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For about six years Space Medicine, a branch of Aviation Medieine, has

‘boen studying the human faotox/%involvod in flights into the upper atmosphere
and beyond, into space. There are various phases of this kind of flight,
depending upon the physical and physiologicel charecteristics of the environe
ment, the speed of the vehicle, and upon the destination of the flight.

The first stage of space flight will be the long distance flights at super-
sonic speed through the space equivaimt regions of the upper atmosphere \that
we can expect in the immediate future. These flights are the logical develope
ment of the present day long distance atmospherie flights on a globel scale and
can justly be callad ﬂ&ﬂ%&?ﬁmt ﬂighta. With regard to npt{.op
dynemics the vahlcle exhibits ptrtiaily d.rphm status md pnrth}.ly projectile
7{:‘”&/‘6&‘/ this first phase of space flight, namely,

status, We are now at the
global space equivalent flight,

A decisive phase in the development of flight will have been achieved as
soon as the speed of sbout 5 mpk mps or 18,0(:)0(}1;;/L been reached, This is
referred to ae the circular orbitel veloecity which engbles g vehicle to circle
permanently around the Eerth in an orbit; such a vehicle takes on a satellite
status 1like the moon. /Ao s “‘f‘“"j’f "'*"_H/*/ e ’/"? 3/ . &f ff”ij -

As soon as a speed of 7 mps or 25,000 mph has been reached, the vehicle will
break away from the gravitational contrpl of the earth and escape into deep space,
This vehicle will then have aitained spaceship statusy this will be the final

xkxgx phase of space flight and can truly be called interplanetsary space travel,
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This is a classifieation of the possible developmentel stages in human flight,
besed on physical, techniesl, and medical considerations and refers to manned
flight only.
It is my purpose in this paper to discuss the medicel problems involved in
Crxprmgidunidony <3 Plight ar

the second phase of space flight, namely, that of
satellite flight, This is fullefledged speee flight in its eimplest forme.
Fullefledged, because it shows nearest the ear&h all of t.he stranga envirormental

.....

and motion conditions associated with space fligm; i its simpleet form, because ¥
the vehicle movement is uniform and unidirectional. -GINMSREERENE ©11eht,
therefore, is éspacially suitable/\ gor @ discussion of the fundamental medical
problems confronted in space flight.,

The first step in the direction of this phase of space flight is the
instrumented ummanned satellite, such as the one recently m for launching
in 19573 but we will teke a step further and assume, for the purpcse of our
discussion, an instrméhtﬂ'_l_unmd satellite, We will not, however, discuss how

this vehicle arrives at its orbit and the medical (accelergtion) problems
involved = which are not unsurmountable =~ but rather we shall presume to be at
the stage where the vehicle has already reached a certain orbit and has attained
satellite status,

The speed required to attain satellite status is nearly 18,000 mph near
sea level, The denser regions of the atmosphere would prohibit this speed
because of air resistance and friction heat., At about 120 miles or 200 kma,
however, the air is without noticeable effect in both respects., This aero-

dynamic and aerothermodynamic border of
designated with the more general term,

The actusl material BosdEs

?11?;,{

here can therefore be
et Vs
of the atmosphere,

Kmot the atmosphere, h owever,

I ————
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reaches into the area of 600 miles or 1000 km. from where we enter through a
600 mile wide spray zene into interplanetary spaces But it must be aaplnaizéd
w 4/5 affq ‘ ‘{ifa efbgn {',‘;..@ med' |
that ghove the abtréne
equivalent in practically every respects It is here that the field of aeros )
ot Y 3;;44;.» i %C
dynamice ends and that of astrodynamics begins, rather than at the

utical border, the atmospheric enviromment is space

/

border, J
Above 120 miles, therefore, the nearest satellite orbit is conceivabls; |

The orbital speed required at this level is roughly 17,500 mph end the peried '

of revolution is shout 88 minutes., Naturelly, with increasing altitude, the

orbitel veloeity decreases; and the period of revolution increases (See Table I). \
By S ou sodieal. diavussions 108 ue aseune & 300 wide sdstistmannthe i '8

At this altitude we are beyond the ¥ layers of the Tonosphere and far bayond |

the astronautical border. The orbital velocity here is 17,000 mph and the |

period of revolution 95 minutes,

the fact that A
[ Gharacteristic of the orbitsl velocity is/the gravitational pull of the =

|
| s
%

earth and the eentrifugal forces cauded by the vehicle's inertia are balanced.

