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PROBIEMS OF BIOLOGY IN COSMIC FLIGHT
(Psiolkovskiy's Concepts have been Transformed into Reality)

- /This is a translation of an article written by V. B.
Malkin, Candidate of Medical Sciences, in Priroda (WNature),
Yo 10, Moscow, 1959, pages 35-44.7

The launching of the first artificial earth satellites
was realized in 1957, and on 2 January 1959 the first cosmic
rocket was successfully launched in the direction of the
moon. On 14 September 1959 at O hours 02 minutes 24 seconds
a great historic event took place: the second Soviet cosmic
rocket reached the surface of the moon, These events have
opened a new era in the development of human culture -~ the
era of the conquest of space, Man has created flying aPpara-
tus’ capable of overcoming the force of terrestrial gravity,
and, as a result, he will be able in the not too distant
future to carry out flights in cosmic space, As a result of
the outstanding achievements of Soviet science and rocket
engineering, the age~old dream o6f man has come true -~ a
flight to the stars is possible., In this connection the at-
tention of many millions of people is again attracted to the
image of the eminent worker of Russlan science, Konstantin
Eduardovich Tsiolkovskiy, the man who at the dawn of the 20th
century anticipated the great modern achievements, The name
of this outstanding scientist, the founder of scientifie
aeronautics, 1s now universally known, However, Tsiolkovskiy
not only worked on theoretical problems of reactive motion
and on the construction of space ships, but a considerable
part of his work was also devoted to medical and biological
problems connected with human flight into space,

The problem of ensuring the life of men in cosmic
space has interested Tsiolkovskiy during the entire length of
his ereative career, He has been reflecting for many years
on the possibility of creating conditions for the maintenance
of human life in cosmic space, In lookin§ into the future,
the great scientist and’inventor wrote: "Humanity will not
rvemain on earth forever, but in his quest for light and space
will, at first, timidly penetrate beyond the limits of the
at@ospherq, and later will conquer all of space in the proxs-
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problems connected with human flight into space,

The problem of ensuring the life of men in cosmic
space has interested Tsiolkovskiy during the entire length of
his creative career, He has been reflecting for many years
on the possibility of creating conditions for the maintenance
of human life in cosmic space, In 1ookin§ into the future,
the great scientist and’inventor wrote: "Humanity will not
remain on earth forever, but in his quest for light and space
will, at first, timidly penetrate beyond the limits of the
atmosphere, and later will conguer all of space in the proxs
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- dmity of the sun,® (1)

Zven at the very begimning of his ereative career,
when Tsiolkovskiy only dreamed of interplanetary travel, it
was already clear to him that, in addition to technical
gtudles directed toward the creation of special flying appaw
ratus, it would also be necessary to clarify the effect of
such & flight on the organism of animals and man,

The secientific interests of XK. E, Tsiclkovakiy were
very broad, He was also interested in the most diverse facets

“of medical problems which origlnated in a flight beyond the

carth == those problems which ars now so successfully being
solved by Soviet researcherse Proof of these achievements
is eviden¥ in the numerous successful launchings of onewgtage
ballistic rockets containing experimental animsls, Some of .

these dogs -~ as, for instance, Obtvaszhnaya /The brave one

== have flown into the higlher atmospheric strata without
deleterious-effects on their health, Clear proof of the
Tact that these flights are entirely harmless to animals is
evidenced by the healthy progeny of the dog Zhemchuzbhnaya
sarl/ after repeated flights (Fig 1), In order to fiy ine
0 cosmic space, the space ship must, according to the desw
criptive expression of Tsiolkovskiy, overcome the "armor of
earth!s gravity" in developing an extremely high velocity
(11,2 km/sec)e Tt is therefore inevitable that the ship

. Passengers will be subjected to the effect of mechanical

ensrgys WLLl it have a harmful effect on the human organismg
will 1t serve as an obstacle to mants breakthrough intc cose-
mic gpace? _

(1) X. E. Tsiolkovskiy, "Collected Works," Publishing House
of Acad Sci USSR, Vol II, 1954, page 3 A
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Mg, 1 The dog Zhemchuzhina and hexy
progeny after her return from & Liight
into the upper strata of the atmosphere .
in a geophysical ballistic rocket on

10 July 1459.

T4 is possible that Tgiolkovskiyts interest in this
problen originated in connectior with his reading of the
sniencoefiction novel of Jules Verne  "Irom the Farth to the
Hioor," in which the protagonists & the novel, while getting
ready to undertake a flight arcund the moon in a camnon
ahell and fearing that the inevitable irmense pressure of
the detonstion of The "Columbiada® will crush them, declded
o earry out a biclogloal experiment, With this ip view
they placed a cat and a squirrel into the shell, After the
guocessful complebtion of the experiment, the sstronsuts
sravely commenced their flight into cosmic space. Before
the flight, while waiting for the shob, they arranzed
themselves in the shell -~ as the readers probably rememberws
horizontally on the floor, below which wasg water to neutrfe
1ize the effect of the colessal foroe of the thrust needed
o impart cosmic velocity to the shell, A shot rang our,
end the protagonists of the novel separated themselves
successfully from the earth and rushed headlong +to the moon.

