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Much of the important basic research in subgravity and zero-g has been performed
by men of the Aeromedical Field Laboratory at the Air Force Missile Development Center.
'. In this third chapter, Dr. Bushnell has traced the history of local contributions to this
field of study. He has also placed this effort into the broader context of subgravity re-
search accomplished elsewhere, especially in the United States, Argentina and the Union

of Soviet Socialist Republics.

The next major subject of consideration is the history of research in escape physiology
from 1953 through 1958. In the fourth chapter, Dr. Bushnell has documented those
aspects of biodynamics research related to the punishing effects of windblast and the
tremendous forces of abrupt deceleration encountered during emergency escape from
high-mach aircraft. He has also mentioned the application of this experimentation to the
effects of the magnitude and relatively long duration of g-loading experienced during
sustained acceleration of multistage space vehicles. All the drama of human volunteer
subjects taking part in rocket- and catapult-propelled sled experiments is a part of this
colorful history of research at the Air Force Missile Development Center and elsewhere.

Scientists and technicians of the Aeromedical Field Laboratory have made important
contributions in many other fields of biodynamics research. In addition to their achieve-
ments related to escape physiology, such as establishing the limits of human toleration
to the windblast and deceleration forces experienced in emergency escape from high-per-
formance aircraft, they have probed deeply into a variety of other biodynamics problems.
Some of these concern aircraft and automotive crash forces, the stresses to be encountered
in the atmospheric re-entry of manned space vehicles and satellites, and pure unapplied
research in biodynamics designed to advance the sum of knowledge related to human
reaction to various physical forces. These latter aspects of the history of such research
at the Air Force Missile Development Center and at other important research establish-
ments are the subject of Dr. Bushnell’s fifth chapter.

All of these achievements in space biology and biodynamics--and the many other im-
portant accomplishments of the Aeromedical Field Laboratory staff--are the result of the
application of knowledge, conviction and personal courage. They are also the result, how-
ever, of the administrative organization and direction of the laboratory’s human resources,

' of the always-meager funds, and of the research projects themselves. For this reason,
an understanding of the administrative successes and failures which have directed the
Air Force Missile Development Center’s conquests of the limitless vertical frontier are
of value to any further planning related to man’s invasion of outer space.

In the final chapter of this volume, Dr. Bushnell examines the administrative origin
.and development of the Aeromedical Field Laboratory. He has sought to identify the
problems which have inhibited even greater accomplishment, and the methods of solu-
tion applied to those successfully resolved. More than this, he presents an objective ac-
count of the organization of the individual research projects, how they have been initiat-
ed, modified, expanded, combined, or cancelled.

On the whole, this volume would appear to have a special value of importance in
addition to its detailed account of scientific endeavor in human factor research. Without
much doubt, the Aeromedical Field Laboratory is nationally the best known of all the
local organizations, despite its relatively modest quotas of funds and manpower. This
relative notoriety is the result of several factors. Many of its leading figures, such as
Colonel John Paul Stapp, Lieutenant Colonel David G. Simons and Dr. Harald J. von
Beckh, are indeed colorful personalities. Another reason is that most of its activities can
freely be written about or discussed without fear of security classification violations. Also,
inherganttly %resent in so much of the laboratory’s project workload is the element of hu-
man interest.

Yet the mere fact that the Aeromedical Field Laboratory is widely known and dis-
cussed does not mean that a balanced picture is always given. Basic progress in one area
of research has often been overshadowed unduly by more sensational highlights in an-
other. Nor has it always been fully realized to what extent present accomplishments are
a logical outgrowth of programs that have been underway at Holloman Air Force Base
in some cases since 1946.

For all of these reasons, the Historical Office has felt that a comprehensive history
' of biodynamics and space biology research at this installation is genuinely needed. The
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FOREWORD

Since its inception a half-century ago, the United States Air Force has constantly op- -
erated higher and higher, faster and faster, until it has all but shattered the barriers of
physical forces and alien physical environments which throughout all history have confined
the activities of man to the immediate vicinity of the earth. With every advance in veloc-
ity and altitude resulting from new types of high-performance aircraft, rockets or satel-
lites, the potential operational environment of the Air Force has expanded until today the
actual area of operations extends to the very borders of interplanetary space and the
immediate potential includes the vast central portion of the solar system. And with every
advance of the environmental parameters, man encounters physical and biological hazards
unique in his experience.

For many years, scientists of the Biodynamics and Space Biology Branches and more
recently organized units of the Air Force Missile Development Center’s Aeromedical Field
Laboratory have sought to identify and understand the nature of these hazards, and to
perfect protective devices and techniques for the benefit of man operating at high alti-
tudes within the atmosphere and in the limitless space beyond. Because of the nature of
its projects, the Laboratery occupies a unique position among the many other major units
of the Center. It is one of the units working most directly toward man’s ultimate con-
quest of space--and was actively working toward this objective even during the years that

“space work” was in official Air Force and Congressional disfavor as “impractical.”

In the study here presented, Dr. David Bushnell of the Center’s Historical Office has
carefully documented the history of this effort. In successive chapters, he has consider-
ed the many facets of these important contributions. First of all, he has examined the
early beginnings of space biology research at what has since become the Air Force Missile
Development Center--from 1946 until 1952. This is the period when the first such biological
experiments of this program were attempted, when even rudimentary techniques for plac-
ing these experiments into the proper environment by means of balloons and rockets had
to be devised, and when the program received its direction from a parent laboratory far
distant from the scene, a laboratory in which an infant program of space biology could
receive only a small amount of attention and possibly a smaller percentage of available
research funds. The dawn of the second major period--when space biology research be-
comes part of the mission of the then newly created test, research and development center
at Holloman Air Force Base--brings to a close this early portion of the history of such
research at the Air Force Missile Development Center.

In his second chapter, Dr. Bushnell has recorded the scientific, technological and
administrative victories and frustrations resulting in the major achievements of space
biology research during the period 1953-1957. It is during this latter period that the fruit
of earlier effort is harvested, and when, based upon these preliminary successes, bolder
projects yield more significant and spectacular results.

Important technological advances, discussed in the initial portion of this chapter, con-
tributed to outstanding accomplishments in two broad fields of space biology research--
cosmic radiation and controlled artificial environments. Scientific and engineering pro-
gress in these latter fields is the main theme of this portion of the volume. The acquisition
of this vital impersonal knowledge stemmed from dramatic events of high personal hero-
ism as well as bold intellectual adventure, and frequent reference to these very human

achievements has been a pleasant necessity.

The history of research in subgravity and zero-g, from 1943 through 1958, is the sub-
ject of Dr. Bushnell’s third chapter. Weightlessness, the weird condition of subgravity
which man had never before experienced and survived--except for the initial split-second
of short-distance free fall--has become a major field of serious scientific research. Man
now experiences this condition as his fast-climbing fighter flattens out to intercept a
simulated enemy bomber, and he may soon experience it for long duration on multimonth
interplanetary excursions. In recent years, man has gone to considerable expense and
personal risk to fly Keplerian trajectories in high-performance aircraft in order to exper-
ience a force of less than normal gravity for fractions of a minute. Recently, a Soviet sa-
tellite exposed an animal subject to this condition for a period of several days. Gradual-
ly, a corpus of solid knowledge has formed as a result of these dramatic experiments, and
man will go forth into space less inhibited by this psychophysical phenomenon than
would otherwise have been the case.




present volume by Dr. Bushnell is designed to fill that need. It attempts an accurate but
not too technical account of actual project research, and at the same time seeks to de-
monstrate how the Aeromedical Field Laboratory and its truly significant achievements

have been related to work carried on at other institutions within the same general fields
of study.

James Stephen Hanrahan

Chief, Historical Office
December 1958
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THE BEGINNINGS OF RESEARCH IN SPACE BIOLOGY

1946 - 1952

The Man-High balloon flights of 1957--
the second of which on 19-20 August car-
ried Major David G. Simons aloft for more
than thirty-two hours and to a space-equi-
valent height of over 100,000 feet--drama-
tically emphasize the varied mission per-
formed by the Air Force Missile Develop-
ment Center. All projects at this Center
are related in some way to progress in the
field of guided missiles and space vehicles,
but by no means are all concerned with the
actual development and testing of such
objects. Project Man-High, for example,
was designed and sponsored by the Center’s
Aeromedical Field Laboratory to explore
the high-altitude environment in which
men, missiles and high-performance air-
craft will operate, rather than to test mis-
siles themselves. Moreover, Man-High was
not an isolated project but was the culmin-
ation of a history of investigations of phys-
ical and biophysical conditions of the ex-
treme upper atmosphere and the borders
of space which began at Holloman Air
Force Base more than ten years before.

In the beginning, and in fact for a
number of years, Holloman’s function in
aeromedical and related activities was pri-
marily to render support services. The first
instances of such support were in connec-
tion with the firing of V-2 rockets at near-
by White Sands Proving Ground starting
in 1946, even before the Air Force guided
missile program was brought to Holloman.
Not all V-2’s fired at White Sands carried
experiments of interest to aeromedical re-
search, but many of them did for a variety
of both governmental and academic organi-
zations.1

Virtually all V-2 firings required some
support from Holloman. This might con-
sist of little more than providing a landing
strip for aircraft carrying project people
who would prepare the actual experiments
or for the planeloads of high officials and
other important visitors who would arrive
to watch the final blast. . Upon occasion,
however, Holloman was called upon to lend
laboratory facilities as well as vehicular
support and housing for visitors. Such ser-
vices were quite apart from the sharing of
resources in routine day-to-day operations
such as range management that has always

existed between the Air Force Missile De-
velopment Center and White Sands Prov-
ing Ground without regard to the needs of
specific projects.2

Space biology research began to ex-
pand as a field of practical interest shortly
after the end of World War II. An early
example of a biological experiment elevat-
ed to the extreme upper limits of the atmo-
sphere was the exposure of fungus spores
to cosmic radiation on the flight of 17 De-
cember 1946. This experiment was spon-
sored by the National Institutes of Health,
and ended in failure since the lucite cylind-
ers containing the spores were not recov-
ered.3 Experimentation techniques im-
proved, however, and in the following year
a container of fruit flies carried to an al-
titude of 106 miles was successfully para-
chuted back to earth where the flies were
recovered alive and in apparent good
health.4 Still other examples of early ex-
perimentation could be cited.

The experiments with most direct
bearing upon later activities of Holloman'’s
Aeromedical Field Laboratory, however,
were those sponsored by the Aero Medical
Laboratory* at Wright-Patterson Air
Force Base which sent live animals into
the upper atmosphere above the New
Mexican desert. The laboratory at Wright
Field was the parent organization of the
laboratory now part of the Air Force Mis-
sile Development Center, and many of the
Wright Field aeromedical officers and civ-
ilian scientists involved in the V-2 research
flights have also played a role in the origin
and development of the Holloman unit.
Similarly, the experiments themselves laid
the groundwork for some of the space
biology research accomplished later at Hol-
loman Air Force Base.

The objective of the Aero Medical
Laboratory’s animal experiments at White
Sands was clearly stated by the same David
G. Simons, then a captain at the Wright
Field establishment, who was the project
engineer until after the second V-2 launch-
ing of the series:5

Today there is no place on the
earth’s surface more than 40
hours travel from any other place

*The laboratory at Wright-Patterson Air Force Base employs the term aeromedical as two words
in its title. Because of this the laboratory complex at Holloman is sometimes called the Aero Med-
ical Field Laboratory, although responsible officials at the New Mexico installation use the gra-

matically preferred name Aeromedical Field Laboratory.




THE BEGINNINGS OF RESEARCH IN SPACE BIOLOGY

so the question of the feasibility
of travel beyond the reaches of
the atmosphere inevitably arises.
But what are the problems of
space flight in a rocket? By the-
orizing, the various possible dang-

ers and limiting factors can be )

appraised and appropriate means
of protection against each surmis-
ed. However, only by actually
performing the experiment can
one prove or disprove the validity
of the hypothesis, learn better
ways of protecting against known
hazards and realize for the first
time, the existence of unsuspected
dangers. Only the recovery of a
live animal showing no demon-
strable ill effects will permit the
claim that no major difficulty has
been overlooked.

Captain Simons, who had been a space-
flight enthusiast since childhood,é implicit-
ly revealed in this statement his ambition
to rocket through space some day himself.
Unfortunately, the live animal recovery he
was hoping for was not effected on any of
the five biological flights carried out at
White Sands. These experiments did con-
tribute importantly toward developing the
techniques which produced live recoveries
later, however, and valuable physiological
data were recorded.

Never did the Aero Medical Labora-
tory have the luxury of a V-2 rocket all

to itself. The Air Force Cambridge Re- »

search Center, however, offered some
space in the “Blossom” series of V-2's
which had been assigned to it, and the
Laboratory was delighted to accept. Over-
all responsibility for aeromedical participa-
tion was assigned to Dr. James P. Henry,
head of the Acceleration Unit of the Bio-
physics Branch, Aero Medical Laboratory,
and a strong supporter of research in all
biophysical problems likely to be faced at
extremely high altitude. Working closely
with Captain Simons and others at Wright
Field, Dr. Henry set to work devising me-
thods for conveying a small monkey to the
upper limits of the earth’s atmosphere in
a V-2. Some sort of pressurized capsule to
go inside the nose cone of the rocket was
obviously needed, but the available space
was extremely limited and there were few
precedents to go by. The outside environ-
ment against which the capsule was to af-
ford protection was one that no mammal
had yet penetrated.”

Nevertheless, the capsule was made

.and the scene of operations shifted to New

Mexico for the final preparations. Early
in the morning of 18 June 1948, a nine-
pound anaesthetized rhesus monkey was
sealed inside the capsule, which in turn
was placed in the nose of a V-2 rocket.
Because the monkey’s name was Albert
the entire operation became known as the
Albert (I) Project.

Unfortunately, the project was plag-
ued with a whole series of operational
failures. The apparatus for transmitting
respiratory movements failed even before
the time of launch. This probably made
no real difference, though, because there
are indications that Albert died as a result
of breathing difficulties in the cramped
capsule before his rocket left the ground.
Even the parachute recovery system de-
vised to lower the nose cone with its ani-
mal capsule back to earth failed to function
properly, and Albert would have been kill-
ed upon impact even if he had not died
previously. The recorder placed within
the capsule was successfully recovered and
it showed no evidence of physiological ac-
tivity at any time during the flight--which
could mean either that the animal was
dead from the outset or that there had
been a complete failure not only of the
mechanism for recording respiration but
also of the electrocardiographic apparatus
that was also attached to the subject.

