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Since men first looked upen the Meon, and discovered the existence
of other planets in the heavens, he has dresmed of traveling one day to
those celestisl bodies, to explore them and to satisfy his curiocsity
concerning the unknown, Because of his insbility to tramspert himself
physicelly to the Moon or the planets, man devised a mesns of partislly
satisfying his curiosity by constructing telescopes through which he
could explore them visually. The development of other instruments has
engbled him to gather further information sbout the sun and plenete with
regerd to their composition. Through the centuries, he hes improved
these devices to ever grester perfectiom, end has discovered thet those
tiny points of light in the night sky, which he had called sters, are
actuelly suns similsr to his oun sun, but beyond his oun solar system.
These end other discoveries heve stimulsted men's dreams of actuel space
exploration. Todey, space operations within our own sclar system are
repidly becoming & reality. Indeed, it has been said that men is already
flying in space.

If this be so, it immedistely becomes obvious thet a somewhat new
definition of speace is necessary. Space to the sstronomer begins at the
upper physicel border of the stmosphere, or in the sres of 600 miles
from the isrthe To one dealing with the humen factors of flight, spece
may be defined es that area which liss beyond the physiologically and
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physically effective portion of the atmesphere.
muwu&wmmmhmnmmm.
This statement can be clarifisd by presenting to you the concept of
tSpace Hguivalemee Within the Ztmosphere" = a concept evelved by
Dy, Hubertus Strughold, Chief of the Department of Spece Medieine at the
School of Aviation Hedicine, He states thet within the physical atmo-
sphere, at various levels, cccurs the loss of all the functions of the
atmosphere, insofer as men end aercdymemic flight ere concerned. The
first function is lost at 52,000 feet or about ten milés, where the
pertial pressure of oxygen in the air is so low that it is prevented fream
entering the lungs, by the equel pressure of water vepor in the lungs.
Even et slightly lower altitudes there is insufficient oxygen to sustein
1ife, albeit sbserbed frem the air.

At 63,000 feet, the still lower beremetric pressure is unable to keep
body fluide in the liquid state, and the fluids vaporize as does boiling
water, farming bubbles even at body temperature. These bubbles can smuff
out humen life in a few secomds, The new term -EBULLISH- has been given
to this phenomenon, to replsce the term "boiling of the bloed" which
connotes the spplication of hest,

These two, the oxygen and pressure borders, are physiologicel functional
berders of the atmosphere, According te & physiologicsl definition then,
space bogins at a level of 52,000 feet or sbout ten miles,

There are other physicel functional borders which are resched at
various highor sltitudes, Thus, ss the barometric pressure decreases with
gocent, the air density et 70«80,000 feet is so low that we are no longer
sble to use ambient eir to pressurdze the cabin of & crafte 4 sealed
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cebin must then be used above this level for the following reasons:

le At BO,000 feet air demsity is enly 1/30th the air demsity at
#es level, To compress it to sccepteble levels would require equipment
thet would be prohibitive in size and weight,

2, If it were fessible to use ambient sir, its compression would
elevate the tempersture of the cabin well beyond humen tolerance, and
would require a larger cooling system, again incressing the weight pemalty,

3. At this same altitude the air hes & high ozene content (6 ppm)
produced by the action of ultra vialet radiation upon atmospherie exygen.
m.mmumumwm,mmmm»wmxm.
especislly rubber and plastics, With compression sdequste for physioe
logieal funetion & ppm would be ineressed to 60-80 ppm end would necessie
tate & device to destroy ozone.

he mmwmmnﬁnm,mumunm
through the usseble portion of the air with such speed that there would
be very little time for outeide air to be used for cebin pressurisstion,
Tn less then twe mimutes it would be above 80,000 feet.

