express, but transfers at a space station for a ship travel-
ling from Venus to Mars.

As yet we can only dream of the day when astronauts landing on the
satellites of Mars, Jupiter or Saturn, will see such fascinating pictures
as those presented by these planets at such a temptingly close distance.

The first to be studied will, of course, be the mysterious, exciting world
of Mars and its minute satellites, Phobos and Deimos.* Against the sky
of Mars' closest satellite, Phobos, Mars will look like a tremendous disc
90 times larger than the lunar. Even when viewed from its other satellite,
Deimos, which is 23,500 kilometres from it, Mars will be visible in all
its details.

Phobos, which is 41 times closer to Mars than the Moon is to the Earth
(9,380 kilometres), and whose diameter is equal to about 15 kilometres,
will be very much like a special observation point above the surface of
Mars, similar to the artificial satollites of the Earth mentioned above.
It will take Phobos 7 hours 39 minutes to make one revolution around
Mars, a month on Mars, if figured according to Phobos, is approximately
*/,s of a Martian day.

It will be dangerous to.approach the giant Jupiter because of the pos-
sibility of falling into the net of itg gravitation for ever. Observations
of Jupiter will be made from its satellites, which are at a respectful dis-
tance from their planet. Jupiter’s second satellite, Europa, discovered’

* Phobos and Deimos—from the Greck meaning “fear” and “dread.” Both of
Lhefze harmless satellites awe their ominous names to Greek mythology, according to
which Mars, the god of war, bad two horses with such names-
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by Galileo, and which is 670,000 kilomotres from Jupiter, will very
likely be suitable for this purpose. Since Europa’s surfaco reflects the so-
lar rays much better than Jupiter itself does, the conclusion may be drawn
that this satellite is covered with frozen gases and ice.

{Views of Saturn from its satellites will be especially beautiful because
of the precious necklace this planet wears. But even at such a close dis-
tance Saturn's rings will, as usual, bo a barely visible line across the
planct’s disc, for they are so thin.* Incidentally, if viewed from Saturn
itself, tho rings would very likely be much more beautiful. In any case,
Saturn’s sky, ornamented by a wide rainbow of rings that wero always sus-
pended above the equator, and which embraced the firmament.from hori-
zon to horizon, would, in the transparent dark haze that touches the sur-
face of the planet, present a very unusual view to the terrestrial dwellers.

Chapter 15
COSMIC ROUTES

People feel a just sense of pride when they think of the last ocean they
have conquered, the ocean of air. For centuries this fifth ocean, whose
shores are inhabited by every single person, no matter where ke lives, re-
mained an unattainable dream. Only the achievements of many branches
of science and Lechnique have made the conquest of this ocean pos.sible.

And yet how insignificant this victory seems when compared wn.l} the
task facing mankind today, a task set us by the whole trend of science
and tochnique, the task of conquering the last of the unconqugred} oceans,
the ocean of space! Everything connected with this undertgkmg is so unu-
sual, so unprecedented; it all demands such a sharp change in the old con-
ceptions; it is all based on a combination of wild fantasy and soberest
calculation. o

And just as all the conquered oceaus are but ins;g'mﬁcaub pools when

" compared with those boundless expanses that we still have to subdue,
just.so great are the difficulties that have to be overcome.

* An exact model of Saturn’s rings would be in the form of a di’sc x‘;ut o_ut o; Iix'ssucsa
paper and having a diameter of 30 metres. The diume}er of Saturn’s rings 15.12. :,l::fs
greater than the diameter of the planet itself, and is equal to 275,000 kilometres,
whereas the rings are not more than 45 kilometres thick. °
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) The .px'oblem ‘of astronavigation, that is, the problem of guiding celes-
tial ships over invisible routes in space, is grandiose in character, new-

ness and intricacy. How shall wo calculate the flight? How shall wo se-

lect an itinerary which will not demand any extra consumption of fuel
al.’ld ab the same time will not bo inordinately long? How can we find our
distant go:{l in space? How can we determine our position in it when
wo are millions of kilometres from any possible bearing? These and many
oLhc'r problems of. astronavigation must first bo solved, or it will bo jm-
é)assnbl.ale to organize even the simplest cosmic flight. And each of these
uesbions is a task the like of which science has ne
Tuestions s 2 : ver before been called
T.he t'asks. set by a:?t,ronaviga!,ion are so unusual because they concern
navigation in three dimensions. Any trip on Earth, no matter how lon_g
.bnp along a surface and not, in space. The fee-
1‘rdhd1mezsion, made by captains of submarine
airships, do not alter the case. A bit below the
zsllsxrface.of the water or a bit above the surface of the land is Jjust the same
Siorinovmgfalong the surface. However, in astronautics all three dimen-
: s are o equal value and the path musi be laid not along some
ace, but in space. ¢ o
re;x;;ec,hevae\: ileretir, 11311ust be noted that one of the dimensions is not, beyond
, east when considering flights within the sol
ar system. As
\0\28 ltﬁi:;v'til:?sz all the 1planil;s. of the solar system (with the exception
', utermost planet) and their satellites 1
along orbits which practically lie i lod the setimio t oo
¥ lie in one plane, called the ecliptic.* Thi
Ny . ° s ecliptic.* This
Oneem;slglx:t PIl‘zheufShgg, ofla space ship must, in the main, take place in this
? 5 » the plane of the ecliptic, to so: X
stitute for the Barth’s syrf v ' 0 Bl £ tache o
romavigation urface, when we attempt to solve the tasks of as-
T? be sure, when caleulating cosmic routes
ezamon to what extent the planes of the orbits
ed from the ecliptic., For instance, Mars,
an augh? o‘f 1.9° with the ecliptic, will be
ehlghl;‘ million kilometres. It would certainl
tination by that much!

we must take into consid-
of the planets arc deflect-
the plane of whose orbit is at
deflected from it no more than
y be a pity to miss one's des-

* Eclintic. i
Ecliptic—the plane in which the Earth reyolves around the Sun,
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But astronavigation is mot merely navigation in boundless space; it
is navigation in such space where there are active powerful fields of grav-
itation. The force cxerted by these fields upon a space ship not only changes
from one point in space to another, but even changes with time, at
a given point in space. And the trajectory of the flight of a space
ship changes under the influence of these forces, which, in turn, are gov- -
erned by certain very complex laws. At any rate, science is as yet un-
able to caleulate this trajecloryin advance; it can be determined only ap-
proximately. It is simply up to us to see to it that these errors in calcu-
lation are not too great, but even this is obviously not such a simple task.
‘When we bear in mind the tremendous distances traversed by the space
ship, even the slightest mistake, as in calculating direction, may carry
the ship many millions of kilometres away from its destination.

The task is further extremely complicated by the fact that the desti-
nalions in astronavigation behave much worse than terrestrial goals,
which are firmly attached to the Earth's surface. The pilot of a sea-going
vessel or an airship would hardly be delighted to know that the desti-
nation he was heading for kept changing its position on the surface of the
Larth according to certain intricate laws. Yet the laws governing the mo-
tions of heavenly bodies are incredibly more complex, and the smaller a
body is, the more complex are these laws, for the greater is the number
of different perturbations its motion issubjected to. It is sufficient to point
out that the exact formula which astronomers use to calculale, in ad-
vance, the motion of the Moon in the firmament, covers approximately
200 pages! Nor is this surprising, for such a formula must take into ac-
count 150 major and about 500 minor perturbations of various character.
To calculate the trajectory of the Moon for several decades in advance,
specialists, mathematicians, with a whole staff of calculators to help them,
will have to work for years. It would even take a calculating machine,
that “robot brain” which man has at his service to make various complex

caleulations, inonths to figure this out even though such a machine can cal-
culate in one minute what it takes a mathematician a month to do. X

Generally speaking, after shooting off from the Earth it is possible to hit
any .set point in space. But—try and hit it! The shooter is faced
with truly fantastic difficulties when he attempts this. His target goes
flying along the most complicated courses at a dizzy pace, changfng
its velocity all the time; the shooter himself leo goes whirling
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around in space; countless influences carry the bullet off from jts
path. Indeed, you won't hit your target merely by good aiming! ‘IL may
often be necessary to shoot not only al some invisible targot, but oven in
a dircction opposite to that of tho target at the moment of firing! Why,
then, should we wonder if, when shooting in this way, even if we aim most
painstakingly, we may miss our mark by several hundreds of thousands
of kilometres. .

And in spile of all this, the astronauts will be hardly worse off than,
lot us say, the first navigators, the unknown Columbuses, the first discov-
erors of many lands now on the map of tho world. Sailing in unreliable
boats, they set off over the boundless occan on trips full of danger, rid-
ing through fog and storm and ice, not knowing when they would reach
their goal or even if that goal existed at all. When our astronauts set off
on their distant journey they will be armed with exact data about when
and where they will arrive at their destination, and if this destination is
the Moon, they will havo maps of the lunar surface, which, for the num-
ber of details on it, will not be inferior to maps of many regions on Larth.

The determination of cosmic routes for space ships will be greatly sim-
plified by the fact that the motors of the ships operate for an insignificant-
ly small period as compared with the total duration of the flight. In fact,
except for some very brief moments, throughout the flight the ship moves
in airless space with its motor switched off, that is, it moves in a free flight.*
In this case the law governing the motion of the ship is fully determined
by those fields of gravitation in which the ship moves and by its velocity.
Generally speaking, the value and direction of the ship’s velocity at any
particular point in space predetermine its entire further trip. Unfortu-
nately this trajectory cannot always be calculated beforchand by mathe-
matical methods. As a matter of fact, this can be done only in one case, the
simplest—for a flight in the field of gravitation of one particular star.

In actual fact, the fields of gravitation of different heavenly bodies
overlap, but in practice we often find that the influence of Lhe field of one
particular body, as that of the Earth, the Sun, or some other planet, dom-
inates as compared with the .others. We may, therefore, take into consid-
eration only this one field and ignore the others. That is why, for instance,
a flight from the Earth to Mars can be divided into three scetions: the

* This should not be confused with Tsiolkovsky's flight in “Iree space,” where the
force of gravity does not exist. .

. Interplanctary travellers on Jupiter’'s satellite, Europe
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initial soction of the flight, which takes place in the field of only the Earth’s
gravitation, the main section, which is only in the field of solar gravita-
tion, and the final part of the flight, in the field of Mars' gravitation.

The laws governing the motion of one body in tho field of gravitation
-of another (the problem of two bodies) have been studied in detail and form
the basis of celestial mechanics.* The plancts move around the Sun and
the satellites around their planets according to these laws. These laws
will also govern the flight of space ships over each of the seclions of the
course mentioned above. In order to study the flight of the ship we have
overy rigot to use tho conclusions of celestial mechanics, even though
the founders of this science could hardly have foreseen this application
of it.

Let us, forexample, consider a free flight in the terrestrial field of grav-
itation. Such will be any flight up to a distance of 800,000 kilometres
from the Earth** (if we don't take into consideration the length of time of
the chip's take-off run with the motor operating, the so-called active sec-
tion of the trajectory, and an altitude up to about 100 kilometres where
the air resistance is felt). We must also exclude from the case we are dis-
cussing such areas near the Earlh where we have to consider the lunar
field of gravitation.

Under these conditions the ship’s flight will proceed exactly like the
flight of a missile fired from an artillery gun into airless space. The trajec-
tory of such a flight will be fully determined by the direction and veloc-
ity of the missile at the time it {lies out of the gun barrel.

If the gun is set up vertically, the projectile will move from the centre
of the Barth along the terrestrial radius. When the kinetic energy acquired
by the projectile on being fired has been completely consumed in
overcoming the Earth's gravitation, the projectile stops, then begins
1o fall back towards the Earth along the course it has already traversed,

* Celestial mechanies, Lhat s, the Lheory of*the molion of celestial bodies, is, of
course, the problem of many bodies. However, since mathematics bas as yet been
unable to solve the simplest problem of this kind, the problem of threé hodies, the
problem of two bodies forms the basis of celestial mechanics, and the influence of the
other bodies is taken into consideration as corresponding forces. Space flight is also
a problem of celestial mechanics. .

%% At this distance the attraction lowards the Earth becomes so little that it can
be ignored. ' .
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and will re-enter the gun barrel with the same velocity with which it
left it.*

The greater the initial velocity of the projectile, the higher it will
rise above the Earth. We already know what this velocily should be if
the projectile is not to return to the Earth, but is to come Lo a standstill
only in “infinity.” That is the escape velocity, which is equal to approxi-

mately 11.2 kilometres per

Velocily of projectite s infinitely greal second** on the surface of the

LHperbolic veloeily ot RS

Tt 2300 Earth, If the velocity is less,

the missile will fly for a strict-

etoilytos i, ly definite time until it

cireulér velocily reaches a cerlain maximum

altitude, and then will fall

back to the Earth. Thus, at a

speed of 7.9 kilometres per

second (at the equator) the

Vorficel shol wilk Shof wilh circeler, Missile will reach an altitude

an ‘”,/‘” velocrly ,;52‘;’,”03{,‘,9’%,”,7-,’,’5 equal to the Lerrestrial radius,
6,378 kilometres.

Let us now set the cannon
up horizontally, as if getting
ready to fire straight at our target. If the initial velocity is small, our
projectile will fly a short time and then fall back to the Earth, describing a
small arc above it, part of an ellipse.*#*

According to celestial mechanics, the trajectory of the motion of onc
heavy body in the field of gravitation of another can be only onc of the

. Aty

Trajectory of projectile when fired from cannon
set up horizontally.

‘: Thisisa simpliﬁt.:nt.iun of the case. In reality the situation is much more complex.
** At the equator it is equal to 41.18 kilometres a second, at the poles—11.21
kxlome.tres per second. Inasmuch as the Earth is not a perfect sphere in shape, the
attraction .wwards the Earth at the poles will be greater, as the distance Lo the ccn’lrc of
the Eartl! is less. Furthermore, the force of gravity is less at the eqimlor as a result of
the centrifugal force caused by ‘the rotation of the Earth on its axis. This force is
completely absent at, the pole. . ’
*** It is usually considered that, the projectile falls along a parabola, but such is not
.the case. [t would move along a parabola if the Earth were flat. Bend L’his “flat” Earlh
into a sphere and the parabola becomes an ellipse. When the projectile flies a relatively

small distance, this difference is practically im i i
> erceptible; when th i i
increased, it cannot be ignored, y- percep on the firing distance I
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curves which are called conic scetions. The circle, ellipse, parabola and
hyperbola are such curves. We can obtain these curves by cutting the cone
with a planc as shown in the figure on page 764. The projectile can move
aboul the Earth’s centre only along one of these curves (or along the Earth's
radius, as when fired vertically).

If the terrestrial surface did nol stop the projectile, it would continue
its motion along an ellipse- until this ellipse closed, so that the projectile
would fly into the gun barrel through its breech. The Earth's centre
would be one of the Lwo focuses of this ellipse.

The greater tho initial veloéity of the projectile, the more the ellipse
approximates a circle in form until such a velocity is attained at which
the projectilo’s orbit becomes a circle with the Earth’s centre as its centre.
The projectile will not-fall’ now, but will eircuit the Earth endlessly,
flying every time through the barrel of the gun from which it was
fired. We have already spoken in detail of such artificial terrestrial
salellites. As we have pointed out, the initial velocity of a projectile
necessary Lo transform it into a satellite, that is, the so-called circular
velocity, is equal to 7.9 kilometres a second at the surface of the Earth;
it is */, of the escape velocity. It will take such a satellite 3 hour
24 minules to make one complele revolution around the Earth at ils
surface. -

If the initial velocity of the projectile is further increased, it will be
forced Lo move again along an elliptical orbit, but this time the Earth’s
centre will coincide with the second focus of the ellipse, that closer to the
gun. The projectile will continue to rise higher and higher above the Earth’s
surface at the point which is the gun’s antipode, that is, a point on the
other side of the globe. It is interesting to compare the maximum altitudes
attained by the projectile when fired with one and the same velocity from
agun in a horizontal and in a vertical position. The shot that is fired straight
upwards will, of course, prove the more advantageous one here: When the
velocity of the projectile is equal to the circular, that is, to 7.9 kilometres
a second, it will, when fired vertically, rise to an altitude equal to one ter-
restrial radius, whereas when fired from a gun in a I\Urizomql position it
will remain near the Earth’s surface. This difference of one terrestrial
radiug, 6,378 kilometres, is maintained even when the projectile’s veloc-
ity is further increased. However, a projectile that has been verticqlly
“fired will, on reaching ils maximum altitude, completely lose its velocity,
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whereas its rival keeps whirling around the Earth at a Lremendous speed.
A “shot upwards,” as we shall see later on, may be compared Lo the flight
of a space ship at take-off; a “horizontal shot”—to tho flight of the ship
when it lands.

A shot from a gun placed at an angle with the Barth will come
somewhere between the two extremes discussed above. The closer the gun's
position is to the vertical, the more elongated will be the elliptical tra-
jectory of the flight, the higher
it will fly, and the less will be
its speed at ils maximum dis-
tance from the Earth.

The following characteristic
of elliptical orbits is of great
importance for - astronautics.
When the initial velocity of the
projectile is so great that it flies,
far away from the Earth, an insig-
nificant incrcase in its speed
greatly changes the orbit of the
projectile’s flight: the ellipse be-
comes more elongated, so that
the maximum altitude of its
flight will be greatly increased.
For instance, if we increase the
initial velocity of a projectile
fired horizontally by merely 11
metres per second, that is, from
11,115 t0 11,126 metres per second, the maximum altitude attained by the
projectile above the Earth's surface will be increased from475,000t0 630,000
kilometres. This goes to show how very exact the inslruments regulating
the flight of the space ship must be, in particular those which delcrmine
the moment when the motor is switched off, and also how difficult the
problem of steering the space ship is. -

An initial velocity of the projectile equal to the escape velocity will
send it off into infinity, whether it is fired verbically or horizontally, As
soon as the initial velocity of the projectile acquires this value, the cllip-
tical orbit breaks, and the projectile no longer flies along a closed, but along

¢

Conical sections.
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an 'open curve, a parabola. That is why the escape velocity is also called
the parabolic velocity. .

‘A further incredse in the initial velocity of the projectile when fired,
one that is greater than the parabolic, will send it flying along a hyper-
bolic curve and nol along a parabola, and this curve will “open” more
and more as thé velocity increases. Such velocities are called hyper-
bolic.*

A projectile fired at a parabolic velocity of 11.2 kilometres per second
possesses sufficient energy to escape {rom the fetters of the Earth’s grav-
itation. This will not, however, save it from the influence of solar grav-
itation, and it will inevitably fall into the incandescent embrace of the
Sun or will begin to revolvo around it along an elliptical orbit. If it is
to get away from the solar system, the velocity of the projectile must
be parabolic in relation to the Sun. This velocity is muéh greater than
the velocity of escape from the Earth, for the solar field of gravitation
is more powerful—it is equal to about 42.1 kilometres per second. On
tho planets that arc farther from the Sun this velocity is less, of course,
so that on Pluto it is only 6.7 kilometres per second.On the surface of
the Sun it is equal to 618 kilometres per second, inasmuch as the force of
gravity on the Sun is 28 times that on Earth. On the Sun a person would
weigh 1.5-2 tons, and perhaps even more.

We could hardly hope to freo ourselves from the fetters of solar gravi-
tation were it not for the fact that the Earth is a satellite of the Sun and
consequently revolves around it at a circular velocity. Bul this also means
that if advanlage is to be taken of the eircular velocity of the Earth, the
interstellar ship need not be imparted the entire parabolic velocity in
relation to the Sun, but only the diflerence between that and the circular .
velocity, that is, 42.1—29.8=12.3 kilometres per second. )

It is now easy to calculate what the initial velocity of an interstellar
ship should be at its take-off from the Earth. Apparently it must be~ equa) -
to 16.7 kilometres per second (by making use of the Earth’srotation on

* A parabolic trajectory can never be attained %n practAicc. and is chi-eﬂy of theoréet-
ical intercst, as transitional from closed trajectories, elliptical, to open ones, byper-
Dbolic. If the trajectory were to be parabolic, it would bo necessary to maintain an abso-
lutely exact value for the parabolic speed. A s}ighl.ly lessm: speed would 'makc‘ the tra-
jectory elliptical,” slightly grcater-—hyperbohc. At relnt'wely~ small dxstgncses. these
trajectorics are practically indistinguishable, and merge into 6ne.
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its axis this velocity may be lessened to 16.2 kilomelres per sec ond).
This velocity is often called the veloeity of liberation.*

As we see, if we take advantage of the orbital velocity of the Earth,
the liberation velocity is not so great, in fact it is less than the neces-
sary ideal velocity for a flight to the Moon.

If the orbital velocity of the Earth is to be used to the fullest advantage,
the take-off of an interstellar ship should be effected in the same direction
as the Earth’s motion in its orbit, that is, counter-clockwise when looking
from a point located above the North Pole. If the take-ofl is effected in
the opposite direction, the liberation velocity of the ship will no longer
be ‘equal to 16.7, but to 71.9 kilometres per second, as it will be necessary
to impart to the ship a velocity equal not to the difference between the
parabolic and, circular velocities, but to their sum, that is, 42.1429.8=
71.9 kilometres per second.**

What route should the captain of a space ship select when directing
it, let us say, to Mars? Obviously, he will have no easy problem to solve
when selecting his route, a job Lhat will carry with it many responsibili-
ties. It will not be easy for the reason that there are no roads awaiting
him in space, no railways, no asphalted highways. The ship will
fly wherever the hand of man directs it. Nor is it necessary to explain why
the job is such a responsible one: an unfortunate selection of the route
may greatly increase the duration of the flight and the necessary fuel sup-
ply to be taken on board.

But wouldn't it be possible once and for all to determine the best
Earth-Mars route, so that the only thing to be done would be Lo set up
some road signs as on our terrestrial highways?

Unfortunately no, The matter is not so simple as that. Aside from the
fact that such a route would not be immobile in space, but would move
about in it together with ils initial and final stations, the Earth and Mars,.
the very nature of this route would depend on the specific features of the

* We obtain the value for the velocity of liberation as follows: the kinetic énergy
of the ship at take-off from the Earth is proportional to the sum-of the square of the
escape velocity, that is, 11.2°=126 and the square of the necessary additional velocily,
that ‘is, 12,32=154. It follows that the velocity of liberation is equal to
V 126+-154=V280=16.7 kilometres per second. .

** For practical purposes the flight of a space ship around the Sun must, in all cases,
take place in the same direction as that in which the planets move, It is possible, of
course, to fly in the opposite direction, but thisinvolves a great expenditure of fuel.
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flight. To find the most favourable route for a flight, g‘wen its dur:;bll:x:\‘
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The simplest thing to do, it would seem, would be to direct the ship
along this path, which is the shortesl, but such is not the case. Further-
more, the ship would not be able to make its flight to Mars along such a
path, for neither the Earth nor Mars is immobile, but they keep whirling
around the Sun in their orbits. It would, of course, be possible to make
the ship fly along this imaginary straight lire if that were absolutely nec-
essary, come what may, but it
would be a meaningless undertak-
ing. In the first place, when
the ship reached Mars’ orbit,
after flying along such a straight
line, it would not find the
planet at the expected place, for
Mars would have travelled on
far ahead. Secondly, such a
flight would involve a tremen-
dous excess expenditure of fuel.
If the ship were to move along
such a straight line, it would
have to be directed at an angle
to it, otherwise it would be
“carried off” in the direction
of the Earth’s motion in its
orbit (just recall the way a person jumps off a moving tram). Thatis
what the boatman does when he tries to cross the river along the shortest
path—he direcis his hoat not straight across the river, but at an angle
to it. This, however, makes it necessary to impart to the ship a much
greater velocity if it is to reach Mars' orbit. Calculations show that the
expenditure of energy on such a flight will be 2.5 times greater. That is
what “rowing against the current” means!

It is quite obvious that the shortest Path between the orbits is by no
means the most advantageous one. Of course an express ship, which pays
hu:Ie altention to the “expenses” of such a journey and is interested mere-
l).' in making it in the shortest possible time, may, in spite of all, travel
via the shortest route. Such an express flight could be made very c}uickly
if only the necessary. velocity were attainable.

However, the most advantageous flight from the point of view of fuel
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Oppositions of Mars from 1939 to 1971.

. 7 el
Ordilt of Mars . J%%Z%'/‘%ﬁ/

Ordit of barlh

Rouleof ship \

)
PS>,
(242942 )

i endil flght

Ilow to fly to Mars: 1—flight via shortest route; Mt}\‘s am% ihe Earth

are considered immobile at point of opposition; 2—{11ghl, via shm:te§t

route to orbit of Mars, necessary velocity of vesselis very great—it kxs

necessary to “sail against current”; 3—ﬂight,_of express Shlpv may take

wo months and cven less; 4—most effective flight, requiring least.
! expenditure of fuel.

consumption will be one which takes place along a Lrajcctvory that makes
full use of the circular velocity of the Farth in its revolution around the
Sun. But this means that the ship’s flight must proceed along a tax}gent
to the Earth's orbit and in the same dirgction in which the Earth 1L5felf
moves around the Sun. The take-off for such a ﬂigh? should be about m1i;
night, at which moment the point of take-off, if it is not al. the pole, wi

169

1043R00190012000




Declassified in Part - Sanitized Copy Approved for Release 2013/04/25 : CIA-RDP81-01043R001900120005-9

be so situated that the ship can
make use of the velocity this point
has in its rotation on the terrest-
rial axis.

How should the initial velocity
of the ship be selected? It is not so
et ?imple to answer this question, which

loagakes s one of the most important in astro-

”%/#:u//’_ﬂ,,,_\___. nauties. Many factors have to be
— taken into consideration here, such

as the level of development of jet
techoique (the jet velocity and other
properties of the fuels, design of the
ship, ete.), the required supplies of
food, air and water for the passengers,
and many other things. Calculations
show* that the most] advantageous
trajectory is an ellipse which is tan-
gent to both orbits, that of the Earth
and that of Mars. In this case the
initial and final points of the path
lie on different sides of the Sun, on
the major axis of the ellipse, which is
cqual to the diameter of the Earth's
orbit plus the distance between the
Flight of vessel to Mars and back  UWO Orbits along the ‘shortest path
along most advantageous route will (that is, during the time of opposi-
last 2 years and 8 montbs: 1—258 Llion). This means that the length
days ship fiics from the Earlh to varies from 335 Lo 400 million kilo-

Mars; 2—454 days ship wailson Mars i
A metres. 9 -
to start on its relurn trip almost two s. The length of the correspond

years after lake-off from the Earth;
3—258 days it returns lo the Earth, tOTY of the ship’s flight, will Dbe

) equal to approximately 600 million
kilomelres. A flight along such a path will take the ship about 240:270
days. For the ship to make such a flight its initial velocity beyond

R

* As yet the gencral solution for this problem has not been found."
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ing semi-cllipse, which is the trajec- -

the Earth's field of gravitation should be only 2.9 kilometres per
second. )

What, in this case, should be the ship’s velocity when taking off from
the Earth? Inasmuch as the ship should have an escape velocity of 11.2
kilometres per seccond to overcome the Earth's gravitation and, later,
beyond the terrestridl field of gravitation, the ship’s velocity should
be 2.9 kilometres per second, one might be inclined to think that it
will be necessary to impart to the ship at take-off a velocity of 11.24
2.9=14.1 kilometres per second. This solution, however, would be
an erroncous one. If we imparted this velocity to the ship, then beyond
the field of terrestrial gravitation the ship’s velocity would be 8.6 kilo-
metres a second, and not 2.9. What strange arithmetic this is! An ini-
tial velocity of 14.1 kilometres per second; over 11 kilometzes lost in
overcoming the Earth’s gravitation; and yet we have a remainder of 8.6
kilometres por second! As a matter of fact, the ship’s velocily al take-off
should be only 11.6 kilometres per second.* .