The net result of the first Albert pro-
ject, then, was experience for the scientists
who had taken part in it and the incentive
to do better next time. This they succeed-

‘ed in doing. For the second experiment,

which took place a year later on 14 June
1949, the capsule was redesigned to let
the subject (Albert II) assume a less
cramped position. The instrumentation
was also improved, and so was the para-
chute recovery system. The latter still was
not improved enough, however, and Albert
II died at impact, but respiratory and car-
diological data were successfully recorded
up to that moment.

Thus it was established that a monkey
had lived during an entire flight which
reached an altitude approximately eighty-
three miles above the surface of the earth.
The evolution of engineering techniques
was making possible greater success in the
scientific exploration of physiological fac-
tors related to space flight. Although not
necessarily a direct cause of this greater
success, the fact is that Holloman’s par-
ticipation was also greater in the second
Albert experiment than in the first. For
the first experiment, Holloman provided a
landing field for visiting aircraft and a
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certain amount of vehicular support. For
the second experiment, Holloman provided
all this and laboratory: space besides. The
final preparation of the nose cone took
place at Holloman rather than at White
Sands Proving Ground.s

The third V-2 animal experiment was
marred by unsatisfactory rocket perform-
ance and journeyed vertically only a few
miles, but the fourth again reached the
desired altitude. It followed a pattern iden-
tical with that of the second experiment;
the successful recording of data from a
living primate throughout the flight with
parachute failure causing death at impact.
In neither case did the heart and respira-
tory data recorded give any sign of “gross
disturbance” as a result of rocket flight
nearly to the limits of the earth’s atmos-
phere.

To be sure, it had not been expected
that during the few minutes’ exposure such
as during the V-2 experiments there would
be evidence of damage from cosmic radia-
tion. Even if harmful effects from cosmic
rays did occur, they would presumably
have been detected by careful examination
afterward, and this was impossible because
of failure to recover the animals alive.?

Neither were the forces of acceleration
and deceleration during the flights of an
order expected to cause injury. On the
second flight, for instance, the peak g-
forces were 5.5, only five and a half times
the normal effect of gravity, during rocket
motor acceleration, and twelve or thirteen
g’s at the opening shock of the parachute
recovery system (which later failed). It
has since been established that these fig-
ures are well within the tolerance limits
of a properly secured subject.

There remained the possibility of
harm to the subject from the period of
subgravity and actual zero-gravity
(weightlessness) experienced between roc-
ket burnout and return to a point where
atmospheric resistance again became ap-
preciable. Even though exposure during a
V-2 test was brief, any ill effects of a sub-
gravity state would be expected to appear
at the time of flight. When none in fact
appeared it was logical to conclude, at least
tentatively, that a brief subgravity trajee-
tor('iyS offered no major physiological haz-
ards.

In order to explore subgravity effects
more fully, the fifth and final V-2 experi-
ment of the Aero Medical Laboratory in-
troduced a new procedure. This time, in
the summer of 1950, a mouse was used
as the subject instead of a monkey and

E

no attempt was made to record heart ac-

tion or breathing. Unlike the monkeys, .

the mouse was not even anesthetized
because the purpose of the experiment
was to record the conscious reactions of an
animal to changing gravity conditions. For
this purpose, the mouse capsule was equip-
ped with a camera system to photograph
the mouse at fixed intervals.

As usual, the recovery system failed--
the mouse did not survive the impact. But
the photographs came through successful-
ly and showed that the mouse retained
‘“normal muscular coordination” through-
out the period of subgravity, even though
“he no longer had a preference for any
particular direction, and was as much at
ease when inverted as when upright rela-
tive to the control starting position.”10

Even before this last V-2 blasted off
toward space, scientists of the Aero Medi-
cal Laboratory were making plans to con-
tinue their experiments using the newly-
developed Aerobee high-altitude rocket,
which was specifically designed for re-
search purposes. Although the test pro-
gram was still to be directed from labora-
tory headquarters at Wright Field, launch
operations and much other activity now
shifted wholly to Holloman, where the Air

pare an Aerobee test facility as early as
1948,

Force missile program had started to pre- ‘

however, and the first aeromedical Aero-

bee did not get off until 18 April 1951.-#-

When it finally went, it carried an experi-
ment basically similar to those of the first

aeromedical V-2’s--a monkey fully instru- »'-

mented to record breathing and heart
rates. And the result was familiar also;
physiological data successfully recorded,
no sign of “gross disturbance” in the sub-
ject--and the parachute failed again.11

Finally, when the second aeromedical
Aerobee was fired 20 September 1951, the
long-awaited breakthrough in parachute
recovery was successfully accomplished.
This vehicle carried an arkful of animals
to an altitude of 236,000 feet and brought
them all back alive. Included in the men-
agerie were a monkey instrumented to re-
cord heart beat, respiration and blood
pressure; nine mice who went along simply
to be exposed to cosmic radiation; and two
other mice in a rotating drum for the
photographic observation of their reactions
to subgravity.

Two hours after impact the monkey
died, but data recorded during flight as

L

The first Aerobee did not streak sky- . e
ward from Holloman until December 1949,

A\

()
U
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well as the later autopsy suggested that
death was not the result of any ill effects
of the flight but rather of landing shock
or heat prostration, or probably both.
There had been a slight delay in retrieving
and opening the capsule after it was suc-
cessfully parachuted down and the mon-
key’s small compartment became much too
hot in the midday sun of southern New
Mexico. Two of the eleven mice also died
following recovery but none showed any
apparent ill effects from cosmic radiation.

In the subgravity experiment, one of
the two mice in the rotating drum had
undergone a prior operation removing the
vestibular apparatus that gives mammals
a sense of equilibrium. He was already ac-
customed to orient himself by vision and
touch exclusively and did not seem affected
by loss of gravity during the flight. He
had no trouble holding on to a small pro-
jection in the side of the drum. The other
mouse, which was normal, clawed at the
air and appeared definitely disturbed dur-
ing the subgravity phase of the trajec-

. tory.12

The third and last aeromedical Aero-
bee, fired 21 May 1952, was still more suc-
cessful. Not only were all passengers--two
mice and two monkeys--brought back alive
from the upper atmosphere, but they were
also rescued in time from the New Mexico
sun. This time both mice were normal,

and again they were placed in a rotating .

drum. One had a paddle to cling to and
one did not, and the photographs taken in
flight showed that “if given the opportuni-
ty to use his tactile sense and cling to some-
thing, an animal will remain oriented and
quiet” during exposure to subgravity.i3
The mouse with nothing to cling to showed
some signs of temporary disorientation
during the interval of complete weightless-
ness, although that interval was too short
to permit any firm conclusions.

As for the two monkeys, they were
arranged in contrasting positions, one seat-
ed upright and the other supine, and the
recorded physiological data indicated that
neither suffered any harm. Their trip was
distinguished merely by the fact that they
were the first primates to reach the ex-
treme upper atmosphere--thirty-six miles
to be exact--and survive. Both were pre-
sented to the National Zoological Park of
the Smithsonian Institute in Washington,
D.C., where one subsequently died from
causes unrelated to rocket flicht and the
other is still alive and healthy.14

It is interesting to note that the V-2
and Aerobee aeromedical flights aroused
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strong complaints from certain animal lov-
ers in the United States and abroad, but
the flights also inspired a surprising num-
ber of human volunteers to write and offer
themselves as passengers in the next roc-
ket. Such offers have come to Holloman
from as far away as the Philippines. Often,
although not invariably, they have been
made by persons hoping to pay some debt
to society by gathering scientific informa-
tion at considerable risk and inconvenience
to themselves. One offer, in fact, was sub-
mitted in November 1956 by a resident in
the Washington State Penitentiary.15

On the whole, the development of
rocketry techniques between 1946 and
mid-1952, including the perfection of ve-
hicle recovery systems, was important in
the evolution of space biology as a field of
practical research. These engineering suc-
cesses had permitted significant scientific
accomplishment during these early years
in cosmic radiation, subgravity phenomena
and other areas of interest. V-2’s and
Aerobees, however, were only two me-
thods of lofting biological and other experi-
ments to the borders of interplanetary
space, as other developments at Holloman
duﬂng these same years will indicate.

{ - 'The first completely successful high-
“ altitude animal flight at Holloman Air

Force Base was not one of the Aerobee

. rocket firings. The honor goes instead to

a balloon that carried eight white mice to
97,000 feet on 28 September 1950. This
achievement formed part of still another
research venture of the Wright Field Aero
Medical Laboratory and, like the Aerobee
flights, was conducted under the general
auspices of Project MX-1450R, Physiology
of Rocket Flight.16

The Aerobee flights were primarily
concerned with exploring subgravity con-
ditions and only incidentally carried cosmic
radiation experiments. The September
balloon flight and other balloon experi-
ments in the same series were primarily
intended to determine the effects of cos-
mic rays upon biological specimens. The
use of balloons did not conflict with the
term “Rocket Flight” as found in the pro-
ject title because one of the environmental
factors on which data would be needed
whenever long-range manned rockets be-
came available was obviously the effect
of cosmic radiation upon passengers and
crew. For the moment, no rocket was cap-
able of staying at high altitude long
enough to expose living subjects to such
rays for more than a few minutes, and for
radiation studies this was not enough. Bal-
loons, on the other hand, could maintain



THE BEGINNINGS OF RESEARCH IN SPACE BIOLOGY

high altitudes for prolonged periods and
obtain required research data at very low
cost--thanks in large part to improvements
in balloon manufacture and balloon tech-
niques that occurred since World War IL

The basic innovation was the intro-
duction of balloons made of polyethylene,
a plastic material between one- and two-
thousands of an inch thick and very strong.
Plastic stratosphere balloons were pioneer-
ed chiefly by Mr. Otto C. Winzen of Min-
neapolis, who helped organize the aero-
nautical laboratories of General Mills, and
who formed Winzen Research, Incorporat-
ed, his own concern, in 1948. Unlike rubber-
type balloons, these did not expand as they
rose. Or, to be exact, the plastic material
was nonextensible and the cell was filled
with gas to only a fraction of its capacity
at launch, the gas expanding as the balloon
climbed through lesser pressures until it
entirely filled the capacity of the balloon
at ceiling. Such balloons were much more
stable, permitting long-duration, constant-
level flights and better control. They
could carry far greater payloads, which
was an obvious advantage for research pur-
poses. And they even brought an extra
touch of romance to space biology, since
the plastic surfaces, glistening in the sun,
led to frequent confusion with flying sauc-
ers.\7

Furthermore, much of the post-war
development in balloon research had ac-
tually taken place at Holloman Air Force
Base, which was therefore well qualified
to handle the series of aeromedical flights.
Holloman's first polyethylene research bal-
loon was launched 3 July 1947 by a New
York University research team. This was
twenty days before the historic first of
Holloman’s missiles climbed high over the
vast test range.8

From this first Holloman balloon
launch until August 1950, numerous re-
search flights were undertaken at Hollo-
man obtaining physical data on the upper
atmosphere in support of a wide variety
of projects. Some of these balloon-trans-
ported experiments, notably those expos-
ing cosmic ray track plates to high-altitude
radiation, contributed to the research
groundwork for the later biological experi-
ments, but apparently none were designed
expressly for biophysical research. Also,
part of this early balloon activity used
old-style extensible balloons made of rub-
ber or similar material. Yet every flight,
regardless of research objectives or balloon
material, contributed in some way to build
up a remarkable launch and recovery cap-
ability at Holloman. These operations in

the beginning had depended to a large ex-
tent upon visiting technicians and borrow-
ed equipment. By 1950, however, the base
had its own organized Balloon Unit and
offered efficient launch and recovery ser-
vices for both local and off-base projects.19

The first of the balloon flights launch-
ed for the Aero Medical Laboratory took
place 29 August 1950, a month before the
record-making mouse flight. It was strict-
ly for practice, carried no animal subjects
and, like all subsequent aeromedical flights,
used a polyethylene plastic vehicle. It was
launched at 0530 from the picnic area of
White Sands National Monument, soared
to an altitude of between five hundred and
a thousand feet and then descended inglor-
iously about half a mile from the launch
site. A second practice flight later that day
reached 67,000 feet and was judged suc-
cessful. It was followed by the first at-
tempted animal flight, on 8 September,
which was unsuccessful; the balloon reach-
ed only 47,000 feet and all “14 or 16”
mouse subjects were dead when recovered
as a result of capsule leakage and depres-
surization. The fourth flight, 16 Septem-
ber, carried equipment only, but the fifth
flight was the one on 28 September that
took eight mice to 97,000 feet. One of the
mice died en route back to the base after
landing, but autopsy indicated that the
death was due to pulmonary inflammation
rather than to cosmic rays or events of
the flight.20

Between 28 September 1950 and the
end of 1952 the Balloon Unit launched
twenty-one more aeromedical balloon
flights. These were coming to be regarded
as a regular Holloman activity even though
the conduct of the program remained
under the ultimate direction of the Aero
Medical Laboratory, and of Dr. Henry, in
particular, who was the same individual
that had directed the first V-2 animal
flights.

Some balloon flights carried nonbio-
logical payloads such as cosmic ray track
plates and experimental equipment, and
the animal tests now progressed from mice
to hamsters, cats and dogs--even fruit flies
being represented. The usual flight plans
called for altitudes in the neighborhood of
90,000 to 100,000 feet with durations grad-
ually increasing until they reached twenty-
eight hours. To be sure, full specifications
were not always met since roughly half
the flights experienced either balloon fail-
ure (complete or partial) or some other
type of equipment trouble. In still other
cases, balloon and equipment functioned
properly but recovery of the flight capsule‘
was delayed too long for the test subjects
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to remain alive. In fact, out of eleven
flights in all (including those of September
1950) that involved insect or animal sub-
jects, only two could be counted as wholly
successful, although others enjoyed partial
triumphs. Such problems were inevitable
in a young art like research ballooning, and
above all in the aeromedical branch of that
art which has always presented special
complications.2!