Tsiolkovelkiy understood that J. Vexne!s heroes {sven
if they could have created a cannon—shell capable of flying
off into cosmic space) were bound to perish at the very
estart of thelr voyage, since the attainment -of cosmic veloe-
city during a very brief time interval would cause the i




astronauts to be c¢rushed by theé mechanical energy acting on
them during the gun powder explosion; without offering them
any opportunity of protections Thusj according to the come
putation of the Prench researcher RbberT_Enc&Pel'tri; when
the length of the cannon bar'rel of the "Columbiada" would
be equal to 300 m, the rate of acceleration would be’such
that the weight of the passengers would increase 280,000
times, a circumstdnce which would certainly cause their in-
stantaneous death,

Tsiolkovskiy believed that the answexr to the impore
tant problem in interplanetary flights regarding the effect
of velocity accelerations on animal and human organisms can
be obtained only by carrying out experiments, In this con~ °
nection Tsiolkovskiy conducted experiments in 1876 and 1878 ,
in which he studied the effect of centrifugal force on the
organisms of animals and insects, In his autobiographical
notés Tsiolkovskiy cites the following experimentation:

M es I commenced experiments on chicks, I increased their
weight fivefold on a centrifugal machine without causing
them any harm, and I conductéd ?imilar experiments on ine
sects even earlier in Vyatka," (1) :

In speaking of Tsiolkovskiyt!s works, in which he
elucidated the problem of the effect of acceleration and -
means of M"rescue from excessive gravity," on the organism,
it is necessary to note a remarkable quality of Tsiolkovskiy
as a scientist -~ nemely that he was able to study the prob~
lems which interested him within a perspective plan and was
also‘able to provide a clear program of the impending work,
Thus, for example, he was firmly convinced of the necessity
of carxrying out experiments involving the rotation of‘a hu=
man being in a centrifugal machine, Such experiments, in
his opinion, were bound to clarify the extent of accelera=
tions, at any given time, which ean be borne by man without
substantial changes in the state of his health, At the '
same time one could test various means of protection during
thesé experiments, The experiment must, as closely’'as poss~
ible, reproduce the flight conditions in the rocket, Thus
Tsiolkovskiy indicated: "It is sufficient to conduct eadh
experiment on increases of weight for two to ten minutes,

i, e.y as much time as it takes to produce an explosion in
the rocket," (2)

(1) K, E. Tsiolkovskiy., ‘"My Life and Work," ®Publishing
House of Aerofleet, 1939, page 28, ’ ;
(2) X, E. Tsiolkovskiy., "“Collected Works." Vol II, page 132,
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. The plan of study of this problem; which had been
furnished by Tsiolkovskiy, has not been fulfilled, In the
USSR and abroad dviation physicians are currently studying
the effect of accelerations on the organisms of animals and’
mon and widely employ centrifugal machines for this purpose,

The modern centrifuges have a radius -~ /Squal to/ the
length of the arm <~ from six to twelve meters, on which a
cabin is installed, The necessity of a sufficiently large
centrifugal radius is connected with the fact that in centw
rifuges with a small radius a man is subjected during rota-
tion to the action of angular accelerations, which exert an
untavorable effect on his organism and impede the elucida-
tion of effects caused by the action of radial accelerations,

Tn a modern centrifugal cabin man can assume any posi-
tion, thereby permitting the study of the effect of accelera~
tions which have various directions, The medical instruments
placed in the cabin enable one to record the pulse, respir=
ation, and the bioelectric potentials of the heart and cere=
brun in the experimental subjects during the centrifugal ro=
tation, while, by means of & television installation, one
can observe the conduct of the individual and evaluate his
general condition during the action of accelerations,

As demonstrated By the experiments of physiologists
and aviation physicians, human resistance %o the effect of
accelerations depends on the direction in which the centri= -
fugal force is exerted on his body, on the size of this force,
and on the duration of its action, Accelerations which act
in a direction corresponding to the longitudinal axis of the

human body, i. €., from feet to head or from head to feet,
have a particularly unfavorable effect on man,