A\

This means that the vehicle and its occupants are in the stete of weightlessnesa’r t i
or zero-gravity - the first medical problem that I would like to discuss., e

¥
)

This is a two sided problem: 1) Aa‘ ;general medical side regarding the well being
of the occupants, and 2)’s sensery physiclogical side with regard to sensery
perception of position of the body in space and sensory-motoric control of the
body movements, So far, experiments on man to study this problem have been

carried out for only L0 seconds in parsbolic flight murm\x;;\r‘{;iﬁ'(""4'1:;1‘:.&L experiments

of Henry, Simons, and Ballinger in Wright=Field Aeromedical Laberatory in 1952,
those of von Beckh in Buenos Aires, South Americe in 1953, end most recently

those of S, Jo Gerathewohl in Randclph Field, Texas, do not indicate 2 serious
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distm'banee in the autonomous nervous system, and there is no reasen to believe
that thia woﬁld be any different during a longer period of time such as would
be found in & satellite. It is therefore too early to draw the devil of a space
disease upon the well similar to motion sickness, At this point I would like to
add that & manned artificial satellite is the only means of bringing sbout a
final solution of this whole problem because it alone offers the possibility of
experiencing nearest the earth the grav:!.‘l';y free state over days, weeks, and
monthse '
As to the second or the sensory side of the gx('avity free state, there is this
mww./ e At € ey

to be saids we have several sense organaYt.lnt sem as graviereceptors, such as the

centrally located otolith organ, and. distrﬂmteﬁperipherauy ovar the ontire eld.n.T

tonmssrmee,
e —
s IR

receptors of the pressure sense'(sbout 20 per em?), specific nerve ondinga 1n the
muscles, the sowcalled muscle spindles and finally, specific nerve endings in
the momiesy comective tissue, the Pacinian corpuscles. They all belong to the
category of mechano-receptorsy these meshamo-régeptors have an exteroceptive
funetion insofsr as they react to external forees and inform us about the outer
worlde One of such external forceg is the gravitational pull of the earth.
They also have an enteroceptive or a proprioceptive functlon insofar as they
inform us sbout the tension conditions in the skin, the muscles, and the connec=
tive tissue, They play, therefore, an impartant role in the sensory motor
control of the body's movement. In the case of the vestibular apperatus and the
pressoreceptors of the skin, the exteroceptive function is more pronounced, in
the other mechanoreceptors the proprioreceptive function is dominant.

Tn the gravity free state the exteroceptive or the graviereceptive function
of the mechanoreceptors is eliminatedj the proprioreceptive function, however,
innot_. F&thismam,ammﬁngahighdinrmuudiﬂngbmd,mag
which time he is in a gravity free state, is well able to perform skillfully,
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a variation of many aerobatic ju:pa,. The abura mvi-recuptive function of the

mechanosreceptors dn subetitubad by our mxkeemsgkixa exteroceptive sensory

organ per excellences the photoreceptors, or - in other words « the eyese In

the gravity free state, J:ih when in a satellite, the eyes will be the only

sense organ that informs the occupants of their position in space. This brings

us to the problem of vision in space.

Of what kind are the light sources that confront us in Space?

Direct sunlight and starlight are firsty we are also confronted by indirect
sunlight coming from the earth, reflected by the continents, the oceans, and
especiaily by the clouds, Moreover, some of the indirect sunlight is scattered
from the denser layers of the atmosphere back into spsce. Finally we have
indirect sunlight reflected from the moon's surface, But there is no skylight,
and this is the factor that makes the visual conditions so strange in the
regions where satellites are conceivable, Skylight is sunlight scattered in
811 directions by the air molecules. Because the short wave part of the
visible spectrum is especially affected, the scattering produces the diffuse
blue daylight in the denser regions of the atmosphere, &s it is observed from
the Earth's surface. Against this rather bright skylight, during the day time
the Moon and stars fade into oblivion. With increasing rafification of the air
molecules in higher altitudes, scatteping of light diminishes gradually and
ceases at gbout 100 miles, Beyond this level the sky is permanently darke
The extra-atmospheric sky brightness is only 10 millilawbergt as compared with
that of 500 millilambertp in the lower atmospheres But the sun is visible in its
full brillisnce against the dark sky, except of course when the satellite moves
through the shadow of the Earth, The stars $oo are, visible all the time, and
when its position allows, the moon can be seen in full light intensity together
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with the sun. Because of the lack of skylight in spece, the contrast between
light and darkness is a dominant feature. Byerything that is exposed to
sunlight appears in full brighiness and vivid golor, and everything else is

in the darkness of shadows The extra-gtmospheric illumination is around

13,500 foot candles as compared with 11,800 foot candles at the Earth's surface.
Light and shadow dominate the scenery comparable to the light end shadow effects
such a8 these produced on the stage for the magiclan, This strange photoscotic
condition poses medicel problems in the field of contrast vision and retinal
adaptation. And the strange distribution of the light sources, Sun, Stars, and
the indirect sunlight from the earth and moon are of special interest from the
standpoint of orientation in Space.