One complication shared with all other
projects that required long-duration rligats
was the difficulty of maintaining ceiling al-
titude with a plastic balloon at night, due
to the cooling and contraction of the gas.
This could be overcome by dropping bal-
last, but the operation was not easy. A
complication present only in aeromedical
flights was the need to provide a controlled
environment for biological specimens. This
required careful balancing of a great many
factors. For instance, by adding more ani-
mals to a capsule it was possible to reduce
or even eliminate the need for artificial
heating at night, but only at the cost of
increasing the requirements for oxygen
supply and daytime cooling. Atmospheric
controls also involved apparatus whose
bulk and weight had to be taken into ac-
count when planning a flight. Last but cer-
tainly not least, animal flights required un-
usual precision in recovery in order to
bring the specimens back alive. The fate
of the monkey on the second aeromedical
Aerobee showed what could sometimes
happen with even a slight delay in reaching
the capsule. Environment controls nor-
mally were not adequate both to protect
the specimens in flight and to protect them
for any considerable length of time after
landing.22

People of the aeromedical projects and
of the Holloman Balloon Unit were working
hard to bring these and related problems
under control, even though their work
did not start to bear fruit on a very notice-
able scale until the period from 1953 to
the present--which is discussed in a later
installment of the history of aeromedical
research at the Air Force Missile Develop-
ment Center. During this early period, the
Balloon Unit brought to space biology
flights the benefit of its continuing work
with other projects. An interesting ex-
ample is the so-called “covered wagon”
launch method, which was devised at Hol-
loman specifically for Project Moby Dick,
an Air Force study of high-altitude wind
fields. The covered wagon was a flat-bed
trailer with high headboard and nylon top,
in which a balloon could be protected from
winds during inflation. Most research bal-
loons today have outgrown the dimensions

of a covered wagon launcher, but the me-
thod was used successfully on several of the
1952 aeromedical flights with balloons 72.8
and 85 feet in diameter.23

Research ballooning at Holloman and
elsewhere benefited further from the ex-
perimental work of organizations such as
Winzen Research, Incorporated and Gen-
eral Mills--the two leading manufacturers
of plastic balloons--and the University of
Minnesota, which was engaged in a con-
tinuing effort to improve balloon perform-
ance under a contract from all three armed
services.24 Both New York University and
the University of Minnesota designed ani-
mal capsules for use at Holloman, and a
University of Minnesota faculty member,
Dr. Berry Campbell, took part in the post-
flight examination of test specimens under
a separate Air Force contract.25

However, even when no operational
difficulties arose, the aeromedical flights
to and including those of 1952 did not pro-
duce much useful biological information.
The animal subjects, if successfully recov-
ered, showed no signs of radiation dam-
age. But this fact in itself proved little
since evidence was accumulating to the
effect that no significant amount of cosmic
radiation penetrates to the 90,000-100,000-
foot level south of 55° north geomagnetic
latitude,26 and Holloman Air Force Base
is located at 41° north. In technical ter-
minology, flights at Holloman gave expo-
sure to light primary particles and ‘“‘stars”
but to practically no multibillion-electron-
volt heavy nuclear ‘“thindowns.” There-
fore, the early flights were important
mainly for the additional experience they
provided in the way of balloon techniques,
and for developing “control” data that
would help later in evaluating data obtain-
ed at higher latitudes.

There was at least one other project
involving aeromedical research that made
use of Holloman facilities during the per-
iod under consideration, although not nec-
essarily related directly to space biology.
A joint team representing both the Aero
Medical Laboratory and the Equipment
Laboratory at Wright Field came to Hol-
loman in 1950 to test improvements in
high-altitude escape procedure. They were
especially interested in a device preset to
open a parachute automatically after a
flier falls to the level where there is suf-
ficient oxygen to breathe. While they were
in New Mexico, one member of the team,
Captain (now Major) Vincent Mazza, set
a new record by dropping from an airplane
at an altitude of 42,176 feet. Another vol-
unteer in these tests, Master Sergeant (lat-
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er Captain) Jay D. Smith was assigned to
Holloman, rather than Wright Field. Al-
though the local base gave extensive sup-
port to the project, the principal project
people were visitors to Holloman on tem-
porary duty.27

The aeromedical Aeorbee firings and
the cosmic radiation balloon program both
involved considerable temporary-duty trav-
el between Holloman and the directing
laboratory at Wright Field in Ohio. This
system was proving impractical in cer-
tain respects, for the preparations for roc-
ket and balloon flights were elaborate and
time-consuming and required more or less
permanent laboratory facilities. Although
the balloon program obtained launch and
recovery services from the facilities and
people of the Holloman Balloon Unit, the
space biology project officers also needed
decent accommodations for hamsters and
fruit flies which the standard base support
organization was poorly equipped to offer.

Tor all these reasons, it became neces-
sary to create a special unit at Holloman--
the Aeromedical Field Laboratory--under
the original direction of Lieutenant James
D. Telfer. This step was taken officially
about the middle of 1951, and the first
permanent building ever constructed ex-
pressly for use by the new unit appears to
have been ready in October of that year.28

Lieutenant Telfer and other officials
of the Aeromedical Field Laboratory were
still technically assigned to the parent or-

ganization at Wright Field, although they
were present at Holloman on an indefinite
basis. In practice, Lieutenant Telfer, who
was himself a geneticist, was delegated a
large amount of independent responsibility
in directing the balloon flights (although
not the Aerobee firings). Another develop-
ment of considerable significance later was
the formal creation within Holloman’s
6540th (later 6580th) Missile Test Group
of an Aero-Medical Sub-Unit which was
endpwed with the specific function of pro-
viding a “small group of Holloman Air
Force Base personnel to support [the]
Aeromedical Field Laboratory.”29

_ Gradually, the facilities and people for
a significant program of space biology and
other aspects of research related to human
factors in rocket flight were accumulating
at the installation which was later to evolve
into the present Air Force Missile Develop-
ment Center. The gathering of human and
material resources, however, was only one
of the important contributions of this early
period. Equally important were the experi-
ence gained in rocket and balloon launch-
ing, instrumentation and recovery tech-
niques, and the collection of a growing body
of scientific data related to cosmic radia-
tion and subgravity problems which would
prove very useful in later programs. In
various manners, the years 1946 through
1952 at Holloman marked the practical
beginning of Air Force research in space
biology.
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Many projects at the Air Force Missile
Development Center contribute directly to
man’s efforts to explore the vertical fron-
tier and to probe into space far beyond the
earth’s atmosphere. It is the Space Biology
Branch of the Aeromedical Field Labora-
tory, however, that is most concerned with
man himself crossing this threshold, and
which is preparing the way for manned
satellites and piloted space vehicles. Head-
ed by Doctor (Major) David G. Simons
since the formal creation of the unit at
Holloman Air Force Base in 1953, scien-
tists and technicians of this organization
have been pursuing a series of research
tasks which, since 1954, have been grouped
together as Project 7851--Human Factors
of Space Flight.

Research in space biology during three
years has yielded significant results con-
cerning human reaction to subgravity or
zero-g conditions, problems of human re-
entry into the earth’s atmosphere, and
other matters of importance. Research in
the Biodynamics Branch of the Aeromedi-
cal Field Laboratory concerning the effects
of abrupt and sustained acceleration and

deceleration is also important in under-
standing the physiology of human rocket
flight. All these topics will be treated in
forthcoming historical studies. In the
pages which follow here, however, atten-
tion will center primarily upon major a-
chievements in three specific areas of en-
deavor.

One of the principal themes of this
study is research concerning the effects
of cosmic radiation on human and other
forms of life. A second major topic is the
development of a true space capsule for
long-duration, high-altitude, space-equiva-
lent flights--culminating in the Man-High
balloon ascent of 19-20 August 1957 by
Major Simons. Before considering these
subjects, however, it will be useful to dis-
cuss briefly certain technological develop-
ments related to placing these experiments
into proper environment and recovering
them in time for further observations.
Without these technical advances, out-
standing accomplishments in the other
areas of research would have been much
more difficult if not impossible.

1. Important Technological Developments

Many of the techniques developed dur-
ing the pioneering period 1946-1952 in the
use of both rockets and balloons for space
biology research! have continued to be
useful in the later period of more intensive
activity. Certain engineering techniques
and methods of operation developed since
then, however, have helped to make pos-
sible research accomplishments of far
greater significance. Balloon operations
from 1950 through 1952, for instance, pro-
vided a wealth of experience in balloon and
capsule techniques, but only since 1953
have they amassed a significant quantity
of data on such problems as the biological
effects of cosmic rays.

The greater effectiveness of balloon
flights from 1953 to the present has been
partly the result of an increase in human
and material resources devoted to the pro-
gram. It also reflects the transfer of major
launch operations to localities in the
northern United States where, as now be-
came apparent,2 the magnetic field of the
earth converging on the poles permitted a
much more significant exposure to primary
cosmic radiation than at comparable bal-
loon altitudes at the latitude of Holloman
Air Force Base, New Mexico. Since the
spring of 1953, in fact, space biology flights
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conducted at Holloman have been primari-
ly to test balloon and capsule techniques
or to expose biological control specimens
to the relatively weaker radiation of lower
geomagnetic latitudes. Finally, since 1953
there has been a sharp technical improve-
ment in flight performance due in part to
previous efforts only now beginning to
bear fruit, and in part to continuing re-
search and development by aeromedical
scientists, balloon manufacturers, and
others, both at Holloman and elsewhere.

One noteworthy development, first
employed on space biology flights in 1953,
was the perfection of radio command cut-
down as a method of terminating balloon
flights. Two different command cut-down
devices were used in that year, one develop-
ed by the Aero Medical Laboratory at
Wright Field and the other provided by the
aeronautical laboratories of General Mills.
This new method did not replace but came
to supplement the earlier preset timer,
which had been inadequate by itself be-
cause it might automatically let down a
balloon capsule during a thunderstorm
that would interfere with both radio and
visual tracking, or perhaps drop an experi-
mental cargo into the heart of an inacces-
sible area. At least now the flight could
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be shortened if these difficulties were an-
ficipated.3

Tracking and recovery techniques also
improved steadily. Panel trucks equipped
as radio monitoring and tracking stations
supplemented the work of tracking air-
craft. Improved balloon-borne antenna
systems permitted an equipment package
to send reliable signals even after it land-
ed, thus helping search parties to find it.
Any improvements in tracking and recov-
ery were of course particularly important
for space biology flights, which have al-
ways required prompter recovery than
most. A lost balloon capsule might be re-
turned months later, in response to the
twenty-five-dollar reward notice posted on
it, but by then all biological specimens
would have perished.4

Since 1953, environment control for
animal capsules has likewise undergone
considerable improvement. One of the most
ingenious developments was the use of
boiling water as a coolant, a system pre-
tested in the Standards Laboratory at Hol-
loman and successfully flight-tested on bal-
loon missions in the fall of 1953. The
device is based on the principle that, be-
cause of decreased atmospheric pressure,
water boils at lower temperatures when
placed at higher elevations. At an altitude
of about 112,000 feet, for example, water
boils at thirty-two degrees Fahrenheit--the
temperature where at sea level it would
become solid ice. Therefore, water could
be made to boil at high altitude simply by
placing it in a container vented to the
lower outside atmospheric pressure. When
air within the sealed capsule was circulated
around the container, vapor from the boil-
in% water carried off heat from the cap-
sule.5

Other improvements of equal or great-
er importance were steps taken to reduce
the over-all weight of the capsules. During
1954 and 1955, the weight of the standard
animal capsule was reduced from one hun-
dred sixty-five pounds to about seventy.
The direct result of this accomplishment is
that identical balloon equipment can now
attain significantly higher altitudes with
the same biological specimens.é

Flight performance also benefited
greatly from continued improvements in
balloon launch techniques. At Holloman,
the “covered wagon” technique, whereby
a small or medium-size balloon could be
protected during launch by inflating it on
a vehicle with high headboard and nylon
top, had been perfected and used during
the pioneering years. Next came the
shroud-inflation technique, which held the
balloon beneath a large fabric cap during
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inflation. This system was later improved
upon by using the crane-launch method,
in which the delicate cargo is carefully
suspended from the crane’s boom while the
balloon cell, at the opposite end of the load
line, is undergoing inflation. And, by the
close of 1957, these techniques were giving
way to still other newly-devised methods.7

To be sure, these and other innova-
tions in balloon techniques were not per-
fected solely for space biology flights. The
Holloman Balloon Branch launched 683
plastic-type balloons in fiscal years 1951
through 1957, and only a small fraction of
these were for cosmic radiation studies or
other tasks of the Aeromedical Field Lab-
oratory. The shroud-inflation technique,
for instance, resulted from an effort of the
Holloman unit to meet requirements for
the manned balloon phase of Wright Air
Development Center’s Project 7218, Bio-
physics of Escape. Space biology studies,
however, benefited from all major tech-
nological improvements, including those
developed away from the Air Force Mis-
sile Development Center by private balloon
technicians; and, in turn, the experience
accumulated on flights for the Aeromedi-
cal Field Laboratory was of benefit to
other balloon operations.s

Meanwhile,  the balloons themselves
were growing both bigger and better. One
landmark was the introduction of the two-
million-cubic-foot plastic balloons. The first
of these to be used on a cosmic radiation
flight was manufactured by Winzen Re-
search, Incorporated, and launched 18 July
1955 at Fleming Field, South Saint Paul,
Minnesota. It reached an altitude of over
120,000 feet. It was followed by a similar
balloon launched the very next day which
reached 126,000 feet, a record not only
for the Aeromedical Field Laboratory pro-
gram but also (to that date) for polyethy-
lene balloons in general.9

Neither of these balloons was intended
to set a flight-duration record, but time a-
loft on individual flights was also increas-
ing steadily. This fact, plus the growing
reliability of flight performance and re-
covery, permitted much longer exposure
of individual specimens by reflying them
on two or more consecutive flights. Be-
cause of greater uncertainties in recovery,
capsule performance, and the like, this
procedure of multiple flights was virtually
impossible prior to 1953, but since that
time it has become commonplace. In 1954,
for example, test specimens were reflown
on two separate flights for a total of seven-
ty-four hours and thirty-five minutes at an
altitude between 82,000 and 97,000 feet,
mostly above 90,000.10




Studies on the biological effect of cos-
mic radiation--designed to explore one of
the possible hazards of human flight in
space--originally came to Holloman as one
aspect of the early Project RDO 695-72
(MX-1450R), entitled Physiology of Rocket
Flight. During 1953 and most of 1954, the
work continued under a new project title,
Biophysics of Cosmic Radiation, and since
then has continued as Task 78500, Radia-
tion Hazards of Primary Cosmic Particles,
within the framework of Project 7851.11

Many individuals have contributed di-
rectly to the accomplishments of this scien-
tific study. One is Lieutenant Charles H.
Steinmetz, who began work in October
1953 and became the first task scientist
after the formal establishment of Task
78500. Two years later, on 1 October
1955, Lieutenant Harold H. Kuehn replac-
ed Steinmetz and continued the work as
task scientist until he left the Air Force
early in 1958. Captain Druey P. Parks,
who has shouldered a wide variety of as-
signments for the Aeromedical Field Lab-
oratory, has also made important contribu-
tions to cosmic radiation studies, notably
in the area of technical support. And a
number of enlisted men assigned to the
Space Biology Branch of the laboratory
hgve helped to devise important new tech-
niques while engaged in the day-to-day
conduct of the program. Finally, Major
David G. Simons, Chief of the Space Bi-
ology Branch, has always taken a very di-
rect, personal share in the research relat-
ed to the hazard of cosmic rays.