For these reasons one can readily see thet & sesled cabin will be
absolutely neeessary in a1l forme of space operstions,

inder physicsl borders can be included also the protective functions
of the atmosphere., Tactors which erise frem beyond the stmosphere, but
which are found within the atmoephere are soler radistion, meteorites,
and cosmie radiation. £t 120,000 feet primary cosmic reys begin to cellide

with the eir molecules, causing them to explede into 2 showsr of secondery
radiation particles. These in turn strike other sir molecules and the



L

process is repeated, with an sccempeanying loss of emsrgy of the perticles
with each successive collision, (Figure 1). The air attenuates the
gnergy of primary coemic rays end thus protects us from their potentially
hermful effecte.

At 140,000 feet the ultreviclet of solar redistion begins to resct
with oxygen, preoducing omone. The meximum ozone concentration is in the
region of 70,000 feet and becomes less at lower levels,

£t sbout 75 miles (LOO,0C0 feet) meteors entering the stmosphere begin
to heet up from friectien with the sir and most of them burn up completely
before resching the ground. Without the air envelope, we would be under
continuael bombardment by meteors, as is the swriace of the moon.

In the thinning atmosphere sbove L00,000 feet (75 miles) sound sudible
to the humsn esr will no longer be transmitted, because audible sound is
transmitted poorly in less dense media., Above this level the mean moleculer
pathway of the air molecules between collisions becomes grester than the
wave lengths of eudible sound, The higher f{requencies with shorter wave
lengths will disappear first, followed by the lower frequencies, This
results in the sbsolute silence of spece.

The seme thinning of the atmosphere eliminetes its capscity to scatter
visible light, The blue coler of our sky is caused by the scattering of
visible light. So, at 80100 miles the sky is black, with the sun, the
stars, and moon all visible at the same time.

MMWWI@WMQSM&},&M. Above
this peint, & craft moving et any speed no longer obtains “support" from
the air and there is no longer friction heat or its transfer to the
interior of the vehicle, Above 120 miles solsr infreered radiation is the
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most important source of heat with which we must contends

As you ezn readily see, the conditions of space are encoun
g1l at once, but in a stepwise fashion, beginning as low g2 ten miles and
ending st mmaw)n the area of pertial spece equivalence.
Between 120 and 600 miles, although still within the physieal limite of
the atmesphere, lies the ares of totsl space equivalence.

m:mmammn,mmmmmww
by the Germen Air Force. The jet represented the firet spplicstion, in
eviation, of the resction moter, which mekes use of Newton's third law of
motion, The law states that for every action there is an equal and
opposite resction. The jet engine is the trensition device between the
the gmbient air for cxygen neecessary for combustion of the fuel. The
rocket carries its own supply of oxygen, as well as ite fuel, and is
completely independent of the stmosphere. It functions best in a vacuum.

The rocket principle is far from new - the Chinese first mede sky-
rockets centuries ago. The foremost pioneer in rocket propulsion in this
country wes Dr, Robert Y, Godderd who begen his work as eerly es 1916,
Tt wes not until World War 17 that the spplisation of his data wes used,
other then experimentally. The basooka of the U, 8. Army and the Ve2
rocket of the Cermans ave early exsmples of applied rocketry. Since
World War II, progrese in rocket propulsion has been slmost exponential,
and the present "stete of the art” is only the begimning.

Since the days of the first powered flight by the Wright brothers,
progress in sviation hes besn so rapid with regerd to speed and sltitude,
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that humen frailty wee found to be the chief factor which threatensd to
hinder further progress, The need for study of muman factors in flight
was recopnised, and & special school was established for this purposee.
The Army Sehool of Avistion Nedicine ceme imto being in 1921 et Mitehell
Field, New York, and im 1931 was moved to Randolph Field, Texas.

Because of such rapid progress in ssronsutice and in rocket propulsien,
Major General Herry G, Amstrong, as Commandant of the Scheol of Aviation
Medicine 2t Randolph Air Force Rase, Texas, in 15L9, esteblished the
Department of Space Hedicine,.

Aviation Medieal resesrch has played an important part in the develop=
ment of avistion during the past LO years, end will contimue to do se %o
an even greater degree, in the preperstion of men for spece flight.