Tn the majority of experiments human beings have been
able to tolerate the effect of accelerations up to 3-5 G for
a period of 10 to 30 seconds, In the case of higher acceler=
ations serious’disturbances of the activity of the central
nervous system, originating as the result of the impairment
of cerebral ciroculation, were observed in the experimental
subjects, In cases where overloading acts in a Headetowfeet
direction,  these disturbances are expressed as first a gray
and, later, a black film in front of the eyes, after which
loss of consciousness may take place, In case of overload=
ing in a feet~to-head direction, a red film appearéd in
front of the subjects! eyes when 3 G were attained,

T+t has been established in experiments with a centri-
fuge that the most rational position of the subjectts body
48 one in which the acceleration acts in a transverse direc-
tion, i. e, from the chest to the back, or from the back
+o the chest, Tsiolkovskiy thought that the astronauts must
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assume a horizontal position during rocket ascent, i, €.,
must lie in such a way that the overloading will act in a
transverse direction, in relation to the longitudinal axis

of the body, Under such an effect of accelerations, the in-
dividual can tolerate accelerations ten to twelve times
greater than the forece of the earth's gravity for a relative-
ly long period of time, These data were taken into conside-
eration by the Soviet scieqfists who prepared the dog lLayka,
for cosmic flight which prior to the flight had been subject=
ed to special training on the centrifuge under the prolonged
effect of transverse accelerations, As is known, during its
f£1light in the second artificial earth satellite, ILayka suo-
cessfully withstood the effect of accelerations during the
period preceding the entry of the satellite into +he given
orbit. ‘As demonstrated by the results of physiological
studies; only an increase in the frequency of rvespiration
and cardisc contractions was observed in the dog during this
period -~ a phenomenon generally observed in animals under
the effect of accelerationse '

However, Tsiolkovskily was still of the opinion that
during rocket ascent and, especially during the period of
return to earth, when the rocket will be losing veloeity
rapidly as the result of its braking in the condensed atmos-
pheric strata, such accelerations may exert an effect which
would require the special protection of animals and man,

Tn 1891 Tsiolkovskiy became seriously occupied with the Probe
1em of developing ways to protect living organisms from the
effect of accelerations, During that time he expounded the
idea "of protecting weak substances and organisms from blows
and jolts and increased weight by thelr immersion in a liquid
equal to them in density," (1) In substantiating this idea
Psiolkovskiy showed profound knowledge of blology and a keen
power of observation, He wrote: UNature has utilized this
method’for a long time by immersing animal embryos, their
brains, and other weak orgéns in‘liquids,which thus protect
them from various injuries, Man, however, has made little
use so far of this idea." (2) To prove the correctness of
this idea Tsiolkovskiy carried out a very simple but con~
vincing experiment, which he described in 1891 in the "Works

(1) XK. E. Tsiolkovskiy. "New Conclusions I Arrived At, "
Publishing House of Aerofleet, 1939, pasge 45, ’
(2) X. E. Tsiolkovskiy, "New’'Conclusions I Arrived At
Publishing House of Aerofleet, 1939, page 45.



of the Moscow Society of Lovers of Natural Science," An egg
is immersed in a cup or glass of water; in order to increase
the density of the liquid,; kitchen salt ib dissolved in
water until the egg commences to rise from the bottom to the
water surface., After the egg is in balance (i e,, neither
descends to the bottom nor rises to the surface); one can
strike the container‘against the table with great force with~
out breaking the egg, while without water the egg will break
even at a slight jolte The idea was further developed by
Tsiolkovskiy in his novel "Beyond the Earth," In order to
protect themselves from The eTfect of acceleration =« in~
creased weight -~ the protagonists of the novel placed them=
selves during the ascent of the rocket and 1its return to
earth in special chambers filled with a liquid having a den=
sity approximating the density of the human body. Respira~
tion was effected through tubes which opened into the atmos-
pheric air of the rockets "...O0ur friends, wrote Tsiolkov-
skiy of the astronauts who left the earth, "will remain
safe and sound because they are placed in a horizontal posis
tion in a liquid of density equal to that of their bodies,"(1)

In 1950, while Tsiolkovskiy was still living, his
concept of protecting animals from excessive weight by means
of immersion in a liquid was successfully tested’in an ex-
periment devised by a group of Soviet scientists, the pro-
minent researcher in the field of astronautics Prof N. A,
Rynin, in collaboration with the physicians A, N, Likhachev,
A. A, Sergeyev, V., M. Karasik, and others, It was demonw=
strated by the experiments of these researchers that the
immersion of experimental animals in watexr substantially ‘
roises their resistance to acceleration effects; for example,
upon the action of stressed, brief accelerations frogs
proved to be able to ‘tolerate a thousandfold augmentation
of their weight, ‘