Direction of the cosmic radiation pro-
gram was transferred from Wright Field
:co the Aeromedical Field Laboratory early
in 1953, at the same time that Simons was
assigned to Holloman, and at first it was
the only active endeavor of his Space Bi-
o}ogy Branch. Moreover, his arrival coin-
cided with the general turning-point in
the history of the program that has
brought a sharp increase in scientific a-
chievement from 1953 to the present,

. 'The very first flight in the cosmic ra-
diation program after Simons’ arrival,
however, indicated how easily it could still
be subverted by human error. The flight
began at Holloman Air Force Base on 12
Febyuary 1953 with the objective of ex-
posing hamsters to the effects of radiation
at abt_)ut 90,000 feet for a period of long
duration. The balloon evaded tracking
crews, bl.lt. the capsule landed the next day
near W}_ntmg Naval Air Station in Florida
where it was promptly recovered. The
naval authorities sent a teletypewriter
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message to the Aeromedical Field Labora-
tory asking what should be done with the
capsule. The message was delivered six
days later--a minor duration record in it-
self caused by unusually inefficient service
at Center headquarters--whereupon a quick
telephone call to Florida effected the open-
ing of the capsule. All seven hamster pas-
sengers were still alive, although one died
the next day and another was later can-
nibalized by his fellows.12

This memorable flight was followed
by six launched from Vernalis Naval Air
Station, California, 19-26 February 1953.
These were ‘“Moby Dick” flights designed
to study high-altitude wind fields for the
Air Force Cambridge Research Center by
means of long-duration balloon trajector-
ies, but in each instance the Space Biology
Branch flew 600 fruit flies (drosophila)
in sealed tubes as part of the balloon equip-
ment. Unfortunately, the Moby Dick pro-
ject called for flight plans that were too
long for effective tracking. Some packages
were found and returned, but exactly
twelve flies out of several thousand used
ever came back alive to Holloman.13

After three more flights from Hollo-
man, carrying mice, flies, hamsters and
dogs to the upper atmosphere, the first
flight from a northern location took place
on 26 March 1953. The exact site was Til-
lamook, Oregon, using another Moby Dick
launch installation. Then another series
of Holloman flights was followed by a se-
quence of four more northern flights in
June and July from Great Falls Air Force
Base, Montana. Equipment, workspace
and other facilities were provided by the
1300th Air Resupply and Communications
‘Squadron (Special), but the Holloman Bal-
loon Branch sent north its own crew to
conduct the launchings. The balloon manu-
facturer, Mr. Otto C. Winzen of Winzen
Research, Incorporated, was present as
consultant for the first Great Falls launch-
ing.14

The last northern flights for 1953
were launched in October and November
from Pierre, South Dakota, under a con-
tract with General Mills., The latter firm
supplied the balloons this time and took
full responsibility for the flight operations,
using its own crews and equipment, al-
though a number of Holloman specialists
including Major Simons were also on
hand.15 This series consisted of five flights
and set a precedent for the conduct of
off-base flights on a contract basis, but it
was the only time that General Mills suc-
cessfully bid for the contract.
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The northern flights for 1954--follow-
ing more flights from Holloman chiefly to
evaluate capsule techniques--were conduct-
ed under contract with Winzen Research.
After one preliminary launching at Flem-
ing Field in South Saint Paul, the main
series took place at Sault Sainte Marie,
Michigan, a location at fifty-seven and one-
half degrees north geomagnetic latitude.
Winzen supplied both balloons and launch
crew, the latter headed by Mr. Ed Lewis,
who has also launched propaganda balloons
across the Iron Curtain in Europe. Winzg:n
further supplied a Navion tracking air-
craft, which worked along with a Hollo-
man C-47, and two radio-equipped panel
trucks that Winzen had on loan from the
Navy.

Eight flights originated at Sault Sainte
Marie with biological specimens ranging
from radish seeds to monkeys. Two sets of
monkeys were lost through technical dif-
ficulties, but the next pair flew success-
fully on two separate occasions. Major Si-
mons and Lieutenant Steinmetz jointly won
the United Air Lines Tuttle Award for a
paper they prepared describing the me-
thods and results of this series of flights
from Sault Sainte Marie.16

Another six Holloman flights in the
fall of 1954 and the first part of 1955 set
the stage for the last northern series to
date that has been devoted primarily to
biological cosmic ray research. This was
the series of eleven launchings from South
Saint Paul and International Falls, Minne-
sota, which took place 18 July through 20
September 1955. Winzen Research again
directed flight operations under contract,
although on several occasions uninvited
tracking assistance was received from jet
fighters of the Air Defense Command
which went aloft as a result of balloon-
inspired flying saucer reports.17

During 1956 and 1957, the cosmic
radiation program at the Air Force Mis-
sile Development Center received less em-
phasis. One reason is that much of the
time the energies and resources of the
Aeromedical Field Laboratory, and of the
Space Biology Branch in particular, were
absorbed in preparations for Holloman’s
manned balloon program, Project Man-
High, which reached a climax with the re-
cord-breaking ascent of Major Simons on
19-20 August 1957. Another reason for
the slackening pace in cosmic ray research
is that the Human Factors Division at
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Headquarters, Air Research and Develop-
ment Command was not sufficiently inter-
ested. It saw that limited funds were a-
vailable for human factors research, and
gave higher priority to other projects.

In fiscal year 1957, as a result, Task
78500 received no “in-house” operating
funds at all, while any research on cos-
mic ray effects by outside investigators
had to be funded not through Holloman
but through the Air Force Office of Scien-
tific Research. The latter negotiated only
one contract, with the University of Texas.
Headquarters assumed that test flights of
the Man-High balloon capsule could pro-
vide whatever direct cosmic ray exposures
were needed under the Texas contract and
two other outside contracts that were still
in effect from an earlier period.

Even during fiscal year 1957, Lieuten-
ant Kuehn remained at his post as cosmic
ray task scientist, but he could not do much
more than think things over. After 1 July
1957, finally, the Aeromedical Field Lab-
oratory got back its former right to ne-
gotiate contracts for cosmic ray research.
In fact specific provision for such contracts
was contained in the laboratory’s new Pro-
ject 7857, Research in Extreme Altitude
Bio-Sciences, which had just been approved
precisely as a means of sponsoring con-
tract research. But the necessary funds
were not immediately made available; and,
though “in-house” activities were also au-
thorized once more, it would be some time
before the program could regain its earlier
momentum.i8

In any event, during the two calendar
years 1956 and 1957 just two balloon
flights were made specifically for cosmic
radiation, bringing the number of such
flights since the program began to a grand
total of seventy-eight.* These two flights
were launched from Holloman early in
1956, in large part as controls for the In-
ternational Falls flights of 1955. Certain ,
cosmic ray biological experiments were al-
so combined with flight-testing of the Man-
High capsule, although not as many as or-
iginally hoped. Finally, a series of cosmic
ray experiments were combined with Maj-
or Simons’ own thirty-two hour flight on
19-20 August 1957.

Two containers of neurospora mold
were flown underneath the Man-High cap-
sule for a study of the genetic effects of
cosmic radiation, and Major Simons him-
self served as a subject for cosmic ray re-

*The figur_'e. may be slightly arbitrary, since it is not easy to tell whether some of the early flights
wer%dspecmcally for cosmic ray research; the “Moby Dick” flights, however, are definitely not in-

cluded.
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search (among many other things), with
three track plates attached to his body as
a means of monitoring cosmic ray €xpos-
ure. At one point it had been decided to
send up a monkey inside the capsule, too,
not so much to keep Major Simons com-
pany as to provide another cosmic ray
experiment. The monkey was even select-~
ed by Dr. Webb Haymaker, Chief of the
Neuropathology Section, Armed Forces In-
stitute of Pathology, and shipped from
Washington, D. C., to Wright Air Develop-
ment Center to take part in a final cham-
ber test of the capsule. But at this point
the monkey was firmly grounded by order
of Colonel John Paul Stapp, Chief of the
Aeromedical Field Laboratory.19

Major Simons’ flight was an unquali-
fied success, but the same cannot be said
of all other balloon flights launched in re-
cent years for research in space biology.
Despite sharply improved performance as
compared with the formative period from
1950 through 1952, this was still a rather
unpredictable type of research. There con-
tinued to be balloon and capsule failures
from time to time even after the technical
innovations already described. Or, if re-
covery was significantly delayed, the bi-
ological subjects might die of heat pros-
tration as temperature built up inside their
capsule on the ground. Similarly, there
were still some flights that were never re-
covered at all. As late as September 1955,
one northern flight flatly refused to cut
down and impacted “presumably in the
northwestern Atlantic Ocean or north-
eastern Canada.”20 At least there is no
record of an aeromedical capsule ever go-
ing all the way across the ocean, although
some other Holloman balloon packages
have attracted attention by landing in
Europe or North Africa.2!

One curious fact is that out of a half
dozen flights made in 1952-1954, with an
animal capsule expressly devised by New
York University for dog passengers, not
one was successful. Either the capsule it-
self failed or something else went wrong
every time.22 Even so, the capsule in ques-
tion was not a total failure for it suggested
useful innovations that were incorporated
into other aeromedical capsules, and nat-
urally many other flights that fell short of
prior specifications contributed useful da-
ta of some sort.

Above all, techniques improved
enough from 1953 to the present to expose
a significant number of biological speci-
mens to cosmic radiation and recover them
in good shape, thus fulfilling the objective
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of the cosmic radiation program. Speci-
mens flown at northern latitudes were then
compared with controls flown at lower geo-
magnetic latitude from Holloman Air
Force Base, or, as the case might be, with
ground controls that were not flown at all
but were exposed to environmental condi-
tions roughly similar save in atmospheric
radiation to those experienced by balloon-
borne specimens. For the latter purpose, an
environmental test chamber was prepared
and used at the Aeromedical Field Lab-
oratory. Even when all mammalian speci-
mens on one flight died through loss of
capsule pressure, it was necessary to repro-
duce in the test chamber the same ex-
tremes of pressure and temperature en-
countered in flight in order to have ground
controls for radish seeds that had accom-
panied the mammalian specimens.23

In the case of radish seeds, scientists of
the Aeromedical Field Laboratory were in-
terested in watching their germination in
order to detect possible developmental ef-
fects of cosmic radiation. They tried to
perform roughly the same type of study
with fertilized hen eggs only to find that
hen eggs made poor test subjects.24 The
Holloman laboratory also took charge of
mating the fruit flies exposed to cosmic
radiation in an effort to investigate genetic
effects. This branch of study was, to cite
Major Simons, of “primary interest to pi-
lots in terms of morale.”25 Yet in all the
experiments performed “in house” by Hol-
loman aeromedical scientists--including the
exposure of Major Simons himself as a test
specimen in August 1957--the effects of
cosmic radiation have so far proven either
negative or simply inconclusive.

A relatively small portion of the total
research on exposed biological specimens
has been performed at Holloman by lab-
oratory personnel. Much of the research
has been performed for them by academic
investigators, frequently on a contract
basis. As mentioned in a previous study,
Dr. Berry Campbell of the University of
Minnesota received an Air Force contract
for neurocytological research during the
early stages of the cosmic radiation pro-
gram, when it was still literally a ‘“field”
activity of Wright Air Development Center.
Dr. Campbell sought to examine neural tis-
sue for cosmic ray damage, which seemed
a promising approach since this tissue is
non-regenerative. However, the specimens
that he received for examination, from Sep-
tember 1951 to the end of 1953, were not
very numerous and offered no conclusive
evidence. All those flown before the begin-
ning of northern flights failed even to re-




ceive significant cosmic ray exposure. Dr.
Campbell also attempted to radiate ham-
sters with the 184-inch University of Cali-
fornia cyclotron at Berkeley, hoping that
such experiments would “serve as a model
of the cosmic ray events,” but this method
proved unsatisfactory, apparently because
of mechanical difficulties.26

Professor Herman B. Chase of Brown
University, the second academic research
scientist whose collaboration was obtained
on a contract basis, was more fortunate.
He began exposing mice to cosmic radiation
in the fall of 1953 on the flights from
Pierre, South Dakota, to study cutaneous
effects. He later added guinea pigs, and
all his specimens other than controls were
flown from northern locations and during
a period when flight techniques were im-
proving appreciably. Professor Chase and
his Brown associates were thus able to re-
port what are probably the most clear-cut
positive effects of cosmic radiation to date:
a statistically significant increase in white
or grey hairs on black mice and guinea
pigs, apparently due to destruction of pig-
mentation cells by cosmic rays.27

Another notable research contract, in
this case partly financed by the Atomic
Energy Commission, provided physiolog-
ical and psychological testing for the two
monkeys successfully flown from Sault
Sainte Marie in 1954. Supplied originally
by the Wright Air Development Center,
the monkeys spent over seventy hours a-
bove 82,000 feet. They were then delivered
‘to Dr. Harry F. Harlow of the University
of Wisconsin for a study lasting six months.
They received the Wisconsin Appetite Test
to detect any possible changes in their
fondness for peanuts and raisins, and were
subjected to many other tests as well, after
which they went to Holloman and there re-
mained for some time under less intensive
observation. No evidence of harm from
cosmic rays was ever established.28

Dr. Jakob A.G. Eugster of Berne,
Switzerland, has been a regular, though
distant, collaborator in the cosmic radia-
tion program. One of the world pioneers
in biological research concerning cosmic
rays, Eugster has exposed specimens to
radiation by attaching them to weather
balloons in Switzerland--which is the only
known instance of such research flights in
recent years other than those conducted
by the Holloman laboratory. He has also
sent specimens across the Atlantic to be
flown by the Aeromedical Field Laboratory
and then returned to him for examination.
Part of his research has been financed un-
der contract with the European Office of
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the Air Research and Development Com-
mand. Eugster has not shipped animals
from Europe, but has sent over seeds and,
most exotic of all, excised pieces of animal
skin and human skin (his own) which were
reimplanted in their donors after being
flown both at Holloman and farther north.
Some of these skin segments have shown
after-effects from their exposure to cosmic
rays, but apparently none of a very serious
nature.29

Dr. Wilson S. Stone of the University
of Texas and Dr. A. Gib DeBusk, formerly
at Texas and now with Florida State Uni-
versity, have shown a special interest in
the genetic effects of cosmic rays. Neuro-
spora crassa molds were flown on their
behalf during the 1955 International Falls
flights, and both reported a significant in-
crease in the number of mutants following
exposure to cosmic radiation. Subsequent-
ly both men joined the ranks of investiga-
tors agreeing to do research under con-
tract. Dr. Stone was the lone recipient of
an Office of Scientific Research contract
during fiscal year 1957, when Holloman
was unable to fund such research on its
own. Dr. DeBusk, though his contract had
technically expired by then, had the signal
honor of contributing the neurospora
samples that were attached to Major Si-
mons’ capsule on the record flight of
August 1957.30