This repid development of aviation, whieh hes ecarried us beyond the
brink of space, has necessitated s revision of our concept of the stages
of manned flight, espeeially with regard to the present and future stages.
The revision is 1llustreted in this slide, (Figure 3’ ,

¥any of the problems imvelved in this clessificatien are extensione
of those slresdy encountered in pressnteday operations, These include
secsleration, decelerstion, exygen supply and pressurizationj but, in
addition there will be many new preblems not heretofere considered to any
great degree in menmed flight, These are climatization of & sealed cebin,
carbon dioxide econtrol, new visusl preblems, physiclogicel and psycholo-
gieal effects of welghtlessness, weste dispesal, and protection from
meteors, solar and coemic radiztion,
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What other mediesl problems will be encountaered in the evelution of
spece flight? Man glready has been well into the space equivelent portien
of the stmosphere in both balloons and in planss, Capte. Iven C, Hincheloe
of the Alr Porce, Flight Test Center, Sdwerds Mir Force imse, Ueliforais,
flew the ¥=2 to a hedght of 126,000 feet, or 2l wiles. This is double the
altitude record for memnned eraft at the end of Werldd Wer I¥, A recent
news item stated that an wmanned three-stage rocket hes now reasched the
phyeical border of the atmosphere and has sttaired ¢ speed of zbout
12,000 mopehs W11 8 man be shle to withetend the stresses of & rocket
flight? Do we lmow all the humen factors invelved, or are there some as
yot unknowm to us? The satellite program of the I1,0,Y, should provide date
to £i11 the paps in owr knowledge. Spece Medicine research must provide
the engineers with humen facters date before they ere resdy to bulld a mene
earrying rocket.

Perhaps the medicel probleme involved can best be illustrated if you
will embark with me en an imeginary flight in & winged rocket to - lat
us sey - Feme, Our takeoff point is the Wew York Speceportl

Everythine is resdyl The hatches sre closed - the few remaining items
on the pre-flight check list are completed, After s briefing en the
f1light procedures, you recline in your contour seat just as the woarning
gignel comez on. The fury of the rocket moters is unleasheds You
experience the first fsetor - noise and vibretion. Ae the power is
ineressed the noise becomes desfening, You sre very thenkful that you
have been provided with protection dovices for your ears.

As the ship starts to move you begin to feel the second factor - a
glant hand seems to be holding you fimmly in your seat. This is the force



Be

of accelaystion which is exprossed by the teym 0. . One ‘0’ 1s the force
of grevity seting upon any bedy within the earth's gravitstilomel field,
The hend wow holde you tighter end tighter ir your seat,; se the aceelerge
tion incresscs, : :

You will not weigh more than 700-800 pounds during takeoff, besause
in this pessemger ship e liguid propellant is used, The scceleration
with liguid fuel is less then with e solid fuwel. Liguid propellants ave
stored sepsretely from the exidisers, and contain lese energy per unit of
weight then do solids, which elso contain the oxidiser in combination
with the fuel, ¥reight rockets will use solid propellants,

The flight will last sbout L0 minutes, so the secaleration will
econtinue for only ebout 12 minutes, As the ship's wvnlecity inereases,
the noise deercases, The weighty fseling conmbinues until motor cuboff.
£11 st once you feol normel in weight - nel you fleel light « light as &
feather] You feel that, without the restyraint of the seat belts, ym
would be flesting, 4And you would bal It s 2 rlessant sensetion, once
you recover from the chenge from several 'z teo weightlessness,; or O,
it firet you feel as if you sare going over the top on 2 roller cecster,
but after your interior becomes stabilised, you don't seemt ¢ mind st ell,
You rether like it,

Now you begin te look sbout you et your compenions to observe theiy
resctions. They are looking st you. You seo erpressions of relief end
amsgement, OSuddenly, everyone begins talkins et the same time,

Somoone saye "let's look outside,” Fut you remember the smoked glssses

which you were given before takeoof, snd the instructions, tove te @n
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added precaution the ports have been covered with shutte:s end these ere
opened when you have sll put on the smoked glasses. Now you can leck at
the sun and you see the bright disk with its sharp edges.