We thus see how much more advantageous it is to impart to the ship all
the velocity possible at take-off, which is practically a law in astronautics,
an important law. If, in the given case, we imparted to the ship at
Lake-off an escape velocity of only 11.2 kilometres per second and then,
when it was beyond the field of terrestrial gravitation, we imparted
another 2.9 kilomotres per second to it, the total ideal velocity would
be equal to 14.1, as we pointed out above, instead of 11.6 kilometres per

second. And the fucl supply required for the ship would have Lfn be cor-
respondingly greater. For instance, with a jet velocity of 3 k}lometres
per second, the ratio of the ship’s masses at take-off would be increased
from 48 to 110. .

When calculating the total fuel consumption for the flight we musl

* Lol us recall the following: in overcoming the Em—th‘s‘ gmvitutipn the sh]xp
spends a certain amount of kinetic energy, and !.his energy 1s’ prop?ru?nnl 'Lo Lni
square of the velocity. This ‘means that in overcoming the Barth’s grm'lbamo'nl x\_etmusr
spend kinetic energy, which is proportional to ﬂ.xe s.quare of _Lhe.escnpe \elfl)c‘lllx, 1(!)0
11.22=126. Beyond the field of the Earth’s grnvﬂ,z:non the kinetic 'cner]gy sl [3_, 4
proportional, in the case under discussion, to 2.9-:?/1. It 501]10\\5, “:ni’z(}_:s 4=e
kinelic energy of the ship at take-off should be proportional /t'o_'}l'? smlnloG kuome.tms
=134.4 and its take-ofl speed, obviously, must be equal Lo ’T 134. l(;l‘ .'.L Homelrt
per second. The trajectory of the ship’s flight in the Earlh’s field of gravitatio 3
therefore, be a hyperbola. .
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take into cogsideration the ship’s velocity in relation to Mars at the mo-

ment they meet. This velocity must be retarded chiefly by motor braking

as Mars® atmosphere is very rare. This means an additional expenditure

of fuel. If the flight is made along a tangential serni-ellipse, at the moment

the ship meets Mars its flight will be quicker than that of Mars by about
2.7 kilometres per second. It
would be possible, of course,
to select such a route that,
when the ship was flying
along it, this relative velocity
would be equal to zero. Once
again we see how difficult it
is to select the most advan-
tageous route.

If the course over which the
ship is to fly is to be the most
advantageous one (the tangen-
tial ellipse), the moment of
the ship's take-off must bhe
determined exactly, for other-

Trajectories of express flights: Eartb-Mars. wise it may not find Mars at

the “rendezvous.” At the
moment of take-off Mars must be at a very definite point in its
orbit in relation to the Earth: it must be ahead of it by about Y/,
of a complete revolution, that is, by 45°. Inasmuch as this relative posi:
tion is repeated with the same regularity as the opposition, the next con-
venient moment for a flight to Mars will occur only 2 years 50 days later.
Nature itself, we see, takes measures to dampen the ardour of astronauts—
it will not he possible to make frequent flights to Mars (at least, not with
the jet technique of the immediate future). It is probably for this reason
that in the future these advantageous moments will be used to organize
entire expeditions consisting of many space ships, when a whole inter-
planctary fleet will fly off practically at one time."

The situation as regards a return to the Earth will be even worse. It
will be easy Lo postpone the departure from the Earth one day or more,
without greatly inconveniencing the passengers. But how will space Lrav-
ellers feel if they have to wait about two years on inhospitable Mars
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before they can turn their ship homewards? Simple calculation shows
that after having made a successful landing on Mars, in the event that
the ship flies along the most advantageous semi-ellipse, its passengers
will really have to wail there about 15 months before the ship can
start on its return Lrip, if it again wishes to Lake advantage of the best
route.

A slight increase in the expenditure of fuel will make it possible to se-
lect other trajectories for the flight, not along a tangential ecllipse, bul
along ellipses thal intersect both orbits or at least one of them. This may
lead to a substantial decrease in the duration of the flight, so that such
routes may prove to be very interesting. For instance, by’ increasing the
ship’s velocity at the take-off from the Earth from 11.6 to 14.3 kilometres
per second, we can reduce the duration of the flight by three months, as
compared with the cight months the flight would take along the most
advantageous route. By increasing the take-off velocity to 15.9 kilometres
per second we can reduce the duration of the flight to only four months.
This decrease in the duration of the flight is achieved not only becauso
of the increase in the velocity, but also because the trajectory is short-
ened. We can lessen the duration of the flight even more by increasing the
ship’s velocily Lo the hyperbolic in relation to the Sun. If the ship’s vel-
ocity were hundreds of kilomelres per second, the flight to Mars would
take only a week.

By changing from a tangential ellipse to secant ellipses and es-
pecially to hyperbolas, it becomes much easier to select the moment for
the ship’s take-off from the Earth. Under these conditions there are sev~
eral months in the year when the ship can start on its journey. However,
this makes practically no difference as regards the moment to be selected
for the return trip from Mars. In order to avoid a too lengthy sojourn on
that planet, it is possible to use an express ship on the way back to the
Earth, one capable of flying along a hyperbolic orbit and at such a’great
spoed that the ship will be able to “gyertake” the Earth. However, this
involves a considerable increase in the amount of fuel to be expended.

Flights to the outer planets of the solar system, those that are beyond
Mars, can, in principle, be effected in the same way as a ﬂight to Mars.
As before, the ship will take off from the Earth about'midnight, so th.at,
its velocity may be added to the velocities of the Earth's revolution in
its orbit and’ its rotation ou its axis. This enables the ship to fiy farther
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away from the Sun until it reaches the orbit of the planct Lowards
which it is flying, at such a moment when the planet itself is there.

Flights to the inner planets, those whose orbils are less than the Earth's,
in particular a flight to that “mysterious stranger,” Venus, about which
astronomers know so very little in spite of ils proximily Lo our Larth,
will have to be undertaken in quite a different way. In this case it will
be sulficient to decrease the ship's velocity in comparison with the Earth's
orbital speed, for the ship to begin to fall to the Sun, approaching it, un-
til it reaches Venus’ orbit. For this purpose the ship must take off from
the Earth in a direclion opposile to its motion around the Sun, that is,
it must starl about midday.* Beyond the terrestrial field of gravitation
the ship's velocity should be equal to 2.4 kilometres per sccond and, con-
sequently, the velocity of the take-off from the Earth should be less
than 11.5 kilometres per second.** Under these conditions the ship
will fly to Venus along the most advantageous roule, a tangential
semi-ellipse, making a trip of 400 million kilometres, although the
shortest distance to Venus is only !/,, of this. In this case the flight
to Venus will take slightly less than 5 months. As when taking off
from Mars passengers will have to wait on Venus over 15 months be-
fore starting off on the return trip Lo the Earth along the most fa-
vourable route.

A flight to Venus along ellipses which intersect the orbits of the Earth
and Venus or at least one of these orbits, instead of along a tangential
cllipse, will, as in the case of a trip to Mars, considerably reduce the du-
ration of the flight while requiring a certain increase in the fuel Lo be ex-
pended. For instance, if the velocity at the boundary of the terrestrial
field of gravitation is increased from 2.4 to 8 kilometres per second, the
duration of the flight can be cut almost in hall.

Tangential semi-ellipses are the most advantageous Lrajectories from
the viewpoint of fuel expenditure also when flights to other planets of
the solar system are being considered. This, by the way, is indicative of
another feature of astronautics: the most advantageous flight to a closer
planet will sometimes last longer than a flight to a more distant planet.

* In order to use the velocity of the Earlh’s rotation on its axis. When flying
off from the pole, the ship may take off at any time of day.

“ VIEIILT=115.
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Jangential elljpse’
16days, 7.5 47 sec,

/fzzal'[/ﬁ:.,s 177&/'%
linear roule / lordifal velocy,
fyctloem sl : gty
ireclie T 73R Secant elljpse
ﬁ/’al;‘,;g;{:;fé/‘é %;‘;e[{g;”y 72 days, 72. 74-]"‘/:”.
Flight to Mercury along tangential and secant ellipses.

1t is not very difficult to realize what we have in mind here:‘I {lights Al.o
the inner plancts. Indeed, Venus is eloser to _bh(i Earth than B]ercurg;] ]f,
bub sinee it is necessary to fly “to 1l(,he ot.hert"sme of the Sun, the path to

i onger and will take more time. ) .
VO;EST;V;:I all)lem;xergspeciﬁc featurc of astronautics connected \\vxl:h 'a i;]%]]llb
to the inner planets which we must dis.cuss‘: the le?s the velocity o thg
ship, the quicker it will reach its destination. This seems t:lw pdroYIZ n
saying: “Slow and steady wins the race.” ’Ijhe secret, here is 11]11 eeb sis ]fhel.-
The less the velocity of the ship in relation to th.e Sun, t} i,s&a]gshi
and shorter will its path to it be, and ‘the Iess. the time spenz 3;6 15;L LhI;
in flying to its goal, whether Mercury or Yem.xs. I, fl')l‘ m: s:]rll ’sun e
moment of -take-off the ship were imm?blle.m relahoz. Emev nu,s L
would fall on it along a sl.raight'line,.:ll);x;i 1]1;31?‘:21?;:39]1;% fmg(:reb :i]at o

» would be the shortest possible. v s e
aMtzr;:;:Zking of its velocity in relation to the Sun. F l(])r this V,::Z?El};e thoa kh:
less, the ship's velocity in relation to the E?arth .al; t. em&lmeh‘ ihe Lake-
off from the Earth must be greater, for in this case the ship
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2 direction oppisite Lo the motion of the Earth in its orbit, and theship's
velority must. thereiore, make up for the orbitzl velority of the
Eenth.

If the travellers have the fime and patience, they can make some very
isteresting “promenzdes” in space without landing on any planet,
bai observing it zt a close distance, one which must, however, be suifi-
eiently respeetinl if they are not to besubjected to the considerable gravi-
tation of the plenei. These trips can be made with a minimum expeadi-
tare of fvel, jnst enoush to sead the ship off on an endless jonrsey arouad
the Sua after it has become transiormed into a new planet, an asteroid.
The enrresponding velocity of the ship when taking off from Earth should
be greater than the escape velocity (11.2 kilometres per second), but less
than the liberation velocity (16.7 kilometres per second). Aiter having
<elected a snitable moment for the iake-off and the velocity, that is, the
major axis of the ellipse, one can circnit the Sun several times, meet and ob-
serve the necessary planet, and then land on Earth, which, aiter having
mzde several revolutions around the Sun in this period, will meet the ship
2t the place of its take-ofi. Such trips, including a study of Mars, Venus
or Merenry. conld be made in three vears time. One to Jupiter would re-
qaire § years, ete. Such a flight around Mars will require a take-off velocity
of the ship of only 0.4-0.5 Lilometres per second more than the escape
weloeity.

There is no doubi whatever that in the foture cosmic routes will lie
somewhere between the satellites, whether natural or artificial. and not
dirseily between one plapet and another.

It seems manecessary to speak of the importance of correctly determin-
ing the position of the ship and the velocity and direction of its motion
in space. The slightest mistake at the beginning of an elliptical
trajectory may earry the ship offi millions of kilometres from its desti-
nation. Such a mistake will often prove not only very difficult to correct,
but even fatal in iis consequences. .

Many methods have been proposed to enable the pilot of the space

ship to find his -bearings in space. The time will come, of course,

‘when this space will have routes equipped with refuelling stations, radio
beacons, and the like, and then the crews on the “space fleet” will find life
much easier. However, even then correct methods of astronavigation
will be the most important means of ensuring the success of a ﬁight.
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As yet, radio-navigation in gpace is’a thing of the more distant future,
and astronauts have Lo use, as their bearings, the celestial luminaries,
the Sun, the planets (including the one towards which the ship is flying),
and the stars, which are always visible. Aviation today is already mak-
ing use of the methods of astronavigation, that is, finding one's bearings
by the stars. The first experiments in such orientation were made at the
end of the past century from air balloons,

Astronavigation in space will be based on the achievements and expe-
rience of aviation astronavigation. However, flying in space will differ
in many respects from flying within the limits of the Earth’s atmosphere.
Many more stars will be seen in the dark sky; the behaviour of the planets
and the scorching Sun and many other phenomena will seem most un-
usual, One will be able to judge of the position of the ship in space by ils
distance from the Sun (this can be measured, for instance, by the tempera-
ture of a special thermocouple, heated by the solar rays), by the position
of the Sun in the sky, by the position of the planets among the stars,
as by the simultaneous photography of any two planets, etc. It will be
necessary to develop special intricate methods of calculation and special
instruments, and to make stellar maps.* The pilot of a space ship will
be “armed to the teeth” in his hand-to-hand fight with the boundless
expanses of the cosmos.

However, when methods of radio-navigation are applied to astronautics,
his task will be incomparably lighter. Radio beams will indicate the paths
in space, and radio robot-pilots of cosmic ships will unerringly di-
rect them to their distant goals. Even so, a radio beam whirling through
space at a speed of 300,000 kilometres per second will sometimes “give up.”
The pilot-radio officer of a space ship must never, not for a single instant,
forget a certain something which radio officers on airplanes never have to
think of, namely, the time it takes'a radio beam to cover tremendous dis~
tances in space.

\

* It is interesting to note that maps for pilots of space ships may be made accord~
ing to a system of “conditional meridians,” developed by Soviet pilots making flights
in he region of the North Pole. This system does away with the inconvenience caused,
by the intersection of all the terrestrial meridians at the point of the pole. (at this
point even a watch which has stopped shows the correct time). According to thissystem,
conditional meridians are drawn, which intersect only in infinity. The meridians of
the solar system also intersect in infinity. S
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Chapter 16
THE TAKE-OFF AND THE LANDING

Those famous “three points” when making landing at an airfield proba
bly cause aviation students more worry than anything else. B

And very likely the most unpleasant moment in a space flight, will
be the landing, although for other reasons than in aviation Thogta]’zeWIﬂ"
of a space ship, too, is unpleasant in its own way. The sLudeu.Ls at a scl '01
for comm.anders of space ships will probably have to make many a tak lm;l“
and landing with an instructor before they receive the Precious rj 19'0
make an independent flight. re e

The take-off of a space ship! What a thrillin,
oit.(fn has man thought of these stirring moments, when he Parts from hj
native E:}rtl\ to make a gigantic leap towards distant worlds! But it o
much easier to picture the last tense moments before the ship. tak ' f;‘s
the touching farewells and fina] requests, such as to convey one’s gref:,i;gsr

to Martian ac uaintances, than to think of ev -
q n
: ) © eryt,hmg necessary for a suc-

And the things that have to be thou
Lhefe is the time set for the take-off,
locity, the “programme” for the further flight in the Earth’

the expendit R
bl efc, iture of fuel for the take-off, the well-being of t]

The simplest
Fortunately, th

g sight that will be! How-

ght of are indeed many, Forinstance,
the direction of the take-off, the ve-

s atmosphere,.
he passengers,,

e poles, the less the gain ili
off isat the poles. If the cosu&:opo}:?s';lslitf
as, for instance, near Moscow, the increase
1y 260 metres per second. It would hardly
g off for the tropics in pursuit of the other
178

becomes equal to zero if the take-
Pated in the middle latitudes

in velocity will be approximal:e
be worth while, however, settin

200 metres, cven though a take-off from some high-mountain plateau in the
Caucasus or the Pamirs would be more advantageous in many respects.

The time set for the departure of the ship does not necessarily have to
be calculated too exactly, that is, to the second or fraction of a second, as
some writers state, so that in this respect, too, the undertaking is relative-
ly simple. At any rate, there will be no danger of having to postpone the
flight to the next day or perhaps the following year just because a particu-
lar second set for the flight is already past. Yet we will not be completely
free in choosing whatever time we wish. For instance, as we have already
pointed out in the preceding chapter, flights in the direction of the Sum
should start during the day; flights directed away from the Sun—at
night. The best time will be determined by the geographical coordinates,.
the time of year, the destination, etc.

A much more serious question is the direction the ship’s flight should
take. This question was thoroughly studied by Tsiolkovsky. There are two
contradictory demands that have to be taken into consideration here. O
the one hand, it is desirable that the flight in the Earth’s ajmosphere be as-
short as possible, for this will decrease losses in velocity due to air resist-
ance. And in order to attain this, it would be expedient to traverse the at-
mosphere via the shortest path, that is, make a vertical take-off. On the
other hand, a vertical take-off involves new losses in the velocity of the
ship due to the force of gravity (the so-called gravitational losses). If the
ship flies off vertically, the influence of the force of attraction towards the
Earth will decrease the final velocity of the ship, which it acquired during
its powered flight. The greater the time spent on such an ascent and the
less the permissible accelerations during flight, the greafer will this braking
effect of the force of gravity be felt. If the acceleration imparted to the ship
by the motor were equal only to the acceleration of the force of grayity,
the ship would simply hang immobile in the air, without gaining alti-
tude. This circumstance makes a horizontal take-off feasible, for then the
force of gravity does not decrease the velocity of the ship. And this means
that there will be no need to increase the necessary supply of fuel. .

‘What, then, should be the direction selected: vertical, horizontal, or
oblique? . )

Generally speaking, it would be possible to select a most favourable an-
gle for. every individual” take-off, depending on the accelerations allowa-
ble in flight, the frontal resistance of the ship, and other factors. This is
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Acceleration of free fall

Loss ol velocily of ship o
”n /,'Ilmp/%m of gvr/;i

Ai'rp(eraf/b”
o shipdue fo
work of molors

IO hec.
per second

_  w
27

7crease in ship's velocily per )
{Irue acceleralion /4 g/ﬁ,’a} secord

When the ship’s take-off is more oblique, the ]

0 oss in velocit;
of gravity will be less, 1 due to force

how one usually pictures the take-
off track leading off to 4 trestle brid,

off of a space ship: down. a long take-

w go that extends high up into th

Lhiswe;;ezl:,s 2;?1(5{-;{; c;f a spac;lship will most Pprobably hlt)a quite L?nslliili’e.
. 0 resem| i

rockots dusemad - Cramtars e the launching of fhe heavy long-range

lWhen ready for the take-off, the
ca iti
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obviously insufficient in a lateral direction, for the vessel is not calculated
for large transverse loads, and the horizontal position will, therefore, be un-
desirable. While on this subject it should be mentioned that the ship's
landing on the planets, especially those devoid of atmosphere, will be effect-
ed from a vertical direction, also on such a supporting chassis.

The ship will fly off vertically and, rising into the sky also vertically,
will begin to gain altitude in order to pass, as quickly as possible, through
the densest strata of the atmosphere, those offering greatest resistance to
the flight. At an altitude of between 10 and 20 kilometres, the steering gear
of the ship, which until now sustained its vertical ascent, will deflect the
flight from the vertical. The ship will begin to move along a curved trajec-
tory, towards the east.

Just a word about steering the ship during flight. Everything written
about astronautics, beginning with Tsiolkovsky's works, pays much at-
tention to this question, which is quite natural, for a space ship must be
readily controllable at any moment during its flight. Tsiolkovsky not only
was tho first to formulate the problem of steering a space ship, but he also
suggested solutions forit, and nothing new, in principle, has been added to
it since then. Some of these suggestions have already been widely applied
in jet technique, in particular, for long-range guided rockets.* For
purposes of stecring during flight in the atmosphere, the ship should be
equipped with air, aerodynamic rudders, similar to those employed in air-
plancs, However, these rudders can be of no use whatever during flight in
airless space. Furthermore, even when the ship is flying in the atmosphere,
they are not always capablo of managing the task assigned them. Such is
the case, for instance, at the beginning of the take-off, when the ship’s ve-
locity is insulficient for the rudders to be effective, and also during flight
in the upper, rarefied atmosphere.

Tor this reason the ship will be supplied not only with air rudders, but
also with gas rudders, that is, rudders located in the stream of gases escap-
ing from the motor. A turn of the gasrudders will deflect the jet stream,
creating lateral stress, which will change the direction of the ship’s flight.
In some cases, for this very same purpose, the engine is so installed in the
rockel that it can turn about somewhat, changing the direction of the
thrust.

* The very idea of automatic control of rocket flight was likewise Tsiolkovsky’s. He ’
also invented the robot-pilot which is so widely used in aviation today. N
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However, such methods are not, suited for ste
for it will not always be feasible and sometim,
ble to start the main engine of the ship operal
steering. Control in Space must, therefore,
Ples. For instance, one can install auxiliary
tors for this purpose.* One can also take ad
ingship cannot be turned around its centre of 8ravity** without the aid of
ouiside forces, That is why if a mass is rotated inside the ship in one direc-
tion, the ship itself will begin to rotate in the other direction, It follows,
then, that for Purposes of steering, we can install a rapidly rotating disc in-

side the ship. With its ajd the ship can be turned in the desired direction.
In this way the ship can be turned only around its ¢
However, we cannot get along without the engine if we w
direction of the ship’s flight.
But let us return to our flying ship. The Powered flight of the ship along
a curve will continue with an ever-increasing speed, gradually changing
to an almost horizontal fight. At an altitude of about 100 kilometres the
ship will be {lying almost horizontally, at, a very small angle with the ho-
rizon. The ship will continue to fly around the Earth in this fashion un-
til its velocity becomes circular (about 7.9 kilometres per second). When
its velocity exceeds the circular it wil] begin to move away from the Earth.
The duration of the take-off run of the ship, that is, the duration of its
Powered flight, will be determined by the value of jis acceleration at tale-
off and the required velocity. Evidently, the greater the acceleration apd
the less the final velocity, the shorter will be the period of the take-off ryp.
We have already spoken of the required final velocity; it should 10t be less
than the escape velocity and perhaps much greater if an express flight
is being made, The most probable final velocity will very likely come
within the following Tange: from the escape velocity, which js about 11 kil-
ometres per second, to the velocity of liberation, 16.7 kilometres per
second.
As regards the ship's
selected. Theorehically,

ering a ship flying in space,
es it will be simply impossi-
bting just for the purpose of
be based on other Princi-
rudder liquid-fuel rocket mo-
vantage of the fact that a fly-

acceleration, the largest possible value should bhe
the most advantageous acceleration would he an

* 1t should be mentioned, in this con;
bas been started by
opposite direction,

** The so-called principle of conservation of angular mo;

nection, that the fotat;

ion of the ship, once it
these motors, wil] continue until it is st,

opped by a push in the

mentum,
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i 1 ve-
instantaneous increase in tho ship's velocity fromi n?:}%rzzn?:e:?eed f‘ivnilzh >
i in thi 1d be nolosses in veloci
locity, for in this case there wou 1 ¢ nocied with tho
i his is impossible, of course. Fui ,
take-off run of the ship. But ¢ ' hormoro, tho
i i - f the ship should be qui
accelerations during the take-off run o! i : Lo
ﬂﬁze\:hole because of the inertia overloads which man can \Yxths::;nhi o?lly
shall speak of these in greater detail in Chapter 20. True, this is nof
factor that limits the allowable ‘
accelerations  during Lakc:?ﬂ'. Trajectory of ake-olf of ship gng;”m'
Another factor is the durability almogi
-of the ship: this is calculated. for
definite inertia overloads which, Farlh
if increased, would call for a —
considerable increase in the ’a%u’;% ///% .
ship’s construction weight. And
another consideration: the accel-
erations are limited by the Ilacb
i i t low "
Llab the ship's velody @ cat because of the danger of
i in dense air cannot be too gr 5 e
all,lt‘}ud:z‘mm during flight, the chief danger durm]g.r;' Lheof l:}fe sﬁip's
31‘1701 1iip ch shall discuss this later, when speaking
e S .
landing. i ion is the effect of allowable inertia
o decisive consideration Is e
HOWZ‘ er’hbel:lcregarded from the viewpoint of the passentg(;:ls olfli he ship
?Vcr?si Isi]::Iy that because of this the accezgableL ac;cela)l::a; elcond tor peery
2t cimately 40 metre: ;
- vill be equal to approximal . ey
- Lﬂl;e (;Izh\r\zlézllke of(f[ run, that is, four times the acceleration of the
second o -

Trajectory of take-off of ship.

¢ acce v a eration means vertical
Th pted value for the accelerati m that during the t

d
i ill i 30 metres every second, an
ip, its velocity will increase jseoond, and
tﬂk?-Off Dlimtxl‘li[;:zl:bl:ﬁ take-off—40 metres per .second, as shm:;e;nan almgude
e a180 As the vertical ascent lasts until fé]e [‘S::;;p reel:icﬂl in alitudo
of 100 kilomet i hat by the end of the v

ki tres, it follows that by Jako-oll the
of .10’-20 illl?b“i e\\:’ﬁsl be about one kilometre per s.eclond. As \:Z f e ooy
poy St,veltf3 [tjl ges over 20 kilometres these velocities io notlcz;.1 yob brosent
oy danger | i i f overheating. A verti )

oint of view of ov ! c o

e f%ﬁlot::cc}:uds that is, in less than */, of a mmutoei agentd
ta];le l‘)qu;tl 3 altitude of a,bout 20 kilometres. The further run
will be at a
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will ‘proceed along a curved, ever more oblj,

ity increasing at,

ond.* Under this velocity of, et us say, 11.5 kilome-
tres per second, wil] be reached when the ship has flown 1,600 kilometres,
Such a flight will take about five minutes, while the total time spent op
the powered run will bo less than six minutes,

By the time the motor is switched ofl, that is, at the end of the so-called
active section of the trajectory, the ship will very likely be at an altitude
of slightly less than 1,000 kilometres above the Earth, This altitude must
be taken into consideration’ when determining the necessary fina] velocity,
for as the distance from the Earth increases, the escape velocity decreases,
At an altitude of 1,000 kilometres the escape velocity wil
equal £014.2 kilometyes per second, but to aboyt 10.5 kilometres per sec-
ond, as a result, of whi ne will not have to work so long and the

the losses in the ship's

velocity at take- [ the force of gravity.

1 we consider the average loss in velocity during the entire take-off run,

due to the force of gravity, as two-three metres Dber second, the toga] loss
will be 700-1,000 metres per second.