Another major portion of the research
with test specimens exposed on Aeromedi-
cal Field Laboratory balloon flights has
been accomplishéd or directed by scientists
working for other government institutions.
Dr. Webb Haymaker of the Armed Forces
Institute of Pathology has continued the
work of Dr. Berry Campbell on nerve tis-
sue, in collaboration with other scientists
both in the United States and abroad. He
has flown live mice and guinea pigs and
also various tissue cultures. Lieutenant I. J.
Lebish, of the same Institute, exposed dif-
ferent strains of mice to cosmic rays and
then studied them for radiation-induced
leukemia and for effects on longevity and
breeding.3

Dr. Paul Cibis and Dr. Hubertus
Strughold of the School of Aviation Medi-
cine exposed mice on aeromedical flights
for a study of possible eye damage, and Dr.
Howard Walton of Argonne National Lab-
oratory (operated by the University .of
Chicago for the Atomic Energy Commis-
sion) looked for developmental aberrations
in balloon-flown seeds and grasshopper
eggs.32 Mr. Robert E. McDaniel at the
Army’s White Sands Proving Ground, lo-
cated across the integrated range from
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Holloman, flew cosmic ray track plates
both in rockets from the Proving Ground
and on Holloman balloons.33 Much effort
has been spent developing techniques for
attaching such track plates directly to bi-
ological specimens, to correlate specific
cosmic ray hits with signs of damage;34 but
even when flown unattached, as in the ex-
periments of McDaniel and others, they
may help indirectly to clarify the biological
significance of cosmic rays. Dr. Herman
Yagoda of the National Institutes of Health
has attempted an interesting middle course
by mounting track plate emulsion on “a
human skull padded with foam rubber to
simulate soft tissue,” then having this odd
contraption flown by the Aeromedical
Field Laboratory.35

This by no means exhausts the list
of both government and academic re-
searchers who have participated one way
or another in the Aeromedical Field Lab-
oratory cosmic radiation flights. In some
cases a flight has been conducted for the
primary purpose of assisting one of these
researchers, while in other cases they have
sent along “hitchhike” loads not related to
the primary purpose of a flight but still
promising a contribution to knowledge on
cosmic rays and their biological effects.
Hitchhike loads have even included a num-
ber of experimental altimeters, which were
welcomed by Major Simons and his as-
sociates in view of the benefit to be gained
for research ballooning generally through
the development of more accurate altitude
measurements.36 Some of the off-base col-
laborators have also made valuable con-
tributions as advisers, in the general man-
agement of the cosmic radiation program,
and some have turned up in person to take
part in the actual flight operations. Dr.
Haymaker has even composed a short ar-
ticle, “Operation Stratomouse,”37 giving a
lively picture of his own direct participa-
tion in the 1955 International Falls flights.

The net result of so much collabora-
tive effort has been to turn up relatively
few positive signs of cosmic ray effects.
Aside from Professor Chase’s success in
turning mice and guinea pigs prematurely
gray, the skin effects produced by Eugster,
and the neurospora mutants, which have
all been mentioned already, there were
some indications of development aber-
rations among seeds and grasshopper eggs

exposed to cosmic radiation for different
researchers in 1954 and 1955. Dr. Hay-
maker also reports what may have been a
lesion inflicted by cosmic radiation upon
one guinea pig exposed during a Man-High
capsule test in November 1956.38

There is a chance that additional cos-
mic radiation effects will be noted when
analysis of all experiments conducted so
far is completed, and some of the observ-
ed effects are still poorly understood. Neg-
ative results are often highly inconclusive
because of inadequate sampling or expos-
ure. Yet, even with these qualifications,
the experimental results have been en-
couraging. In the case of neural tissue,
Major Simons tentatively concluded that
“nerve cells either suffer minimal dam-
age. . .or show delayed changes only.”39
As for hair-graying, it is certainly a toler-
able after-effect; and the genetic effects,
while raising a possibility of increased mu-
tations among descendants of space travel-
ers, did not pose any immediate social
problem. In general, it could be said that
there was some hazard in cosmic rays, as
in most everything else, but the risk was
not so great as to offset the positive ad-
vantages of exploring the vertical frontier.

To be sure, much remains to be done
in the way of cosmic radiation studies. For
proper interpretation of observed effects,
some of the cosmic ray experiments should
be conducted again with track plates di-
rectly attached to the biological specimens.
Still longer exposures are likewise in order,
especially at the altitude range of 125,000
to 135,000 feet. It does not appear that a
significant increase in cosmic ray effects
would be found by going much higher than
that, which is fortunate since the balloon
as a research vehicle must have at least
some air in which to float. Animal flights
currently planned for the summer of 1958
will of course help to meet these require-
ments.40 Additional manned flights, too,
are necessary before a final assessment of
the cosmic radiation problem can be made.
In this respect Major Simons’ Man-High as-
cent, which involved much more than cos-
mic ray research, was only a beginning.
Nevertheless, the progress already made in
cosmic radiation studies through the ef-
forts of the Aeromedical Field Laboratory
forms one of the major achievements of
space biology research in recent years.

3. Project Man-High

Another area of broad achievement
in space biology research at the Air Force
Missile Development Center--even more
dramatic in many ways than the program
of cosmic radiation studies--has been the
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actual placing of human beings into a non-
artificial space-equivalent environment.
As balloon techniques steadily improved,
and as the possible dangers from cosmic
rays were brought more and more into



proper perspective by the animal flights,
it was only natural for the Aeromedical
Field Laboratory to consider manned bal-
loon ascents. These would be an entirely
logical outgrowth of the earlier cosmic
radiation flights. Manned flights, however,
would combine still other advantages.
There was a broad range of upper atmos-
pheric investigations that could best be
handled by a human observer at high al-

titude. There was also an urgent need for

improvements in manned capsule or seal-
ed-cabin environments, not only for the
design of high-performance aircraft--in-
cluding experimental rocket planec--but al-
so as a step toward a manned satellite and
true space flight. A manned balloon flight
was one of the best ways of testing such
improvements and of finding out if man
is capable, physically and psychologically,
of extended travel at space-equivalent al-
titude.

Concrete consideration of a manned
flight began in mid-1955. Colone! John
Paul Stapp and Major David G. Simons of
the Holloman Aeromedical Field Labora-
tory, and Mr. Otto C. Winzen, head of
Winzen Research, Incorporated, discussed
the prospect at length, the latter two tak-
ing time out from balloon flights they
were conducting in northern Minnesota
at the time. All agreed that a twenty-four-
hour manned flight at about 115,000 feet
was feasible. At the end of August 1955,
Colonel John Talbot, Chief of the Human
Factors Division, Headquarters, Air Re-
search and Development Command, gave
tentative approval to the project.4

As conceived by Colonel Stapp and
Major Simons, the Holloman manned-bal-
loon project would avoid as far as possible
mere duplication of work being accomplish-
ed elsewhere. Colonel Stapp observed that
they did not intend either to ‘““trespass on
other people’s research territory” or to
“have track meets in the sky.”42 There
was, of course, no comparison between a
high-altitude manned balloon flight and
occasional flights to similar altitude by ex-
perimental aircraft, since the latter can
remain there only briefly, not long enough
for intensive experimentation. The Navy
had its own program for high-altitude re-
search with manned balloons, and a man-
carrying gondola “Stratolab” already in
existence. But the Navy program had
been until recently in a state of suspended
animation; the Navy did not plan to go as
high; and its research objectives were less
broad than those the Aeromedical Field
Laboratory had in mind.43

Nor, finally, did the Holloman scien-
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tists have any desire to compete with the
manned-balloon program that formed part
of Project 7218, Biophysics of Escape, an
activity of Wright Air Development Cen-
ter’'s Aero Medical Laboratory. At least
for the present, that program was not real-
ly concerned with space biology. It was
interested mainly in high-altitude escape
problems, and it had been plagued with
difficulties that made uncertain just when
its first actual manned ascent would take
place. The Wright Field program was sup-
posed ultimately to produce another bal-
loon-borne research laboratory, and in fact
there was rcom for several of these.’But
when and if the Aero Medical Laboratory
set to work on this final stage of its pro-
gram, it would be able to draw on experi-
ence already accumulated at Holloman
without going through all the same experi-
mental steps. Meanwhile, the Holloman
program could also profit from knowledge
and experience available at Wright Field,
especially in the field of high-altitude para-
chute systems.44

In its early stages, the Holloman man-
ned-balloon program was called Project
Daedalus, a name later changed to Man-
High. It was also referred to, originally,
as ‘‘the manned balloon phase of Task
500,” that is, of cosmic radiation studies.
Before long--January 1956 at the latest--
command headquarters decided that a
manned flight could not be justified and
funded purely under this heading, but, as
already noted, there was no lack of al-
ternative justifications. Planning and pre-
parations went right on, chiefly under the
auspices of Task 78516, Environmental
Control in Sealed Cabins, which was form-
ally established as a separate task in the
latter part of 1955. Captain Druey P.
Parks and Captain Erwin R. Archibald
have both served as task scientists, either
separately or together. At present the pos-
ition is held by Captain Archibald. How-
ever, Major Simons himself has always
been the primary project officer for Dae-
dalus/Man-High, with Captains Parks and
Archibald as his deputies. 45

Assigning the manned balloon pro-
gram primarily to Task 78516 was com-
pletely appropriate, if not almost inevit-
able, since the most complex problem to be
faced was the design and fabrication of a
sealed capsule suitable for high-altitude
flight for a day or more. The successful
development of Aeromedical Field Labora-
tory animal capsules pointed the way, and
so did the Navy’s “Stratolab,” which had
been designed largely by Mr. Winzen. Yet
specifications for the proposed capsule
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normally breathes the oxygen-helium capsule atmosphere. Equivalent cabin altitude
can be selected on the panel. The MAN-HIGH capsule is a minimum weight vehicle
for one-man flights to altitudes in excess of 100,000 feet and for durations in ex-
cess of 24 hours permitting night and day observations and studies of human fac-
tors in space medicine. The Winzen Research MAN-HIGH capsule is the first true
space cabin and will serve as a research vehicle for the study of requirements for

manned space flight.
(Drawing and Caption by Winzen Research)
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were more complex than for either animal
capsules or “Stratolab,” and even greater
precision was required. Accordingly, a
special contract was drawn up for the de-
sign, fabrication, and maintenance or modi-
fication “during the flight test period” of
the needed balloon-capsule system. The
contract was awarded to Winzen Research,
Incorporated of Minneapolis, effective 9
November 1955.46

This same contract had been sought
by General Mills, the other leading balloon
manufacturer, and unfortunately some
hard feelings arose when Winzen won the
assignment. It was necessary for Hollo-
man’s Directorate of Procurement, the
contracting agency, to explain that no as-
persion was intended upon the technical
qualifications of the General Mills organi-
zation, but that the other proposal showed
closer attention to details and in general
what seemed to be a superior approach in
its specific suggestions for the undertaking.
Numerous supplemental agreements were
added to the contract from time to time,
making detailed changes in the capsule
plans and expanding the scope of the re-
quired flight-testing. One such agreement
provided that Winzen Research should be
responsible for launch, tracking, and recov-
ery of both the test flights and the defini-
tive manned flight.47

The original contract with Winzen Re-
search called for completion of the capsule
by 31 January 1956, and completion of
flight-testing on or before 15 March. The
definitive flight had originally been set for
the spring of 1956.48 Like most tentative
deadlines, all these proved overly optimis-
tic. Since funds were short for the com-
mand human factors program, Daedalus/
Man-High had to take whatever snatches
and installments were available, even if it
meant stretching out deadlines. Command
officials gave their final approval to the
project in March 1956, on the basis of re-
vised justification demoting cosmic ray re-
search to a secondary role; but approval
in itself did not pay any bills, and funds
were thus a continuing problem. Mean-
while, Captain Edward G. Sperry, co-hold-
er of the world’s high-altitude parachute
jump record, became coordinator for the
project at Headquarters, Air Research and
Development Command.49

Coordination was also effected with
Wright Air Development Center, where of-
ficers of Project 7218 offered some cri-
ticism of the plans on technical grounds.
There also appears to have been some feel-
ing among people at Wright Field (initially,
at least) that the Holloman manned-bal-
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loon program represented a duplication of
effort with their own. In practice, how-
ever, duplication was kept to a minimum,
and the Aero Medical Laboratory at
Wright Field made a number of valuable
suggestions and contributions to the pro-
gram. In addition, Air Research and De-
velopment Command specifically assighed
the responsibility for final approval of the
personal and capsule-recovery parachute
equipment to specialists of Wright Air
Development Center’s Equipment Labora-
tory.50

Coordination was required with still
other agencies and institutions, but natur-
ally the greatest amount of time and effort
went into development and testing of the
balloon-capsule system itself. As the work
progressed, officials of Winzen Research
and of the Aeromedical Field Laboratory
incorporated additional mechanical im-
provements and safety features. Then,
too, as already noted, provision was later
made for more testing than originally
specified. The growing scale and complex-
ity of the operation is graphically reflected
in the various revisions of estimated con-
tract cost, which ultimately rose from the
rough figure of $29,950 used in November
1955 to $235,590.30 (including fixed fee
of $3300). To be sure, these figures are
not strictly comparable, one obvious dif-
ference being that the original estimate
was not intended to cover any launch,
tracking, and recovery services. Also the
contract costs would have been less--Major
Simons guesses about $75,000 less--if funds
had always been available just when need-
ed. Over and above the contract figure,
Winzen Research agreed to assume $14,178
more from company resources.51

Compared to the price of an intercon-
tinental missile, a manned-balloon project
was still relatively low-cost research. It
was expensive mainly in comparison with
the earlier animal flights, whose cost when
launched at Holloman was estimated in
March 1954 at between $5,000 and $10,000
each.52 The latter estimate is for the total
cost including Air Force manhours, where-
as the Winzen contract figures naturally
cover expenditures only by the private
firm.

The Man-High capsule as it finally
emerged from so much intensive research
and development was an aluminum-alloy
structure eight feet in height. It had six
portholes, one of them equipped with a
mirror system enabling the pilot to see
either above or below the capsule. In-
struments for recording a wide variety of
scientific data were on an inside photo
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Man-High (I) Flight About to End in Minnesota Brook
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panel, with a camera mounted opposite
to photograph the panel at set intervals
throughout the flight. A special micro-
phone was included, designed to monitor
the pilot’s heart beat. There was also a
magnetic tape recorder with which he
would preserve his own visual and psy-
chological impressions.