Studies were subsequently begun abroad in Germany,
Grea’t Britain, and the United States in which the possibility
was investigated of utilizing immersion in a liquid as a
means of protéction against the prolonged effect of radial
accelerations, ;

Tn the initial research on animals and human beings
the experiment was conducted with incomplete immersion of
the body in water, In spite of that, one observed in all

¢

(1) "Idem." “Beyond the BEarth" Publishing House of the
Acad Sci USSR, 1952, page 48.



experiments an increase of the’'registance of animals and man
to the effect of acceletrationss, Thus; it was demonstrated
in the works of H, Jasper (USA) and others, of and A, Holt
(UsA), who had used variouf methods on different species of
experimental animals, that their partial immersion in water
(head~feet) led to an increase of their- resistance to posi~
tive accelerations, In this connection, it was elicited -
that the greater the body area that is immersed in liquid,
the greater is the resistance to the effect of the accelerae
tions. As shown by the results of experiments by A, Holt,
the resistance to the effect of accelerations increased in
conmection with the faot that considerably fewer circulatory
disturbances resulted from the effect of accelerations in eX-
perimental dogs immersed in'water than in animals which had
not been protected by water, c

In relatively recent times an Italian researcher, Mar-
garia, recorded the results of experiments in which experi~
memtal animals were completely immersed in a liquid of suf-
ficiently high density, in order Lo auigment their resistance
to the effect of stress acceclerations, A considerable in-
crease of the resistance of animals to the effect of stress
accelerations was observed, Trogs tolerated accelerations
of up to 3,000 G without serious injuries, while small mam-
mals proved to be able to tolerate a 1,000~fold or’ greater
increase of their weightfor a short period of time, It was
observed in these experiments that the protective action de~
pends on the depth of immersion of the animals in the liquid
and on the extent to which their lungs are filled with air,
T+ decreases nobticeably if the layer of fluid surrounding
the animal is less than five cm, and it is also less pro=~
nounced during inhalation -~ upon increasing the amount of
ajir in the lungs,

Thus, if immersion in a liquid whose density approxi-
mates the mean density of the animal organism acts to in~
crease resistance to the acceleration effect, can'not this
resistance to acceleration become limitless? For, on the
basis of Archimedes law, one apparently could attain complete
body equilibrium in a liquid by accurately calculating its

¢ body's/ density, thereby protecting animals and men Trom
accelerations of any magnitude, However, the anti-~overloade~
ing effect of immersion in a liquid is limited by the fact,
first noted by Tsiolkovskiy, that various tissues of the
organism have unequal density, It suffices %o recall that
the body of vertebrate animals has osseous tissue which :
possesses a comparatively high density, while pulmonary tige
sue which is filled with air during the process of respira-
tion is of very low density. The latter fact accounts for



the phenomenon that the resistance of animals to the effect
of accelerations is lowered during inhalation when they are
immorsed in water., This problem was discussed in détail in
a recéntly published article by Di R. Morris, D, Ye, Beyskher,
and D, Do Zariyello, who had studied the resistance of non-
vertebrate and small vertebrate animals to the effect of
acocelerations during immersion in a liquid, Interesting ex~
perimental data are cited in this work which’attest to the
fact that low-organized monocellular animals, whose various
cellular elements possess almost uniform density, are able
when immersed in a liquid of a given density to tolerate
efféots of accelerations of amazing magnitude -- up to
200,000 G, -

In coentrifuge experiments Germen and American physie
cians observed an increase of mants resistance to the effect
of accelerations upon immersion of the human body in water;
this effect was the morc prondunced, thé greater the amount
of body area covered by water, In 1942, V. Frank (Great
Britain) carried out successful experiments with a hydraulic
suit in flight; the suit increased the resistance to aviators
to0 acceleration by two G!s, ’

During the summer of 1958, in one of the laboratories
of aviation medicine; experiments were conducted in which the
cxperimental subject, wearing a light diver's suit, was com=
pletely immersed in a tank of water which had been fastened
to a centrifuge, Results of these experiments on nine indie
viduals showed that upon complete immersion in water a man,
equipped with & Jight diver's sult, is able to tolerate the
prolonged (over four minutes) effect of radical acceleratidns
up to 13 G, Very recently; Gray, an American biophysicist,
withstood the effect of acceleration of 31 G for over 15
seconds without substantial impairment of his health, under
conditions of complete immersion in water within a powerful
centrifuge, Thus, the correctness of Tsiolkovskiy!s concept
has been proved experimentally. ‘