The resistance offered by the air to the space ship which is flying at a
8reat speed will further decrease the velocity, Despite all the achievements
of aetodynamics, the science of flight in the air, it is sti]] impossible, at the
DPresent stage, to calculate Precisely what the loss in the velocity of the space
ship will be, The rapid development of Jjet technique has made it neces-
Sary to caleulate the frontal resistance of airplaneg flying at a speed approx-
imating the speed of sound, and at altitudes of gver 15 kilometres, The
aerodynamics of 8reat velocities, so-called gag dynamics, is mastering this
task rather wel]. However, the flight of Space ship will take place under
conditions that, differ greatly from thoge under which the swiftest aircrafe
and modern high-altituda Planes fly. The experience acquired in recent

" Years when testing heavy long-range ang stratospheric rockets is,.
11‘.2 211 large extent, applicable here, but this experience is - ag yeb very
ittle. o

* For the sake gf Precaution, the loss i veloc

ity accepted here is five metres
second, although e value given ” oo’
likely,

below, of two-three metres Per second, is more
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A spaco ship, when taking off, undergoes a number of diifert?nt ex.rzin;
ences, beginning from the lowest velocities and altitudes and endx:g wi :
ﬂighL’ab tremendous altitudes in greatly rnreﬁefl atmosphere and at z;].cc]l.
lossal, cosmic velocity of tens of thousands of kilometres flJer hour, whi
is mu;:h greater than the speeds already achieved by Lecl{mquef.l. 1 unden

As yet we do not know the exact laws of resistance tlljlrmg a ight un
such conditions, although these problems are being studied l'no.st, ulJtenshllxlr:t
ly, both theoretically and experimentally. At any rfxte it is clear that
th;: phenomena which evoke resistance during such ad flight a}'?, asp ]l;(;i oxd

i i i t from the well-studied streamline -

their physical aspects, differen ° ! e
i ight in dense air at speeds appros h

ena, which accompany a flig S T g the

i in thing here is that when a flig] L
velocity of sound. The main t| v ! fokes Dlace in
i idered as a continuous, entirely q
dense air, the latter may be consi us, o ppduid me-
i i f air molecules colliding wi

dium, so great is the number of et o tho surface
i t. However, the situation is q r

of the flying body every momen! ver i uite difler-

i here the air is very rare. Under

ent at a tremendous altitude, wl . e condi
i i ded by a stream of compac quid,

tions the flying body is not surroun Tt iquid,”

i f isolated, free molecules. The
but is bombarded by a shower o s Iy it goremet b
i les flow around the ship is gove
that arises when such free molecu arios it g
i i t laws. Furthermore, there are variou: :

Eurft\?e:;ir;t two extremes. An approximate calculation s_hows tlfxatbbhz

slfil‘a will encounter the greatest frontal resistance at an altitude of about.

mBklcl:l?s]z Lchs‘bhis we can, today, estimate only ap}:nro.\:imatel}r thTehl.os;; 151:

vel e't. ¢ of a space ship at take-off due to the resistance of the. mri3 '(;s ;}1 >

‘?limofb course, depend on the form and dimensions olf the sl}xp. h v: :,:ke)

the . g inged rocket, at least al -

i have the form of a large wing » at lea -

”;[0 s’}‘lllxp 5\11]101;1 Isd which are of great value at take-off as stabilizers anrl?i 1’:{_

D0 i)ecaﬁse ofg;,];e‘lifting power they develop, will hk;\vxse b;e. lx{mlc;as;;l?r dur

: i vill very like! o

i i ve shall see later on. These wings w v 1 v

l?g la(rildlarr:% ;i:;e lfe retractable, as they are in certain expemmex;t:;ea;:-

;;:E:s This will make it possible to change Lhelfre;?f'thfellsglgfa:;;z. the ar-

. é 5 :
he wings, depending on the ship’s ) > th

Zol\:’_Sh;p:fnh;g:r:js'tes t,heg“:ings will be withdrawn and their arrow-like

ake-0 0 s

shape Inereased. camliné forms sometimes proposed

i fical and other poor stream. i 1 ob)

f V:;leozii;};h:;z:use of the absence of air resistance in space, cause

or ’
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an unallowable loss of velocity at take-off, For, this; reason it is unlike-
1y that they will find application, *

The greater the dimensions of the ship, the less will be the relative
loss in velocity during the take-off as a result of air resistance.

Calculations made for a stratospheric rocket weighing 50 tons showed
‘that the rocket velocity at the end of the active section of the trajectory,
+that is, by the time the rocket had finished its powered take-off run, had
‘decreased by about five per cent due to air resistance. It can, therefore, be
concluded that as regards heavy space ships, which fly chiefly in the upper,
ithe most rarefied, atmosphere, the loss will be 110 more than this, and even
less. Wé will not be making a great mistake if we assume that the loss in
velocity of a space ship at take-off because of the resistance of the atmos-
phere will not exceed three per cent, that is, it will be about 300 metres
per second . **

The total loss of velocity of a space ship at the take-off from the Barth
will be equal to the sum of both losses caused by the Earth’s gravitation
-and the resistance of the air. The value of this loss depends on a number of
factors, but it will very likely be around 1,000-1,500 metres per second.
“This velocity should be added to the necessary final velocity of the ship
at the end of the active section of the trajectory, in order to obtain the
ideal velocity, which forms the basis for caleulating the fuel supply for the
ship. Consequently, in the best of cases, when only the escape velocity must
be figured, and this, as we have seen above, can be taken as 10.5 kilometres
per second, the ideal velocity will be equal t011.5-12 kilometres persecond.

To make a landing on the Moon or on any other heavenly body that has
10 atmosphere but which has its own field of gravitation, the velocity of the
ship in relation to this body must be reduced by motor braking.

Atb a very definite distance from the surface of the celestial body, which
has been figured out beforehand, it is Hecessary to switch in the motor of

*. Observation_ inMoscow of one of the meteors showed that ifs velocity for a second
of ﬂxght at an altitude of 40 kilometres decreased from 56 to 14 kilometres per second,
;I‘:::zsl;hhow gIr:ab aer"(?dy flight takes place in very rare

cre. It sometimes reaches the figure of 100 kilom v
Sevond of it g ometres per second for every

f*_ Eé_veu ]l:;nvz‘exw figures are given, as little as one per cent, but these, we feel, are too

imistic. During experimental launchings of the hj, hest-altitud ki i
Was as high as seven per cent, ¥ ? rockes tis loss
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tho ship so that the jet foreo will gradually reduce the velocity of the ship
to zero. If braking begins too carly, at a great distance from the landing area,
it will cause a considerable over-expenditure of fuel. In theory it would be
best to cut down the ship's velocity all at once and have the ship stop sud-
denly, right at the very surface of the planet, but this is impossible, of
course, and, therefore, when braking, the maximum allowable inertia over-
loads should be used. )

If the planet has an atmosphere, even such a rare atmosphere as that of
Mars, but especially if it is as dense as the atmosphere of the Earth or
Venus, a considerable part of the tota] braking of the ship when landing
may be accomplished by using the resistance offered the flyirig ship by this
atmosphere. In this way a considerable amount of fuel may be saved, but...

But such a landing is, literally speaking, “playing with fire,” for the
slightest mistake in calculations, a mistake on the part of the pilot, and

-the ship may flare up like a Dright torch; in the best of cases, the only

thing that will reach the surface of the planet will be the charred and mol-
ten remains of what was once a celestial ship. The fate of meteors which, as
is said, “burn up” in the atmosphere, that is, which are destroyed in it by
the blows of air molecules, will haunt the commander of a space ship who
dared to risk such a landing* like an ominous phantom. And yet the possi-
bility of making such a landing must not beignored. The exact findings of
science combined with faultless automatic control will make such a land-
ing absolutely sale.

Even today high-speed aviation must take into consideration the phenom-
enon of overheating during flight. This overheating occurs because the
airplane, whirling at a tremendous velocity, runs up against the immobile
air and compresses it. The effect obtained would be the same as if a stream
of air moving at a great speed ran up against an immobile sur[acg and sud-
denly stopped, braking against this surface. When braking in this way the
kinetic energy of the air stream is converted into heat which, conveyed to
the surface of the plane, increases its témperature. At low flight’ speeds
there is practically no overheating, as-we know: the cabixs of air.planfas must

* It should be remembered that the velocity of a ship approaching the Earth will
be about /5 the velocity of evaporating meteors, and, thereforé, the resistance offered
the ship by the air, even if the form of the'ship is the samie, will be only ’/,5.' Further-
more, the frontal resi of the air ed by roteors, whose form is irregular,
‘'will also be much greater for this reason.
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an unallowable loss of velocity at take-off. For, this] reason it is unlike-
1y that they will find application. * )
The greater the dimensions of the ship, the less will be the relative
doss in velocity during the take-off as a result of air resistance,
Calculations made for a stratospheric rocket weighing 50 tons showed
‘that the rocket velocity at the end of the active section of the trajectory,
that is, by the time the rocket had finished its powered take-off run, had
-decreased by about five per cent due to air resistance. It can, therefore, bo
concluded that as regards heavy space ships, which ﬂy-chicﬂy in the upper,
tthe most rarefied, atmosphere, the loss will be no more than this, and e\'cn,
. less. We will not be making a great mistake if we assume that the loss in
'velocity of a space ship at take-off because of the resistance of the atmos-
phere will not exceed three per cent, that is, it will be about 300 metres
per second , **

The total loss of velocity of a space ship at the take-off from the Earth
will be equal Lo the sum of both losses caused by the Earth’s gravitation
and the resistance of the air. The value of this loss depends on a number of
factors, but it will very likely be around 1,000-1,500 melres per second.

This velocity should be added to the necessary final velocity of the ship
at the end of the active section of the trajectory, in order to obtain the

idt'zal velocity, which forms the basis for calculating the fuel supply for the
ship. Consequently, in the best of cases, when only the escape velocity must
be figured, and this, ss we have scen above, can be taken as 10.5 kilometres
per second, the ideal velocity will be equal to11.5-12 kilometres persecond.

To make a landing on the Moon or on any other heavenly body that has
no.atmcsphere but which has its own field of gravitation, the velocity of the
ship in relation to this body must be reduced by motor braking.

At a very definite distance from the surface of the celestial body, which
has been figured out beforehand, it is necessary to switch in the m’otor of

. ﬂ‘. ?hservutior{in Moscow OF one of the meteors showed that its velocity for a second
oTh gl lbhat an altitude of 40 kilometres decreased from 56 to 14 kilometres per second
az;gsl;i, ow gIr:at aerodynamic braking is even when the flight takes place in very rare

cre. It sometimes reach i
Sonon of g aches the figure of 100 kilometres per second for every
'"AE.ven lower figures are given, aslittle as one
optimistic. During experimental launchin:
Wwas as high as seven per cent.

per cent, bus these, we feel, are too
gs of the highest-altitude rockets this loss
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the ship so that the jet force will gradually reduce the velocity of the ship
to zero. If braking begins too early, at a great distance from the landing area,
it will cause a considerable over-expenditure of fuel. In theory it would be
best to cut down the ship’s velocity all at once and have the ship stop sud-
denly, right at the very surface of the planet, but this is impossible, of
course, and, therefore, when braking, the maximum allowable inertia over-
loads should be used.

If the planet has an atmosphere, even such a rare atmosphere as that of
Mars, but especially if it is as dense as the atmosphere of the Earth or
Venus, a considerable part of the total braking of the ship when landing
may be accomplished by using the resistance offered the flying ship by this
atmosphere. In this way a considerable amount of fuel may be saved, but...

But such a landing is, literally speaking, “playing with fire,” for the
slightest mistake iu calculations, a mistake on the part of the pilot, and
the ship may flare up like a bright torch; in the best of cases, the only
thing that will reach the surface of the planet will be the charred and mol-
ten remains of what was once a celestial ship. The fate of meteors which, as
is said, “burn up” in the atmosphere, that is, which are destroyed in it by
the blows of air molecules, will haunt the commander of a space ship who
dared to risk such a landing* like an ominous phantom. And yet the possi-
Dbility of making such a landing must not be ignored. The exact findings of
science combined with faultless automatic control will make such a land-
ing absolulely safe.

Even today high-speed aviation must take into consideration the phenom-
enon of overheating during flight. This overheating occurs because the
airplane, whirling at a tremendous velocity, runs up against the immobile
air and compresses it. The effect obtained would be the same as if a stream
of air moving at a great speed ran up against an immobile surface and sud-
denly stopped, braking against this surface. When braking in this way the
kinetic energy of the air stream is converted into heat which, conveyed to
the surface of the plane, increases its temperature. Atlow flight speeds
there is practically no overheating, aswe know: the cabins of airplanes must

* It éhould Dbe remembered that the velocity of a ship approaching the Earth will
be about /g the velocity of evaporating meteors, and, thr_e[orf!, the resisxtnnce offered
the ship by the air, even if the form of the ship is the satte, will be only [_,5.' Further-
more, the I[rontal resistance of the air encountered by meteors, whose form is irregular,
will also be much greater for this reason.

187

1043R00190012000




Declassified in Part - Sanitized Copy Ap roved for Release 2013/04/25 : CIA-RDP81-01043R001900120005-9

bo heated artificially because of the severe cold that prevails at high alt}

tudes. But as the velocity increases, the aerodynamic heating u gofathl-
plane becomes so great* that finally it not only becomes unngec . o
heat the cabin, but measures must be taken to cool it cssany o
. Even today we have cases when the tempcrabure. ili the cabins of

jet planes rises to 60° C. and more. In the cabins of experiment.sal plscll)neel:d

e e whose velocity is even great-
gt er, the temperature even
rises to 100° C. :

.Obviously no amount of
training will be of any good
here. The problem of copl-
ing the pilot’s cabin be-
comes most urgent.

The heating up of the
p}ane during flight in the
air compels one to think not.
only of the pilot but of the
Graph sbowing] depend f ﬁ:e itseuvb e ot g,

a g lence s ar i i
which the ship is heated on ‘Ijligl::m\iel:::';:;ea;g durable ;b;'lsﬂt"foi ai;grl;f:

altitude, nium and magnesium. But
loys is quickly reduced as their Lemperati]::'ii:iz:s]:sty ’I?lflethf:idilri

parts made of these allo

¥s can be used only up t i
t\.u-es, such as do not exceed approximateli 21())0"0 A ey tempert-
flight velocity o

00 i
Yelocily of light lgr,;/la/;;e/ns’;g hour

0 proxj C. A further increase in
ety w,:i: .r;orrespondmg increase in the heating up of the plane
s co“struc‘tmn ani] tnecessary to abandon the use of light alloys in air-
B et 0 use other materials which have greater resist

at, but w ich, alas, are also heavier in weight o e
) Thx_s is why, in the latest speed planes, allo it
in \\.velght and preserve their durahilit}: eve
coming into greater use. It is not without
times called the'metal of the future in aviat

¥s of titanium, which are light

n at higher temperatures, are

reason that titanium is some-

o . ion. For thisreason, too, some
~ 1masmuch as the kinetic en i i

motion, the. ey energy is proportional to the square of the velocity of

0 ynamic heating will i i i
velostty, proportionntely ty itsgsquumalso Increase with -the increase in the flight
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of the latest aiplanes are built of stainless steel. This also explains why in
the cabins of such planes, refrigerators,cooling units,are installed to cool the
pilot and, at the same time, some of the most important parts of the plane.
These units by no means resemble household refrigerators. They can
produce a sufficient amount of cold to cool a theatre of average size on
a hot day, creating a comfortable feeling of coolness jnside.*

These measures are not, of course, radical ones, for they are not intended
to overcome the acrodynamic heating up of the plane during flight, but are
meroly a means of adaptation to it. The future increase in flight velocity
may make all these measures of no avail. Even today temperatures of many
hundreds of degrees are reached during the flight of a stratospheric rocket.
For instance, the long-rango rocket deseribed in Chapter 6, when falling
to the Earth, becomes so heated up in the lower section of the trajectory of
its flight that the temperature of its surface reaches 700° C.

The only possible means of overcoming the overheating of the plane dur-
ing flight become quite obvious. These means, in many respects, determine
the way in which aviation will develop further. They consist of increas-
ing the ability of the airplanes to attain greater altitudes. Only at a great
altitude can a ‘plane fly quickly, and the quicker it flies, the higher will
it fly. At great altitudes the air is rare. This decreases the resistance and,
consequently, the necessary Ppower of the motor which, when flying ab a
great speed near the Earth, might be disproportionately great JAt the same
time the plane heatsup less at great altitudes. The rarefied air imparts less
heat to it, while the radiation of this heat by the plane into the surround-
ing space is increased, so that the temperature of the plane’s surface is
lowered.

At very great cosmic speeds the {light should be made at very great alti-
tudes, to avoid overheating. This danger will very likely be fully obviat-
ed at altitudes of 100 kilometres. It is at this altitude that meteors usual-
ly flare up. Cold celestial stones break into the atmosphere at a speed of
tens of thousands of kilometres per hour. As a result of aerodynamic heat-
ing, the stones become extremely hot and in most cases “go up in smoke,”
become an incandescent, luminous clot of gas and steam, which we see as
a “shooting star.” To be more exact, what is luminous is chieﬂx a mass of
dense, incandescent air whirling ahead in front of the meteor. Its tempera-

“% This uait is of the turbine type. The air is cooled in it through expansion in a
special turbine. A turbine in one of these units makes 100,000 revolutions per minuté.
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ture rises to 200,000°C. and its pressure—to hundreds of atmospheres.Only
rare, the very largest meteors, or those having a smaller velocity, reach
the Earth’s surface. This explains why thero are so few cases of falling me=
teors on Earth, whereas the total number which make their way daily
into the Earth’s atmosphere is so great.

We can picture the landing of a ship on Earth as described below, al-
though this problem will be finally solved only after much greater experi-
ence has been accumulated in {lying planes and rockets in the upper atmos-
phere. The ship should approach the Earth at a small angle, so that the ter-
restrial field of gravitation will not affect its velocity much in the begin-
ning. This is why the landing, as pointed out in the previous chapter,
should resemble a shot fired from a gun horizontally. Then the motor
is switched on and the ship’s velocity is gradually lowered by jet braking.
As the velocity of the ship decreases, its trajectory becomes steeper and the
motor is switched off. This is at an altitude of from 50 to 100 kilometres.
The further descent takes place by means of acrodynamic braking, in
which the ship’s wings play an important part. Additional braking can be
obtained by means of aerodynamic brakes, flaps which are widely used in
aviation. Special parachutes may be used for braking; these too have
begun to find application in aviation.

When the ship’s velocity is reduced to 100-150 metres per second, it be-
gins to descend vertically by parachute, with its stern forward, its velocity
of descent gradually dropping to 10-15 metres per second. Close to the
Earth the ship’s pilot switches in the motor again for a brief moment, the
last push, retarding what is lef* of the velocity, and the ship smoothly,
softly lands on its shock-absorbing supports. Back on Earth again!

Instead of reducing the ship’s velocity by motor braking at the very be-
ginning, on approaching the Earth, braking may be effected by using air
resistance, as was proposed by Tsiolkovsky and later by Kondratyuk, Tsan-
der and others. For this purpose the ship should make numerous flights
around the Earth in elliptical orbits that become ever shorter. When
flying near the Earth its speed will gradually slow down because of atmos—
pheric resistance. To achieve the required decrease in velocity it will be
necessary to make many such round-the-world flights, and although no
expenditure of fuel is involved here, they are dangerous and fatiguing.
It may prove impossible to confine oneself only to aerodynamic braking,
especially in the beginning, because of heating up, which may cause the
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metallic walls of the
ship to melt. )
It may be most practi-
cal, when landing on {ﬁfggﬁj_
Earth, to reduce half of »
the ship’s velocity by
using the motor, and the
other half by aerodyna-
mic braking. A realistic
plan, especially for the
beginning, would be to
increase the ideal veloci-
ty of thespace ship at the

take-off from the Earth 7
by five-six kilometres .
per second, bearing in T

mind the return landing,
that is, speaking plainly,
by taking along a corre-
spondinglylarger amount
of fuel.

This expenditure of
fuel will be reduced to a
minimum when, in the
future, all or almost all
of the braking of the .
ship will be effected by Trejectory of landing of space ship. Velocily is
aerodynamic resistance, reduced through brakingin atmosphere.
whi ill become pos- o
:ﬁ:;gh a‘:lslcience devcl:lops, as the phenomena of heat nonducnwt}:i ‘ug-
der the conditions of space travel in the upper atmosphere arr:i stu ;e N
when heatrresist.iﬁg construction materials are produ.ced,hf.m fcooe cl;:ﬂgl
systems perfected. There will be no need to build the entire sl 1‘}) o ;: o
heat-resisting materials. It will be sufficient to use these materi

in of the wing surface. .
fm;l‘(;e;l;?lfegz?}f a landing tghe ship will need imprtfvgd aerodyfau‘;}c ioriz.lgi
which will become possible only when Kondratyuk's idea of a landing gli
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er is used. According to this idea, the space ship, on approaching the
Earth, will free itself of all those parts which have become unnecessary and
will be converted into a small landing glider, having only a cabin for the
crew, wings, and controls. It may be wise to land the ship on the surface
of some large water reservoir. .

There is every reason for thinking that the commander of a space ship,
on approaching the Earth, will be able to land at any point on the Earth’s
surface. This means that the ship can take off and land-at a cosmoport
just as airplanes do at an airport. After all, what a pleasant feeling it will
be to realize that after having made a “trip” to Mars you will arrive at the
very same spot, your very home once more, and there will be no need for
anyone to organize special search expeditions to go looking for you all over
the Earth! ¢

Chapter 17
A TOP, STEP AND JUMP

A hop, step and jump!... That is one of the most beautiful exercises in
field and track, combining strength, agility, grace and exact calculation.

We see a jumper running down a forty-metre track. A push against the
pole, and the athlete is in the air. But this is not merely a broad
jump. After touching the Earth, the jumper once more pushes off against
it. By using the velocity he has accumulated, he seems to fly in the air,
moving his legs, waving his arms, stretching forward like a bird. Then
again, a third time, the athlete is in the air. This, the third jump, is the
final one, and a new record has been set.

What has all this to do with astronautics? Is it possible that the hop,
step and jump is the best form of athletic training for future astronauts,
according to the latest achievements of the science dealing with space travel?

No, this is byno means the case. True, the idea of a hop, step and jump
really doés occur to the mind in connection with some of the latest achieve-
ments in astronautics, but in this particular case we are not thinking of
the physical training of future crews of space ships. |

We have already pointed out several times that the most advantageous .
space flight will be one that is made in stages, with refuelling en route,
for which-purpose natural or artificial satellites of a planet may be used.
And it is easy to understand why such should be the case. If all the neces-
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sary fuel wero taken on board at the start, a large part of it would be spent
on the fuol itself, that is, on the take-off run or braking of this
fuel. Tho situation is quite different if this “excess” fuel is not on
the ship. . '

Wo can readily appreciate the advantage of this mulbi-stago method in
considering a flight to Mars.

Lot us assume that in the beginning our ship, which is laking off from
the Earth on its distant journey to Mars, has on board the entire fuel sup-
ply necossary for the flight. Let us also assume that the ideal velocity for
a round-trip flight from the Earth to Mars, with a landing on Mars, will be
45 kilometres per second. If the jet velocity is four kilometres per second,
which we can hope Lo obtain within the next decade, the required mass
ratio of the ship (the ratio of the take-off mass to the ship's mass after all
the fuel has been consumed) will be about 76,000, according to Tsiolkovsky's
formula. This means that for cvery ton of weight of the ship itsell at
take-off there must be about 76,000 tons of fuel. It is impossible, of course,
to build such a ship. The maximum possible mass ratio for a multi-step
ship can very likely be no more than 150. And so, such a flight to Mars is
out of the question.

Let us simplify this task by assuming that there is a communiby of peo-
ple living on Mars, and that the production of rocket fuel has been organ-
ized there. The ideal velocity of the ship when taking off from the Earth
will, in this case, be about one half as much. If this is so, then the mass ra-
10 of the ship at the tuie-off from the Earth will be equal to only 275 and at
the take-off from Mars for the return to the Earth—the same, making a
total of 550. Instead of 76,000 tons of fuel per ton of weight of the ship—
only 550. What a tremendous difference!

Let us now try to use not only the Earth and Mars to refuel our ship,
but also their satellites, the Moon and Deimos. In this case our ship will
make a sort of hop, step and jump in space, from the Earth to the Moon,
then to Deimos, and finally to Mars.

For purposes of calculation we can take the following values for the ideal -
velocity: for the round trip, Earth-Moon—16 kilometres per second each
way; for the trip from the Moon Lo Deimos and back—nine kilometres per
second each way; and for the round trip Deimos-Mars—six kilometres
per second each way. With the same jet velocity of four kilometres per
second, the following mass ratios would be required: for the flight from-the
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Earth to ule Moon—355; from the Moon to Deimos—9.5; from Deimos
to Mars—4.5; or, for the entire flight:

2% 554-2%9.5+2x4.5=138.

In other words, the flight will require an expenditure of only 137 tons
of fuelbper ton of weight of the ship, while no more than 54 of these 137
Lox;:s will be stored up on the ship at one time.
Even though it is not simple, such a fli i i
: , ght is possible, and if, instead
olf the mass-we Moon, the Earth should have a small arljiﬁcial ;atellitc
the ef?ecL will be much greater. Such is the advantage of a hop, ste 'md’
jump in the cosmos. But that is not all. P
" Tlfxlt? eI;m.m cosmic rout'e for such a flight is divided up into three sections:
ﬁ:jd ;%gb m.:h:z- terresl.(;ml field of gravitation, the flight in the Martian
ravitation, and that part of the fligh ich joi i
I tatio ght which joins these two sec-
tions and which is in the solar field of itati i
I ) gravitation. This part of the flight i
bhfzmz]nafxln one, judged by its duration and distance, i o Hight is
e flying conditionsover each of these sectio i i
he {1 ns will be diff -
son is s.lmple cnough: the force of gravity. fifferent. The rox
ta]i\j;hllf)‘f?ylng over the two extreme sections of the route, that is, when
i 'go rom the Barth or landing on it or on some other planet, wifl have
oxeﬁcome. its powerful force of attraction. However i
the chlef,imuldle section of the route, where there is o
o.f allraction, the situation is altogether different. Onl
t':]nlnn aﬁec@ the ship here. But because of its great dist
¢ attraction towards it will be much less than the attraction Lowards’any

other planet when near its surface. When close to the Earth, for instance, the
, )

attracti i
ion towards the Sun is 1050 Of the attraction Lowards the Ea rth

For the ship it makes i
a great difference what vity i
overcome, for this determines the kind o ety it hos Lo

: - { motor to be installed i i
t?:;ﬁts)esgustrucim;m of the ship, and its shape. A ship flying ol\!vle:hteh?;g,

« 1ons of the cosmic route will diffe y i ing 8
QIght over the middle section of this tmjccrtogr;?uu) from 2 ship making o
But can a space ship ch .
different?

of Course not. It is hardly likely
have different ships fly over the diffe
the space travellers would h

, when flying over
nly the solar field
Y the solar attrac-
ance from the Sun,

ange its form in flight, becoming something. quite .

that this could be done. But we can
rent sections of the route. In this case
ave to Lraysfer twice en route, for which purpose
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it would be most feasible to use interplanetary stations, artificial satel-
lites of tho Earth and the other planets, as Tsiolkovsky proposed doing.