All told, there were so many electric
components on board that the heat they
gave off, plus the pilot’s body heat, made
a separate heating system unnecessary.
Daytime cooling was still needed, and was
provided by basically the same boiling-
water method used on earlier animal
flights. The sealed cabin atmosphere was
a newly-devised oxygen-helium-nitrogen
combination. The pilot had different em-
ergency oxygen systems to fall back on,
and a similar array of safety features was
available for possible emergency descent.
Under normal conditions, the pilot would
come down by valving gas out of the bal-
loon. If this method should fail (or if the
balloon itself should ever fail) the capsule
could separate from the balloon and de-
scend by its own cargo parachute. Should
the capsule parachute fail, the pilot might
still bail out with his high-altitude person-
al parachute.53

The required flight-testing of this bal-
loon-capsule system was of course one of
the most time-consuming and expensive
aspects of the entire undertaking. A single
test flight did not take long, but prepara-
tions were another matter, and weather
often caused frustrating delays. In order
to test the capsule temperature control and
atmosphere systems, preliminary flights
were launched carrying a sufficient num-
ber of small animal passengers to approxi-
mate one human occupant. The animals
served, secondarily, as cosmic radiation
subjects. Other balloon and gondola equip-
- ment was also checked out during the
- flight-test phase, and on one flight a dum-
. my drop was staged from high altitude to
~ test the pilot’s personal parachute system.
- All this was in addition to assorted ground
tests. There were even water tests of the
Man-High capsule to make sure that it
could, if necessary, execute a safe water
landing.54

The first manned ascent--and final
test flight--was held on 2 June 1957. It
might have been expected that the first
human passenger would be Major Simons,
who was eagerly awaiting the chance to
do himself what he had been sending mice
and guinea pigs to do for several years.
However, Major Simons was held in re-
serve for the full-scale research flight. For
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the preliminary manned test flight, Colonel
Stapp chose Captain Joseph W. Kittinger,
a young but highly experienced jet pilot
assigned to the Center’s Flight Test Divi-
sion. Since Kittinger was a test pilot by
profession, Colonel Stapp felt he would be
ideally suited for the assignment. Even so,
the captain had to take months of addition-
al training for this one flight. Among other
things, he took enough parachute training
to qualify officially as a paratrooper; had
a claustrophobia test; and practiced bal-
looning in low-altitude, open-gondola
flights, using the “Sky Car” developed
specifically for low-altitude balloon flights
by Winzen Research, Incorporated. These
“Sky Car” flights were also used to check
out certain items of equipment.5s5

At 0623 hours on 2 June, Captain Kit-
tinger’s Man-High (I) flight began, from
Fleming Field, South Saint Paul, Minne-
sota. A Winzen crew conducted the launch-
ing, as provided by the Man-High contract,
in collaboration with members of the Aero-
medical Field Laboratory and other units
at Holloman. The 475th Air Base Squad-
ron, Minneapolis, provided additional heli-
copter support. The vehicle was a two-
million-cubic-foot plastic balloon, 172.6 feet
in diameter, which quickly reached the
planned ceiling altitude of 95,000 feet, set-
ting a new record for manned balloons.
Test specifications called for a twelve-hour
flight. However, because of an oxygen
leak (due to an improperly connected
valve) and also certain communications
difficulties, Colonel Stapp and Mr. Winzen
decided that Captain Kittinger should
come down after not quite two hours at
altitude. The balloon pilot was not happy
with the decision, replying by radio,
“Come and get me.” But he did come
down, and landed successfully at 1257
hours none the worse for his experience.56

The capsule was pronounced sound,
despite the minor difficulties that had a-
risen. Nevertheless, before the next flight
it was given one final test in a high-alti-
tude pressure chamber at Wright Air De-
velopment Center, after which certain min-
or modifications but no basic design
changes were made.57 Special instrumen-
tation was added as required by the Feder-
ation Aéronautique Internationale for the
purpose of establishing an official world’s
altitude record; this had not been done for
the June flight, which accordingly set an
‘“ynofficial” record only. The capsule was
also fitted out with a five-inch telescope
for astronomical observations, another
noteworthy new item of equipment. In-
deed, the Man-High capsule was now more
than ever “a floating scientific laboratory.”
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Man-High (II) Launching, 19 August 1957
24




At least twenty-five distinct scientific ex-
periments were to be performed on the
definitive manned flight, involving every-
thing from physical data on the upper at-
mosphere to whatever psychological re-
actions the pilot might wish to transcribe
on the capsule’s tape recorder.58

The most important single scientific
instrument was Major Simons himself, who
meanwhile had received his special train-
ing for the flight. He took only one para-
chute jump, but otherwise the process was
much the same as it had been for Captain
Kittinger. Like Kittinger, Major Simons
was also subjected to complete physical
examination in order to establish a basis
of comparison with his post-flight physical
condition. This included blood and urine
samples--to be compared with post-flight
samples--as part of a special study of ad-
renal response to stress. However, Major
Simons was bled for at least one more ex-
periment than Kittinger, because this time
special arrangements had been made with
Dr. R. Lowry Dobson of the University
of California to investigate the possible
appearance of bilobed lymphocytes in the
pilot’s blood as a result of cosmic radia-
tion. This was a phenomenon that had al-
ready been noted in the blood of workers
exposed to low levels of ionizing radiation
at the University of California cyclotron.59

The actual launch did not take place
until 19 August, but the final gathering of
men and equipment began some days ear-
lier. Preparations were even more elabor-
ate than for the Kittinger flight. The
Army sent two helicopters with their
crews to aid in tracking and recovery; and
since the Navy not only supplied helium
for the balloon but made available (as
often before) the ground vehicles and other
equipment that it had assigned to Winzen
Research for use with naval research
flights, the project became a truly inter-
service affair. The aircraft contingent was
completed with a Navion belonging to Win-
zen Research, two Air Force helicopters
borrowed locally, and two C-47’s from
Holloman. Captain Kittinger returned to
Minnesota as coordinator of air support
operations, although he did not remain for
the flight itself. His place was taken on
19 August by Major Hubert S. Williams,
at that time Commander of Holloman’s
6580th Field Maintenance Squadron.s0

The Aeromedical Field Laboratory
sent a large contingent of officers and en-
listed men, headed by Colonel Stapp in
the role of flight surgeon. He was to moni-
tor Major Simons’ physical condition be-
fore, during, and after the flight. Captain
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Parks and Captain Archibald were both
on hand as assistant Man-High project of-
ficers. Lieutenant Kuehn as cosmic ray
task scientist came along to care for the
neurospora and track plates that were to
accompany the capsule. Lieutenant Col-
onel John W. McCurdy, Information Ser-
vices Officer at Holloman, came to take
charge of press and public relations, in
collaboration with Major Kenneth E. Grine
from Headquarters, Air Research and De-
velopment Command and Mr. Joseph C.
Groth, Jr., of Winzen Research. The Hol-
loman Balloon Branch sent Mr. Bernard
D. Gildenberg, Chief of its Technical Sup-
port Section, to act as meteorologist, and
Master Sergeant Nabor Martinez, a com-
munications specialist. Even one of the
Center historians arrived on the scene, to
record history as it happened.s1

From Wright Field came Lieutenant
Colonel Rufus Hessberg, Chief of the Bio-
physics Branch, Aero Medical Laboratory,
whose special mission was to ride in one
of the tracking planes and be on hand as
paramedic in any case of emergency. The
1352nd Motion Picture Squadron, Lookout
Mountain Laboratory, California, sent a
camera crew; and command headquarters
sent not only Major Grine but also Major
E.F. Smith with a band of six air police-
men. The function of the latter was to
guide project people, reporters, and very
important persons to their assigned sta-
tions at the launch site, and to control any
passers-by who might catch sight of the
launch operations and stop to look.s2

The exact site chosen for the launch
was the 425-foot open pit of an iron mine
outside Crosby, Minnesota, belonging to
the M. A. Hanna Company. The pit-launch
method afforded protection from winds,
which particularly was necessary because
of the greater size of the balloon used on
this flight. To be exact, the balloon had a
capacity of over three million cubic feet
and was 200.2 feet in diameter when com-
pletely expanded by gas at floating alti-
tude. Its total height at the time of infla-
tion (including capsule and suspension
system) was 350 feet.63

Among the first to arrive at Crosby
were Major Smith and his air police, who
startled local citizens when they were de-
posited by helicopter in the middle of the
town park the afternoon of 15 August. The
Winzen launch crew arrived the same day,
since it was hoped originally to start the
flight on the morning of 16 August. Un-
fortunately, it was postponed twice be-
cause of predicted bad weather, but for 19
August the outlook seemed favorable.
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August the outlook seemed favorable.
Major Simons entered his capsule late the
night before at the Winzen plant in Minne-
apolis. He was sealed in and at once be-
gan pre-breathing of the special capsule
atmosphere, which served to remove excess
nitrogen from his bloodstream and thus
gave protection against an attack of the
“bends” in case emergency decompression
should occur at high altitude. After a fin-
al check at the plant established that equip-
ment was in working order, the capsule
with Simons in it was piled on a truck and
began the trip to Crosby, arriving shortly
before daybreak.

The launch was delayed again at the
last minute when a segment of reefing
sleeve failed to come off and formed a
band around the neck of the balloon. Mrs.
Vera Winzen climbed a ladder held by guy
wires and cut the band. Finally, at 0922
hours, the balloon took off and rose rapidly
until after two hours and eighteen minutes
it reached floating altitude of about 100,000
feet. Peak altitude for the flight was
102,000 feet, a new record but less than
the 115,000 mentioned at the inception of
the Man-High project. Additional experi-
ments, equipment, and ballast had all add-
ed to the weight of the balloon-capsule sys-
tem and correspondingly lowered its alti-
tude capability.s4

The balloon drifted slowly westward
during the day, but began to sink as the
helium gas cooled after sundown. Indeed,
it sank more than expected because unfore-
seen stormy weather cut off the reflected
heat of the earth. Early in the morning
of 20 August, the balloon was caught in a
downdraft and fell to about 70,000 feet.
At that point Major Simons found himself
directly over a raging thunderstorm--some-
thing that had never before been known to
occur at such an elevation. Accordingly,
he dropped ballast to get out of danger,
and soon after sunrise was again near ceil-
ing altitude.s5

The flight was originally expected to
drift westward to the area of Miles City,
Montana, but movement was slower than
anticipated and the balloon never got be-
yond the eastern part of the Dakotas. The
flight was supposed to terminate in ap-
proximately twenty-four hours, but this
did not happen either. It dragged on al-
most a half day longer, as Major Simons
in his balloon capsule and tracking parties
on the ground looked for a suitable open-
ing in the clouds through which to descend.
The capsule served as a floating weather
station and, in general, Major Simons’
own weather observations during the flight
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were more accurate than any data avail-
able below.

The delay in ending the flight led to
several problems in capsule environment.
The effectiveness of chemicals in the air
regeneration system began to decline, car-
bon dioxide was not absorbed fast enough,
and at regular intervals Major Simons had
to use a face mask for breathing. With
power supply also running low, it was nec-
essary to cut off the capsule cooling sys-
tem, and temperature rose to eighty-four
degrees. This was extremely uncomfort-
able when clad in a pressure suit, which
Simons was wearing for any emergency.
Fortunately, in the early afternoon Simons
was able to begin a steady rate of descent.
He landed at 1732 hours, in an alfalfa field
in northeast South Dakota, and was im-
mediately stuck with a hypodermic needle
for another blood sample. The flight had
lasted thirty-two hours and ten minutes,
but Simons had actually been forty-four
hours in the capsule, including the time
spent in it before launch. As Mr. Winzen
was quick to point out, this was longer
than the time spent by Charles A. Lind-
berg in the first solo flight over the At-
lantic.66

Though tired, having had only brief
snatches of sleep, Major Simons emerged
from the ordeal in good shape. He had
a slight abrasion on his neck from the
tight pressure suit, but if he suffered any
serious ill effects they were slow in appear-
ing. Colonel Stapp therefore concluded,
“Human performance in an environment
equivalent to space is now known to be
possible.”67 The full, detailed scientific
results of the flight were not immediately
available, as it would take time to analyze
and interpret all the data obtained. The
most important information immediately
available, other than the mere fact that
the flight proved feasible without apparent
harm to the subject, was what Simons per-
sonally observed and reported--either on
tape or by radio during the flight, or in
discussion after it.

Simons caught the attention of the
press with his observation that the stars
did not twinkle, and much was then said
and written about having to revise nursery
rhymes. Major Simons was in fact greatly
interested in his visual observations of the
sky at high altitude, in which he displayed
latent poetic qualities as well as keen scien-
tific insight. At one point he recorded on
the capsule tape his impression of “a very
dark foreboding blue that grades off into a

slight gray,” and he was delighted by the,

spectacle of sunrise and sunset at the top
of the earth’s atmosphere.68



For their part in the success of Pro-
ject Man-High, both Major Simons and
Captain Kittinger received the Distinguish-
ed Flying Cross. Major Simons received
the award directly from Lieutenant Gen-
eral Samuel E. Anderson, Commander of
the Air Research and Development Com-
mand, on 24 August 1957. Captain Kitting-
er received his award shortly afterward.s9
Both men also received a sudden wave of
national acclaim and recognition. The tri-
bute accorded to Major Simons, in particu-
lar, was comparable to that which greeted
Colonel Stapp after his series of rides in
1954 on the Holloman high-speed track.

In all the excitement over the Man-
High flights, however, the continuing re-
search efforts on Task 78516, Environ-
mental Control in Sealed Cabins, should
not be overlooked. This one subdivision of
Project 7851 provided the main technical
justification for Man-High, but the task
was not established purely for the sake of
any one or two manned balloons. Under
the immediate direction of Captain Archi-
bald as task scientist, the task program
touches on problems that are important for
all types of manned vehicles traveling at
extreme altitude or in space. It includes
long-term research on claustrophobia and
related problems, using (among other
things) a simulated capsule mock-up at
Holloman; adrenal response to stress; phy-
siological effects of inert gases, to deter-
mine the best composition for sealed cabin
atmospheres; and flammability problems,
again in relation to the choice of sealed
cabin atmospheres.