The compiloty over the spesker, says thet you may remove your derk
blasses if you don ot look &t the sune Te do so without the glssses would
cause permement dsmage to the retina of the eye. ITou cen see the stars
end the moon, and mervel that they cam be seen with the sun in the sky,
too. You look back at the sarthe. It seems to be lighted by & huge flood
light in the dark sky; you are looking down on the bright clouds and
;lu'nghthnmuns«thtbluﬁmacunmdthnmtamamnm
of the United States.

£s the initial resetion begins to wear off you setile back in your
sest., In deing so, you motice thet only the slightest effort is required
for any movement of your syms ar legs. You raise your arm experimentellye
If it were not attached to you, it would continue to the celling of the
cabin, It remaine eleveted with ne effort on your parte

You begin te notice the cabin emviromment, The air is quite fresh «
there is no difficulty in bresthing, although you sre now 70 miles high
and the cebin is pressurized st an 18,000 foot equivelent. The cxygen in
the eabin air is at L2 pereent, providing you with the same amount that
you would have at ses level, Carbon dioxide produced by the passengers
ie removed by a chemical sdsorbent, as the air is eirculated. It is
filtered tirough sctivated charcoal filters, and meinteined at & confort-
sble tempersture end hmmidity.

£11 these faetors are automstically comtrolled in the climetization
of the sesled cabin. It is no problem to carry emough oxygen on short
flights from point to peint em the glebe, or to the large sstellite which



10,

one day will be cireling the esrth in ite orbit one thousand miles ghove
the surfece, Only in flights of seversl daye or weeks will the cypen
supply be 2 problem,

fow the ship has resched en altitude of 100 miles end a epeed of
sbout 10,000 mepehs The flight path has beem that of & bellistic miseile,
gince motor cuteff., We now begin te £2l1l beck to esrth. You heve no
sensation of falling, however, becouse you have been weightlese for some
time and are #4111l weightless, As the ship descends o abeut LO miles yom
feel 2 slight forece pushing you forwerd, ss when the driver of an gutoe
mobile spplies the brakes., This force is deceloration cevsed by the slowe
ing of the ship due to inereasing eir demsity. Opeed brokes on the wings
of the ship are epened to hosten decelerstion. You are in the sitting
position, now, with the back of your seet towsrd the nese of the ship.
}s we spproech the earth, the degeleretive force becemes greeter, and the
speed is soon less then Mseh 3, or sheut 2,000 h.pehs O=force, howsver,
is not grester than 2, 5ti11l decelerating, the pilot sets his glide path
for the Feme space-port, slthough the ship is still over southern Franse,

During the deseent the ship has withstood serodynamic hesting csused
by friction with the sir melecules, The skin of the ship glowed a dull
red, but the cabin was not uncemfortsble becaure of excellent insulation
end sireconditioning, Mﬂim hasting is not # problem on tekeoffl because
the ship pesees throush the deneer layers of the stmesphere at relatively
glow speeds, and is soon in the thin, upper simosphere, where friction
boecmee less with ineressing altitude.

How the ship is landing, This procedure is very much like the londe
ing of an erdinary air liner, and you are once agein on terra firme.
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Om shert flights such s this, protection from cosmic reys and solar
radistion is provided by the ship itself.

These, then, would be yowr experiences during such 2 trip. On
journeye to outer pace, &s to the Hoen or lers, the problems in flight
would be exactly the seme as those encountered during thls shori, spece-
equivalent {light.