Tho passongers fly off from the Earth on one ship, then transfer to an-
other on the satellite; the ship will travel between this satellite and that of
Mars. Hero, on Mars' satellite, a third ship will be waiting to take the pas-
sengers to Mars itself. The reader will no doubt agree that such a journey
even moro resembles a hop, step and jump by space Lravellers.

Such a method for making a space flight affords now, quito remarkable,
opportunities besides those advantages already mentioned above in connec-
tion with using artificial satellites. These opportunities result from the
specific features of a flight in the middle section of the cosmic route, in
tho field of solar gravitation alone.

Whereas a ship flying off from the Earth must have a powerful motor and
must bo very durable, which meansheavy, a shipmaking a trip between the
artificial satellites may be light and .may have a motor which develops
vory little thrust.

The reason for this is obvious. The engine of a ship flying off from the
Earth must develop such a thrust that the ship’s acceleration will be at least
three-four times greater than the acceleration of the Earth’s force of grav-
ity. This, in turn, means that the thrust of the engine must be that much
greater than the weight of the ship. If the ship, at the take-off, weighs, for
example, 500 tons, which is not so very much for a space ship, its motor at
the take-off will have to develop a thrust of over 2,000 tons. Naturally, a
motor of such a tremendous thrust will have to be very large and weigh
very much.

The larger and heavier the engine, the larger and heavier will the ship
itself be. But this is not the only reason why the ship, taking off from the
Earth, will inevitably be very heavy. The tremendous accelerations during
the ship’s take-off from the Earth give rise to great forces of inertia which
‘affects the ship. Andin order to withstand these inertia overloads the ship
must be durable, which means massive and heavy. . .

The situation is altogether different when the ship takes a promenade be-
tween the satellites over the middle section of the route, even though this
section is longer. The Sun attracts this ship with a small force which is not
very difficult to overcome. The ship’s motor may, therefore, have a very
small thrust, and the ship itself, not burdened by great inertia forces, may

be very light. The shape of this ship, which does not fly in the Earth's
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atmosphere, may be any kind. This will considerably facilitate the task’

of creating artificial weight on the shi i i i
arti fi P, which will very likel
essary on this middle section of the route, the very long};st ¥ prove mee-
1~|;If the engine of a ship travelling between the orbits of artificial satel-
a11135 (wekn;ay cz;ll such aship inter-orbital) should have a very small thrust
work for a long time (in order considerably to i ip"
locity at a small acceleration), th i Y 1y aetset ot e
¢ . 2 , the question naturally arises: isn't it pos-
lelts)l;:;) ’111‘16 s;me.gt?erlkmd of jet engine, instead of the liquid-fuel rofl?:b
? The liquid-fuel rocket motor is known for its abili
tremendous thrust within a relatively bri fod, whiot o Sl
4 y brief period, which is what i
especially suitable for ships making fligt y ot ot
sp ts near the planets. I
ditions are quite different, whi o why s of tho m P
o e , which is why the properties of the motor must
Sibll’:u;i];ot\;]s.ky, even in\;lis day, considered different types of motors pos
is purpose. Numerous proposals we: i '
> °r0 re made after Tsiolkovsk
ﬂ;xgthth;gawteﬁ'e EH uﬁua’;}ll‘y rejected, for such motors were not suil.abl‘t:s ;zx,'
r the larth. The hop, step and j
portunities in this direcbion.P, P anc Jump, o we soo, allords groat op-
5012;1(13) oaf Lh(la] first bhoughts to occur is: cannot the force of pressure of the
s eams be used during the flight of an inter-orbital ship? The existence
back{s fgggsulre was first established by the Russian physicist P. Lebedev
in . In order to establish the existenc i i
< . e of this pressure and t -
V:‘:i 1rb, Il;ebedev himself performed a most delicate experiment oneo\]flfiacsh
Thé) (;z;c::;];fbélﬁ)se who knew of his ability as a brilliant ev‘:perimenLer
e experiment is connected with th v .
pressure of light. For instance, the o e O the
' ; s pressure of the solar rays on as
%::Sf iz;b 1°1ghltt a?lgllt;s to the beam at such a distance from the S:naazhbelf:
, s equal to half a kilogramme per s i
: i : quare ... kilometre! This i
:}:rgehgff‘l);gcﬁé*dh;b 1: r;leverbheless plays a very big role in naLurelS'Il‘fxea ;::sy ’
ellects the tails of comets from the Sun. It i ' dto
. | ) .Itisal
play‘ an 1mpf>rtant part in the life of the stais, in particul S10 Sl}[{POSGd t:o
maximum dimension, ’ wlar limiting thox
Tsander made calculations i
showing how we can
ol . oDs use the
olarrays to move space ships in the field of solar gravitation pge;ilxlsrizgfv?rl;

* This is the value for an absolutely black hod’y
f

ideal mirror, which reflects all the rays, the pressurewma" absorbs all the rays. Inan

will be double, -
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thin metal sheets it is possible to equip the ship with mirrors having a tre-
mendous surface and capable of reflecting the solar rays. These sheets of
metal may be thousandths of a millimetre in thickness. According to Tsan-
der's calculations, if the surface of such a mirror is 0.4 square kilometre,
the mirror will weigh about 300 kilogrammes. However, such a mirror will
create a force of only 50 grammes. Under the influence of this force the
speed of a vessel weighing 50 tons (on Earth) will increase one-hundredth
of a millimetre per second for every second. Obviously, the pressure of the
solar rays would not bo capable of driving a space ship even if only in the
field of solar gravitation.
Since the solar rays that fall on the ship from withoul, are incapable of
solving this task, perhaps it can Dbe solved by using the pressure of light
rays which are given off by the ship itself? If, let us say, a powerful projec-
tor is installed on the ship, the pencil of light rays emitted by it will
cause a reaction exactly like that caused by the pressure of a pencil of so-
lar beams falling on the mirror. But even this reaction is too little to create
a rocket operating on light. To increase the force of reaction of this
pencil of light rays, it is necessary to heat the surface radiating this pencil
to a temperature of millions of degrees. This is impossible, of course.

Wo thus see that in order to create a yeaction thrust which will move
the space ship, we must absolutely throw something off. The rays have too

small a mass for this purpose.

In the usual liquid-fuel rocket
off consists of molecules of gases,
these gases are to be ejected at a great spee
in the motor. The amount of gases escaping every m
otherwise the thrust will be small.

But the engine of an inter-orbital ship must develop a small thrust, as
we have noted above. This enables us to use an engine which throws off a
much sraaller mass than the liquid-fuel rocket engine does, but at a much
greater velocity. In order to increase the jet velocity, electric for(%es can be

used instead of pressure force.
Tor this purpose, for imstance, an atomic pseudo-rocket can be used,

such as that mentioned in Chapter 8, that is, the force of reaction of LheA
products of atomic disintegration escaping from the motor. The jet veloci-
ty of these products can equal tens of thousands of kilometres per second,
a speed hardly attainable in any other way. ‘-
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Another possible jet engine of this type is the electron or ionic engine, The
reaction thrust in this motor is created by the escape of particles of a sub-
stance which have an electric charge, electrons or ions. Theso particles are
driven to a great speed by means of an electric field which affocts them,

This speeding up of clectrically charged particles under the influence of
an electric field is widely used in technique. Take, for instance, the ordi-
nary electric current that flows through wires. It is sometimes possible, in
special laboratory units, to drive clectrically charged particles in this way
to tremendous velocities, reaching tons and oven hundreds of thousands of
kilometres per second. . '

The idea of an ionic motor is not a new one; it originated with Tsiolkoy-
sky. Such an engine may be built as follows: a powerful electric generalor,
a dynamo, is installed in the space ship. The energy required to set
this generator operating may be obtained by means of an atomic power
unit or by catching the solar cnergy. The electric current produced by the
generator is used to charge plates of a gigantic capacitor, which are in the
form of thin flat wire gauzes. As a result, a difference in electric potentials
is created between the plates of the capacitor and this speeds up the elec-
trically charged particles of the substance, the ions.

Electrons are torn away from ordinary molecules in a special ionization
chamber, and we thus get positively charged particles, ions. These ions are
then passed between the plates of the capacitor and escape to the oulside
at a speed of 100 kilometres per second. As they escape the reaction thrust
necessary for the ship to fly is created .

This is what the project of an expedition to Mars may be like, when it is
made according to the hop, step and juwp method, using ionic rockets. This
Project was developed by the well-known German rocket designer, Dr, W
her von Braun. The entire expedition can be made on 10 jonic interpl
ships which are assembled on artificial satellites of the
being delivered from the Earth by freight rockets. A whole fleet of 50 three-
step freight rockets will be used to deliver these parts and the crew, for
which purpose these rockets will have to make .about 1,000 flights. Every
such rocket will weigh, at take-off, about 6,500 Lons; the first two steps of
each rocket will return to the Earth by parachute; the third will glide back
to the Earth, for which Purpose it will be winged.

The weight of every inter-orbital ionic ship on which the astronauts will
reach Mars’ orbit will be over -3,500 tons. If three small ships were used,
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each weighing 200 tons, 50 people could
these three ships will remain on Mars 2
ed that planet would return on the oLh,
da, “'l}ic].} will be waiting for them in
etary ionic ships and two landing shi
becoming its artificial satellites, w]
n.]embers of the expedition hackl
lite, whence they
According to P
Years and will, o
five million tons
ets, while the flj
40,000 tons,

o I}x]leirflz;r to organize suchan expedition it w
sistent investigation, the joj '
P , the joint
engineers, workers, and the soluiiou o
n'zcal problems. But how ;
victory of the people in ]

ake a landing on Mg
and those [ort.unafes who ,]‘IS:;do\l'li[;iob-f
er Lwo to their interplanetary
the .orhib near Mars, Three interplan-
wm]};s“\]\zll 1]~emain in the orbit near Mars,
poilo b'ot er seven ships wiil bring the
Wil bo qonek o rhit of the Earth’s artificial satel-
ala Lh'e to 'Lhe Earth by rockets. ’
P r(;qu;rs; entife expedition will Lake about three
P “’yiu hare ggeat expenditures. For instance about
ont ot ol b eeded for. the flights of the Ireigh’L rock
interplanetary jonic ships will require abou;

ill require years (ifnot decades)

; oi: me.lny scientists, designers,

prent wi s L]:r;o:}. IF‘EncaLe scientific and tech-
1gnificance i

he fight against nature! ol such 2 viotory, o

arma- .

Part Five
MAN IN SPACE

Chapter 18
THE UNIVERSE AT THE SERVICE OF MAN

The day is approaching when the Earth’s emissaries will set foot upon

_ the soil of the Moon, Mars and Venus for the first time in history. Years

will flash by, years full of extraordinary first impressions and the new-
ness of the first discoveries, and then the question will arise: What shall
wo do with the celestial bodies we have conquered? How can they best serve
mankind?

But why wait until then? Surely there is no harm in thinking about that
now and evaluating the opportunities afforded by these conquests.

We already touched upon these questions in Chapter 1 and, later, in
Chapter 11, in connection with the problem of creating artificial satellites
of the Earth. Let us now consider in greater detail the opportunities that
will become available to science as a result of the congquest of the Moon,
Mars and Venus.

1t is not a matter of mere accident that the Moon attracts our special at-
tention. In the first place, it will undoubtedly Dbe the first goal of space trav-
s, not only because of the relatively insignificant distance between
which makes communication with it very conve-
nient, but also because there are various ways in which the Moon may be
used, which are impossible in other cases. And, finally, because we know
much more about the Moon than about any other celestial body and can,
therefore, judge of the opportunities it offers more correctly .than of those
afforded by any other celestial body.

Before we can answer the question:
(this, by the way, also refers to the other ce!
all determine what the living conditions o:
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terrestrial representatives who are sent on this special “mission” to it. Ob-
viously, if these conditions exclude any kind of prolonged sojourn there by
people, as would be the case on Mercury, which has a tem perature of 400° C.
above zero, the possibilities of using the Moon will be greatly limited.

Fortunately, the situation as regards the Moon is not so catastrophic,
although it goes without saying that one need not expect terrestrial com-
forts there. For that matter, there is not a single planet in the solar system
whieh will afford such comfort. Life on the Moon will be rigorous, its na-
ture is hostile to man, and he himself will have to procure cverything
necessary for his existence there.

The most decisive factor is the ahsence of an atmosphere on the Moon.
Man will, therefore, have to wear a suit isolating him from the surrounding
space. This suit may be the usual astronautic space suit of the “swimmer”

wementioned above, or it may be more intricate and with greater improve- -

ments. In any case, such a suit will be a most cumbersome arrangement.
Compared with this, the armour of mediaeval knights will seem most grace-
ful wearing apparel. The relatively heavy weight of the suit will not be
an obstacle since weight on the Moon is only?/, of that on Earth. A ter-
restrial centner will be only 16 kilogrammes on the Moon. Since a person
weighing 60 kilogrammes on Earth will be “lightened” to only 10 on the
Moon, then, even if he wears a suit weighing 150 kilogrammes, the total
weight of the man and the suit will be only 35 kilogrammes on the Moon.
In other words, even under this condition man will feel only half as heavy
on the Moon as he does on Earth. True, his mobility is determined not only
by his weight but also by his mass, whose inertia must be overcome.
Tor instance, while a hammer on the Moon will weigh only '/, of what it
does on Earth, it will be just as difficult to brandish. That is why people,
enclosed in their cumbersome, massive suits, will of necessity conduct
themselves most staidly on the Mog‘n' and move about slowly; at any
rate, they will not be able.to make acrobatic leaps 20 metres in length
and five metres high, as certain authors are inclined to think they will.

The organization of a community on the Moon will be fully possible,
although it will involve considerable difficulty. The space ships which
brought the people to the Moon will serve as their first dwellings. Then spe-
cial lunar tents will be assembled for them, made of super-durable plastic
materials. It will probably be desirable to build permanent dwellings below
the surface of the Moon, “sublunar” residences {compare with our “subter-
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ranean”), if it would be possible, of course. This would be desifabla from .leiie
;oinL of :'ie\v of heat-isolation, hermetic conditioning, expenditure o(i build-
gn materials, protection against the harmful inﬂucnc.es of worl ipa&:,
ebg Gradually entire sublunar cities could be organized beneal o
's surface. ) . !
M?[["ll:es p:ople on the Moon will be provided with everyl,hmg they neefl
from the Earth, at least in the beginning. The Earth will s.uppl])j‘the Lal:
necessary to broathe, food, water, and all other vital supplies. Later
i “ { itself.”
ar colony will learn to take care O ) .
lmi\l\:.mcrouz hot-houses and hot-beds may supply oxygen, vegeta'hlefa::e
fruit. Oxygen will also be obtainable from the lunar soil. For instance,
abou.b 50 per cent of the terrestrial crust ;:01.}5115.15 loi t&]);{g\il;.wr il also
i in water. It is likely
minerals on Earth contain W aler ! or
bché::ltirinable on the Moon * It isquite possible, too, that there is ice at the
of the deopest hollows. ) . !
ho"i}l?:l chief food products will later be oht.nma?)le syuthe.txcally. "1(‘)1:‘-;1:;
t00, livestock farms may e organized. Thus it will be possible to Pr
rythi ecessary for life oD the Moon. )
ev‘;rymiir:a% hno enableypeople to “get places” o0 the surface of the M?on, e!‘e;;
tri ut(;gnsport may be used, as the electromobile, later—elecu;{c tt,riz‘x:e 15,
et j i i ocke .
i hich will operale on I
ines (gas-turbine or job) W
Kv%];(:;ial\vi?xgld be(%ery helpful on the Moon }.Jecause of the unle\flzx;ezsg
i‘ Il,he lunar surface. However, the absence of air makes u;f' usua o o)
Zviatiou impossiblo. Flying machines may.he used for ¢l 1st f&rpfor,me
the type which arc cequipped with'rocket engines that ls.e[rbve 1o y
take-off run, but also for supportin the air, to create 1d . - adio, Tn ordor
Contact a;xlong the lunar jphabitants may be.eﬁecte 1 via .sma“ or
to increase the radius of such radio communication, which 1spx;igy s
o rface, every S
curvature of the lunar sur s . i
ﬁause :f ::esilll)a[\)rlged with the highest possible antenna. Y;ﬂ:;’;;eg]:;
r'?;ieo (:)mmunicalion will extend no more than lt(,)w]o;}ti:s:ﬁg; '?I‘ n mnd,ucL
' k ill i is radius to 10 ki . !
15 metres will increase this ra i o
2‘]:511::;2;&&011 in person, an ul)yiaratus similar tothe laryngophone, us Yy
pilots during flights, could be used.

the greater part of the lunar §\1rIace,
1so been discovéred in meteorites. ,

* The ciiﬂs of volcanic origin, which ociu};y
contain up to five per cent of water. Waber ha Vn
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[b‘}hen we s,;e/‘z.lz of psing the Moon apd the planets to serve man, we have
Tee p-ounb!e forms of such service in mind: scientific, ind =2 1al
tronzatical. ’ s

It is indeed difficult to overestimate the scientific significance of the

fipet ) .
arf::hl:f::: cokyln} ‘; It would provide astronomers with zn observatory such

3 thev cen only dream of at present. We have already X he

: the; dreas . ¥ spoken of the ad-
;‘;;:;:z o]id a:e observatory on an artificial satellite. An obzervatory on the

roul even more valuable. For instance, i i i
by . , it would not sufier fro;

the defect of 2n observatory on a satellite caused by its relatively smal;;

mass a ili i
and subsequent great mobility. An incautious movement on the part

o STV i
(,§ tll;:; otl;r;zc.:rpemxg%:,: on su;:h a satellite, completely change the position

] . is is of vast importance when making pho! .

i t
v;}::’itlbl’ing hexposures And there, beyond the terrestrial atnfospphe;:gr :)gf
Fho bz a:l y, which is o valuable in astronomy, will be possible, an,dhone
d;=pﬂ<(:[ l’e :}o photograph in this way as mach as one likes. On éanh the
p];le an‘é at,]:::z on the dar!;ast, of nights, illuminates the photographic

1 xposure, which, therefore, makes it i ible

. . 3 impossibl
s;i;:?o?i::ceak nebulae, distant stars, etc. Furthermore pcertlai: ;‘;i‘i’:
hewm; po;, la}rls al;:d planelfs, which we are unable to make’ on Earth \;‘ill

ssible-because of t i i ‘
pecame pos he long lunar night, which lasts two terres-

The stady i iati i
Phw;aci:;d)‘:hoi c'osmlc_radlz'mon will be organized on quite a new basis.
ab]‘g;’_o .m a,ye :zar;slj;hb;%logx'sts, physiologists, doctors and others wilt ht;

ke ¢ investigations on the M
o to very 3 le ir g e Moon.
wbjezt)eido(:; xLeIf,—mclud.mg its mysterious “other” side, will, of course, b
subject num;or::;b detfnled Sh.ldy. And it will finally becor’na pos;hfe t:
sty of the \;;nest,m@ which have been bothering scientists engaged
o e ooete 'Ar h(!.on. An important contribution will be made to the sL:d
e Pl gre;ter nlsm\;:llf l?ecome possible because lunar telescopes ﬁ'illi
ifying power and wiil b iving i

e ! e capable of -
zwﬁcsy Ilze‘tjlelxl' :]xlnag;s than. those obtainable in the best, terregsi:i]:lg ;11:;011"
mee;mure ! v\;:.betpo;..:xbl‘e[ to obtain ideal photographs of the planeert;

: , it to ‘the Moon will enable th .
more N ) e astrono <
pl;; e::b::,t analdyﬁxs of many methods of observation and :lk::rsbt\fd ma? 91'13
N wne,s ow :it:e in {astrcnomy (both by checking up on the corr);:m!; .
Bentty, e }; rw.zabwns of the Moon and by lunar observati f "

. chemical composition of the substances that ;nstoof -

orm
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he lunar surface will at last be fathomed. So far, despite the proximity
of the Moon, -scientists know absolutely nothing about this, whereas
tho composition of the stars, that are thousands of millions of times
farther away, is well known, thanks to the light these stars themselves
radiate.

Observations of the Earth will provide much valuable material for ge-
ographers and meteorologists. A visit to the Moon will tell geologists a
great deal about the processes of the formation of the Earth, the influence
of atmospheric phenomena on the Earth's surface, ete. For instance, the
deep pits on the Moon would make it possible to judge of the structure of
the deep strata of the Earth's crust, for, according to a hypothesis formulat-
ed by Academician 0. Schmidt, the processes of the formation of the
Earth and the Moon were similar. To be able to make such conclusions on
Earth it would be necessary to dig pits from 10 to 15 times deeper, which
is hardly possible.

Briefly, the Moon will, in the future, become a most extensive laborato-
ry, and this lunar branch of the Academy of Seiences will supply invaluable
scientific information.

The possibilities of using the Moon for industrial purposes are most
fascinating. Mines may be sunk on the Moon to procure manyvaluable min-
erals and metals,*® chemical plants may be put up to produce various
chemicals, including certain rocket fuels (as hydroborons), and other
enterprises may be built. Tremendous solar power plants may be erected,
to supply the energy required by all this lunar industry. This would be
possible because of the absence of a lunar atmosphere.** It will also be
convenient, later, t0 build powerful atomic electric and thermal stations
on the Moon. The absence of an atmosphere on the Moon and the great

curvature of the lunar surface may make such stations, if properly Jocated,
safe even without any powerful protective screening, which is necessary on
Earth for prohecl,’xoh against the harmful radioactive radiation of atomic

theses, the beavy metals which are contained in meteo-
ites may be discovered right on the surface of the Moon. .

" ws Theoretically it will be possible, by using solar heat, to obtain from one hectare
(2.5 acres) of lunar surface 15 thousand kilowatts of energy. However, solar stations
will be able to operate on the Moon only during the two-week “day,” and it will, there-
fore, bé necessary to build a ring of such stations, located at great distances from each
other, so as to ensure an uninterrupted supply of energy obtainable from. Lh({ Sun.

« According to certain hypo!
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reactors when ©operali ¢ stati i
LO’LII‘.IJ’JSQ, telemechin;c;;;}% ;Ir‘if e.a Sgit:isw?\’lﬂ v 1o be controled, o
- “ﬁoubizzzfl;u].?ar Plants will not only be used to satisfy lunar needs
15 ondy 2% o A is, in order to escape, i Bl i
; z;; z;ieeeli“bi‘ciess th:in of ‘o.f‘ the kinetic energy necessary L(ile ’Eia};ihs‘th]I?m? 1::
poey \w;y\ ‘Ni :d?gl expendxt)ure of fuel will be needed 10 transfer goo:is
s P‘(msjibmﬁ:_s 4;0 say, (hg {uel should be produced on the Moon itseli.
favg s DossL 2 ‘G' _using the Moon asiropautically, of converiin i;
s aat ot b.e fh ozxint,o the cozmos,” are exceptionally great. The Mion
oo ‘meendouis 3; st goal for space travel, but it will bea 1raininé cen-
o sraimtmg wsteons fsorlanc_e whe-n gelting ready for distant space flights
be a permaﬁen&]y &n;ti“;ziyi]z’i: i}sgis;iipparalus’ e aton Prﬂbabl’;
. g | camp” o ing
:ﬁeﬁiﬁiﬁl;i ﬁs;z?inautis?l School, whgere fufmena;t;:m—:?tu:;dl;ld;lelffl:é%
Wit should be possibie 5 arpastae |
Moon. s Sabem{;@ 551;19 1o orgam_ze the production of rocket fuel on the
o fors Sate mwr\\lx 1 play 2n importani part as an intermediate sta-
wil probabiy o i P anet-ary ships. The orgapization of such production
Thoraly be i czxiuo}sjt important and primary task of the people on
ot And {acwi 0 ardly be any doubt that this task will be solved
Vot ])ebpmd T ;s the abundance of energy resources on the Moon.
for s 1iquid!f:e Ito supply the working fuid for atomic jel en;:inﬁz
Protostion of b u_due 1:ockeL engines it will be possible to organi:e they
Pt ot metg; 1;1:\ gen, various metallic hydrides, thati is, com-
ey and hydrogen, silicon hydrides, and other c;mbus—
By no me: vill §
Mol mdfisb: xrl:fifeim ;hsolPter necessary for space ships to land on the
ity of the Mo fdr X w‘h' 1or l}ns Ppurpose the ship need only become a satel-
from o Moun 10 i o ile, in order to intercept the container of fuel sent
iriiﬁcial satolli o {;g.sn;;o:x:fo;rhis fIt will also be possible to us; an
e e L the B » @ osed for this purpose by k.
tmsgsageu;i(:t;:ls;;i‘;fl supplne{i from the Moon 5135 h: 1;101:;1‘11‘:::3’“;
near 1ts surface, s equ(‘:l. ;l;hi ;ul':i\;(l]ar :elocity in relation to the Moon
. metres per second, so that a misile’

fired from a mod
O ern long-ran y
aneat, lunar satellite.g ge gun set up on the Moon ean become a per-
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it will also be feasible to supply terrestrial satellites with fuel from
the Moon. This will require slightly more fuel (about 20 per cent more)
than if it were sent to a lunar satellite. Incidentally, it may be practical
to build, right on the Moon, interplanetary stations to be set up at the
Earth's shores. They can then be transferred from the Moon to their orbits
near the Earth. .

The specific features of the Moon, its low escape velocity, the absence of
an atmosphere, and its great supply of energy, make it feasible to send
freight to the lunar and terrestrial satellites and also to the Earth itself
not by rocket but by an clectromagnetic catapult. Generally speaking, if
regarded from the viewpoint of energy expenditure for the take-off run of
h a catapult is more practical than a rocket. In any

a space projectile, sucl
catapult energy will be spent only on the take-off run of the ship itself,

whereas in the case of a rocket take-off the larger part of the fuel that is
consumed is spent on the acceleration of that very fuel, whose mass is sO
many times greater than tho mass of the ship. However, the use of catapults
for the talke-off of manned space ships is out of the question because of the
limitation of the allowable acceleration, This would necessitate having
a catapult many hundreds of kilometres long. The situation is altogether
differont as regards launching freight ships with fuel, goods, raw materials.
In this case the accelerations may be very great and the length of the cata-
pult correspondingly much less.

In an artillery gun the acceleration of a projectile when fired may be tens
of thousands of times groater than the acceleration of the Earth’s gravity.
However, even with much smaller accelerationsitbis fully possible to build
electromagnetic catapults, especially on the Moon, where the required
final velocity of the ship is much less than on Earth.

