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S PACE M E D I C I N E  appears with 
a special program of papers, for 
the first time, on the public plat- 

form of a scientific society--the Aero 
Medical Association. For  this reason, 
it would seem that a few introductory 
remarks are appropriate. It is a privil- 
ege, and indeed a source of great pleas- 
ure, that this task has been delegated 
to me. 

Space medicine, at first glance, un- 
doubtedly appears to many people as a 
capricious or whimsical idea in aviation 
medicine. However, upon closer exam- 
ination, it proyes to be a very logical 
step in development. When we view 
it froln a historical standpoint, starting 
with the predecessors of aviation med- 
icine, we gain a better understanding 
of its scope and meaning. 

Aviation medicine, throughout its 
forty years of development, has bene- 
fited by the experiences gained in high 
mountain physiology. As a science, 
high mountain physiology is nearly 
one hundred years old. Mountain sick- 
ness, however, was first described by 
Jos6 de Acosta in 1588. The first men- 
tion of this uncomfortable effect  of 
thin air can be traced back to Greek 
literature, since it was Aristotle who 
observed that men could not live on the 
top of the 10,000 foot Mount Olympus 
in Thessaly without breathing through 
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a wet sponge. High mountain physi- 
ology, with all of its descendants, 
could very well claim as its birthplace, 
a holy mountain dedicated to Zeus or 
Jupiter. 

Logically, Twentieth Century avia- 
tion medicine in its early years, was 
more or less concerned with the prob- 
lems of cadet selection, reaction time, 
orientation, crashes, et cetera. The 
early issues of the JOURNAL OF AVIA- 
"rTON M~;mCrNF. tell this story. How- 
ever, with the passing of time, interest 
in higher altitudes increased more and 
more. Experiments in low pressure 
chambers and explosive decompression 
chambers opened the way into the 
tropopause and stratosphere. Extreme 
explosive decompression experiments 
1.,;,,,1~.,1sn9 and the medical evaluation 
of the balloon flight of the Explorer  IU 
had already touched the area of space 
medicine. Aviation had attained a very 
high level in safety, efficiency, and 
comfort, as a result of the accomplish- 
ments of aviation medicine. ~,4,9,~,2~ 
Only high-powered propeller planes 
and jet planes could still bring some 
progress in speed and high altitude 
llying. 

It was in this situation that the first 
rocket appeared in the sky and--within 
five years--exceeded all altitude rec- 
ords by twenty times. This was not 
only a signal for the engineering world, 
but a challenge to all sciences con- 
cerned with the human factor. This 
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new revolutionary development be- 
comes quite clear when we review the 
records of altitudes reached--during 
the past 150 years--by means of the 

Fig. 1. The vertical extent of the opera- 
tional areas of propeller, jet, and rocket 
craft. 

balloon, airplane, and rocket. We note 
that the balloon and airplane, both de- 
pending upon air, are-- in a way--con- 
fined to two-dimensional movement in 
the horizontal plane around the globe, 
whereas, only the rocket has really con- 
quered the vertical--the third dimen- 
s ion-moving  away from the earth. 
Considered from a global point of 
view, this shift in dimensions is the 
most conspicuous mark in the new de- 
velopment of flight. A new frontier 
has now been opened--the "vertical" 
frontier. 5 

Figure 1 shows the vertical extent 
of the operational areas of propeller, 
jet, and rocket craft. The ultimate 
limit for propeller-driven planes is 
about 18 kin. or 60,000 feet; for jet 

planes, about 24 km. or 80,000 feet; 
and rockets are limited only by their 
fuel capacity. With regard to speed, 
propeller-driven and jet planes have at- 
tained velocities in the neighborhood 
of the speed of sound. Rockets have 
practically no limitations of speed. 

The limiting factor in height and 
speed, for conventional planes includ- 
ing jets, is the atmosphere. However, 
in the realm of the rocket, flying is no 
longer dependent upon air as a sup- 
porting medium. Thus, the factors 
with which we must deal in rocket 
flight are not properties of the atmos- 
phere, but rather attributes of free 
space. 

For this reason, a most logical step, 
and a daring one too, was the creation 
of a new branch of aviation medicine, 
space medicine. In anticipation of this 
development, a special department, the 
Department of Space Medicine, was 
founded in 1949 by Major General 
Harry G. Armstrong, at that time 
Commandant of the U S A F  School of 
Aviation Medicine at Randolph Field, 
Texas. Problems concerning rocket 
flights were also being studied by the 
Aeromedical Laboratory at Wright  
Field about the same time. 