At this point I would iike to make a comperison with an enviromment that
is, so=toespesk, thef extreme oppoaiteeél that found in spacei the deep sea.

But, there are also some similarities, according to the wellknown proverbs
"les extreme se touche,"

W, Beebe observed in his "bathysphere" that the light intensity decreases
rapidly with increesing depths, while the spectrum shifts towards blue-violet.
But at & depth of 1600 feet, light is completely sbsent in the Atlantic oceans
In these regions we find fish with luminous organs and telescopic cylindrical
eves, At depths of about 10,000 feet there are fish with only vestigial eyes.
These deep sea fish rely almost entirely on the mechano-sensory system of their
skin to sense the environment, This represents an extreme contrast to the situation
that will be experienced by men under space conditions. In the darkness of the
deep sesz, where the photoreceptors are out of function, the position and movement
of the fish is controlled solely by the gravi-receptors and mechanowreceptorsy
in the darkness of deep space and under the gonditions of gravitatiom} orbital fligh

where the gravi-receptive function of the mecheno-receptors is ‘eliminated,
orientation depends entirely upon the photoreceptors or upon vision. The sun,
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the stars, and the earth end moon are the optiecal footholds for the visual
orientation in space. ‘

The cbservation of the sun, however, poses an important mdioal problmu.
The brilliant radience of the sun in its original intensity, m«m maew
by atmospheric ebsorption, represents a hazard to the eyes. ,gA uuen shorter
time of exposure is sufficient to cause a retinal burn, such as that known to

the ophthalmologist, as it ~oecurs chnsiomlly when someone observes a solar
- M}\@ ,Li -~

eclipse through an S Such & solar radiation effect
upon the fovea of the retina is denonatratod in this picture which shows & &mall
distinct spot of slterated tissue, This is a picture of the retina of my right
eye, which shows & retinal injury which I sequired when I observed a tofal

solar eclipse in 1911 as en inexperienced gpace-curious boy of XRxymExEx tmlve.
$ Lpdn
B in the visual

The result of such & sowcglled eclipse blindness is a per
field, Outside of the atmosphere, the danger of such a retinal injury by direct
soler light is mews much greeter and from an artificial satellite the sun should
be observed only through glass with very high ebsorpiive powers

Tn comection with the optical conditions found in the space equivalent
regions of the atmosphere beyond 120 miles, end in interplanatlry spacey, I would
like to bring to your attention a physiological problem that has never been
touched upoh in space medical discussions. Tt is the problem of maintenance of
an adequate physiologicael day-night cyele for the occupants of a space vehicle .‘

In space flight, such‘ as that in a satellite, the concept of night loses
its meaning and must be replaced by that which night really is, namely, the

shadow of the earth.
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The shadow or umbra of the earth tapers down in the form of a cone
859,000 miles or 1,385,000 kilometers deep into interplanetary space. Travele
ling through its greatest width would teke a satellite vehicle less than an
hour., During the remeining time (also about ome hour) the vehicle is surrounded
by the mysterious derkness of space as deseribed befores This is always the case
when the setellite orbit passes through the earth's shadow.

A1l kinds of planes for the orbit are conceivable; in some of them a satellite
would not touch the umbra et all, Be that as it may, in orbitel space flight
an adecuate arbient physicel dayenight eycle is absent because the day-night, or
more precisely, the light snd.shadow cyels is less than two hours. Therefore, we
must ereate artificially and maintain e cycle !;ithin the satellite to meet the
physiological requirements of the occupants. Fory adequate diwnal cycling is of
great imporiance to the health and efficiency of the occupants. In fact,
we are so strongly adapted, or so phyesioclogically bound to a day-night cyele,
menifested in rest or sleep and wakefulness or activity, that to ignore this /4 : n:ftre;;(

v%’”ﬁould, after a week or so, lead to & complete nervous breakdown.
How can an adequate dayenight cycle be achieved for the occupants of an
artificial satellite?

The night time must be induced for them in & special night compartment.

The question is posed as to the length and time interval of such an artificial
day-night period.