“Tho absence of an atmosphere oo the Moon does away with another ob-
stacle as regards using catapults, an obstacle which exists on Earth—over-
heating the ship during the take-off run. When a ship is Jaunched by cata-
pult from the Earth, it must fly in very dense air at a tremendous speed,
with the result that cven in_the best of cases the ship’s skin will suffer
greatly because of aerodynamic overheating. Theoretically, the bempe'm—
ture may rise to many tens of thousands. of degrees, as'a result of w]m';h
the ship's skin will evaporate instantly. The only salvation for the ship
is its speed—it must pierce the dense atmosphere instantly and make oft
to such altitudes where there “will be no overheating. In 2 word, the
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terrestrial atmosphere makes it impossible, in practice, to launch a ship by
catapult. This obstacle does not exist on the Moon.

" The electromagnetic catapult for the take-off Tun of a ship wnll be built
on the same principle as that governing the construction of all electric
machines, generators and motors, which play such an important role in
modern technique. Physics tells us that when an clectric conductor moves
in a magnetic field, an electric current arises in that conductor. That is
exactly how dynamos, the generalors of electric current, are built. On the
other hand, if we force current to flow through the conductor which is in the
magaetic field, the conductor wili begin to move about in that field. This
phenomenon is used in the building of electric motors. In the dynamo me-
chanical energy (the rotation of the armature) is converted into electrical
energy; in the electric motor, on the other'hand, electrical energy is con-
verted into mechanical.

Obviously in the case under discussion we must apply the principle of
electric motors, inasmuch as mechanical work, the take-off run of the ship,
that is, imparting to it the necessary kinetic energy, must be accomplished
by the electric energy expended.

We can visualize the catapult as [ollows: a powerful magnetic field is
set up between the flat polar shoes of the electromagnets. The flat armature
of the catapult can move about in this field. When current begins to flow
in the armature winding, the armature begins to move along the polar ends
of the electromagnet. Theship that is taking off is connected with the arma-
ture. Such catapults are already being used today to launch aircraft.

According to one project for such an electromagnetic catapult it would
be possible to send freight tankers containing one ton of fuel off from the
Moon every several hours. This fuel would be stored up on a lunar satel-
lite and later used to refuel space ships. Such an arrangement would be of
tremendous importance for the future of interplanetary communication.
This alone would justify the organization of a colony on the Moon.

The plan for the conquest of the Moon, outlined in such general terms
above, is a task that is calculated for many decades.

The living conditions on Mars will very likely be easier than those on the
Moon, It will be possiblé to obtain oxygen from Mars’ atmosphere,
‘although it is very rare: its oxygen contont is supposed to be less than
*[1000 that of the Earth's. Water is also present both on the surface of Mars
and in its atmosphere, although, once again, in very small quantities.
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Plant life exists on Mars. The temperature on this planet does not drop be-
low—70°C.,* which is the same as on Earth. However, it will not be
possible to get along without a space suit on Mars, for the atmosphere is
too raro and the pressure on Mars corresponds to terrestrial altitudes of
16-17 kilomelres.

The-scientific findings of an excursion to Mars should be exceptionally
valuable. It will at last become possible Lo solve Mars' numerous mysteries,
which havo been worrying the minds of scientists and inspiring the imagi-
nation of writers.

What [ascinating opportunities scienlists will have when they are able
1o visit Mars! How enriched will our knowledge become, and what progress
seienee will make!

It will be possiblo to organize colonies of peoplé on Mars, similar to
those on the Moon, and industrial calerprises as well. The relatively great
distance of Mars from the Sun will make it impractical to’ use
solar energy, .and the chief source of energy on Mars will, therefore,
probably be atomic power stations:. The astronautical significance of Mars
may prove very great when space flights of the third stage, those to the
outer planets of the solar system, are undertaken. We may assume that
long-distance space ships will Dbe refuelled from Mars. It is most likely that
this fuel will first be.stored up on Mars’ satellites, Phobos and Deimos. For
this purpose the production of rocket fuel will have to be organized
on Mars.

Scientists know very little about the Earth's mysterious neighbour,
Venus. The impermeable layer of clouds that constantly envelop this plan-
et very effectively conceal all her secrets. Venus has a dense atmosphere™*
about whose composition we know very little. The only thing we can con-
sider as having been definitely established is that it contains much carbon-
ic acid, much more than the Earth's atmosphere has. Practically no oxy-
gen has been discovered in Venus' atmosphere, while its water content is
not more than/,, that of the Earth’s. It should be noted that all these con-

* Temperatures of —100° C. have beon observed at the Martian poles. :
" . ** Venu§' atmospherc was discovered by Lomonosov in 1761, This brilliant discov-
ery laid the basis-for the pbysical study of the plancts. Lomonosov’ considered the
study of the plancts and their satellites not as a goal within iLs:elf, but as a basis for
the study of problems of greater ideological significance, in particular, the- problem. of
the babitability of other celestial bodies. - .
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clusions have been made on the basis of data obtained by aspectral analy-
sis of tho gases that lie above tho stratum of certain opaque clouds.
The composition of these clouds and the gases benoath them is unknown.
That is why nothing definite can be said about the living conditions on
Venus, except, porliaps,
that the temperature on
its surface may reach
100° C. Obviously only
the landing of a cosmic
ship on the surface of
Venus will be able to
solve these mysteries.

Much more could be
said about the opportu-
nities that will be afford-
ed people as the space
ships on which they are
travelling make their
way deep within the solar
system, farther and far-
ther from the Earth, and
when landings on ever
new celestial bodies are
made. But even the little
we have mentioned above, which will become possible after the first
victories of astronautics, will be of such great importance for the future
of the scientific technical progress of mankind, that the desirability of
directing our-efforts towards interplanetary flight is quite obvious.

‘We-cannot, today, foresee all the opportunities that may become avail-
ablo as the science of astronautics is further developed ‘and achievements
in it are attained. -

For instance, usually no mention is made of the possibility, one which
exists in principle, of man's active interference in the life of the solar sys-
tem. By using jet technique, especially atomic reaction technique, we will
be able, at wish, to change the paths of motion of the celestial bodies in
their orbits and reorganize the solar system. . ’

To change the course of any particular celestial body, it will be neces-

“Reconstruction” of the solar system.
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sary to sot up a powerful battery of jet engines on it, such as operate on
atomic or chemical fuel, and to switch on these engines at very definite
moments. At tho present level of development of reaction technique it
would be possible to change tho path of only relatively small celestial
Dodies. Although the Moon is not so small, yet its course about the Earth
could be changed at will even today.

In order to achieve Lhis, the molecules of gases escaping from the liquid-
fuel rocket motors set up on the Moon must have a greater velocity than
the velocity of escapo from the Moon, which, as wo know, is equal to
2/, kilometres per sccond. They wopld then part with the Moon for all
time, shoving it away from the o_rbil. in which it revolves around Fhe Earth.

By affecting the lunar orbit in this way it may become possible, some
day, torender a great service to man, that is, to prevent the Mo?n from fall-
ing on the Earth, which might become possible in the very distant fubur.e
(if the views of certain scientists who have expressed such a hypothesis
should turn out to be correct). This would take place, in any event, not be-
fore many thousands of millions of years had elapsed. )

Wo could suggest many other ways in which man could usefully inter-
fere in the well-regulated life of the solar system. Hu\\.’ever, we shall
leavo it to future generations Lo think them out, for they will have plenty

of time to do so.
Chapter 19
ON A SPACE.SHIP

What difficullies and dangers await the future space travellers when they
find themselves face to face with interplanetary space? Will man be ablg
to hold out against all the trials he will experience during space travel?

The answers to these questions may prove decisive as far as t‘he fut,ur'e
of astronautics is concerned.

Today it is as yet impossibl )
order to do so, one must make numerous, diverse
ratories of scientists and by means of experimen

. rockets. As with other physiological problems,
will first be made with animals.

Such investigations are alread.
stance, are sent up in stratospheric ro
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e to give a very definite reply to them. In "~
investigations in the labo-
tal flights of high-altitude
these experiments, too,

y being made today. Animals, for in-
ckets. Peoplo will be permitted to
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undertake such flights only later. The final result will only be known' after
the first long cosmic flight has been made. .

For the time being we can judgo of the dangers of interplanetary travel
only in a preliminary way, basing our findings on the knowledgo now avail-
able in various fiolds of science. Fortunately, as wo shall see later on,
such a preliminary estimate does not give us any reason for assuming that
an interplanetary flight will bo impossible because of man's inability to
stand up to it. Although the various dangers awaiting man in space
are very serious ones, they can probably be obviated. Tsiolkovsk vy who
was the first to consider the different dangers.of space travel, also ¢ame to
this conclusion, which is confirmed by the latest investigations.

When man has finally dared to Penetrate space, he will find} it

hostile to him in everyrespect, What, dangoers and difficulties will the tra

v-
ellér in this boundless “ocean” not encounter! Absolutely no air, severest
cold, scorching solar rays,

other rays that are harmful or even fatal, bound-
less expanses and a {light that lasts for months, collisions with celestial
stones, the complete disappearance of weight and at times, on the contrary,
its inordinate increase, and ‘who knows what elsel... Everything must be
studied and weighed before a space ship takes off on its distant journey,
for any mistake, even the most insignificant, may prove fatal for man in
his hand-to-hand encounter with the elements. . ’
The only thing capable of saving man when he decides to invade the ex-
panses of space, which are so full of danger, will be his complete all-
round protection against all the possible influences of that space. Those
astronauts who undertake an interplanetary journey will be subjected to
long, voluntary confinement in a space ship, which may often last many
months. And all they will have to count upon will be their own courage,
ability, and such supplies as they have with them.
Many are the things the commander o
mind when he fits it out for that long a
First of all, there is the air. The pa
clean air all the time. This

f a'space ship will have to bear in
nd difficult trip. . .
ssengers will have to breathe fresh

means, it will be necessary constantly to expel
from their cabin the Poisonous carbon’ dioxide which they exhale, and, on

the other hand, to Procure oxygen in place.of that which has been absorbed.
How is this to be done? What oxygen supplies are necessary? What is

‘thie best,air pressure to be maintained ix the ship? Theseare questionswhich
aust be answered first of all. ‘
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i i intain such a pressuro in thé passen-
11 probably be desirable to main h
Itc:;pg)rbmcnb of a space ship, as will be slightly less t.hau the 1;55112:
o ospheric pressure at the surface of the Earth, such, for msbanl;.e, o
o ]I:i 1 mountain resort. That will lessen the }qad.on the wa Is :'den-
P art%nenb and will simplify the whole air-conditioning system. 1 nn :es "
(L:ZIT)? this question will not bo of great importance, and the experie ‘
! i to it.
ights will supply tho final answer - ! )
Lll?r]ﬁ ‘S:;iglgumped oug) of the cabin will be delivered b') a ventll,llla(;t;o(rﬁt;ua.
ri:‘lcer which will rid it of its carbon dio?:ide. Chemlcuil .meer Mr:)r o
Pl} t.‘o’n may be used, but it is also possible thzit. a refriger: e
. 1951‘01ch ono in which “dry ice” is formed, thz{b js, where t,lxe'izr e e
m'l'Iche gs ir’ozcn. I this case it must be borne in mind ﬂflab Lhetwa o
?Ml.lm air will be éondensed in thié refrigerator, becoming wadir,i et
lLII‘x n freeze into ice; if this water is not used (not regenera]i;t.a ,]mr, e
h . ¢ to be supplemented from the supplies on board thefslili’hgwamr et
;uo: forget that this water comprises about 60 per cent of a
the ship. - o
b)’r;']llm Pajfleil:igcf;s ‘:)ff otyggn to the air freed of carb]i)n ;dl'(:lni(; ;‘éle !
* i i i iquid oxygem, kept 1
in a gasifier, in which llqlh. m oxven
mkt I:\I(;cse o:xnt,he gship, \'vill be converted into gas..Th;}z; t:ii ?;riljc};eascd
o a i f moisture in
i i in which the content ! 1 E S el tho
into a mms.wen;razlo:nb The next step will be to enrich the axlll' I:’;t:‘spegia]
:lict:lses:ri?"l\lrx;mabic and other substances, for \\lvllmiheilj:ei ,;\V; e il o
: aln
1ly, it will be passed throug] ; gy
S ed 1o ,t,]j: (1; ﬁ::izi'e()i’ ,Lemperature. ‘When all this hasbeen :122; ;1:;& ne
hOﬂbc‘ithl supplg the freshly prepared ai.r tu. the I()laise?:ngii o mum-
Iat:;;\e needed ax;munt. of oxygen in the shlpf;vnlllwbeheis - simplé matter to
ration of the flight. { o
s and the duration o1 T cygen nso
pocd Pass‘;’ﬂiff:his amount will be, inasmuch as t.h.e amoEnChamc)t/g Ha
calculate wha ds on many conditions: the intensity am e aloula
e (cllepen t;e length of time he sleeps, etc. Fo_r Pfreiﬁm;n o average,
\YO‘k he oes,a csumo that every passenger on the S]led“ ! i)earing e
consume c?’nmom that ono kilogramme of 0Xygen pesl‘ :}e’ see, theré are no
°°ns‘111-“e novt:s about relatively little on the ship. ofosupplyi’ng oxygen for
;)ltxiticsl::rl difficulties connected with ﬂ;‘e P‘l‘(’:tl::ze b 3o the Moon
i distances. For in: s o b
ﬂigh;s 01\{701‘ re?;;:;?);:;;‘;;g three passengers, the oxygen supply.nee ‘
d back, on .
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oaly 2025 kilogrammes. This problem is espacially
ship’s motor uses lignid oxygen as an oxidizer. .

However, the situation changes if the flights cover greater distances.

Thuos, on a flight to Mars, which lasts abont nine months, each passenger
on the ship will require 2 supply of aboat, 390 kilogrammes of oxygen, and
then only providing that the oxygen required for life on Mars and for the
return trip will be obtained from Mars’ atmosphere. Obvionsly, in cases of
sach long-range flights it will be necessary to organize a laboratory on board
the ship to produce oxygen for the Passengers ofthe space ship. For instance,
it is possible to baild such a unit in which the carbon dioxide exhaled
by the ship’s crew will be split up again into carbon and oxygen, for which
purpose, of course, it will be necessary to expend a corresponding amount
of energy. This apparatus will “breathe” just as plants do: it will inhale
carbon dioxide and exhale oxygen. True, this comparison with plants is
a superficial one. Soviel scientists have in recent years discovered that the
0xygen given off by plants comes not from carbon dioxide but from the
water which the plants suck up through their roots.

A matter of no less importance than that of supplying the Passengers of
the space ship with oxygen is the satisfaction of their noeds as regards food
and water. Food specialists will have a great fleld of activity
They will have to prepare the most diverse assortment of foo.
of the astronauts. The experience accumulated in the orgaj
lar expz

ditions and also long-range aviation flights will
value here. However, that is but a ti,

with the organization of inter
complicated.

It is difficalt to determine e
be taken along on a s
the minimum s

simplified if the

awaiting them.
ds for the needs
nization of po-
be of definite
mid beginning. Similar tasks connected
planetary trips will be immeasurably more

xactly what supply of food and water should
pace ship. Just asan appr
Pply of water per person should
bearing in mind that the water contained
breathing

S

oximation we can say that
be about one kilogramme"
in the air (exhaled during
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undergo the strictest quarantine on their return to the Earth. It will bo 4
pity, needless tosay, to deprive the spaco travellers of the company of peo-
ple after they have spent so many months and, perhaps, years boyond the

Earth, but the possible dangor to all mankind is too greab to permit any
careless lack of caution.

Chapter 20
DO WE NEED OUR WEIGHT?

We are so accustomed to our weight that we usually are not even aware
ol it except, perhaps, when the doctor advises us to put on some weight or
to get rid of some, And so the question, “Do we need our weight ?” may, at
first glanco, seem a very strange one.

Indeed, every person on Earth has weight
whole, quite constant, stable. Alas, the situ
tronautics. When flying in space your terrestrial weight of 50 or 60 kilo-
grammesmay, in the beginning, be increased threefold, and you will thus
break all existing “records”; then You may instantly lose not only all you
have acquired but even the weight you started out with, becoming as light
as a bit of flufl. Such impetuous changes in weight compel us to pauso and
consider more attentively the role weight plays in our life. Can these

changes in our weight interfere with the important vital functions of the
human organism?

Our weight is the force with
this f

down

, and weight that is, on the
ation is quite different in as-

sation we call weight. .

The processes that take Place during the take-off run of the vessel and
when braking during the ship’s landing,
weight. The inertia overloads that arise

also
cause a considerable increaso in
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How is the harmful offect
of incrcased weight mani-

s ) 1780° furit
fested? Just imagine that @‘ G T Tor FaseaTo S for 1530t
thelids of your eyes become
many times "heavier and
they seem Lo be “loaded

with lead,” as we. say when
we feel we just cannot stay
awake. In this case the

{ scles
strongth of the eye mu N

¥
i i &
may prove insufficient to @ i el e
X

Loming oul of dive
from 4 for 3 3ec., To 6 Jor 1 sec.

keep the lids open and wil-
ly-nilly they close. You ‘ieel
.you are becoming bh.nd, .
you cannot see a thing.
That is what happens to

fliers of planes during stunt ’ @
flying. For an instant,.as
v

Air pockel
From 1 Tor 0.5 sec, To3 for 0.5 5ec.

-aff
when coming out of a steep Cafapulled Take-of|

3for 2-3 sec.
dive, they completely
or almost completely lose gug]
their sight, which may NP
sometimes p;:ove fatal. This zﬂ,,%i%i ir.a ing
is only one illustration of
how increased  weight

i ilot during flight.
makes itself felt. . Inertia overloads acting on pi
Much more serious is
the effect of the displacemen .
ence of increased weight, ffm‘ Suchor:;sism Usually an increase in
: nt functions o our y apical injury to
:rl:isgbhblrl?f;cfxtx?i the allowable limits not 9“%?5’521?3% ;he e
i but it also interferes With O 1o usable
Lte Lnt‘?mﬂéﬁégﬁ;fo:d becomes that much heavier and t]igslgec;nsciousuess
toohal;fiii; its greatly increased burden. A gl?f;im;oiz{imes Rappens with
i i i 2 W
. . ient blood in the brain, W ich SO G e during
PlLObS 1.\Vh’i;hha;§art may faili to hold out, especially if-t
a battle. (-}

the influ-
internal organs under
B nges may greatly affect the
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wrong with it. It is, therefore, no wonder that ideal health and physical
training are demanded of fliers. One and the same overloads affect different
people differently.

Of greatimportance is the duration of the overload. A person may with-
stand very great overloads during brief periods. We are chiefly indebted
to aviation for the experience accumulated in this connection. And so
Wwe may assume that a person can hold out under an overload not exceeding
two, that is, when his weight is increased twofold, for a rather long time.
An overload of four (in this case a person’s weight will be about 200-250
kilogrammes), which is aceepted as the allowable overload during the take-
off of a space ship, can probably be endured for several minutes without
serious interference with the functions of the organism * People can hold
out for fractions of a second under an overload of 15 and even 20, in
which case they may “weigh” over a ton. Such overloads are experienced,
for instance, during dives, at the very moment when the diver enters
the water.

Tsiolkovsky proposed a special apparatus, which is now being used, to
investigate the effect of great inertia overloads on the human organism and
to train fliers. For instance, a long rail track down which a cart in which
a person isseated is driven by means of a rocket motor, This cart is stopped
suddenly to produce an overload. During some tests with such an
apparatus, a person was able to hold out under an overload of 35 for *f, of
a second. For the same purpose one sometimes uses a sort of carrousel cen-
trifuge consisting of a lever, from 15 to 20 metres long, with a seat for a
man or a testing cabin attached to one end. The centrifuge is made to ro-
tate about its axis by means of an electric motor. Such a unit makes il
possible to produce practically any desired overload for an unlimited
period, the overload being created by centrifugal force during rotation.
When tests were made with various animals an overload of many times

ten was attained.Such unijts will undoubtedly be used to train astronauts
in the future. : :

It is quite simple to understand why a person in different positions re-
acts differently to an overload. The flow of blood from the brain or, on

* The motor-cyclist who’takes part in the well-kﬁown stunt of “motor-cyele races

glong a verti.cal wall” is subjected to an overload of this kind. The motor-cycle rushes
along. @ vertical wall of a cylindrical shat, that is, in a horizontal position, Stunts
of this kind usually last several minutes, ~ - ' . [ X
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the contrary, to the brain, and the load on the heart during inertia over-
loads dopend on the weight of the “column” of blood affecting these organs,
which, in turn, is determined by the height of this “column.” Overloads,
thoreforo, affect a standing person more seriously than any t‘)theri When
a porson is seated ho can endure much groater overloads, especially if these
overloads come from the head. He can hold out under the greatest over-
loads when ho is in a horizontal position. This explains why, when the first
jet planes appeared and groater overloads developed because of bh(.) great
velacitics during flight, the designers began trying to place the pilot on
his abdomen or back. This also enabled them to decrease t,'he transvarsl;
soction of the fusclage of the plane, which led to a decrease in the if'ontab
rosistance and an increaso in tho flight speed. However, the pilots did no
like this horizontal position very much, even though it enabled t}lem f.o en-
duro tho inertia overloads when doing stuat {lying. Today the sxtuah]oln.;s
different. Tho pilot is seated in a so-called anti-overload or ?onbmi:[’c-zz;ln.~
When the plane is immobile or the overload is sx'nall, z.ls dm:mg a drilnary
tal flight or when taking off, the pilot sits in this chair as in an orh.cauy
chair. If tho overload is increased, the back of the chair autc;(m.ab 1fans
drops backward and the greater the overload,. the iarthe.r tack i .
Wheu the overloads are groat, the pilot almost lies flat on h}s .lao ;hairs -
Passengers on a space ship will probably be seateq in 51mr1“%;: e
may even have to lie on their backs from the vefy beginning. e o the
the passengers will have to be sufficiently sprmg)f to '5100121:1 Uho passen-
bodies of the persons lying in them. That will make it easier for
ors to endure the load on them. Levoff
g Tsiolkovsky evon thought of placing the passeng;’r{s‘il zzlt wtll:;lex :aliquid
of the spaco ship, in a hydro-shock—ahsorbef‘, a vessel fi ue1e Specifi grav-
that had an especially selected specific gravxty,.equal t.t:l e o Joses
ity of the human body. Inasmuch as a body LImn%(eirse].] massonget oated
as much weight as the weight of the displaced liqui d, L'nenlp;is e moad
in this type of bath would \veigh*ncbhing at all, and i
not fear any overload whatever. ® . are used in
It is quibi possibio that special ant.i—o.verlornld‘ﬂ}”‘,s sf’:zléezshet\veen w0
aviation today will be used in astronautics. Air xe? insul

gl vortheless be dis| laced as re-
o intornal organs of the humdn body might never leless be
Tho intorna! a p

gards Ulieir relative positions.
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layers of the fabric of such a suit, so that the inner layer lies close to the
body of the pilot. .

. These overloads might prove critical if it were necessary to make a long
gradual take-off and a similar landing. However, as pointed out above,
when the overload is four, the take-off will last no longer than 6-7 min-
utes, during which the passengers of the ship will probably be able to hold
out without extreme unpleasantnesses. Even when the overload is reduced
to three the duration of the take-off will be increased to only eight min-
utes. Thus the dangers connected with the effect of overload at take-off,
0 often spoken of in the past, are most likely exaggerated.*

The situation is altogether different as regards the effect on a person dur-
ing complete loss of weight, which occurs right after the overload vanishes
after the take-off. As soon as the ship’s engine is switched off and the ship
begins its free flight, weight on the ship vanishes and the Ppassengers be-
come weightless. Of course, it is a pity to “lose” a quarter of a ton all at
once, but that is quite unavoidable. The Passengers of the ship will be
“weightless” almost throughout the entire flight, whick means several days
during a flight to the Moon, or many months on longer flights. How will
they feel under this condition? That is one of the most important ques-
tions of .astronautics,

Usually the numerous fantastic romances and stories describe the absence
of Weight in passengers on a space ship as a sensation of extreme lightness,
something extraordinarily pleasant and exciting. However, such will
hardly be the case in actual fact. Very likely the first impression received
when weight vanishes will be that of a momentary loss of support. It will
seem as if one’s support suddenly vanished from under one’s feet, a feel-
ing which will make one instinctively try to grab hold of something to
keep from falling. Then one will experience a feeling of falling into a bot-
tomless pit, a sensation mot meant for weaklings. Throughout this period of
weightlessness the Passengers of the space ship will be in a state of constant
tension, instead of experiencing a delightful sensation of lightness. How-
ever, we may hope that after long, persistent training man will finally be
able to adapt himself to this condition. .

* During the take-off of a Space ship its control will probably be eflected automati-
¢ally so as to save the crew the need of exerting themselves physically. This is also
. desirable in order to increase the exactness of the take-off.
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Wo do not know of a single vitally import-
ant function of the human organism whose
fulfilment depends on weight. Respiration,
circulation of the blood, digestion, motion—
all of theso functions aro performed as a result
of the action of the nervous system and the
musculature of the human body, and do not
depend on weight. Nor do the functions of the
sense organs—sight, hearing, smell, taste,
depend on weight. .

Yet the absence of[weight will, we may
assume, cause a number of disorders in the
human organism. The experience accumulated

= by science in this connection is still very
,o,,,.,,,h,/l,/la~ : little and we, therefore, unfortunately, have to
confine ourselves merely to hypotheses based
on our knowledge of the functions of various
parts of the human organism.

The human organism has an intricato sys-
tem of so-called mechanical receptors which
give the brain, the central nervous system,
detailed information about all forms of me-
chanical stimuli experienced by man. Among
these mechanical receptors are the follow-
ing: the vestibular apparatus of the internal
car, which reacts to a displacement of the
human body; the sensory cells of the skin,
which react to Ppressure; the muscle spindles
which are contained in all thése muscles

Project of rocket to study  Which shift and fix the parts of the organism,

eflect of weightlessness  and others. .

on man. The mechanical receptors play a signif-

icant part. in the important psycho-physio-

logical function of orientation. Under usual conditions a person
determines his bearings in space because the mechanical receptors fix the
direction of the force of gravity in relation to the person’s position, and
the sense of sight determines man’s position in relation to the surrounding
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objects. Both of these sensations are fully coordinated at such a time and
merge into one sense of orientation.

Bul as soon as weight vanishes, the mechanical receptors fail to perform
their function of orientation. If man is immobiie, they may be absolutely
“silent” and it will be necessary for him to find his bearings only with tho
aid o his sight. When a person moves, the mechanical receplors are oxcited,
but only under the influence of the forces of inertia, which will impart
weight that changes in value-and direction, with the result that the sig-
nals of the receptors change. In this case the piclures rogistered by the
mechanical receptors and by our eyes will differ.

The experience of pilots during blind flights in airplanes shows thal man
may suppress the incorrect information communicated by the mechanical
receptors and be guided only by the recordings of his instruments. This
very important trait is developad by pilots only through long training.
However, certain investigations show that such a disharmony belween the
sensations and feelings, which are usually in complete harmony under nor-
mal conditions of weight, may evoke pronounced forms of seasickness.
It is possible that the absence of weight may mako the ocean of world space
a very “stormy” one for astronauts, since they may be subjected to most
vicious attacks of “space sickness.”