As is known, during a space flight when a‘xrocket,
having overcome the force of the earth!s gravity, will fly
in space with its engine’switched off, all objects within,
including the astronauts, will become weightless, The state
of dynamic weightlessness also originates during a flight
in an artificial earth satellite following its entry into
the given orbit; it may also také place under certain flight
conditions in rockets and planes, Iately, the effect of
weightlessness on man has been glven considerable attention
in studies by foreign and Soviet authors, Vorks were pube
1ished which characterize the flight conditions under which
the state of weightlessness originates, as well as human
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redctions under conditions of complete and partial weight-
lessness, = . , - ‘ 1
Tsiolkovskiy was the first to give a scientifically
substantiated description of various methods of obtaining
the state of weightlessnessy He graphically described the
methods of obbtaining weightiessness and divided them into
two categories: real and h; othetical, In reference to
the hypothetical /categary/, the scientist described an
ascent in a tower 37,000 km high (5.5 earth radii), as well
as a journey in a train’which moves along the equator at

a speed of eight km/sec, In the latter case the "gravity
was snnihilated™ in the’train carriages by the centrifu-
gal effect, but the air, of course =- as Tsiolkovskiy re-
marks -- would not let the train move at such a speed,
Therefore, in order to obtain’such a high rate of motion,
a raised platform 300 km higi, and reaching beyond the
condensed atmospheric strata, would have to be constructed.
Under these conditions one could obtain the initial cos~-
mic speed, It is necessary to note that precisely these
types of motions'are effected at present by the artifiecial
earth satellites, '

As a more realistic method of obtaining a brief
state of reduced weight and complete weightlessness, Poie
olkovskiy suggested the use of special vabins falling free~
ly from great heights, Thus, for example, he indicated
that if such a freely falling cabin wére to be mounted on
the Eiffel tower, which is 300 m high, and its braking
were to be effected by water, the state of weightlessness
under conditions of free fall would appear within eight
seconds, This concept of Tsiolkovskiy is currently "being
put into practice by Soviet and Toreign researchers, To
study the effect of the brief action of reduced gravity
and the subsequent increase of weight on human beings,
highsspeed elevators are employed; by means of their mo=
tion, partial weightlessness and an increase of weight are
successively induced,
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Fig, 2 Schematic dlagram of $wo possible gra=
vitrons, Ieft -- & straight gravitron: the -
experimental subject enclosed in a hermetic
cabin falls freely in the "a® segment in the
vacuum of the vertical tube. In segment 't
he is braked to & complete stop and is then
propelled upwards to repsat the cycles .
right =~ a U-shaped gravitronj it is similar
to a straight gravitron, except that in the
semicircular part of the device the dlrec-
tion of motion is changed and an overlcading
takes place., Thus, in this case, there is

no need of slowing down, the velocity is
maintained, and the braking is effected
through friction in the curved section of

the tube and can be compensated by means

of additional acceleration.

To obtain & more prolonged stabte of weightle ssness
wmder surface conditions, Tsiolkovsekly suggested the utili-
gation of 2 special device which he described as follows:
"hey are rails which have the shape of a magnet with the
ends up, oxr of a horse-~shoej the cabin grips the rails from .
both sides and carmot come loose, In sliding down one leg
of the horse-shoe, it makes a semicircle and travels up
the other leg where it is retarded automatically in losing
its velocity.

-




In the movement toward the semicircle the relative
weight disappears; it reappears on the curve to a greater
or lesser degree, depending on the radius of the semicircle,
as an approximately constant phenomenons, Upon its ascent
up the straight and steep rail it disappears againj 1t ale
so disappears in the return fall if the cabin is not halted
at the top., Thus ‘the observaFiohal period of apparent abw
sence of weight is prolonged,™ . , ‘

. Many years after the publication of Tsiolkovskiy!s
book, "Dreams of Heaven and Farth," in which the device of
obtaining weightlessness was described, the Americah re-
searcher Walton suggested in the_jour?al, "Aviation Medi~
cine," (1957) the use of a "gravitron" in studies of surface
conditions in order to obtain weightlessness «~ with this
device one can induce such a state of weightlessnessi The
principle of performance of the "gravitron" consists in
the fact that weightlessness appears upon the freé¢ falling
of a cabin in a horse~shoe shaped tube 240 m high, from
which the air is pumped out in érder to eliminate frietion
(Fig 2)e 1In reality, therefore, Walton only modified the
work of Tsiolkovskiy which he had published in the last
century,.