Tn this regard reference is made to the important basic experiments carried
out in the Mammouth Cave in Kentueky, 1940, by N. mim, Professor of
Physiology at the University of Chicago. Dro. Kleitmamn spent two months in this
cave, with several co-workers, under artificially produced day-night cycles of
different iengths, The result of these experiments showed that man can adapt
himself to 2 diwrnmal cycle only in the range of from 18 to 20 hours. Within
this range the temperature curve of the body follows the various cycles.
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When 2 cycle shorter than 18 hours or one longer than 28 hours was introduced,
the temperature curve returned to its normal cycle of 2ly hours.

This gives us the clue to solving the problem of diwrnal cyeling in & manned
satellite. If we assume & minimum dayenight cyele of 18 hours, divided into 8 hours
sleep, 2 hours recreation and 8 hours duty, that would be a reasoncble solution.
Ory if a 2l~hour day-night cyole is applied, the best plan for a subdivision of
the cycle would be 8 hours sleep, 8 hours rest and recreation, and 8 hours duty.
A1l this presupposes that the crew is large enough to be subdivided inic three
groups. In the case of an 18 hour dayf# t%&group crew would be more acceptable
from the psychologicel point of views

W hﬁ may assume that the metabolic rate of an
ocoupant of en ertificisl satellite during his duty hours, is about the same as
thet of an occupant on Earth during moderate working hoursj the total metabolishe
during & 2he-hour period, including sleep end recreation would then be in the order
of 2800 cal, This brings us to the respiratory requirements for the satellite
crew, or more diaiiFiakaam specking, to the climetization of the cebin, The
cabin in a satellite must of course be completely closed, a sealed cebin in
which en adequate etmosphere is artificielly created and controlled, It must be
emphasized that suchbtype of cabin is required even down to the atmospherge
region of 70,000 to 80,000 feets

One of the vitel tasks in the climetization of the sesled cebin is the
aol;ing of the oxygen problem for mPiration.

From the aforementioned metaboliv rate of 280C cal per men per day, ve
can celeulate the amount of oxygen required by one man per daye The physio=
logical thermal equivalent of 1 liter of oxygen #s 8.5 cale under normal
nutritionsl conditions. This means that the biological production of 1 cal,
requires 115 cm3 of oxygen. Consequgntly, the totel amount of oxygen
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consumed per man per day is 500 liter or 0.7 kg This amounts to b kge of
oxygen per men for 1000 satellite revolutions that take place in 66 days in our
assumed orbit at the 300 mile altitude, or 276 kge Op for & crew of six.
Replacement of the consumed oxygen from the storsge tanks must be contpolled
in such a way that the oxygen pressure does not fall below 95 mm Hge This is
the minimum limit permissible for comfort and efficlency; it shoulld not surpass
the permiseible maximum of 325 mm Hg because #R 0, concentrations ehpve this
Jevel are toxice Whereas oxygen is consumed in the metebolic processes of the
body cells, carbon dioxide is produced in the same process and exhaleds Under
normal nutritional conditions the retic between exhaled carbon dioxide and
consumed oxygen, the sowcelled respiratory quotient is 0,85, With our éxample,
one men produces 125 1itof of carbon dioxide or 0.837 kge per day or 5542 kg
per 1000 eatellite revolutions. This would be 331.2 kge for & crew of six.
Carbon dioxide in déwher concentrations above L vol. percent is t.oxic; the
permissible limit lies at sbout 2 vol percent under standard barometric pressure
or a% 15 mms Hg. The removel of the excess Carbon dioxide in the sealed cabin
vehicle, which can be achieved by certain chemicels is, therefore, just as vital
a5 the maintenance of an adequate oxygen pressure.

Since the consumed oxygen appears again in bound form, namely within the
carbon dioxide of the expired air, it has been suggested to try to regain the [
oxygen fram the carbon dioxide, in this way eliminating a toxic gas and at the
geme time facilitating the problem of oxygen Supplys i

A naturel method accomplishing this, is known to us in the process of photop-
synthesis, found in chlerophyl bearing plants. Photosynthesis is the reverse

M
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process of respiration as a comparison of their reaction formulase showst
Respirations CgOys04 + Op ——3 6C0p + Hp0 + Energy
Photosynthesiss 6C0p + 6H0 + Solar Energy —— Cg8120- + 0p

In respiration peewjwepbept-or biological oxydation, oxygen is consumed and
carbon dioxide and water are produceds This process requires several so-called
respiratory enzymes. In photosynthesis oxygen is produced and carbon dioxide
and water are consumeds This process requires the presence of chlorophyl as
an activator.