For instance, it is possible that the absence of weight may cause serious
disturbances in the action of the so-called vestibular apparatus of the inter-
nal ear, that organ of the senses which reacts to changes in position and di-
rection of motion of the human body, and which plays a most important
role in ensuring the equilibrium of the body at rest and in motion.

The problem of weightlessness is beginning to interest avialion as
well. Modern high-altitude jet plames, when making a sharp descent
from high altitudes where the air resistance is very little, can produce
condilions of weightlessness for the pilots for 25-30 seconds. Such
flights, however, have not evoked morbid sensations in most pilots
any more than delayed parachule jumps from high altitudes.

In order to create conditions of weightlessness for a long period for pur-
poses of investigation, certain special apparatuses are necessary. The first
types were proposed by Tsiolkovsky. Today similar experiments are being
conducled by using deep pits of coal mines, lifts, etc. During these
experiments the person being studied is made firm in a special, freely fall-
ing cart, and during the fall his blood pressure is measured, his heart ac-
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tion is studied, ete. It has been proposed that special high-altitude rockets
bo produced to study the effect of weightlessness on man. According to one
such project, the rocket, whick is built on the principle of the long-range
rocket described in Chaptor 6, should weigh 21 tons, 17 tons of which is the
fuel.’ The passenger cabin containing a person will be located at the top
of tho rockot (the total pay-load will weigh about 1,300 kilogrammes).
During tho 2'/, minules that the motor works, the rocket will fly off to an
altitude of about 70 kilometres, and then, after making a free flight of about
230 kilometres, will, in a littlo over six minutes, reach a total altitude of
300 kilometres. Alter the motor is switched off a special mechanism de-
taches the cabin, which will make a free flight for five-six minutes and then
come down by parachute.

The cffect of weightlessness will be studied most fully when passenger
rocketls of ever greater range and allitude will appear, and, later, orbital
rockets, the artificial satellites of the Earth. At present we cannot say with
certainty whether it will be necessary to create artificial weight on space
ships or whether half-measures, such as magneticsoles fixed to one’s shoes,
will be sufficient. Most likely artificial weight will be created only on
spaco ships making] flights between the satellites of the plamets, that is,
for the main section of the cosmic trajectories.

Chapfer 21
FATAL RAYS AND ERRANT MISSILES

Space in which the ship will have to fly is by no means “empty,” even
though it has no air. There really are few things in this space,yet it is -very
rich in energy, for it is permecated with powerful rays of all kinds.

How will this Tadiation affect the health of the astronauts? Will the
walls of the space ship protect them -against the effects of these rays
should they prove harmful? A space flight can hardly be undertaken unless
we know the exact answers Lo these questions, unless we are certain that
the rays penclraling space will not be fatal or even simply harmful to the
"passengers of the space ship. .

Woe who live here on Earth do not have an exact idea of what the rays
penetrating space actually are. Because of, the. filtering propertics ofA the
terrostrial atmosphere, we here, on the surface of the Earth, can detect only
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the weak reverberations of those powerful processes which take place in
the upper atmosphere uader the influence of the rays that force their way
into it from space. Only an insignificant part of the original rays reach
the Earth’s surface. Nevertheless, science has been able to fathom this
mystery of nature by means of most delicate instruments which have been
sentup to great altitudes in sounding balloons and in high-altitude rockels
The result of these achievements on the part of science is that wo now havc;
quile a definite idea of the nature of the rays which penetrale space, al-
though other forms of rays, as yet unknown to us, may, of course, be ,dis-
covered in the future. '
Certain rays have a harmful effect on the human organism, and if ab-
sorbed in large doses may even !prove mortally dangerous. T];c question
raised at the beginning of this chapter is, therefore, not an idle one. The pas-
sengers of a space ship must be protected against the harmful effects of vari-
ous forms of cosmic radiation. Such a space flight as will end by deliverin,
to its destination only the remains of tho passengers, killed en route l)EE
fatal rays, can hardly be considered a successful flight. ?
.Of all the rays that penetrate the space around the Sun, now known to
Science, those dangerous to man are the ultraviolet solar rays, the solar
X-rays and the so-called gamma-rays. Other dangerous ' rays are
the cosmic rays mentioned above. To be more exact, they are not reall
rays but streams of electrically charged particles emitted by sources who e
nature has not as yet been exactly determined. whose
Electrically charged particles are also emitted by the Sun. It is th
Particles that produce the aurora borealis, or the northern lig.th e
Ultraviolet radiation, which is not weakened by the atmospl;ere ca
burn the skin seriously.* However, the skin of the space ship 'mt,l thn
glass of the illuminators of the Ppassenger compartment will ol)vious‘l it Iltt
protect the astronauts against the harmful effect of this radiation. vy

* The usual sunburn which, on the whole, i i
) 3 ¢, is of value to man, is caused by rays lyi
;Jn t}]e so-called close ultraviolet region of the spectrum, I—Inrde’r ultx'aviole{r:y}ss img
aving a shorter wave-length, are already dangerous to one’s health. These ra’ys ar;}

retained by the ozone diffused in the atme i
| osphere at altitudes up to 60 ki
f;agxsl oéz;lu el\;c;u more distant ultraviolet region of the speclrum, wh?ch are 1Is]tft;.llzfgfc$
¢'s health, are stopped by the oxygen, nitrogen and olh b
atmosphere. These rays kill the bacteri i i ey ronched . tomresiral
r a in the air. If i
surface, life on Earth would probably be impossible. ey reachod the terrestrial
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X-rays and gamma-rays harm the body in much the samo way as the
hard ultraviolet rays do, the only difference being that these rays penctrate
deop within the human body and affect the internal organs. They ionize
the molecules of the substances which comprise the cells of the organism,
thus converting them into electrically charged particles. The result is that
tho cells of the living tissue in the organism, subjected to such radialion,
perish or their functions are interfered with. If the dose of rays that are
absorbed is great, considerable harm may be caused to the organism: &
malignant blood discase may set in because of the change in the number
and composilion of the white blood corpusecles, the function of the bone mar-
row may bo interfered with, etc. However, wo may assume thal the inten—
sity of the X-rays and gamma-rays released by the Sun is less than the
amount dangerous to man, although science as yet does not have exhaus-
tive data on this question. And when we take into consideration the pro-
Lective offect of the skin of the space ship, we may assume that this radia~
tion will not be of great danger Lo space travellers.

The situation as regards cosmic radiation s more complicated. The par-
Licles of which Lhese “rays” consist whirl about at a tremendous speed and
possess encrgy which is millions of Limes greater than the energy of all the
other particles known to science. This is especially true of those heavy par-
ticles recently discovered, which are part of the so-called primary compo-
nent of the cosmic rays along with the light particles that are Dasic for it,
tho protons, that is, the nuclei of hydrogen atoms. The heavy particles are
the more complex nuclei, beginning with helium and cnding with indium,

and oven heavier ones; their mass is from four to sixly times greater than

the mass of the proton. )
Tho action of cosmic rays on the human organism in many respecls resem-~

Dles that of radioactive radiation, but the cosmic particles cause much great-
er destruction in the luman body. .

Furthermore, the apullet-like” action of the heavy primary particles on
the tissues of the organism may prove serious because of the trgmendous
specd these particles possess. Howover, the relatively small density of c0s-
mic radiation gives reason Lo hope that it will not present any serious
danger. - o )

AL the present,time there is no authoritative dala on the eﬁcc't of cosmie
particles on the health of man, especially about the hcayy'parl..xcles }vh}ch
possess groat energy. Yot these problems have already arisen in avialion
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in connection with the question of increasing the ceiling of modern air-
<raft.

If the physiological effect of cosmic particles is to be investigaled, high-
altitude flights are necessary, and these are possible only by means of rock-
ets. Experiments have already been conducted with various insects, as
moths, which have been confined in high-altitude rockots. Parrots, mice
and evon monkeys have been flown to the ionosphere, but this is only a
feoble beginning.

In the [uture, similar flights will have to be made with various animals
and then, finally, with man.

Aspace ship flying through space at a groat speed will encounter on its way
not only rays and streams of invisible elementary particles of substances,
Space will atlack our ship, firing at it point-blank with artillery of all
possible calibres. And every missile that hits the ship may prove fatal Lo it.

What are these missiles which threaten to destroy the space ship? They
are meteoric bodies, celestial stones which plough the space around the
Sun in all directions. These “errant missiles” arc one of the great dangers
during a space flight.

Some of these meteoric bodies are mere specks of dust; others are tremen-
dous fragments of celestial bodies, entire mountains rushing about in
space and usually surrounded by a suite of smaller bodies. There are iso-
lated meteoric bodies which may be akin to the asteroids (discussed above),

and there are whole streams, swarms of such bodies which go whirling
in elliptical orbits around the Sun, obviously the remains of comets. The
solar system is the birthplace of the absolute majority of such metcoric
bodies, but some of them may have been born elsewhere, in other stellar
avorlds. : N

There are meteoric bodies which move at relatively small speeds in rela-
tion to the Earth, and there are such whose relative velocity reaches 200
kilometres per second. Most of Lhe meteorites are of stone, consisting chief-
1y of silicates, that is, a combination of oxygen and silicon, while a fourth
Part is of iron. The rest, about !/,,, are iron meteorites consisting of
-about 90 per cent iron and 9 per cent nickel,

A hypothesis suggested of late is that a considerable part of all meteoric
bodies consists of ice, i. e., frozen gases of all kinds.

The world was once overwhelmed by the catastrophe that. followed when
the Titanic collided with an iceberg in a fog. But how insignificant
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does such a collision seem in comparison \vit.h the possi!ale encgun}\ljire SL;IO:;
space ship and a mountain rushing at a terrlﬁc speed in theth;l;h'lp s
space. After such an encounter ot eyen the shgl‘xtest, trace 0 e oot
remain, and it will simply be teg@stered in the list of space ship:
Wotaging.
as\V?l‘:lsllr;!idersLand, of course, why Lhis problem of. a collision he:;:;;aextloz:
spaceship and mebeoric bodies should hold the attention of astronautics,
it may prove fateful as re-
gards even the very possi-
bility of making a space N \/ ,
flight. This problem con- N(/y
sists essentially of two : {\
independont questions: //’l\\ >
first, it is important to know |
what is the probability
of a collision between a
space ship and meteoric
bodies of all kinds, that is,
of various dimensions, com-
position, and flight speed;
secondly, we must know
what may happen when i
such a collision between a slnpl any
How real is the danger of a collision
oric body?
Judging from
shz\rllbl;g/ uglaking their way into 'Lhc ter
the remarkable picture of “shooting stars,
bodies.
Indeed, as obsery:
Jions of meteoric bodie

Swarm of meteors.

d a meteoric body takes place.
between a space ship and a mete-

ic bodies that are con-
b 1y colossal number of meteori ‘ ‘ ¢
e restrial atmosphere, ploducm.g
” space abounds in meteoric

ations have shown, no less than several 'scores of mil-
s of all kinds and, according to certain dabg,lf:e;}
thousands of millions of these cosmic missiles, having a total weig]

! i . The
10-20 tons, make their way into the terrestrial almosphere every day

pposition is, therefore, often made that it is practically impossible to
su 5 : :

. »
pierce such a “curtain of fire.

ion i 0o hurried -
However, such a pessimistic conclusion is, to say the least, t
! . .

a one.
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In the first Place, there is a tre

mendous difference between the Earth,
which has a diameter of about, 13,0

00 kilometres and a powerful field of gray-
itation, and the space ship,

which is only sevoral scores of metres in
length and has no field of gravitation of its own.

Furr.hermore, most of the meteoric bodies Lhat break into the Earth’s
atmosphere are so insignificant in sizo that their collision with the space
ship can be of no danger toit whatever, and it may, thercfore, be ignored.

In order to attempt to determine the probability of a collision between
aspace ship and a meteoric body by theoretical calculation, we must know
the density of these bodies in the Space near the Sun, Lhat is, their to-
tal number which Passes through a given volume of space in a unit of time,
and the direction of thejr flight. The oaly means of obtaining a reply to these

tions of meteoric bodies that fall on

Questions today is) through observa
the Earth, Only rare and only the very largest, meteoric bodies reach the
Earth’s surface. These include the famous Sikhote-Alin meteorite (1947)

orite, which fell in 1908 near the river

and the no less famous Tungus mete
Podkamennaya Tunguska in Yalkutia, and which set afire the imagination
ouncing that an atomie shij

of writers, who lost no time in ann
Martian inhabitants or inhabitants

up in the atmosphere, leaving a bright luminous meteoric trail, which
e see as a “shooting star, "+* This trail cnables us approximately to estal-
lish the number of meteors that fall on Earth at night; we can thus deter-
mine the total number of meteors that fa]] during the course of one en-
tire day, although very approximately.,

Recently another very valuable method was introduced to register the
fall of much smaller meteoric bodies, those not discernible in telescopes.
Furthermore, it can be applied with equal success day and night. This
method is based on the use of radar stations, .

The kinetic energy of a meteoric body which brea
atmosphere at a tremendoys velocity
thermal energy which heats up the

ks into the Earth’s
and burns up in it is converted into
air cushion” moving in front of the

* We can assume that both these gigantic meteorites were small asteroids] which
are of the same nature as méteorites,

** Usually the meteors flare up at altitudes of from 160 to 100 I‘(ilomechs, and go out
at altitudes of from 60 to 40 kilometres,
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L into light energy, enabling one to.seo the me-
‘:ewoz;dl t;xi:ont:::;rg?\‘\?;ifitfltxl ii)l;ti(;es%hc, air xﬁolecules located near the fall-
eor, - !
8 o 1or of enorgy are distributed approximately as foll;)lwsl.att“l;i
imal f"“TlS is 100 times greater than the light energy, and ¢t e ] o
thermal‘ onorey :ner than the ionization energy, that is, only one p::ioni-’
ety mme's g:fc cnergy is converted into light and 0.01 ].)er C(;;]ﬁ ;n
" ?11 e km'e All the rest of tho energy is transioYmed into hea 1;91‘9 oL
B vertioton the column of ionized air formed in t.he al.mospl ogth
Neverbtilxleelflsisg,hb of a motcor through it is several kll(:n:,?;fc:abﬁshes
i 1 i i dar station no : !
et o e SIE: I?tiv‘:l;)c},lb:taeven determines its f\pprf.\'m;a!;ef
Y "hﬂfb 5 mete(sne‘ut. into the heavens collides with th; ctegr?)eam
size. A rad}‘) bi{]ms reflected by it as by an obstacle, The re e.t; i
e 2 2 i d'lo echo in the receiving part og the radf\r 1}.1\218,
e, g e 1[ the altitude of the meteor’s flight and its f}le .the ol
B e data of observations that have h.een made, e
A ot Lh'e Larbicles which threaten to col.hde with 3 stIfcles o
e emated. fro the fact that about 100 million such pz;r i los to
can be est,imabefl from day. This figure takes into accounb.on.y ?ﬁcanuy
e Eiﬂlh ;:110 ﬁflligr)a.mme in weight. Eve?dsuihi??tf;;gz et
o niale ich i er than a speck of dust, psoctty
small particle, which is no larg L man, i
o t:ns of] kilgzztz;se(ﬁ.ez;el‘;fgd;slz point-blank shot from a lérge f:ahbre
produce the
pistol.*

we know the total density of the meteoric bodies and if we assume
I A

- in all directions,
: hirling about in all di N
¢ quantity keeps W ceessive colli-
that ono and L'hc i]i?tigxe that will elapse between two su
we can determine

ic body. ) _

ip and the meteoric Lo and @ mete

o e SP.af?e Slslllllgws that a collision between a ?ﬁalefe 111,)1;1% amete:

e Cﬂlc“llﬂflﬁﬂfl capable of piercing its surface wi e e ek bY
o one 1xs1 ten years. The likelihood of a pers i
tener than once I : ! *

lightning here on Barth is much greater.

ea d occurred re-
ision at a great speed oC e
—wulllisduring flight. As a resu.lt, oi‘. this
gmher 150 %200 mm. Justimaginea
s

i ving how dangerous isa
kg 5110‘:.‘1;% collided with a sea
cd in the w_ing of the b
sheet, of metal!
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There is no doubt whate
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f.a Tare collision shoy,
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Present time scienco g
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on
a-I; s.peeds 0f 100 and more kilo-
missiles whoge velocity usually
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Certain calculati g S show ¢,
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to the diameter of : oty i will e
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which a meteoric body
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that body, In the lightes e, ey sty el
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t case, when the ship's skin
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meteoric bhodjes baving’

is made of stecl and the meteor is of stone, it will pierce thio skin to
a depth of three times its diameter. Inthe most serious case, when the
skin is made of duraluminium and the meteor is of iron, the latter may
penetrate the skin to a depth of about 16 diameters. Thus if we know
the material of which the skin is made, we can calculate its thickness,
also the probability of a collision between the ship and the meteoric body
and how often one can expect the skin to be pierced during such a col-
lision. ’

Judging from approximate calculations one can expect the steel skin
of the ship, which is one millimetre thick, to be pierced about once
in several months of flight. Needless to say, not every such collision will
end in a calastrophe, for the hole can be patched up. Furthermore, the
walls of the passenger compartment can also be protected, as is done
with fuel tanks on airplanes and, of late, with airplane and automobile
tires. In this case a layer of a special substance spread on the inner sur-
face of the wall will patch up the hole.

The danger of a hole in the skin of the ship will be greatly diminished
if it is equipped with a special anti-meteoric protective screen. Such
a protective screen made of sheet duraluminium one millimetre thick, in the
form of a skin for tho ship, leaving a [space of 20-30 millimelres be-
tween it and the surface of the ship, will decrease the probability of a hole
being pierced in the ship’s skin from once in several months to once in
decades, as the greater part of all the meteoric bodies will evaporate
when they collide with this screen.

Thus the danger of a collision with a meteoric body should not prove
ai obstacle in the way of space travel. Yet the space ship should be com-
pletely free of the danger of even an accidental collision which may threat-
en destruction. Such a degree of safety may be achieved by means of a
radar unit on the ship. A radio beam sent by such a unit will constantly
“feel” all. the space around the ship over 2 stretch of hundreds of thou-
sands of kilometres. If the ray discovers a meteor* a warning signal
will light up on the screen near the commander of the ship. An appara-
tus which determines the velocity and direction of flight of the ship’s

* At the present level of development of radar tech{lique‘ only a very large mete-
or, a whole interplanetary mountain, can be localed in this way. The usual, even
rather large meteors, will be discovered by radar only at a distance of several kilo-
metres, which will be of no value whatever.
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dangerous neighbour in space is switched i
: s on either by the command- 2
er or automatically. It makes the necessary calculations, and if Lhere‘ ’ Part Six

A LOOK INTO THE FUTURE

is danger of a collision it shows what change should be made in the course
of the ship. The ship's motor will be switched on insLanﬁy and thi
?_vill be sufficient to obviate a tragic collision. Perhaps instead’ of switc]ﬁ
ing on the ship’s motor it may be possible to use a “gun” of rays, which
will send a powerful pencil of electrically charged molecules, ions t’Jf som!
substance, from the ship to combat the meteor, or sho’rt-\vavo 1'ad'e
beams. The force of reaction of these rays will deflect the ship son::a(3
xh&xtv and also the meteor., as a result of which their trajectories, which 1t is absurd o deny the 1ol
ad intersected before this, will now diverge. If successful, the passen- Sxach of sotnees n fe BmOSE
gers.of the space ship will get a fleeting glance of the mebcc:r which, il- st o e
luminated by the ship’s powerful searchlight, will glide past the ilh,lm'—
?ators of the passenger cabin at a tremendous speed, as if silently reminc;-
ing them of the terrible danger they have just escaped. . Chapter 22

V. I. LENIN

FROM MOSCOW TO THE MOON

It was a warm summer evening, the first evening in July 19....

There was a great deal of excitement in the Little Hall of the new Mos-
cow Planetarium, which occupied several upper floors of the mew sky-
scraper, the House of Astronomy. Youths and girls in their teens, who
filled the hall, collected near the colourful diagrams and piclures thab
were hung on the walls, crowded about the scientists who were still
present in the hall, and gathered together in small excited groups. All
were full of the impressions left by the meeting they had just attended,
and were loath to leave for home. L

At the meebing a circle of young astronomers, which was organized ab
the planctarium,had reported on their activities for the past school year..
Membeors of the circle, students of the upper grades of Moscow schools,
had assombled in this fashion not for the first time, to review the year
just ended, a year full of interesting, absorbing activities, and also to
take leave of their older comrades, the seniors, who would now be leav-
ing their school circle. .

However, this evening was different from the usual ones. This year marked
the 15lh anniversary of the first manned flight to the Moon, and the
public, far and wide, was celebrating the achievements of astronautics
in the fight to conquer space. As the years went by there was hardlya
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place.in the solar system which had not been frequentod by the Earth's
emissaries. At the meeting just ended the diroctor of tho planetarium had
read a decision of tho Academy of Sciences to the effect that in honour
of the anniversary of the first flight tg the Moon ten members of the Young
Astronomers’ Circle, who were also honour pupils at school, would, be-
ginning with this year, be annually awarded oxcursions to the Moon. It
was this announcement that had aroused such oxcitement among those
present. Bach one congratulated the forlunate students, and at the same
time wondered if he would be able to win the right to take part in such
an excursion the following year.

But most excited, of course, were those whose names were in the list
of the selected ten. What interesting things they would sce! How many
things they would learn! The young astronomers were already completely
absorbed in the coming flight. If only that wonderful day, when they

were to fly off, were already here! But they still had a whole week to
wait,

However, this week would be full of most interesting cvents also. Many
instruments and apparatuses would have to be propared, as the excursion-

ists planned to make numerous observations during the flight and while
on the Moon itself, about which they would later report to their circle.
Once again they had to reread books about the Moon and books describ-
ing space ships and flights in them. It would not do to show the crew
of the ship they were to fly on that they were novices and ignoramuses,
hesides which, they themselves wanted to know all
And how many other things had to be done before tha
would come, the day they would tako off....

The day after the next they were to meet at the planetarium, from where
they would go on an excursion to the Moscow cosmoport.

Two days later the group of young astronomers flew off to the cosmo-
port on a large helicopter. The cosmoport, which was 30 kilometres from
Moscow, had a landing place for the helicopter on the flat roof of
its main building. The engineer therc met the excursionists as they
climbed out of the helicopter. Then they all went over to the
lacework parapet at the edge of the roof. Before them they saw a pano-
rama of the cosmoport. The engineer told the young people of its worlk.

It was one of the largest cosmoports, and dozens of ships had already
flown off from it on their way into space. .

about cverything.
t long-awaited day
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Various buildings and structures were scattered over its vasbh_tfer;utfer:;;
and wero connected with cach other by concreto paths, Beauti tng‘ oon
inwns flowor beds and fountains could be scen Lere :fnd 1t’;here aaodiome
buildi’ngs. The whole rear pa;t of lt,he ﬁelfd wa.so Zsc&];sgl ke}; :rlla;:l e

i o the cosmoport. Jet planes oI vary }
z(;li[:igglt;% :;11 tho time. The people they transported ;ﬂme;:‘)i:x;ﬁs‘
cities throughout tho country.IS.oxlnc:1 ;ZFLI‘:(]Z]“;F[;::SSF;Z : ) ;Sneam];: purposes;

i g h-albi
Ot‘hf“s l“m'rsc u%:olﬁgc(liotgl slll(: d;:/gorso needs of the cosmo[.)orb. To the lol[h,
. 0“011 light buildings of thoe repair works, which \vas_noL only
s 'ong" Eimd re-oquip such space ships as already exxsted,.bul.
. b;) 0101;51‘;110 to build new ones, in accordance With the lpr;);ifs
:'[aihea zcsigning bureau of the Interplanetary Building T;l}:t.t;P;rele o
was located in the five-storoy building thab' stood ah lcosmorort,. ,

i the grovo that bordered on the territory of the tl,m b

ng’?z 211‘13: rright, hidden among the greenery of the gardensA\\ga;e o s I;M_

kling, white ct;bbages of the employces oi. the cosnmpzﬂ].l,i 111‘; e e
thor E)ﬁ was tho observatory whero scientists, day ar‘x1 gm,hb e e
solar “household,” which had Ibee:l ) zz:r{:lfs;iiv ;:[ utl :::l.a | u,if,g e e
observatory they saw the typical oubly D it the comm:
St'z;?iou,n KLT;’;0on:azlxi;a;izdpf:ﬁstg,u\ziidthe crews of space ships and with
nibies O Y
e in:te:}]flag!:z;::gbSztz::ili;n were the tremendous t‘ti;)\\or‘elrsl;
Bl.lt what 2t As the excursionists caught glimpses of Llllem zl'nges

o skyscn;pclrls. arapet, they rocognized the attractive c.:u ixonb

e ? t"[‘eb-eI;c t,owc,rs were set up on concrete s_quarefs in :ac]_\

O’f: ‘lilllle SP:CS ilixlﬁflmg at a distance of a few scores of metres from

of the mai ,

e drome, in a ral;her.dist.zfnt, corner,

o e b"‘“l(gfﬂﬂﬂ‘t;l;rﬂ:;':‘l;ef: eofa?z‘x‘l)allor dimension but simlﬂar t(,:l If,loxi
big onos, T hhrce'do oxplained that these smaller t,O\\rors were .zsm;wers
blg o e 4 (:lhl;e testing of space ships, whereas in the- r{xm Lo
e s xo dy for spacc:) flights. The engineer also exp! amb.c that
e e snsmon r{ at a depth of scores of meFres, weg(; g‘iaﬁsl
onos "110. GOS.m Opc?)nt’aining fuel for the jet engines of Luz ;edl m.) have
"eréﬂneﬂffl L?Jl:b;lun;ils could not refrain from asking to be a

ne o X
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a closer ook at the space ships. The others immediately joined in, repoat-
ing his roquest. ’

“I understand your impatience,” said tho engineor, smiling, “We will
go and seo them now. But lot's agree upon one thing: you won't touch any-
thing yourselves, or we will all be asked to leave immediately,”

A lift quickly delivered the entire group to the vestibule of tho main
building, where a colourful mosaic map fixed to a marble board showed
what places the spaco ships which had taken off from tho Moscow cosmo-
port, had already roached. Numerous lines, all of which radiated from

. ared star bearing the inscription “Moscow,” silently told of the achicve-
ments of Soviet astronauts during the years that had olapsed sinco the
first flight had been undértaken.

But let’s hurry on to the ships!