The first open discussions in the 
field of space medicine were held at 
two earlier meetings, one called by 
General Armstrong in 1948 at the  
U S A F  School of Aviation Medicine, 
Randolph Field, Texas 3 and another 
organized by Dr. Andrew Ivy and Dr. 
John D. Marbarger in 1950 at the 
University of Illinois in Chicago. 2~ 

At the 1950 meeting of the Aero 
Medical Association in Chicago, the 
creation of a Space Medicine Branch 
of this organization was proposed ; and 
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at the 1951 meeting in Denver, this 
branch was finally established with 
Colonel Paul A. Campbell as its chair- 
man. The foundation of this branch 
was a necessity in order that we could 
have a medical counterpart of the vari- 
ous rocket societies, space flight so- 
cieties, astronautical and interplanetary 
societies, which are exclusively tech- 
nical in nature. It  must be recognized 
that these societies, which exist in 
more than half a dozen countries, have 
shown great activity and success dur- 
ing recent years. The human factor in 
space flight, however, is as important 
as the technical factor. 

Today the Space Medicai Branch of 
the Aero Medical Association offers a 
special program. Space medicine is no 
longer the diffuse area which it may 
have appeared to be a few years ago. 
The scope of its problems is now clear- 
ly defined. They have been clarified by 
the introduction of a new concept of 
the boundaries between the atmosphere 
and space, based on the function which 
the atmosphere has for man and 
craft23,2" This functional considera- 
tion demonstrates that at relatively low 
altitudes the various functions of the 
atmosphere cease, one after the other. 
Consequently, the various space factors 
take over. Such levels are properly 
called space equivalent altitudes (Fig. 
2).  In mentioning only a few of them, 
we meet space equivalent conditions 
with regard to 

Anoxia at 52,000 feet;  

Body fluid boiling at 65,000 feet; 

Heavy primaries of cosmic radiation 
at 120,000 feet 2~,~6 

Ultraviolet solar radiation at 135,000 
feet ;~7 
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Optical appearance of the sky at 
400,000 feet; 13 and 

Meteorites at 500,000 feet. 24 
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Fig. 2. Space equivalent and semi- 
equivalent conditions within the earth's at- 
mosphere. (For further details see text). 

It  may be added that only the earth 
with its magnetic field, its radiation 
and its bulk, modifies some of these 
conditions, making them different from 
those found at greater distance. Since 
the bulk of earth affords protection 
from one-half of the cosmic radiation 
and meteorites, we may, in these par- 
ticular cases, speak of semi-equivalent 
conditions of space. 

Space equivalent stages within the 
atmosphere must be considered in re- 
gard to the necessity for sealed cabins, 
and also with regard to pure radiation 
climate above a certain altitude. ~ Fur-  
ther, conditions characteristic of space 
originate in the motion of the craft ;  
here, weightlessness is the most out- 
standing phenomenon. 8'1445 This prob- 
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lem was first discussed by H. Haber in 
a seminar at the Aeromedical Center 
in Heidelberg in 194620 

This approach, based on a functional 
concept of the atmosphere, clearly in- 
dicates that a differentiation must be 
made between two distinct regions of 
the physical atmosphere : the lower sec- 
tion is the realm of conventional flight 
where the properties of the atmos- 
phere can be utilized; the upper sec- 
tion, beginning as low as 50,000 feet, 
where the functions of the atmosphere 
gradually become ineffective, has many 
properties in common with free space. 
It  is indeed amazing to observe that 
various environmental factors of space 
penetrate down to rather low altitudes. 
The usable portion of the atmosphere 
is a very thin shell. The so-called up- 
per atmosphere of the physicist is 
equivalent to free space, for all prac- 
tical purposes. 

A symposium on the physics and 
medicine of the upper atmosphere was 
held in San Antonio, Texas, in Novem- 
ber, 1951. =s This meeting, which was 
organized by Brigadier General Otis 
O'. Benson, Jr., Comandant of the 
U S A F  School of Aviation Medicine; 
and Dr. Clayton S. White, Director of 
Research of the Lovelace Foundation, 
must be considered an important step 
toward clarifying the medical problems 
involved in flight in the highest strata 
of the atmosphere, where the various 
benefits derived from the presence of 
air fall short. The problems of tlight 
in this area are different from those 
encountered in free space. For this 
reason, the area was designated by a 
special term, namely, the aeropause 
(K. Buet tner)2  ~ In a way, flight at 
present is in an amphibian stage, in a 
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phase of transition between conven- 
tional aviation and future space flight. 

The technical development clearly 
points to the final conquest of free 
space. We must be prepared to meet 
the necessities of this day. The field of 
space medicine must in time be pro- 
rooted to eventually cope with the hu- 
lnan problems which will most certainly 
arise. 
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