before & rocket ship conteining & men is launched, snimels willve
sent to highsr sltitudes in reckets trsvelling st much greater speeds.
Following these animel flights, end the successiul launching of Ummanned
setellites, smell enimals will be sent up in larger satellites. When
animsls have been ket alive in such vehlcles and brought safely to esrih
again, we shouwld imow all the humarn facters invelved in crbital spece
flight, end plans for human sstellites cen be completeds Unee man has

memxmmmmwmmumanﬁm.uw

be pessible for him te venture into more distant spece and try for the
Hoone

The seleetion of space erews will be the most complex task of this
nature yet presented te Air Force psychologists and peychistrists., The
ﬁntermuﬂlmtacrwmumtrmnltmhmmmm
of highly trained jet end yocket plane test pilete; who are accustomed
to flying new and untried experimentsl craft. These men are all highly
motiveted individuals who are endowed with an unususl coubination of
caution and daring in thedr flying. They sre men whe are able to put all
though$s, other than these of the task st handy from their minds, These
attributes were not borm in them, but rsther were developed through the
long years of their flying experiense, us 2 result of the handling of
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enmergencies, and other situations which require aceurate, split-second
decisions, They are the men who learmed early In the geme thet the hot
pilot mey well be the dead pilot, and who have survived eny feolhardy
tendencies they may hsve had as neophytes. These men will have to be
their own instructors, and will ferm the mucleus of the pool of instructers
who will trein futwe pilots, They will alse heve to be walleversed in
the medical problems of spece flight,

The selection snd training of crews who will operste in the more
distant fulure, should begin now, at the sarly college level, It should
be determined, vie questionsires and sptitude tests, which students are
moet interested in space flight sciences, and fram this group selections
for space orews can be made on the busis of physieal [itness, the Bbility
to withstand special stresses, maturity of emolionsl development, 2
preference for teemwork, exceptionel lesrming cespseity, end specizl aptie
tudes in the scisnces necessary as & bsckground for spece flight. 4 good
gonse of muaor would alsc be an exgellent quelity to possess. Ne extrae
ordinery degree of physical strength seems indicated at the present tima,
Specisl sense aptitudes mey be much more important,

Following the selection of these candidsies, their academic treining
should be directed towerd en enginecering degree with emphasis on mathee
maties, elesetronics, meclear chemistry and physies, astronmmy, and relsted
subjects, During this phese of treiming, the candidetes should alse underge
testing for their gbility to withetand the expected phyricsl stresses,
and at the same time participete in & carefully supervised physicsl fitness
program. After gradustion, flying trsining can begin and progress to
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include edvenced similstor treining and test plloting of experimental
erait, before becoming a full-flodged specs pilot. This phsse could
include also, camplete instruetion in the medicel problems involved.

It appesrs now that it will be advissble for the space cadet to
gssiet in the design of his speceship, so that he ean “grow up" with the
shipe Tn 8o doing he will have & complete knowledge of ite structure,
and of the function of each pert, Thus, he will be better equipped te
mﬁ%mmhot&tﬁ@tmg The first crews will be crossge
trained in sll positions ebosrd,

Space flight is here now. Spsce trevel will be in the futwre, How
far in the future? Jccording to estimetes of the best suthorities, we
may have msnned rockets in 5-7 years; 2 manved setellite in 10«15 yearss
& lunar voyege in 15-20 years. I certainly expect to see it myselsl
Interplanetary travel - in 25«50 ymers. Who kmows? I could be here yet,
when thet event tekes place, tool Astronsuties and relsted space flight
seiences have alresdy been incorporated in the curricule of some of our
universities.

Spece law will be the naturel extension of intermationsl lawe At
the present time, this new field of law iz only a very smell embryo.
s the Venguerd projeet nears completion, the question of soversignty
over the air and opece will become more end more & problem which will
require international agreement, or the entire satellite progrem could be
reterded, postponed or suspended indefinitely. Such e situstion would
indeed be unfortunate for all nstions of the Farth, becsuse none would
receive any of the rich benefite which would result from the knouledge
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geined through these instruments of reseerch. To date, no nation hes
objected to the passage of the Vanguerd satellites over its national
boundaries, This feet iz en indisation, ot lecst, that all nations are
elready in harmeny with this grest project, lLogically, them, it can be
exposted that such & project would result in & strong step towerd vastly
improved internationsl relstione, and & lasting pesce on tarth.
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