Is there any need to say that the cxcursionists enthusiastically accept-
ed the invitation of the engineer to take them around and show them the
very ship on which they were to make their distant flight to the Moon

five days later? The ship had been set up in one of the towers and was

being fitted out for its trip. Lifts kept scurrying up and down the shafts
of the tower, raising and lowering freight of all kinds. People kept bringing

instruments and equipment. At various levels from the Dottom of the
ship to its very summit, which oxtended high into the sky, workers stood
about on platform-lifis, separately or in groups of twos and threes, as
they worked on the surface of the ship. You could hear the drone of elec-
tric drills, see the flashes of Lightning emitted during welding, while pneu-
matic hammers rat-tatted like machine guns.

The ship was standing vertically inside the tower, resting on its con-
crete foundation. It was really a beautiful thing, onc of the ships on the
through express line Moscow-Moon. This ship, considerably larger than
those in the neighbouring .Lowers, which flew only to interplanetary sta-
tions, immediately won the hearts of its future passengers.

The first experimental ships with atomic jet engines had already trav-
ersed the Moscow-Moon route, but they had not as yet made any regular
trips with passengers. The ship on which the young astronomers were
to fly had jet engines which used the usual chemical fuels.

The excursionists stopped at a little distance from tho Lower where
“their” ship was standing. The very first figure named by tho engineer °
filled his andience with awe, and they glanced at each other in amazement
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and rapture. This ship would weigh 940 tons at take-off! That was
much more than the very heaviest airplanes weighed and corrcs.punded to
about the weight of four powerful railwaylocomotives. The engineer \vegt
on to explain that the first ships that went to the Moon had been evén
heavier, for they had had to ensure the return of their Ppassengers to the
Earth and could not hope to be refuelled anywhere en route. Ships that
were now refuelled at interplanetary stations, in particular those that
o standing near by, were about half as heavy.
way the wgy,” the et’]gineer added, “you can judge for yourselx:es how
dilficult it was for our {athers to make a flight to the Moon. In their days,
that is, at the beginning of the second half of our century, the fuels user:'
in jet technique were only half as good as those now used. That meanb
that a ship like this one had to weigh hundreds of t.housauds of. tons al
take-oll, and not a mere 940 tons. That also explains why Lhe}r dr(’alz‘l}?
of making a space flight could not be realized for such a logg time. : 20
height of this ship is over 50 metres; its diameter ab the \‘vulcs.l, part is
six metres. As you see, its shape reminds you of a gxganpi c;gzri
equipped with triangular wings in front. At take-off §14 Lonssgf Le : cznitl,
weight of 940 tons is the weight of the I}mL ThaL. is overh 1? itseh".
And less than 14 per cent, only 126 tons, is t]'ae weight of ] ;els 1Lphc 5]11[;
its equipment and ils passengers. But does.thls. mean that (\;v en th
lands on the Moon with empty fuel tanks it will weigh Aﬂz tons?
The engineer looked expectantly at his youthful aud];en.ce.
Several of the youngsters called out, one after another:
“Noj it's a multi-step ship!” .
uVNVDeYl]Tb\:cll, I see youp are real astronauts, t,herejs no dei?ym%htp}?;ﬂ;.s zis},,
indced, the ship on which you will fiy is a m}ﬂbx»sl.ep i[ ip. It‘wm oy
you won't recognize it when you climb out of it aL. the 11 10011;;]1 AV
much less impressive. Only the front part of the s.].upl will rea b ;hme_scel;
With you on it, of course, so don’t get so uPSBLf'{]llﬂS llj e
ship. The lower step, which is the very largest part of le SO S]’al‘, e
step. It weighs 100 tons and will carry 685 tons ?lf ue ,n:s1 L1 as hoaey:
weight will be 785 tons. The next step, the secon ,llsy.o11 ‘?’Ei h v bons:
it weighs 20 tons and together with its 113 t:,ons of ?ue wi i \‘%iu o1 ston
Then' we come to the last stép, the Lhn‘fl, \VhwhdlsThai weiihs onl}:
and in which the passenger compartment is located. T! e olghs o
four tons, and togeher with.the passengers, necessary equipment,
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supplies, etc., that is, with its pay-load, it weighs six tons. This step will
contain 16 tons of fuel, so that the total weight will bo 22 tons. When
the ship lands on the Moon it will weigh less than six tons* if all the fyel
has been consumed, or somewhat more if, as wo may assume, there is
still some fuel in the ship’s tanks. That is the answer to my question. And
S0 you see, from the moment of take-off to the moment of landing, the
weight of the ship will decrease from 940 to 6 tons; it will ‘lose weight’
uatil it is only */, . of its former weight. It is not surprising that Tsiolkovsky
had to write a new chapter on mechanics, the theory of the motion of
bodies with a variable mass. Without that we would be unable to cal.
culate the flight of a space ship. .

“The required fuel supply on the ship is determined by strict calcula-
tion and, of course, aceording to Tsiolkovsky’s formula. You can calcu-
late it yoursell before you fly off so that you will be certain thie ship has
enough fuel to last for the entire, long trip. When making your calculations
You must bear in mind that a new type of fuel has been poured into the
ship’s tanks, one capable of producing a great amount of heat. Liquid
0z0ne serves as the oxidizer, while the combustible is one of the hydro-
borons, that is, a combination of boron and hydrogen. The jet
velocity of the gaseous products formed by the combustion of this fuel
will be over four kilometres per second. The fuel supply for the ship was
calculated on the basis that the energy given off by this fuel during com-
bustion will impart to the ship a velocity of 15.6 kilometres per second
if there is no force of gravity or air resistance.”

“And what thrust will the ship’s engines develop?” one of the young-
sters asked.

“Well, well! We can talk about the engines if you wish to,” their guide
said. “The thrust of a ship’s engine cannot be whatever You wish it to be;
_it depends chiefly on the acceleration at the take-off of the ship and, of
course, the ship’s weight. The greater the acceleration at take-off,
the greater must the engine’s thrust be. A take-off with a great accelera-
tion is advantageous from the- point of view of fuel consumption, but
the first consideration here must be the health of the Passengers. You're
really in luck: this ship is calculated for overloads nol exceeding three,

* To be more exact, that is what its weight would be on Earth. On the Moonit
will weigh ¥/, as much, -

7]
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whereas other ships still fly with overloads equal Lo four, and their
passengers feel -worse.

“But if the inertia overloads arc equal to three, that means that the acecl-
cration of the ship during flight, created by the motor, will be three
times the acceleration of the Earth's gravitation, which, as you know, is
cqual to about 10 metres per second for every second. In other words,
the thrust of the motor will increase the ship’s velocity every second hy 30
metres per second. And so each of you, while on the ship and so long as the
engine operates, will weigh three Limes as much as you now do. I suggest
thal you weigh yourselves before you fly off so that you will know your
record weight on the ship. But this also means that the total weight of
the ship at such a take-off run will increase threefold, so that during
the take-off it will weigh 2,820 tons and not 940. And that’s the value
of the thrust which the engines of the first step of the ship would have
to develop at take-off if they did nol have to overcome the resistance
of the air.

“The first step of the ship has seven liguid-fuel rocket motors, each of
which can develop a maximum thrust of 450 tons. That is tremendous, and
is equivalent to the thrust of 20 powerful diesel engines. When all thesc
engincs operate at the take-off of the ship, developing their maximum
thrust, they consume over 7'/, tons of fuel every second, or over a ton
per engine. The turbines which set in motion the pumps that deliver the
Tuol to the combustion chambers of the engines develop over 25,000 h.p.
That is the same as the power of the electric stations of large cities.

“As Uho fuel is consumed, the total weight of the ship is decreased. The
thrust of the engines must decrease likewise in order to keep the overload
constant all the time, equal to threc. There is a special automatic unit to
decroase the thrust of the engines; it is connected with an instrument that
measures the acceleration, the accelerometer, and it decreases the deliv-
ery of fuol, This causes the pressure in the combustion chambers of the
engines to drop and the thrust decreases. By the time the motors of the
first stage finish working, that is, when they have consumed all of their
685, tons, the weight of the entire ship will have been reduced to 255 tons,
and 'the thrust of the engines—to about 800 tons. .

“When this happens, the first step is automatically separated and de-
scends to the-Earth by means of a large, special parachute. This step can
still be used on many a ship. The motors of the second step are switched

16—1255 .M
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on automatically. The interval in the work of the niolors should bo a mig-
imum as il causes a loss in velocity. This interval should not exceed sov-
cral tenths of a second. But {here won't be any such interval on your
ship; the designers have thought of something very clever Lo avoid it,
I'll tell you aboul it if You aren’t tired.”

“Please do!” camo the unanimous request from all sides.

“Well then, just listen. The walls of the ship which you seo aren't ils
walls at all. Annular fue] tanks have been installed on the outside of the
ship. It is their surface that you see, There, just take a look in that di-
reckion; that tank hasn't been installed yet and you can sce iho real wall
of the ship there, When all the fuel in these_tanks has heen consumed; and
this fuel will bo the fipst to be used up, the tanks will be detached and
Jettisoned. Thig idea of jettisoning the empty tanks has been borrowed

airplanes, in Particular, by jes planes. And
b step are being thrown overboard, they dis-
engines of the second step, v
cumference. This makes it p
d step even beforo the first step has been de-
nterval in the work of (he motors. Is that

rhich are located
on special brackets on the ciy

on the engines of the secon
Lached, so that Lhere is no i
clear?”
“That’s great!” tho Youngsters exclaimed,
same thing happens with the second step,
“No, the second step, il is t;
but the motor of the last step, the third, is located in the centre along
tho axis of the ship, and not in back by, in front.
“It has been designed in this way becau
to brake when landing on the Moon.
“Since the total weight of the ship after the fi
the vessel, is only 155 Lons, the maximum thrust of (he engines of Lhe sec-
ond step will be almost 500 tons, as it must again bo three times (he
weight of the ship. Then the t(hrust gradually diminishes 1o 130 tons,
when all of the 113 tons of fuel that have been stored up on this step have
been consumed, The second stage also has seven engines each of whicl *
has a maximum thrus, ©of 70 tons. One such engine is installed in (lio last,
the third step of the ship, which will reach the Moon together with you.

The minimum thrysg of this engine when i lands will he equal only to
several {ons.” ’

simply delighted. “And the
doesn’t jt?”

rue, also has tanks that can be Jjettisoned,

se the motor is switched on only

tst slep is separated from
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. . . 1
“How much Lime do the engines of the ship actually work, taken al
an . ' A . )
w%emlc‘i;,lc over oight minutes; of these eight muml:es aboul, sxx\&u‘e nsli‘?n
5 1'1- ff. The rest of the time—and your flight to theTxho: "
s iie—loxbi)' over three days—the motors are switched oﬁ..hV\ ,e;he e
h;'l?l' LS Ltlgw ship during this period? Only the forces ofsgrau A}; Tho ship
a ]0101 attracted by the Earth, the Moon and the I:m.o Lh;“‘ st
wl,ll, q&:fiou towards the Earlh will be felt mfoslri strong )ér:e pay thoship
S i vay ple falls from a . But v
vi ely on il, the way an app s fror e
I\]ltlzl '\;ﬂglle [:zl,u)ally falls to the Earth, your ship \(\{:)l]sr;;t‘;,e ;ITcIf:rE?ath’s
o ] Farth gt a tremendou . 1
it wi irling away from the Eart] ! dous ] o mar
o I'w W]\lr;ll‘ll':\%fcct gnly the ship’s velocity, \vhy;h \\1}1 ke(?l)mtrul;g’ " tg-
m]vluif‘lcglfil;u\o When the ship approaches so close]‘ltzot the ;\'llzzfammmon v
tracti : iter than Lhe terrestri ,

i ards the Moon becomes greal prastion. 1
U‘_ﬂc"“’ﬂlho‘:]‘\’;ﬁzn towards the Earth but towards the M::)on;\ifl hle tling
'wm n‘oll a g1in begin (o increase. And so, as you se;, 3“;10“ 1
ity I\Vl al{ %Ille time, first to the Earth and Lhcn?,t:ohb eroun i)egple kol
[TCOT)[; { means we won’t weigh anything at all?” the young

“That mi
A ¢ that
Al gy Lhe sumo time. i ish completely. And to prepare for
“Bx 1 weight will vanish compl A e o ot
]'-J-\HCUY‘ 3'{Ol?tiessniss and avoid all sorts of mistakes iu;igllers st
focting of ‘}mgch a free flight, you, like all other spalc;e c;smopmt, Ny
e 1o 1 o SU(-m a special apparalus we ha\te here athl,_ e ey Ang ob.
hﬂ;'lelbo bra;:)n come here once or twice especially for this p
will have .
jeclions?” o cimfiuous. .'
N i obviously sup : R
’}‘}m qHESL&:l:}“::leol pupils followed the engmezz :xllllc 2:;; the ten
The secondary i climbing up s
ort for a Iong tzme', 1 o the abservatory.
Lory' of L'he cofmoi[;nfif part of the: ships, and mspecm[l%,hg ?nLerplaneLary 7
P 111"0_ L‘éed ‘the plant and the designing bureau ! :
They even visite: 1
Building Trust.
It \vaE already dark when these y;)u o
d proud of what they had learlle - it of the cosmoporl and the
- ?llighl.s illuminated the: entire territory o ine Tights, ehitered. o8
T Red stars, wi ights, _ .
ing I odrome. f whi to the air almos!
landing places.of the aer oonten whitlod up in
v hen the helicop 1 thom. the
the tops of the ?wne]iz‘::uhgsbers s o sua of lights ahead of (1
without a sound, )
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thiul excursionists, tired but happy
into their helicopter. Powerful
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lights of their beautiful native city, Moscow. They could hardly wait
Lo get home and begin training the very next day for their flight, as very
little time remained before they would take off.

The remaining days flashed by in the fuss and bother of countless things
that had to be done, and at last the day arrived.

The ship’s take-off was set for 3 p.m. But the young astronomers were
there long before the appointed time. They were surrounded by their rel-
atives, school-mates and comrades who worked with them at the Pplane-
tarium. After they had listened Patiently (for the nth time) to all sorts
of admonitions, requests and good wishes, the young travellers were asked
to take their places in the ship.

Here is the space ship. The tower w.

as now fixed to the ship only on one
side. The other half of the tower (we

discovered that the tower consisted

, the cap-
the pilot-radio officer and thestewardess,
© young passengers, were now in thejr
places. The door of the ship was closed tightly and hermetically sealed.
The tower was taken aside and the ship now stood proudly all by itself.

A green rocket was sent, up into the sky and the ajr Was instantly filled
with the powerful roar of the ship’s motors. For a second they operated
on reduced thrust, the last check-up, and then the roar became intolerable.
Fiery torches came sputtering out of the nozzles of the engines. The ship
trembled, then slowly, as if unwillingly, tore away from its supports
and wenl, rushing upwards, ever quicker and quicker, leaving a long
smoke-like trail behind it. For several moments one could see a silvery
line in the sky, and then it vanished. Bon voyage!

Let us now return to the ship’s compartment, and see how our astronauts
are gettirig along.

When the door of the shi
they were locked upin thec
here during the flight
Each took his Place.

tain of the ship, the second pilot,
all of whom had already met th

P slammed shut, the children discovered thal’
abin. They would have to.spend three whole days
to the Moon, and as many days on the return tri p.
“sleeping” places, All told, there were
» 8 many as the number of excursionists.
ndows, alongside the walls of the cabin,
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xtended upwards, and they rominded one of sailors’ bunks, ‘Zh;:,:
e ended one over another, but Lhis time five bunks were plarie ane
Y 535&10 other, a sort of five-storey bedroom. Thero wm'(:1 ropeonathem
;l)bvo\\\,vhich Lhe passengers climbed up Lo Lheir“hunks and lay do:;; ¢ "(;oiné
; were even inclined Lo joko about it (“All hands Onb ?vas.sed ooing
Somf b already?”), but tho solemnity of the moment cmbare o thom.
,E\OllS 001111;0(1 that during take-off one simply had to lie on one’s
realiz [ one
order Lo lessen tho strain of the inertia overlfmds. ings. and woro vory
Incidentally, the berths were excellent, with s]}rmg], i ko very
“[61 'L'\bl‘o Loylie on. All the youngsters lay on L'hoxf bac (f["] Ci; L Lovares
clom ?ill‘ where there was a vertical row of electric hgthALh}Ck e it
t:n\(‘:d L’O\\’i\!‘ds the other wall, which ‘VFZ cove;esdah()lrozr ! ; o eiing.
i i its centre. There w
a black vertical strip down i : 2
:vhich, as they later learned, lci:o Lhcaltzf;z\g SAclzlthl;med to bo Listoning
i igned. No one fell like spe: - e e e
leencspil;f]gllrcry much excited, as if expecting somcblulr]\g(.)[ltllx]eencomparL-
izl;;::?m rog; of the engines, mulfied, howfmim;, ].vye Ll;i ;:;10 ds e ovagator
i d some powerful forc s
ment., Another instanl an o en soubimt ot up. They
ir w, do what they would, they | L o ship
;'0 Lh; l%l,bzl"léll;i'ugozo breathe. The passengers then realized thal
ound 1 1
e i second hand
wa’i‘l alrzﬁflll)(rlr;lly lbigzm to walch the clock w:,]tlh z:} r:\Eie o
o i to the . X
ili or leading ! iy
o s abow’l‘ltxl'llt 1(111(()3:1111. that the first step of the ship, witl
a

. psed. . X Earth, descend-
mmubcsv h(;l;la;ll:laud motors, was already flying back to the !
its emplie K

ing separated,
hute. They had not even felt the ﬁrs?tstf:)db:;ng P
. ho o vitc .
or bl)l, pﬂt,llfe motors of the second step had been sw}ung O the closk
OPT“‘l,mcrzlri'ow of an instrument hzmg'mgllonI :p:dics;md  Deside O ove
. .o i
y ving around in a circ e. ¢ e o
];epf: COHSLﬂ’Ill‘;'Jl) l‘ﬁ:;l ai-cady flown 200 kllomeues'. Iinzlgaﬂmir ho custon
y Eﬂm]iﬂ eZk , the firmament as théy saw it dr'lf, o ﬁnea in win-
Pl 1ileark)d’au'k»violeL, almost blue-black, ay/nx e most .
ol a11 luminosity and thousands of sLars.‘ A e Tailod o
‘mulsu]al dljlll p?lsseng;rs saw a most unusual Eml;;.é ey o thoy
Tovogiae 1t i mlike their nativ , y
o e, ot tho I i folded before them no
T ol ; of the Earth as it unfo e
e 59LWCH.I;II"];Otlll)écg::bh aé they had seen it from the
was quite unlik h
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“What places are we passing?” they wondered. “We can't even recog-
nize them. In any case, this must be somewhere in the east, for the ship
is flying towards the cast in order to take advantage of the Earth’s ve-
locity in its rotation about its axis.”

The sky kept getting darker and darker, and more and more stars ap-
peared in it. Yet at the very same time blinding streams of sunlight kept
shining in through the opposite windows. Day and night ruled simul-
taneously in the ship’s cabin.

Five minutes had elapsed, '/, minutes. Soon the motors would stop
and the ship would part with its second step, the middle one. Now that
heavy feeling, which had pressed down upon them, vanished.

Even though they had all been waiting for this moment, it came unex-
pectedly. The roar of the motors died down and the berths seemed to
drop from under them. They, too, felt they were falling, falling into a
deep, bottomless abyss. They convulsively grabbed hold of the edge
of their berths and waited tensely, positive that they were about to collide
with something and then—the end of everything.... .

Only after a little while did the Yyoungsters recall that they had felt that
very same way when training at the cosmoport. Theyall jumped up from their
bérths, but ... they remained suspended in the air in the most amusing
positions. However, the strange state of things that followed soon began
to annoy them. After all, it wasn’t such a jolly thing to flounder around
in the air, bump your head against the most unsuitable places, and not
to know what was np and what was down (“We're falling, but upwards!”).
It all caused such an unusual sensation! They even felt somewhat nau-
seous, as though seasick. ’ .

The stewardess, who appeared in the doorway on the ceiling—it was now
hard to call that the ceiling, for things were so mixed up—put things in order
to some extent. First of all she explained what was now to be considered
the floor of the cabin and what was the ceiling, what was up and what
was down. With the help of the youngsters she quickly transformed the

berths into comfortable armchairs, which were placed beside the win- .

dows, one beliind another, as in a bus, with an aisle between them.
Now the wall with the row of lights became the ceiling and the other wall,
with the strip down the middle—the floor. Incidentally, the mystery of
that strip was now solved. In order to keep the Passengers from flying
upwards because of some careless movement, they were all given special
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i i les stuck to the ironstrip
netic soles to attach to their shoes, These so
;ﬂzafib now required some offort, to got one’s fool off the floor. How good
they felt to have a floor beneath them again and not to have to hold on ta
i i i 1k across it. .
it with their hands, in order Lo wa ) )
l ’}‘he door to the crew’s cabin in the [ront part of the ship was now in front
of them. As before, the hands on the round dial of the clock :}bove the dlgor
kept turning around and the altimeter kept recording the kilometres :1 ey
had covered in their flight from the Earth. They 1}&{1 already reache: 23
altitudo of 3,000 kilometres and the ship was whirling along at a spi11
of about 35,000 kilometres an hour. From the \vindor\v tﬁxe.y colulg s:se a g
ir i D they had left their relativ
Carth, their dear, distant Earth, where ey ha I ’
E“:(:nc;s and Moscow. The Earth looked inimitably beauLlfu!,‘ co‘fei;i
with a haze of clouds between which one could dis](-:lern thbe outlines o
i vere j d by the mists.
amiliar continents, whose edges were jagge y
E“Rllsl;l;ﬂl dark disc began to climb up from behind the edgg rfi Llclgefsﬂszil;tilé,
ot i d far away and ina .
d, that’s the Moon! As yet it seeme ) :
gllldt,e;ust wait a bit! Before much time elapses they will see it at much
hand.
doIi?tl:Lleaby little they became accustomed to the unl.xsual Am?d, tﬁ) l.lelslt z]:;
truth, the unpleasant feeling of weightlessness. Their tnalmfng a Sood
Lhem’in good stead hiere. The stewardess came to the he]é)ho so:i]ee 1 the
youngsters, those who felt worse Lhar} the oLhersi o e i o e
some plcas’anb aromatic tablets, after which they felt better,
e i i ing. Noth-
: ‘I‘j?fll}eunder conditions of weightlessness is, after all, ;Iriteresl.mg No
es.
ing falls, nothing breeks, and you can sleep even on ne: Lh: compasiment
The ai’r in the ship's cabin was fresh andt](jlean,hatl]lle e o folom:
i i roug! !
s d cozy. A slight breeze came in t gh the .
Zzg “Eri\nraindifﬁcilt to imagine that outside tlie thin walls of the p
eber;xal cold and the silence of airless space held swayl. Bach passenger
Dinner time came. The service was most L.lnusua’ﬁ] e
received his portion in special interplanetary dishes. : ue]};(;ed e halts
pecially careful with the different liquids: the latter (:,0 gﬂ B nter with
of various sizes and:rolled. all over the compartfn[l};n :31);1115  hared matt
a Dall of hot cocoa promised nothing gogtﬁll.l ‘A\Avll an E;Qt oy rollod casily
ici . They were difficult to.sw.a ow, el 4 b oo the
zig;u:;;ssly[ace g)veriug it with a thin layer of liquid. But soon ‘
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travellers learned to handle the situation and, as may he supposed, ale
everything with a hearty appetite. They sucked the soup and cocoa up from
the dishes through straws similar Lo those children use to blow soap-
bubbles,

After dinner the pilot-radio officer came in to see how the young passen-
gers were getting along. He proved to be a merry, conversational person
who, in spite of his youth, had already acquired quite a bit of experience
in space travel. His flying record in space now consisted of several hun-
dreds of millions of kilometres, and he dreamed of becoming a “billionaire”
in the future. Terrestrial pilots had long ceased to envy their interplan-
etary colleagues in this respect, considering it quite hopeless to try to
catch up with them.

Alfter introducing himself to his young companions, the radio officer
told them of the latest radiograms received from the Earth. The passen-
gers showered the officer with dozens of questions, and he had a hard time
trying to answer them all. As far as possible he answered by giving prac-
tical illustrations, For instance, when he was asked if a match would
burn in the compartment, he immediately lit one, and all were convinced
that it would burnp excellently. When one of the Youths started to say.
“But we heard...” the officer winked understandingly and said: “Just a
minute.” He left the room for auinstant and when he returned helit anoth-
er match. It flared up, then the flame quickly curled up into a little
ball and went out. The officer left the room again, and this time when he
returned the match again burned quite normally. What was the answer
to this riddle?

“You shut off the ventilation!” someone exclaimed.

“Right!” the officer returned, “Under conditions of weighllessness, if
there is no special artificial ventilation:the flame ‘chokes.’

You would be suffocated, too, if T
length of time,” he added. A

The second day of the flight was marked by their meeting an interplan-
etary station, an entire communily of buildings of all shapes whirling
in their orbit around the Earth at an altitude of over 100,000 kilometres
without disturbing their order, like a hatch of strange birds. Pressed
close to the windows of their cabin, the children looked' on in silence
as the “islands on the terrestrial shores,” created by the will and.
genius of man, silvery in the rays of the Sun which illuminated
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them, floated past at a distance, Each thought of the Soviet people
living on these artificial satellites of the Earth, people who were doing
animportant, necessary work. The officer explained how vastly important
these interplanctary stations were for science and for interplanetary com-
munication and that similar satellites now revolved around the Moon too,
but they would be unable to see them on this flight.

The time on the ship passed by unnoticeably (if only they didn't have
that feeling of weightlessness), for it was filled with absorbing impressions.
Came the third day of the flight. That was an unusual day. The commander
of the ship permitted his young passengers (he had first received permission
from the Earth for this) Lo make an excursion outside the ship, out there
in space. The gay commotion on the ship that followed his announce-
ment lasted half a day. The youngslers went out one at a Lime, each
being accompanied by the second pilot of the ship. All the others took part
in equipping the fortunate person who was the next to go off on this trip.
The preparation for these excursions had to be most painstaking, for any
carclessness might lead to serious consequences. All excited, the youngster
climbed into his massive space suit,with which the excursionists had already
become acquainted. When everything was ready permission was given
to leave the ship. Both “excursionists” said good-bye and went out through
the door of the cabin into the hermetically sealed “lock.” The door behind
them shut, the air was pumped out of the “lock,” for it was a pity to lose it,
and then the outer door was opened. The tourists were now outside the
ship. The other passengers watched them through the cabin windows, laugh-
ing gaily at the sight of the rather awkward movements of these space
“swimmers,” who were whirling along beside the ship as though tied to it
by invisible strings. To them the ship seemed immobile.

The last day of the flight finally arrived. The youngsters were over-
joyed and excited in anticipation of seeing the Moon. They could not tear
themselves away from the windows through which they kept watching the
ever-incroasing lunar disc, half of which was illuminated by the Sun, and the
other half of which lay in the shade. A unique, gloomy worlvd opened up
before them.