In order to imitate the state of weightlessness in
the training of astronauts Tsidlkovskiy suggested the utie
lization of immersion in water, However, he visualized
clearly that immersion in water or even in a fluid with
somewhat higher specific gravity will create a situation
only slightly similar to the sbtate of weightlessness, For,
upon immersion in fluid, man remains within the sphere of -
action of earth!s gravity, though his body is sub jected to
the uniférm effect of a force which tends to push it out
of water, as a result of which it seems to "lose its weight."
However, the otolithic apparatus situated in the inner ear,
which represents one of the receptors which signalize to
the cenmtral nervous system on the weight of the body, will
continue to function upon immersion in water and the inter~
nal organs will also retain theixr weight, In the case of
man's movements the water will exexrt corresponding resise
tance, This concept of Tsiolkovskiy has been under recent
discussion again by some foreign researchers, for in case
of the possible success of modeling of conditions of weightw
lessness by means of immersion in fluid, a prespective will
be opened for the study of animal and human reactions upon
their prolonged stay in the state of weightlessness, of
definite interest in this connection is the study of L.
Knight who, in order to-eliminate information coming from
the otolithic apparatus, immersed experimental individuals




in water with their heads in such a position that the func-
tional sctivity of the réceptors (the otolithic apparatus)
was considerably reduced, In this conmection, the experi~-
mental subjects who had previbuély experienced the effeot
of weightlessness under conditions of flight indicated that
they had experienced sensations similar to the ones they
now felt during the state of weightlessness,

Further works in this direction will make it possible
to establish definitely the expediency of the use of this
method for the study of the effect of a prolonged stay of

‘a human being in the state of weightlessness,

Tsiolkovskiy thought that animals and human beings
finding themsleves in a state of weightlessness are, after
a certain time, adjusted to this state, though he considered
it probable that man in a weightless space may at first
experience some illusory sensations == disturbances of oX=
ientation in space, He'wrote in regard to this: "Neverw
theless these illusions, at least in living quarters, must
disappear after a while, When we are on a ship, the shores
seem Lo us to be in motion, but afterwards we are conscious
that it is the ship that is moving, The same situation will
probably ocour in space..ss'(1)

Comparatively recently flights were conducted in
planes accaording to a specially developed regimen whereby
the fliers remained for 30 +t0‘40 seconds in a state of weighte
lessness; in this connection, during the first flights some
experimental subjects noted the appearance of illusory sen-
sations as well as a considerable disturbance of the coor-
dination of movements, especially in cases when the movements
were effected without the control of vision, The results
of these experiments showed that upon repeated stays under
conditions of weightlessness, man adjusts himself &and is
able to effect correctly complicated motor actions, This
can be judged from the photograph (Fig 3), in which is shown
one of the experimental subjects during the state of weighte
lessness,

In studying the photograph our attention is attracted
o the fact that the ceiling, floor, and the walls of the
cabin are covered with mats which obviously are there to
protect the experimental subject from jolts if he makes some’
awkward movement under conditions of complete loss of weight,
or if he Talls when conditions of weightlesness are removed

(1) X, E. Tsiolkovskiy, "Purposes of Planetarvaravel."
Publishing House of Aerofleet, 13939, page T73.
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‘Prom the plane and his body again acquires weight,

Fige 3 An experimental subject in
a state of welightlessness in a cabin

Tt is worth noting that Tsiolkovskiy, who had write
ten picturesquely and at length on the effect of welght=
lessreas on the life of man wnder conditions of space traw
vel, thought that a prolonged stay of human beings under
conditions of complete weightlessness must complicate
thelr daily life Yo a considerable extent, and cause the
astronauts muich discomfort. In this connection Tsiolkov=-
skiy suggested in 1895, fox the Tirst time, the crcation
of an artificial force of gravity by means of rotating the
sabin of a space ship., Accarding to Tsiolkevskiy's belief,
the centrifugal force acting on the agtronaut must be many
times lower than the force of terrestrial gravity.

He wrotes "A gravity of one hundredth oxr even one
thousandth of that of the earth's is entively sufficient.,”
(1) Tt is interesting Go nobte that the idea of creabting
artiTicial gravity bo ensure faveorable living conditions
for men during space Flights was developed after Tsiolkove
skily in the works of the Prench scientist Robert Eno-Pelftri.
In 1812 he susgested the possibility of compensating for
the absence of a field of gravity during a space Tlight by

(1) K. B. Tslolkovskiy, "Purposes of Planetary Travel,"
Publishing House of Aerofleet, 1939, pagze T76.
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a field of accelerations, a suggestion which proves to be of
little practical value since 1t requireés a considerable adw
ditional expenditure of fuel in flight, : o

The creation of "artificial gravity" by means of ro-

tation of the space ship was also suggested; after Tsiolkov~

skiy, by the American scientist’ Noel Deysh, (1) According
to his project, the space rocket, after leaving the limits
of ‘the earth's atmosphere (when the aerodynamic properties
connected with its shape will be of no importance), must be
divided into two parts connécted by a cableé, By means of
small supplementary rockets a rotatory motion will be créa~
ted, but, since the cable may be 200 meters or more long)j
the field of acceleration of each half of +the space‘rocket
will change very slightly from one point to another, which
will protect the astronaut from unpleasant sensations conne
ected with rotation, This idea even now atracts the attenw
tion of foreign scientists who:are working in-the field of
aviation and space medicine (Armstrong; Gaspa, etc,); it is
widely discussed in foreign literature, but the name of
Psiolkovskiy remains undeservedly forgotten in these discus-
sions,