In special studies sponsored by the USAF School of Aviation Medicine it
has been found by Dre Jack Myers, Professor of Zoology, University of Texas,
that 2,3 kge fresh weight of a certain alga « the algs chlorella pyrenoidosa =
with regard to their gas metsbolismg, under optimal conditions, are equivalent
to one mane  This means that this mass of algae consumes as much carbon dioxide
and produces as much oxygen per time unit as one man produces carbon dioxide
and consumes oxygen. Both, therefore, could live together and support each
other wi‘bh rcgu-d to the respective respiratory and photosynthetic requirements
in a/;liha qﬁ:insia, in a closed system for a considerable length of time.

Plants 1like the alga chlorella are especially suitsble as a photosynthetic
gas exchanger, They are small rmmd bodies about the size of red blood cells
and are dispersed in a nutritional solution. These primitive plants are perfect
photosynthetic machines, since they have no specific organs nor various functions
like the higher plants. Their only function is to build up, photosyntheticelly,
carbohydrates/and to produce oxygen. Primitive plants of this type already
appeared on this planet one and one~half billion years agos 4And they might have
been responsible for an early build-up of an initial stock of oxygen in the
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primitive atmosphere of the natural satellite of the sum, namely the earth.
And now, the same biological process may same day be used in the climatization
of artificial satellites of the earth. But the difficulties for the use of
such photosynthetic gas exchangers lie in the volume and weight of the device
arrangement of m power requirement for illumination. As for the latter, solar
energy may be the answers For flights of short duration, however, we certainly
will never resort to a biological gas exchanger. For flights over weeks and
months it might be different, HMaybe Msdume sjeme day we will have & type of

ond *

photosynthesis that can whlv¢ infrared, or, the effort to achieve artificial

photosynthesis may one day be successful.

In the sealed cabin also, the moisture given off - in amounts of from 50 to

avadtr Comfttndle fompirnbot. wonei ¥y vy

80 gram per man per hour through respiration and perspiration= &k by the
occupants, must be kept within the comfort limits that range between 30 and 50
percent relative humidity. And finally, the barometric pressure should be
kept at levels corresponding to that found near sea level and up to 8,000 feet,
In this reupec‘t;, however, the physiologist could mke concessions to the engineer,
who . would probably desire a lower pressure differential between the cabin's air
and the surrounding near vacuum for structural ressons. From the physiological point
of view & minimal barometric pressure, corresponding to an altitude of 15,000 feet
would be acceptable.

The multitude of fectors involved in the climatization of the sealed cabin
requires a complex of instrumentation for automatic controle The USAF School of
Aviation Medicine, Rendolph Field, Texas, now has an experimentsl sealed chamber
in which we can study the changes of the atmospheric conditions caused by the
pbesence of the occupants, and the means to contrel these factorse (FIG.____ ).
This device can also serve as an indoetrination chamber in handling the situation

in case the automatic controls fail or the cabin develops a leake
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With this point we touch upon the Achilles' heel of the sealed cabin vehicle.
One of the causes of a leak might be & collision with a meteor, & probability
which is very remotejy however, the occupants of a satellite vehicle must be
prepered for such an event, even though meteor or bumpers or screens - suggested
by Whipple and obhers - might offer effective protection.

In the lower atmosphere, the time rate of decompression of the pressurized
cabin is governed by three factorss the volume of the cabin, the size of the
hole, and the barometric pressure of the ambient atmosphere. In a satellite
vehicle, the latter factor is practically sero, which means that under other
equel conditions the decompression will be more viclent and faster. In any
event, the crew must know that a drop in oxygen pressure to 90 mm Hge will
affect their efficiency, as aforementioned, and that at 60 mm Hg. the situation
becomes critical and dangerous. S§c Table o Before this critical level is
reached, the source of the leak must be sesled, otherwise, the crew would face
the whole physiological sequence of decreasing air pressure effects.

These are some of the medicsl problems encountered in manned satellite
flight, I have not touched upon the radiation problem, which is the experi-
mental field of Major Simons. All of the space medical problems discussed
so far are slso encountered in transfer orbits, that is, in interplanetery
Space Travel, They are, hamver%ccd, more or less - during a certain portion
at least - in space equivalent flights, that is, in long distance flights at
hypersonic speed through the space equivalent regions of the atmospheres
But we find them, so-toespeak, in classical form in circular orbitel flight or
in a satellite vehicle, The ummanned instrumented satellite planned by the
United States for launching in 1957 or 58, will be the inddspensable exploratory
forerunner of the manned satellite, which will certainly come some day.
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Be that as it may, the main reason that I have chosen this phase of
space flight was that e satellite vehicle would offer an ideal platform
for the discussion of the problems of space medicine in general and for giving
you an up-to-date picture of the progress made by this fast developing branch
of Aviation Medicine.
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