The Moon kepl, coming closer and closer. There, they had already passed
the neutral point, that point at which the attraction of the ship towards the
Earth and the Moon is equal; now the ship would no longer fall to the
Earth, but to the Moon, which was less than 40,000 kilometres away:
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Incidentally, the passengors in the cabin of the ship wore not in a condi-
tion to notice this change. It was all tho samo Lo them whero they would
fall. The commander of the ship, howover, felt difforently about that.
For him it was of groat importance. The ship’s velocity, which had grad-
unally been diminishing and was a minimum at the neutral point, slightly

less than a kilometre a second, now began Lo incroase once more under

the influence of lunar attraction. .

The Moon kept coming inoxorably closer, At last the order was received
to lie down once more on their berths, just as when they had taken off
from the Earth, but to lie on the opposite side of them. Again the cabin
was converted into a five-storey bedroom, but he who had been on top
before, now found himself on bottom.

Only 1,000 kilometres remained to the Moon, 500 kilometres.... A ra-
dio beam checked off the kilometres exactly the way a sonic depth-finder
measures the depth of the sea. The ship's velocity was almost threo kilo-

metres per second. It was necessary Lo begin to brake now, for otherwise
they might crash on landing. They wero only 150 kilomotres from the
surface of the Moon. Powerful searchlights were now lil, up on the Moon,
illuminating the landing place, which was on the dark side of the Moon
and on which the Sun did not shine as yet: this was at the very boundary
between light and dark, which intersected the lunar disc. The commander
switched on the motors and again that same force which tho passengers
had already felt when taking off from the Eaglh pressed them down to
their berths. A stream of heated gases escaped from the engine nozzle,
rushing towards the Moon, outstripping the ship by over four kilometres
every second. The reaction thrust of the motor seemed to press up against
the front of the ship, as if it were a mightv hand, thus decreasing the
velocity of the ship's fall.

The ship’s speed kept diminishing all the time. The last few kilometres
it approached the Moon very slowly. The engine thrust was only slightly
greater than the weight of the ship, which was now '/, of what it had been
on Earth, because of the lesser force of attraction towards the Moon. Finally
the last metres, the last centimetres were passed. The ship gently touched
the surface of the Moon and came to a standstill on its shock-absorbing
chassis, which looked like four steel “legs” with supporting discs on Lheir
ends. This, chassis can be withdrawn, and its “legs”are let out before land-

ing, just as with airplanes. There was praclically no jerk at all. It was
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a wonderful “mooning” (compare “landing”). The whole operation took
about 1/, minutes. All told only a bit over three days had elapsed from
the moment they had taken off from the Earth.

The dream of the children had come true! They were on the Moon! How
interesting it was to look througli the window at the landinj place Where
people in space suits were walking about, and to sce those strange-looking
struclures in the distance, the masts of radio stations.

In spite of the fact that it was night, it was light on the Moon. The
Earth, a whitish-bluish disc (four times larger than the lunar disc), which
was suspended in the sky, brightly lit up the surface of the Moon. The
Earth's light is about 80 times brighter than the lunar light is for us on
Earth. One can easily read a book on the Moon by the light of the Earth.

Before much time elapsed our young travellers climbed out of the ship,
one after another, and in their space shits set off for the dwellings of the “sele-
nites”—the Moon dwellers. Their living quarters, which were situated near
this landing place (there were other commurities as well), were under the
surface of the soil, and only their round cupolas revealed the whereabouts
of some of them. All the travellers entered one such sublunar hotel, which
had been organized for the new arrivals, through the “lock,” with which
they were already familiar. After exchanging greetings the travellers were
fed and put to béd, for they were going to get up as early as possible as
they had an interesting day ahead of them. .

Chapter 23
ON THE MOON

The young travellers were awakened early in. Lh‘e inorning A lunar’
night lasts two weeks, as you know, and the lunar day-is equally Ion‘g',
but on this particular day the lunar morning coincided witli the terrestrial.
It was early in Lhe morning on the Moon as well, for the Sun was just about
to rise. No one had seen it here for a’ fortnight. That was the surprise
await,ing our young astronomers and aboub which they had.beén _give:n
a hint when they were still on Earth. But no. matter how. hard’)'th_ey had
tried, on the way over, to guess'what it was all about, they had hgen un_al)le
to. Their arrival on the Moon had been so.calculated in advaice, as to

enable them to see the sunrise on the Moon. It was an unusually beautis
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ful and, as we sce, & rathor rare phenomenon. Bul then, the sunvise on
tho Moon lasts a whole hour, and not just a minule or Lwo as it docs on
Earth.

No more than half an hour had clapsed when the children were alroady
off with a guide, who had been assigned to them for their sojourn on the
Moon. Clad in space suits, they marched off, one behind the other, to tho
place from which they were to observe tho sunrise. As yet thero was no
sign whatever indicating that our daytime slar was soon Lo appear. The
sky was not coloured as it is on Earth just bofore the Sun rises, for tho Moon
does not have the necessary atmosphere. Only myriads of stars without
any twinkle in them shone coldly in thesky, filling it with theirdull lumi-
nosity, and the terrestrial disc still hung suspended there, just as it had
the cvening before. It locked as if .it_wero fastoned Lo one spot. You
seo, the Earth does not move about in the lunar firmament as the Moon
does in the Earth’s, so that when viewed from the Moon, the Earth neithor
rises nor sets. This characteristic of the lunar landscape is of real servico
to the people on the Moon, for they can casily determine their bearings
on the lunar surface by the position of the Earth in the sky. It is difficult
to lose one’sway on the Moaon, for the Earlh can be scen from any part of
the lunar surface which is always visible from the Earth. However, as
far as the “rear” part of the Moon is concerned the situation is quite differ-
ent. The landing place was situated relatively near the edge of the lunar
dise, which is visible from the Earth, and was in the Scalof Showers, near the
famous lonely peak Piton, so that the Earth stood rather low. If our
excursionists had been nmear the lunar pole they would have scen the
Earth on the horizon.

And how many stars there were in the firmament! Here on Earth we can
see about 3,000 stars with the naked eye, but there on the Moon it felt
as though the scales had fallen from the eyes. Incidentally, the posi-
Lion of the familiar, brighter stars had not changed at all. What do a mere
384,000 kilometres which separate the Moon from the Earth mean when
compared with the distance to the stars! Such were the thoughts that
flashed through the minds of our school children as they waited impa-
tiently for dawn to come.

Suddenly the summits of the high mountains began to shine blindingly
againsl the dark background of the.sky, as though lit up by powerful
searchlights. Only their summits sparkled. The linc of demarcation betweon
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the bright light and the darkness was unusually pronounced. You cannot
see a picturo like that anywhere on Earlh, where the light is diffused in
tho atmosphere. It was 2 moment of extraordinary beauty!

There's the Sunt It didn’t look at all like the bright-red ball we see
during swnrisc on Barth, but appeared like a dazzling, flery gigantic star,
prcccdcd by its corond, fountains and streams of light that surrounded
it on all sides. The play of colours was such as can never Do forgotten! Yot
at some distance from the Sun tho sky vomained the same volvety black,
filled with a dull Juminosity, and the stars in it continued tO shine as
they had been shining before.

Tho oblique rays of the Sun illuminated everything all around, and our
school childron Jooked about them. Tow strange, sullen and lifeless the
world about them soomed.

The Sea of Showers, where they ware, wasn't a sea at all, any more than
the other lunar “#g0as” are. Not a drop of rain ever fell there. The same can
be said of the Swamp of Fogs, near which the ship had landed. It was
not a swamp at all, and no fogs of any kind were ever t0 Dbe witnessed there.
These names are merely the resulb of mistakes made by the first astrono-
mers, beginning with Galileo, who thought the dark regions of the Moon
were cxpanses of water. Actually, the geas” are tremendous barren stony
deserls, while the lighter places on the surface of the Moon were formed
of sandy and clayey rock. A layer of dust covers the surface of the Moon,
the result of volcanic action and explosions that occurred when meteorites
fell. Nowhere was there the slightest ared that was perfectly smooth
and level. The soil was pitted with craters of various sizes. Some
of them had diameters of over 100 kilometres. The whole place all around
was cut up by deep fissures and clefts and was covered with piles of
rock fragments, all of which made it quite jmpassable. The soil was chiefly
a dark greyish brown, although some of the craters had a light surface
similar to pumice. This similarity was enhdnced by the minute cavities
in many of the surface rocks. . N

The mountain ranges: stood oul in sharp relief, with their sharp-edged
sides and peaks; Lhere was 10 sign of any rounded surfaces or smooth passes
which are so common On Earth as a result of the action of water and
wind. .

Tho absence of an atmosphere makes v_iijbility on the Moon very good;
{here are no foggy mists in the distance, SO typical of the Barth. But
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ain astronomers declared that back in 1948 o bright yellow-
osity had been seen near it, the trail left by a tremendous

¢ Moon is so unpleasantly harsh, there are such sharp Decauso cerl
fell, one similar t0 {ho Tungus meteorite. And now it Was

brownish lumin

everything on th
changes from light to dark that there is absolutely no dusk, which is so

pleasing to the eye on Barth. It is impossible to see an ingi
: k . ything in the shade i . <
if ther i meteorite as ib
the m:u:i:i:so ;1111\;1:11":;1;9_';1 ;::i;‘;escl‘!]:szz- T)ilebg'oungsters clear}y saw ] interesting tO check up on that hypothesis. .
of 60 kilometres, as they discovered later. T g b ey were at a distance They also visited the crater Asistarchus, whose diameter is OVer 45 kil-
seom at all high to them, whereas they o mel, l; ese mountains did not ometres and which is 1.5 kilometres decp. The central peak of this crat-
' y were really about seven kilometres er -is tho lightest spot on tho lunar surface that can be seen from
1t shines brightly even in the Barth-shine. The children
solar light so well.

::-i:t’, like U:e higl;es}g mountain ranges on Earth. This error is due to the {he Eartl

curvatur ' . he Earth.

that of the Eaibg’s?,: ;‘:iigt;e;ivbi}:fg lt‘i‘gznr,fwhose diameter is_ abou.t, s discovcrcd‘whab kind of rock it is that reflects the

pears behind the horizon very rapidly- h} dr'om you on the {\Ioon disap- 1t was also interesting to learn what those dark radial streaks we

can no longer be seen. y—at a distance of five kilometres ho oxtended from central peak of this crater outwards. )

When on Earth our excursioni The travellers visited the crater Theophilus, which is @ typical crater

weight on the Moon is */ :;Z;OESLE h‘:g :’1 eard much about the fact that having @ ring of ‘nountains around its circumference and a mountain

Moon and, therefore, oneacould lea a[r ewﬁ; of the smau Tass of the in the middle, and the Copernicus crater, named after the great
p from a © 1 20 metres high or jump Poligh astronomer. On their way to Theophilus they flew over the very

h. They enjoyed the view

centre of the lunar disc as seen from the Bart
s on the Moon, Jocated almost ab

ro that

2]01’;555 :el‘rﬁvi:lleﬂoi that \vidt,h. without any risk. Some of our young trav-
tell of the(i’r e:}{ ;E;efceg‘? LS:S'LO tl.le test so that later they could proudly of one of tho highest mountain Fange
o their friends on Earth. However, their heavy the South Pole, the Leibnitz Mountains, whose summit is almost nine
the average 1evel of the unar surface. There, close t0
Moon, Clavius,

rgest craters 00 the
1t is also one of the deepest craters,
5. They visited the Alpine Valley,
ch is separated from the Sea

with all the necessary paraphernalia, made their weight, Jilometres above
the South Pole, they
whose diameter is over 200 kilometres.
its depth being almost eight kilometre:
the only one of its kind on the Moon, whi I . S
of Showers by high snountains. This valley, which is 10 kilometres wfde
at its widest part and over 120 Xilometres 10ng, 'is' smooth, resembling
a sort of gigantic gas .in the mountain range; its origin bas 1{0.t, as yet been
satisfactorily explained. The youthful astronauts ztlso yisited another
Tunar “curiosity’— he Straight Wall, which is located in the Sea of Clouds.
600 metres, simply amazed our travellers.
ated during some

This ledge, a V€ e
: high? Could it have origin

space suits,

unfortunately, only slightly less tha i

1 | n what it was on Earth, and the mas-
iweness oi" these suits transformed these agile youngste;s into st:isd it Y

g:own\}ups capable of moving about only at a most depressingly slow

P ::reh 1dc chance of performing circus stunts here!

o 18— ays of Lhe.u' sf)joum on the Moon passed by unnoticed. They were

Obsé)rgagfzcke;lh\tlth interesting things. The children made asbron;miCal

jons that are impossible on Earth; the; i
. ; y took pictures of thi 1
corona, organized an artificial “solar eclipse” e to
pse”—all they bed to do wi
cover the solar disc with a cire i ] o thoy
ular piece of cardboard H
were of these rare photo hich ¢ Ao
) graphs, which they later showed t
of '1':11:3“ YOlﬁlgd Astronomers’ Circle! o the meml?erﬁ ‘Wh di b
ey recalle i : o e

- chg Moonewﬁlil:hejfu;sxons they had made to various “famous” spots Lerr?lbgll:"“ni;r‘;::uﬁrkd’?

astronomers. These riddle: i'::? eolh . ‘(11 avoused heated discussions among " After flying across “the lunar Caucesus
e e, oo of tho & solved only aft.er a landing on the Moon Serenity with its ‘mysterious crater Linoé,

e e e ik was 12 rs:;i places they visited was the tremendous the very €Yyes of the

e iy the mloclfrceo ! ;]ob lfar from the‘ir landing place. They it from the Barth. In the past century

e bottom of this crater became darker now it was hardly noticeable. Our young Ppe

when the solar rays fell on i i
y n it. This crater also attracted their attention what had happened t0 this wousual orater!
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d so
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which almosb vanished before
who had been watching
er had been clearly visible;
had to find out

this crat
ople simply
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They climbed inside the crater Tycho, whieh, like many things on the
Moon, is so mysterious. It is almost at the southernmost edge of the lunar
disc and is the centre of the most powerful system of “rays” on Lhe lunar
surface: light coloured stroaks Lhat diverge from the crater almost over the
entire surface of the lunar disc. Nothing can stop these “rays,” neither moun-

tain nor hollow. What are these myslerious “rays’—Ltraces of explosions

during volcanic eruptions or did they remain after gigantic meteorites
d the clefts that were formed

fell? Condensed vapours which fille
together with the crater? Tho young astronomers will tell their friends
on Earth all about it when they rcturn.

For their travels on the Moon the excursionists had @ special oxcursion
rocket ship at their service. While on the ship and after landing they took
pictures of overything that scemed especially noteworthy and which they
thought might interest their fricnds on Earth, for they would have to tell
them about everything they had seen when they got back.

The attention of these school children was especially altracted Lo some
buildings that had been crected on the Moon in the years following man’s
first arrival there, They visited the «sublunar” enterprises, where fuels
for liquid-fuel rocket engines of space ships were produced. These plants
not, only fully supplicd the ships that landed on the Moon with the fuel
they needed, but also the interplanetary stations—the artificial satellites
of the Earth and the Moon. Containers of fuel were dispatched to these
stations by means of a tremendous clectromagnetic catapult.

The excursionists also visited the gigantic solar power station wieh
provided the enterprises and dwellings of the lunar colony with electricity

and heat. They looked into the central dispatcher’s room, from which sev-
eral atomic. power stations, that were at a distance of 150 kilomelres from
that room, were controtled. They went down into the pits of mines, where
many valuable, rare metals and minerals were obtained.

Evenings in the “sublunar” clubrooms the young people watched
TV programmes from Lhe Tarth. One of these broadcasts was organ-
ized cspecially for them. They saw their relatives and {riends.
They also had long conversations with veterans who had been living
on the Moon for several years and only visited the DEarth on their
vacations, which they spent at resorts on the Black Sea and al Moscow’s
suburban sanatoriums. The children probably enjoyed thesc conversations
moro than anything elsc, for they learned much that was Dboth interesting
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What the youbm\g\ tr

1. Sea of Csld.

2. Crater Plato.

3. Crater Lioné.

4. Alps.

5. Bay of Raiobows.
6. Swamp of Foss-
7. Caucasus.
§, Lake of Dreams.
0. Sea of Showers.
0. Landing place for
11, Crater Archimedes.
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avellers saW

12, Sca of serenity.
13. Crater Aristarchus.
14, Swamp of Putrefaction.
15, Apennines.

16. Garpathians.

17, Sea of Vapours.

18, Ocean of Storms.

19, Crater Copernicus.

20, Sea of rranquillity.

ship. 21, Sea ot Abundance.
22, Crater prolemy.

on the Moon.

23 Crater Theophilus.
24, stratght Wall.
25. Sea of Nectar-
26, Pyrences.
97 Sea of Clouds.
28. Sea of Humidity.
29. Crater Tycho-
30. Crater Clavius.
1, Crater Newton.
32. Letboitz ountalns.
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and fascinating about Lho he-
roic struggle of theso pioncers
in the conquest of the Moon.

While on the Moon the
young people discovered that

there was another surprise in -

store for them. Itwas the pilot
who told them about it. When
flying off from the Moon the
ship would fly around its “rear”
side, which had become acces-

sible to man only after space .

ships had succeeded in circum-

navigating the Moon. For thou-

sands of years people on Earth

had been observing only one

Path of Halley’s comet in the solar system. and the same surface of the
lunar dise, or slightly over half

of it, about °f, of the total lunar surface. (The children were especial-
ly interested to know that the part of the lunar surface which is
visible to us on Earth covers an area approximately equal to the
surface of the Soviet Union.) This explains why, at all planetariums the
world over, one side of the globe representing the Moon was blank. People
did not know what this part of the Moon was like. This is due to the fact
that the Moon's rotation on its axis under the influence of tidal forces
caused by the Barth's force of gravity, gradually slowed down. Once it
was faster, but now the Moon makes only one rotation on its axis in
the same time that it takes Lo make one complete revolution around the
Earth. The result is that one and the same side of the Moon is always
turned towards the Barth. It sways very slightly from ils position of
equilibrium, which thus enables us to look a little “beyond the Moon.”
The same tidal forces have transformed the Moon from a globe into a sorb
of gigantic pear, having formed a protuberance that is almost a

kilometre in height and which always faces the Earth.. .

Now the children were able to see the other side of the Moon and i)ho-

tograph it, in order later Lo tell their friends about it. They werc certdinly
in luck! '
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return of Halley's comet can be traced for 2,000 yearsin ancient manu-
scripts. Tho last timo it appearcd mear the Sun was in 1910. On May 19,
1910, it passed between the Sun and the Earth al a distance of 24 million
kilometres from the Earth, so that the Earth very likely “pierced” the
tail of the comet, which is much larger, about 30 million kilometres.

And now this comet had returned again....*

At last tho day for their return to the Earth arrived! It was time to get
ready. The Sun was already right abovo tho horizon., Tho long lunar
night with its pitiless frosts was just about to set in. Our travellers, who
had quite forgotton about their ship in the excitoment of so many lunar
affairs, were now unablo to recognize it. As when it arrived, the ship stood,
nose downward, on its four “legs,” but now a tremendous additional
tank of fuel had been set up on it. This tank, whose own weight was three
tons, contained 36 tons of fuel. Furlhermore, two other globe-like tanks
with fuel had been set up on the cnds of the wings. Each of them weighed
only 250 kilogrammes and contained 3.25 tons of fuel. Thus tho ship now
weighed 68 tons (that would have been its weight on Earth, inasmuch

as on the Moon it weighed only a little over 11 tons), of which 58.5 tons
comprised the fuel. :

The pilot-radio officer whose friendship the children had not forgotten
even when they were on the Moon, explained to them why the ship weighed
less at the take-off from the Moon than when setting off from the Earth.
The escapo velocily from the Moon was only 2!/, kilometres per second
(it is, therefore, not surprising that the Moon lost its atmosphere long, long,
ago, as the molecules of gases possessed a still greater velocity and had
deserted the Moon for all time). Furthermore, when landing on the Earth,
the braking by motor will reduce only half the velocity of the falling ship,
while the rest of the speed will be reduced by the resistance of the air when
flying in the Earth's almosphere. It is here that the wings will be of great
service. With their aid the ship will be able to, glide around ‘the Earth

for a long time, during which the rémaining, superfluous velocily will
be reduced.

“On the whole,” the pilot said, “the supply of fuel for the return trip
has heen so calculated that it should be sufficient to impart to theship
at take-off, when there is no force of gravity or air resistance, a velocity

* Halley’s comet should return in 1986,
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flying abt a rolatively low altitude above tho lunar surface. It was more
convenient to fly this way. There were no losses in velocity due to lunar
atbraction and the passongers wore better able to see what was going on
down below.

The children wero glad to take advantage of the opportunity afforded

them. At first they flew over the places already familiar to them. They
rocognized the hills, seas, craters. Byt as they kept coming closer to, the
Junar pole, the Earth almost set bohind the horizon. In a moment, it would
vanish completely from sight, hidden by the Moon. The, children gob
a view of the lunar surface as yob mever seen by anyone from the Barth.
The landscape they saw was usual for the Moon, only its reliel was oven
more ragged and the surface more uneven. . .
_ The lunar surface changes extremelyslowly, so that scientists have never
been ablo to establish any authentic changes in it.* Of course, we cannob
say that nothing happens on the Moon. Its surface is constantly being
subjected to the bombardment of meteorites, to the action of cosmic rays
and electronic streams that come rushing out of space. Then, too, the force of
attraction towards \he Barth affects the Moon. The change in temperature,
when day turns to night and the other way round, causes stratification
of the rocks on the Moon. But because of the absence of an atmosphere
and moisture the processes which cause a change in the character of the
lunar surface proceed much more slowly than on Earth.

The most active of these processes are caused by meteoric showers and
the change in temperature. When mid day changes L0 midnight the tem-
perature on the surface of the Moon drops more than 250°C., a temperature
of from 100 to +4420°C. drops to a crackling frost that reaches from
__150° to —160°C.** However, this chango takes place slowly, gradually,
and its effect on the surface of the Moon may be felt only after many mil- -
lions of years. -

+ According to individual observations, some small Junar craters, as Linné
in the Sea of Serenity, vanisbed for some time, but later appeared anew. Does this
mean they were temporarily beclouded by some smoke resulting from volcanic ac-
tivity or that they were filled with lava which later sank deep down? Perhaps, but suchs
observations are still not completely authentic. .

++ The fluctuations in temperature in the areas around the poles.is much less than
at its lunarequator. In spite of the absence of an atmosphere, the climate in the dif-
ferent parts’of the Moon is, after all, different. That is why the site Tor the lunar base

y } as selected relatively close to the pole. . .
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The rolatively sharp change in temperature during lunar oclipses is
folt much more soverely. When the Earth gets in the way of the solar
rays that are rushing Lo the Moon, the temperature of the lunar surface,
as measurements show, drops about 150°C., from 4-70° to —80°C. within
ono hour. But these lunar eclipses take place only on that side of the Moon
that faces the Earth: its opposite side is frce of such sharp temperature
changos and, therofore, the stratification of lunar rocks on the “rear” side
takes place more slowly, and its surface is more uneven.

Absorbed in their observations, the youngsters did not notice when the
cngine was switched off and the ship began its free flight around the Moon,
in ordor later to head for the Earth. The children could not be torn away
from the windows for even a minuto, s0 extraordinarily beautiful was the
scene that was being unfolded hefore them. Two narrow crescents, the closer
one, the lunar, and tho farther one, which was smaller, the terrestrial,
gleamed in the rays of the Sun. Halley’s comet glittered blindingly, its
fluffy tail spread over the entire half of the velvety-black sky. Venus
sparkled above the comet like a precious diamond! Moments never to be
forgolten!...

The next two days in the ship’s cabin, which felt so cozy now, flashed
by quickly. The children kept their eyes fixed on the Earth, which was
growing larger all the Llime. They recognized the familiar outlines of
the continents, enjoyed the reflection of the Sun in the ocean, and tried
to guess which spot on the REarth’s surface was their beloved
Moscow.

When getting ready to land on Earth, the commander of the ship decid-
ed to turn its nose in that direction. This was desirable when braking
the ship by means of the motor, which was sct up on the very edge of the
ship’s nose, and also when gliding in the Barth’s atmosphere. The ship
should encounter the least.possible resistance, otherwise the braking will
be too sharp and the ship may become incandescently hot and flare up,
in which case it would suffer the fate of countless meteors.

The small fly-wheel in the crew’s cabin droned as it was wnwound by
an electric engine, and the ship slowly began to turn about in the opposite
direction. The Earth and the stars floated past them. Only their motion
told them that the ship was turning. Now the ship was whirling along,
nose forward, ready for its dangerous encounter with the Earth's at-

mosphere.
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Tho tremendous fuel tank, now no longer needed, had been thrown
overboard and burned up in the atmosphere, which it had penetrated at
a tremendous cosmic velocity.

The pointer that showed the number of kilometres remaining to the
Earth’s surface kept moving rapidly. Only 2,000 kilometres remained,
1,500. A robot artificial satellite which kept moving constantly around the
Earth in its two-hour orbit at an altitude of 1,669 kilometres, that is,
making one complete circuit of the Earth in two hours, flashed by them.
Judging from the shape of this satellite, it was used as a robot station for
relaying television broadcasts.

The velocity of the ship excecded 10 kilometres a second, over 36,000
kilometres an hour. If the landing was to be a safe one, the velocity of the
ship had to be reduced by braking with tho engine.

The commander switched on the engine and again, for a little over threo
minutes, tho inertia overload pressed the bodies of the travellers Lo the
spring nets of their berths. The ship’s velocity dropped to five kilometres
asecond. In less than 40 seconds after the ship had begun to brake, the
tanks on the wings, which had now become unnccessary, were jettisoned.

The ship began to glide down from its altitude of several hundred kil-
ometres. It will make more than one complete circuit “around the glob-
ule” before its velocity is reduced to the flight velocity of jet planes;
then it will become still less. Of course, the ship will fly in the direction
of the Sun, towards the east, that is, in the direction in which the Earth
rotates on its axis; in this case the Earth’s rolation will help Lo reduce
the relative velocity of the ship more quickly. There is Moscow on the
horizon! It is a bit to one side. The ship flics to the very same cosmoport
from which it had taken off on its distant journey so very recently. The
acerodrome of the cosmoport is quite close already. The commander moved
the control stick away from himself, thus directing the ship’s nose downward
towards the Earth. The operating motor retarded what was left of the
velocity, and the ship smoothly landed on its “chassis-legs,” which had
been let out beforehand.

Welcoming shouts, joyful exclamations, the waving of hands, and hur-
rying and scurrying here and there.... Earth!

#* ok Ok

“A dream, mero fantasyl” you will say. True, a dream. And fantasy,
of course. But how many such bold dreams have been converted to the
most real of realities by the creative labour of man, by the achievoments
of sciencol

We arc firmly convinced that the time will come—and it is not far off—
when oven this boldest of all the boldest dreams of mankind will come true.

Wo firmly bolieve that as the years pass, perhaps decades, manned space
ships will sot off on flights to distanl worlds, worlds that are so alluring!

Permit me, dear reader, to wish you the opportunity of taking part
in such a flight.
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