In.dreaming of the conquest of cosmic space Tsiolw _
kovskiy wrote: "We can achieve the conquest of cosmic space
by very simple tactics, ILet us first solve the easiest Prob=
lem: %o éstablish a space station near the earth as its :
satellite," (2)

Having suggested the theoretical idea in regard to
the creéation of an artificial earth satellite inhabited by
people, Tsiolkovskiy visualized very clearly that ‘the reali-
zation of such a projec¢t is oonnected, in addition to en~
gineering difficulties, with the necessity of solving a num-
ber of biological problems, since the creation of conditions
needed for the maintenance of normal humen activity during
men's extended sojourn beyond the limits of the térrestrial
atmosphere  must encounter very great difficulties, In this
oonnection, Tsiolkovskiy in his theoretical plan analyzed
such important problems of ensuring human existence under the
conditions of life on an artificial satellite as the maine
tenance of the normal gas composition of the satellitels
"atmosphere, " the possibilities of purposeful movement and

!

(1) See R, Eno-Pel'tri, "Cosmic Flights," Oborongiz, 1950,
page 126 : : ’ ‘
(2) X, E. Tsiolkovskiy., "Collected Works," Vol 2, 1954,
page 280
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prolonged existence in space without gravity, the construce
tion of living quarters of the most adequate shape, their
illumination, &tec. ' '

Toward the end of the last century the famous Russign
chemist, D, I, Mendeleyev, suggested the employment of herw
metic space flight cabins in Wwhich barometric pressure ap4
proximating the terresrial téuld be maintained; and which,
by utilizing compressed gaséous or liquid oxysgen, would ens’
sure the astronauts the required conditions for respiration,
X, B, Tsiolkovskiy thought in this connection that the quar~
ters which people will occupy inthe artificial satellite will
also represent a hermetically closed space with a sufficiente
ly high barometric pressure, .

In their relatively brief flights into space -~ for
example, to the moon -~ the astronauts will be able to utim~
lize the oxygen reserves brought from the earth, while car-
bon dioxide harmful to the organism will be eliminated from
the cabin air by means of the utilization of chemical sub=
stances (alkalies) which would absorb it, Thus, Tsiokovskiy
postulated the idea of utilization of regenerating devices
in hermetic cabins to ensure the neéded conditions for life
activity during brief space flights, This idea was developed
brilliantly by Soviet scientists in carrying out medico=bio-
loglcal studies dealing with rocket launchings -~ as well as
with the second artificial earth satellite, It is known that
the experimontal animal -~ the dog Iayka -- was placed in a
hermetically closed cabin of the regenerating type, in which
the regeneration of oxygen and absorption of carbon dioxideé
were effected by means of highly active chemical compounds,

Tsiolkovskiy evidently assumed that under conditions
of initial space flights the astronauts would be able to
take along only & limited amount of foéd and water, and would
therefore experience hunger and thirst, This supposition led
young Tsiolkovskiy to decide to test the effect of hunger and
thirst on himself, He described this experiment as followss

"T gubjected myself to tests of not eating and not drinking
for several days. At the end of this period I lost con-
sciousness for several minutes,” (1)

Iife in hermetic cabins during a prolonged sojourn
regarding space flights on long-~lasting artificial earth
satellites, or during flights to distant plansts, obviously
cannot be ensured by stores of oxygen and chemical substanceés
for the absorption of carbon dioxide brought from the eaxrth,

(1) X. E, Tsiolkovskiy, "A Sketch of My ILife," page 28,
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sincé it would require excessively large reserves of chemi-
cals, In this connection,; an excessively large amount of
food products and water alsy will be needed on the rocket
premises, In this connection, Tsiolkovskiy suggested the
creation of an artificial atmosphere on space ships, which
would redquire the utilization & a definite area for a plant
hothouse, He wrote:t "Just as the earth!s’atmosphere is
purified by plants with the aid & the sun, so can our arti-
ficial atmosphere be regenerated," (1) It will need -~ as
does the terrestrial atmosphere ~~ the maintenance of rota-
tion of substances essemtial for human life ~- oxygen and
water and the ridding of carbon dioxide from the air, Tsiol~
kovskiy suggested that this idea be implemented by means of
conducting special experiments in which "one could determine
the smallest surface illuminated by the sun's rays that

would be sufficient for a human being in regard to respira-
tion and nutrition; one can seek and test plants which would
it this purpose.® (2) At the present time this ided of
Tsiolkovskiy is being widely discussed by biologists., Con-
crete experiments have begun on the selection of plants which
eliminate oxygen in large quantities and absorb carbon diox~ -
ide, as well as plants suited for use as food by human beings.
The attention of the majority of scientists has been attrac~
ted to the alga-- chlorella -~ which they are attempting to
utilize for this purpose,