The Man-High project naturally accu-
mulated experimental data on all four of
these major problem areas, while at the
same time research already accomplished
by Task 78516 made an important contri-
bution to the success of the Man-High
flights. The same close interplay between
particular manned ascents and long-term
studies of sealed cabin environment is ex-
pected in future flight programs. Mean-
while, a contract investigation on inert
gases has been entrusted to Dr. S. F. Cook
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of the University of California at Berkeley,
and a research contract on adrenal re-
sponse to stress is being established.7o

Moreover, it was clear that the suc-
cess of Man-High opened up important new
opportunities for high-altitude research.
By the end of 1957, therefore, Colonel
Stapp, Major Simons, and their colleagues
were engaged in detailed negotiations with
higher headquarters over the exact steps
to be taken next. The prospects included
both new flights with the existing Man-
High capsule, which was perfectly reus-
able, and the development of even bigger
and better “floating scientific laborator-
ies.” As early as April 1957, Winzen Re-
search, Incorporated submitted an “unso-
licited proposal” for a balloon-borne ‘““Satel-
orb” research platform capable of week-
long flights with five or more men at
100,000 feet. This would have the great
advantage over a one-man capsule of per-
mitting individual specialization on balloon
piloting and on different research func-
tions.71 A two-man version of the Man-
High capsule, with room for a pilot and
a full-time scientific observer, was another
alternative less elaborate than “Satelorb”
but easier to obtain on short notice.72 And,
of course, the ultimate outgrowth of the
manned balloon capsule could be only one
thing: a manned satellite.

Whenever the United States achieves
the manned satellite--or human flight still
farther into space--it will be no exaggera-
tion to say that a significant portion of the
preliminary work has been accomplished
by the Air Force Missile Development Cen-
ter. Nor has the Center’s contribution
been solely in the areas of cosmic ray
research and high-altitude capsule develop-
ment; as indicated at the outset, contribu-
tions in other fields will be discussed in lat-
er studies. Truly, the period from 1953
through 1957 was one of major advances
in space biology research both for the
Aeromedical Field Laboratory and for the
entire Air Force Missile Development Cen-
ter.
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1948 - 1958

Among the phenomena to be encount-
ered in manned space flight, few, if any,
have inspired as much scientific and popu-
lar speculation as that of subgravity,* in-
cluding both pure weightlessness or zero-
gravity and the various fractional states
that lie in between zero-gravity and normal
gravity conditions. In recent years, this
has also been a subject of intensive re-
search both in the United States and a-
broad; and the Space Biology Branch of
the Aeromedical Field Laboratory, at the
Air Force Missile Development Center, is
one of the agencies that have made signifi-
cant contributions to the research effort.
This aspect of the Center’s human factors
program is less well known than either the
rocket-sled experiments of Doctor (Col-
onel) John Paul Stapp or the program of
high-altitude balloon flights culminating in
the record Man-High (II) ascent of 19-20
August 1957. Yet the current program of
subgravity research has roots at Hollo-
man Air Force Base that go back before
the rocket track was even built, and before
the first balloon with biological payload
was launched.

Subgravity research as a clearly de-
fined field of study had its real beginning
just after World War II. It has its pri-
mary application in the field of ultimate
space flight, where gravitational attraction
will still be present but will be normally
counterbalanced by other factors, rather
than in conventional aviation. Neverthe-
less, brief exposures to subgravity can and
do occur in aircraft flight, so that the prob-
lem attracted some slight attention even
earlier from specialists in aviation medi-
cine. Moreover, even before World War 11,
a limited amount of subgravity experimen-
tation had already taken place.

A German aeromedical scientist, Doc-
tor Hubertus Strughold--now at the School
of Aviation Medicine, Randolph Field,
Texas--staged a particularly memorable
experiment to study human orientation
when deprived of gravitational cues from
the external pressure sense. This is only
one of the sense mechanisms that supply
information on bodily weight and direc-
tion, but it is important in flying, where it
is activated by the pressure of the aircraft

seat on a flier’s skin and thus provides the
familiar “seat-of-the-pants sensation.” In
order to simulate a weightless condition as
far as this one sense is concerned, Strug-
hold anesthetized his buttocks with novo-
caine. He then flew a series of acrobatic
maneuvers, and in his peculiar condition he
found the experience very disagreeable.l
Another German investigator, Heinz von
Diringshofen, whose main work concerned
human tolerance to multiple g-loads, began
exposing test subjects in 1938 to a few sec-
onds of subgravity simply by putting an
aircraft through a vertical dive.2

The early experiments of Von Diring-
shofen and Strughold did not lead to any
concerted or continuing program of sub-
gravity research in Germany. In the im-
mediate post-war years, German scientists
contributed some valuable theoretical stud-
ies relating to subgravity, as did scientists
in other European countries. The first
major landmark in actual subgravity ex-
perimentation, however, was a series of
high-altitude rocket flights with animal
subjects started in 1948 by the United
States Air Force.3 The agency immediate-
ly in charge was the Aero Medical Labora-
tory at Wright Field, which then formed
part of the Air Materiel Command and
which is now a unit of Wright Air Develop-
ment Center. The vehicle used at first
was the German V-2 rocket, of which large
numbers had been captured and brought
to White Sands Proving Ground in south-
central New Mexico to be used in high-
altitude research. No less than five V-2
animal flights were launched from White
Sands, and in each case the project ob-
tained a wide variety of support services
from Holloman Air Force Base, on the op-
posite side of the same Tularosa Basin.
For all flights except the very first, actual
preparation of the nose cone including
the animal capsule took place in Holloman
laboratory facilities. And when, in 1951,
the Aero Medical Laboratory began using
the newly-developed Aerobee research
rocket for its experiments, launch opera-
tions as well were transferred entirely to
Holloman.

The Aero Medical Laboratory’s ani-
mal rocket flights were not designed pure-

* The term “subgravity” will normally be used in this study to denote all states in which the

gravitational force is less than the normal one “g.”

“Weightlessness” is commonly used in the

very same broad sense, but can be confusing. The word literally suggests a complete absence of
weight, or zero-gravity, whereas the writer often is referring in fact to a small fractional gravity
state-“virtual” weightlessness as it is sometimes expressed.
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ly for subgravity studies. Their purpose
was to expose living subjects to as many
as possible of the potential hazards of
space flight. In practice, however, a rocket
trajectory was too brief to obtain signifi-
cant exposure to such hazards as primary
cosmic radiation, while fairly moderate g-
forces were involved both in rocket accel-
eration and in the opening shock of the
parachute recovery system that was de-
signed to carry the capsule safely back to
earth. The far-reaching significance of
these flights lies rather in the exposure
of animals to subgravity lasting for as
much as two or three minutes, during the
period of coasting and free fall from rocket
burnout to the point where the descending
capsule again met appreciable atmospheric
drag. At that time, no other experimental
method could come close to providing as
long an exposure. Moreover, for subgrav-
ity research, unlike cosmic radiation stud-
ies, two or three minutes was not too short
a period for some disturbing symptoms to
make themselves felt, if in fact any were
likely to occur.

The hero of the first animal rocket
flight was a nine-pound rhesus monkey
named Albert. He was brought to New
Mexico by a team from the Aero Medical
Laboratory at Wright Field that included
Doctor (Captain and later Lieutenant Col-
onel) David G. Simons, who now heads
the Aeromedical Field Laboratory at Hol-
loman. Albert was carefully instrumented
to record both heart and respiratory ac-
tion. On 18 June 1948 he was finally
launched toward space. Unfortunately, his
brief trip in a V-2 to an altitude of thirty-
seven miles was plagued with a series of
operational failures, and no data were ob-
tained. Neither did Albert manage to get
back alive: the parachute system failed.

A year later the Wright Field scien-
tists, including Doctor Simons, tried again.
On 14 June 1949, Albert (II) reached an
altitude of about eighty-three miles. There
was still no live recovery, since the para-
chute system failed again. However, data
were successfully recorded throughout the
flight and indicated that the second Albert
suffered no serious ill effects from weight-
lessness, cosmic radiation, or any other
hazard of space flight.

After two more monkey flights, of
which one was marred by unsatisfactory
rocket performance and the other essen-
tially repeated the outcome of the Albert
(IT) flight, a mouse was chosen as passen-
ger in the fifth and last of the space biology
V-2’s. The mouse was not instrumented
for heart action or breathing since this
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time the primary objective was to record
the conscious reactions of an animal under
changing gravity conditions. For this pur-
pose, the animal capsule was equipped with
a camera system to photograph the mouse
at fixed intervals. As usual, the recovery
system failed--the mouse did not survive
impact. But photographic evidence show-
ed that the mouse retained “normal mus-
cular coordination” throughout the sub-
gravity phase, even though “he no longer
had a preference for any particular direc-
tion and was as much at ease when in-
verted as when upright relative to the
control starting position.”4

With the first aeromedical Aerobee
firing, on 18 April 1951 from Holloman
Air Force Base, project scientists revert-
ed to the pattern of the V-2 monkey flights.
The result was quite familiar: physiolog-
ical data on a monkey’s breathing and
heart rates were successfully recorded,
there was no sign of any gross disturbance
in the subject, and the parachute failed
again. Finally, with the second Aerobee
animal flight of 20 September 1951, the
long-awaited breakthrough in parachute
recovery was successfully accomplished.
An instrumented monkey was safely
brought back from peak altitude of 236,000
feet, and so was a grand total of eleven
mice that had gone along with him. Suc-
cessful recovery was again accomplished
on the third and last Aerobee flight of the
series, which took place on 21 May 1952.
All passengers--two monkeys and two mice
--returned safely to earth, and one of the
monkeys is still alive and healthy in a
Washington, D. C., zoo.

Nine of the second Aerobee’s mouse
contingent served primarily as cosmic ra-
diation subjects, but all other mice, like
the mouse on the last V-2, were studied
photographically for their reactions dur-
ing the subgravity state. One of these had
undergone a prior operation removing the
vestibular apparatus of the inner ear that
is responsive to gravitational forces and
helps give both mice and human beings
a sense of equilibrium. The mouse was al-
ready accustomed to orient himself by vis-
ion and touch exclusively and did not seem
troubled by loss of gravity during the
flight. One of the three normal mice used
as subgravity test subjects was also free
from any sign of disorientation during ex-
posure to subgravity, apparently because
it had a paddle to cling to and retained full
possession of tactile as well as visual refer-
ences. But the two remaining mice did
show some signs of disorientation.

Since May 1952, there have been no
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more rocket experiments with animal sub-
jects either at Holloman Air Force Base
or elsewhere in the United States. For a
few years, at least, experiments of this
type have become a monopoly of the Un-
jon of Soviet Socialist Republics, where the
first animal-carrying rocket is said to have
been launched in 1951. The Russians pre-
ferred dogs as test subjects, and refrained
from giving them anesthesia before take-
off. They have also claimed that no dog
was ever lost through failure of his breath-
ing equipment or “effect of external fac-
tors,” but they have not specified how
many may have been lost for other rea-
sons.5 If United States experience is any
guide, one is tempted to assume that the
Russians must regard parachute failure as
an “internal” factor! Be that as it may, the
Russian methods and test results generally
resembled those of the earlier Air Force
animal rocket flights--until, of course, they
used a rocket to place a dog in orbit in
November 1957.

From the standpoint of subgravity
studies, the unique quality of this last a-
chievement was the length of the exposure
obtained, from the final rocket burnout
until the death of Laika, the satellite dog,
roughly a week after launching. Techni-
cally speaking, a minor limitation of this
experiment was the presence of fractional
g-forces caused by the tumbling of the
satellite vehicle. A more obvious limitation
for subgravity studies or any other re-
search objective was failure to bring back
either the dog itself or a photographic re-
cord for later study and observation.é

According to results published so far
concerning the Russians’ satellite experi-
ment, the effects of rocket acceleration
on Laika’s heart beat, though tolerable,
persisted much longer after acceleration
ceased than would have been the case if
recovery from the same high g-load had
been made in a normal one-g field. Rus-
sian scientists attributed this result di-
rectly to the influence of a post-accelera-
tion subgravity state. However, there was
still no sign of disabling ill effects on the
test subject as a result of subgravity ex-
posure. The dog’s eyesight allegedly “com-
pensated to a certain degree the disturb-
ance of locomotive power” that was due
to subgravity, although under the condi-
tions of the test it is hard to see how this
could be anything more than a reasonable
hypothesis.7

Even before the United States aban-
doned the field of animal rocket experi-
ments to the Russians, at least for the
present, scientists at different Air Force
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installations had branched out into still
another fruitful type of subgravity re-
search, using the airplane as test vehicle.
In May 1950, two former German scientists
working at the School of Aviation Medi-
cine, Doctors Fritz and Heinz Haber, de-
livered a paper in which they explained
how to achieve over thirty seconds of
subgravity in aircraft flight. The method
was to fly the plane in a parabolic arc or
‘“Keplerian” trajectory in which centrifu-
gal force would exactly offset the down-
ward pull of gravity and engine thrust
would counterbalance air friction. This
was not an easy thing to do, and even
with an expert pilot at the controls one
could expect absolute weightlessness for
only part of the total subgravity trajec-
tory. Nevertheless, the Habers’ proposal
offered the first method for obtaining a
really significant subgravity exposure in
manned flight.s

During 1951, the new procedure was
tested at Edwards Air Force Base in Cal-
ifornia and at Wright Field in Ohio. At
Edwards, the noted test pilot Scott Cross-
field and the Air Force’s Major Charles
E. Yeager both flew a number of Kepler-
ian trajectories, the former working on
behalf of the National Advisory Commit-
tee for Aeronautics. At Wright Field, simi-
lar experiments were conducted by Dr.
E.R. Ballinger. Apparently none of these
early experiments achieved more than a
few seconds, at most, of true zero-gravity,
but total subgravity trajectories were in
reasonably close accord with the Habers’
predictions. Test results showed a tendency
for subjects to overreach with their arms
during subgravity. Symptoms of disorien-
tation also appeared in some cases, but, on
the whole, these flights indicated no major
difficulties in orientation as long as the
subjects were firmly belted in and had full
visual references.?

This sudden burst of subgravity flights
in the United States was followed by a
period of relative inactivity during 1952-
1954. Meanwhile, related experiments were
being conducted during these same years
in Argentina by the Austrian-born scien-
tist Dr. Harald J. A. von Beckh, who had
left Germany for South America shortly
after the war. Von Beckh introduced still
another animal to the menagerie of sub-
gravity test subjects, the South American
water turtle. He had one turtle whose
vestibular function had been injured acci-
dentally; and he found that this turtle
showed much better coordination and or-
ientation during an aircraft subgravity
flight than his normal companions. Like
the mouse that had a special vestibular
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operation before going up in the second
aeromedical Aerobee, the turtle had ap-
parently learned to compensate visually for
the lack of normal gravitational cues. Even
the normal turtles, however, gradually im-
proved their performance after a sufficient
number of flights.10

In his turtle experiments, Von Beckh
achieved subgravity exposures up to seven
seconds by means of vertical dives. Sub-
sequently he, too, adopted the parabolic
flight pattern and shifted from turtles to
human subjects. The latter submitted to
a series of eye-hand coordination tests, in
which they showed the familiar tendency
to overreach during subgravity but resem-
bled Von Beckh’s turtles in their capacity
to improve with later flights. Von Beckh

was also much interested to observe that
when the plane entered its subgravity arc
by a maneuver causing high acceleration
forces, the recovery from acceleration-in-
duced blackout took appreciably longer
than usual.’! In a sense this foreshadowed
the experience of the Russian satellite dog,
and suggested a special topic for further
experimentation. However, Von Beckh
cut short his stay in Argentina to take
a position in the United States with the
Human Factors Division of the Martin
Company. Later still, in January 1958, he
joined the staff of the Air Force Missile
Development Center’s Aeromedical Field
Laboratory. There he assumed direction
of the present subgravity program, which
had been started--perhaps it would be bet-
ter to say reactivated--in 1954.