The maintenance of normal thermal regimen in the cabin
of a space rocket also presents a fairly complicated problem,
Without its solution, however, it will be impossible to’rea-
lize the flights of animals and human beings into space, since
human. beings and the higher animal s can adjust themselves
only to relatively slight variations of temperature, a fact
which renders a considerable lowering or rise of temperature
in a hermetic cabin intolerable, In order to regulate the
temperature in the rocket Tsiolkovskiy suggested that one
paint its surface in two’colors -~ white, which réflects
sunlight well, and black, which absorbs heat well, In space
Flight the temperature in the cabin will vary and will depend
on which side the rocket is turned toward the sun, In regu-
lating the area of the reflecting surface and the size of the
surface which absorbs heat by turning the rocket around so
its bright surface faces the sun; or by turning it to the sur-
face that has been painted black, one can regulate the temp=

(1) Inid, page 128, ‘ ‘
(2) XK. E. Tsiolkovskiy. "Collected Works," Vol 2, page 130
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erature within the rocket and maintain it with sufficient
accuracy at the needed level ¢20°C), The same principle of
mointaining the nommal thermal regimen could, according to
Tsiolkovskiy, be employed in maintaining a "comfortable tem-
perature™ within a space suit, whenever the astronauts will
leave the space’ship, This idea was expounded, subséquent
to Tsiolkovskiy, by Robert Eno-Pel!tri, who, however, did
not refer to the works of the great Russian scientist,

. It is necessary to note that the principle of thermal
regulation suggested by Tsiolkovskiy was utilized by the
Belgian Scientist Picard and by Soviet‘builders in ensuring
flights at high altitudes (16,000 to 22,000 m) in strato-
spheric balloons, Thus, the hermetic gondola of Picard!s  ~
stratospheric balloon; which rose to an altitude of 16,000 m,
was painted in two colors: black and white, A special con%
struction permitted one to vary the position of the gondola,
which made it possible %o turn either the bright or the dark
surface of the gondola to the stmn, thus regulating the tems
perature within,

Tsiolkovskiy thought thdt under certain conditions man

" could leave his habitation and, by using special protective
- means’against the fatal effect of highly rarefied cosmioc

space, undertake travel along the "surface of the moon and
other planets of the solar system, In addition, he under-
stood that the astronauts will also need special clothing in
the case of damage during the flight, when the habitation
occupied by the travellers might lose its hermeticitys In
order to prevent the dangerous effect of cosmic space, Tsiol=-
kovskiy suggested the‘use of a scaphander leace suit/ ~= a
special suit in which, when thé barometric pressure in the
external envirnment is reduced, the needed pressure is aubo-
matically created around the astronaut!s body, and oxygen in
quantity sufficient for respiration is supplied under the helw-
met of the space suit.

The development of high altitude aviation also led to
the necessity of developing such suits for aviators. The
present~day high altitude suits and scaphanders enable man
to operate under conditions of extremely low barometric prese
sure, In this connection, pressure created by the suits on
the surface of the human body prevents the development of the
phenomenon of boiling of the fluid tissues of the organism,
which takes place under conditions of extremely low baromete
ric pressure, while oxygen ehtering under the helment ensures
normal respiratory functions,

The possibility of the sucoessful use of scaphanders
in rescues from the unfavorable effect of highly rarefied
upper atmospheric layers was demonstrated by a group of Soviet
scientists in experiments on animals,
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In these experiments, after the animals had reached”
altitudes of over 100 km, in rockets a catapulting was per-
formed ot the altitude of 75 to 90 km during the free fall
of the rocket =~ an automotic expulsion of the animals from
the Tooket = Tollowing which the animals protected by high
altitude space suits descended in parachutes for a relative-
1y extended period of time =~ about one hour, This experi=
ment was successfully tolerated by the experimental dogs, '
some of them having already madé two successful flights inw
t6 the upper atmospheric layers, Thus, by means of these
experiments, the correctness of one of Tsiolkovskiyts cons
cepts has been substantially corroborated,

We live at a time when the ideas of Tsiolkovskiy are
being translated into reality: his scientific heritage is
fruitfully utilized not only by scientists, builders, and
engineers who construct space ships, but also by physicians
and biologists who work in a new field of science =~ gpdce
medicinge

END
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