Later Subgravity Studies at Holloman, 1954 - 1958

The sum total of subgravity research
accomplished prior to 1954 still was not
great, but it allowed certain tentative con-
clusions to be drawn. There seemed to
be no major respiratory or circulatory
hazards resulting from weightlessness, al-
though Doctor David G. Simons carefully
pointed out that respiratory and circula-
tory complications might arise as a secon-
dary effect of “emotional and autonomic
reactions which are essentially the same
whether caused by weightlessness, a rough
sea, or an obnoxious mother-in-law.” Si-
mons generalized further, on the basis of
studies up to and including Von Beckh’s,
that subgravity should normally produce
“minimal discoordination and no disorien-
tation. . .as long as the subject retains tac-
tile and visual references.”’12

What was needed now was a much
greater accumulation of detailed test data
to verify or revise preliminary conclusions
and to reveal still other possible effects of
subgravity. Better test instrumentation
was also needed, especially to record all
the variations of gravity force from true
zero-gravity up to a normal one-g state.
This would be of great help to any pilot
attempting to fly a subgravity trajectory.
In addition, most suggestions for future
space stations have provided for some form
of rotation in order to avoid absolute
weightlessness, through the artificial crea-
tion of a centrifugal force, but nobody
knew exactly how many hundredths of a
g must be generated to produce what re-
sults. It might also turn out that no ro-
tation at all is needed; but in any case
there was an urgent requirement for re-
search data on this and other ramifications
of the subgravity question.13

36

By the same token, there was ample
reason to establish a formal subgravity
program at Holloman within the frame-
work of the Space Biology Branch of the
Aeromedical Field Laboratory. Unlike the
earlier V-2 and Aerobee flights, the pre-
sent program is part of the Center’s own
project workload. The Aeromedical Field
Laboratory had been founded in 1951 as a
field station for project scientists operat-
ing from the Aero Medical Laboratory at
Wright Field, but in January 1953 it be-
came a function of the local Center (then
known as Holloman Air Development Cen-
ter), and in October 1953 subgravity stud-
ies were specifically included in the Hol-
loman laboratory’s mission. In the follow-
ing year, 1954, work on subgravity actually
got underway as Task 78501 of the newly-
created Project 7851, Human Factors of
Space Flight. Doctor (at that time Major)
David G. Simons was project officer of
Project 7851, as well as head of the labor-
atory’s Space Biology Branch. Technical
Sergeant John T. Conniff was the original
task scientist for Task 78501, Subgravity
Studies.14

For some time, with funds and man-
power both limited, the main task activity
consisted of planning and preparations for
an ultimate test program. Sergeant Con-
niff’s subgravity duties were not so en-
grossing as to prevent him from continuing
as head of the laboratory’s Electronics
Unit;15 indeed the latter position was pre-
sumably of advantage to him in collecting
instrumentation for the subgravity pro-
gram. Nevertheless, a preliminary air-
craft flight took place at least as early as
September 1954, using a T-33, to evaluate
some of the problems involved in flying
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a parabolic subgravity trajectory. More
flights were made early the following year
with an F-89, again mostly for evaluating
techniques and instrumentation.1é

The program was not really intensi-
fied until after the assignment of Captain
Grover J.D. Schock as task scientist on 1
July 1955. Captain Schock--whose contri-
butions to subgravity research later quali-
fied him as the first known scientist to
receive a Doctor of Philosophy degree
in space physiology--initiated subgravity
flights in an F-94C aircraft in the fall of
1955, using himself as one of the various
test subjects. The F-94C became the stan-
dard test vehicle for subgravity research,
and Task 78501 remained the primary du-
ty of Captain Schock until the beginning
of 1958, when Von Beckh took over as
task scientist. Captain Schock then
branched out into other lines of activity
for the Aeromedical Field Laboratory, but

when pure weightlessness had been achiev-
ed but could not measure degrees of sub-
gravity. The standard aircraft g-meter
was not very satisfactory, either, for in-
strumenting subgravity flights. However,
Captain Schock devoted a major part of

_his attention to the instrumentation prob-

without abandoning his previous interest -

and participation in the subgravity pro-
gram. Moreover, he kept one special foot-
hold as task scientist for Task 78530, Psy-
chophysiology of Weightlessness. This was
a task of the recently-established Project
7857, Research in Space Bio-Sciences. It
js not concerned with the aircraft subgrav-
ity flights at Holloman, but with certain
research to be done by outside investiga-
tors on a contract basis as well as a limit-
ed amount of “in-house” effort.17

. The F-94C flights, which have been
the primary activity of Task 78501, are
capable of giving subgravity trajectories
of more than thirty seconds in duration;
and more than one such trajectory or
“run” can be scheduled on a single flight.
The amount of actual zero-gravity is al-
ways considerably less, although the ex-
posures have increased steadily. Early in
1958, the maximum zero-gravity obtainable
in a test trajectory was about twenty-two
seconds, and even this exposure was not
continuous but was interrupted by momen-
tary lapses into some minute fraction of
positive or negative g-force. Nevertheless,
the period was long enough for many types
of experimentation, and it compared fav-
orably indeed with the two or three sec-
onds of true weightlessness achieved on
some of the very earliest parabolic test
flights.18

This advance is of course due to im-
provements both in flight techniques and
in test instrumentation. One item of in-
strumentation still in use when Captain
Schock joined the program was a golf ball
dangling on a string from the aircraft
canopy--a gadget that accurately showed
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lem. More precise methods have since been
devised, using a combination of different-
ly-placed accelerometers. Information on
the exact g-forces being experienced is
constantly relayed to the aircraft pilot by
two sensitive microammeters installed in
his field of vision, and the same informa-
tion is carefully synchronized with a film
record of the test subject’s reactions.1?

Unfortunately, the subgravity pro-
gram was also afflicted with more than its
share of aircraft trouble. Apart from nor-
mal maintenance problems, the ¥F-94C air-
craft used in the program developed such
special troubles during subgravity flights
as loss of oil pressure, loss of hydraulic
fluid, and “sticking” of the trim tab motor.
These difficulties, as well as the presence
of extra equipment mounted inside the air-
craft, caused a good bit of worry to flying
safety and maintenance officers, and re-
quired suspension of tests on several oc-
casions. But in the end all the difficulties
were shown to be of little importance or
else were corrected. Both Lockheed, the
aircraft manufacturer, and Pratt-Whitney,
the engine manufacturer, were extremely
helpful in finding solutions. Moreover, the
difficulties over hydraulic fluid and oil pres-
sure suggested some profitable investiga-
tions on the behavior of fluids under sub-
gravity conditions, shaking them or forc-
ing them from a squeeze bottle in subgrav-
ity flight.20

Still another problem that arose was
that standard microphones in the F-94
(and earlier in the F-89) were unable to
transmit clear messages between pilot and
test subject during subgravity. This led to
research on the problem and installation of
a more satisfactory type of microphone.
As a result, Captain Schock is now able to
conclude, “Voice communications in future
space vehicles should present no prob-
lem.”21

It is worth noting that so many mater-
iel problems of subgravity flight were dis-
covered in the course of human factors
research. Nevertheless, the main interest
of the subgravity program does not lie in
the effects of subgravity on aircraft parts
and equipment but in the reactions of hu-
man test subjects. And it is well to note,
first of all, that not all human subjects
reacted the same way. Some have positive-
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ly enjoyed the gravity-free state, while
others have on occasion felt extreme mo-
tion sickness with nausea and vomiting.
Among the former can be included Ser-
geant Comniff, the original task scientist,
and Captain Druey P. Parks, who has
participated in this as in all other pro-
grams of the Space Biology Branch. A-
mong those who have suffered varying
amounts of discomfort, Captain Schock
definitely includes himself. It is perhaps
significant that one who professes no dis-
taste for subgravity is Captain Joseph W.
Kittinger, Jr., better known as the test pi-
lot for the Man-High (I) balloon flight,
who piloted a great many subgravity tra-
jectories at Holloman before his recent
transfer to Wright Air Development Cen-
ter. In his case, it is likely that a broad
previous flying career helped prepare him
for the experience, although no number of
flying hours is any guarantee in itself a-
gainst feeling ill at ease during a subgrav-
ity exposure.22

The apparent existence of wide vari-
ations in human tolerance suggests that
one criterion for selection of crews in space
travel may well be a comparison of moni-
tored responses during experimental sub-
gravity exposures. However, still more in-
formation is needed on these varying per-
sonal sensations. The sickness felt by some
may be related to the rapidly changing
g-forces encountered in a complete test
flight, including the high acceleration and
deceleration that sometimes mark the
plane’s entry to and exit from the subgrav-
ity parabola. In that case, the same symp-
toms might not be associated with long-
duration, continuous subgravity exposures.
On the other hand, those who easily en-
dure thirty seconds of subgravity might
conceivably do less well with a three-min-
ute--or three-month--dose of the same
thing. Laika’s experience is encouraging in
this respect, but hardly conclusive.

The Holloman subgravity flights have
also featured a variety of sensomotor per-
formance tests. These indicate that sub-
gravity need not seriously impair a sub-
ject’s ability to touch his nose with his fing-
er tip, mark x’s in a row of squares, or per-
form other similar operations--provided al-
ways that he retains a visual frame of re-
ference, and provided also, of course, that
he has not first become violently ill with
motion sickness. This conclusion closely
parallels those tentatively drawn from the
earlier test programs of Ballinger, Von
Beckh and others. Neither does eating
peanut brittle offer major problems during
weightless trajectory, as long as the food is
first well masticated and then forced to the
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back of the mouth where the swallowing
reflex goes into action without regard to
gravity. Drinking seems to require use of a
squeeze bottle, cups and glasses being quite
useless during weightlessness. Water must
be forced to the back of the mouth by the

tongue, but again the swallowing reflex is

unimpaired.23

A somewhat different variety of ex-
periment has demonstrated that human
subjects, deprived of normal visual refer-
ences, will perceive oculogravic illusions
such as “apparent linear motion of a fixed
‘target’ during a ballistic [Keplerian] tra-
jectory.” For these tests both the subject’s
head and the “target”--a small luminous
cross--were placed under a large and omin-
ous-looking black hood. The illusion was
always most pronounced during the per-
iods of increased g-forces on entering and
leaving the subgravity parabola. The tar-
get appeared to stabilize--though at a high-
er than normal position--during the weight-
less phase itself, except for certain oscil-
lations that were attributed to the failure
of the test aircraft to maintain an even
weightless trajectory.24

When Doctor von Beckh joined the
Holloman program, he brought with him as
a carryover from his work in Argentina a
special interest in the effects of subgrav-
ity on ease of recovery from acceleration-
induced blackout or greyout. At Holloman,
he has initiated flights designed to produce
subgravity either just after or just before
exposure to a force of roughly four g's,
with a peak of five or six. This procedure
duplicates the type of conditions to be met
in takeoff and re-entry of manned space
vehicles. The test services has only recently
started, but when further advanced it
should yield important research data.2s

Nor have animal subjects been for-
gotten in the Holloman test flights. The
current pet of subgravity research--at least
in the Free World--is the familiar cat,
which is of interest for its highly developed
vestibular function. It is actually more re-
liant on this function for balance and or-
jentation than are human beings. The cat
is also noted for its reflex ability to land
squarely on all fours even after being drop-
ped upside down, and tests were conducted
to determine how this righting reflex op-
erates during subgravity. Judging by the
test results, it does not work very well.
In order to examine the matter more close-
ly, Captain Schock obtained certain cats
that had undergone operations removing
the vestibular apparatus wholly or partial-
ly. When these cats were tested in the
same manner, it appeared that animals still
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having even partial vestibular function
were confused. On the other hand, animals
wholly deprived of this function and accus-
tomed to do without it remained fully or-
iented and in possession of normal reflex
responses unless their eyes were covered.
This last observation confirmed once again
the critical importance of visual orienta-
tion.26

Although the test program has cen-
tered primarily around subgravity trajec-
tories flown in jet aircraft, other tests
have been performed in simulated subgrav-
ity conditions at ground level. Some of the
reactions of a human subject immersed in
water are similar to those encountered in
a subgravity state; for instance, external
pressure on the skin is so evenly distribu-
ted around the body surface, when under
water, that this pressure is perceptible
barely if at all, just as in a weightless con-
dition. Accordingly, in the spring of 195’?,
Captain Schock staged a series of experi-
ments at the indoor pool of the El Paso
Young Men’s Christian Association, with
the subject on a rotating seat in eight feet
of water and blindfolded. Later in the
same year, underwater experiments were
conducted in the pool of the New Mexico
School for the Visually Handicapped in
Alamogordo. Such tests have demonstrat-
ed an impairment of orientation somewhat
like that experienced in aircraft experi-
ments where the subject lacks normal vis-
ual cues. In one type of underwater ex-
periment, subjects were tilted as much as
twenty-two degrees before perceiving the
tilt. The underwater tests have also made
a definite contribution to the methodology
of subgravity research, and offer the ad-
vantage of more prolonged exposure to
test conditions than a comparable aircraft
trajectory.27

The Aeromedical Field Laboratory
has worked in close cooperation not mere-
ly with the owners of indoor pools but also
with Air Force and private researchers
interested in subgravity studies. The
School of Aviation Medicine, in particular,
has been conducting an active subgravity
program at Randolph Air Force Base, Tex-
as. Under the principal direction of Dr.
Siegfried J. Gerathewohl, this program in
its present form dates from 1955; it, too,
has been centered around subgravity test
parabolas flown in jet aircraft. The gen-
eral categories of testing and research
have been much the same as in the Hollo-
man program, but in some respects work

_ at Randolph has pointed the way, while

in other respects--notably instrumentation
--the Holloman program has been general-
ly more advanced. Fortunately, there has
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been little if any sign of the rivalry that
has sometimes marred Telationships be-
tween research programs of the Aeromed-
ical Field Laboratory and related efforts
of the Aero Medical Laboratory at Wright
Field. There has in fact been a mutually
profitable exchange of data and ideas, and
though a spokesman for the School of
Aviation Medicine has admitted that some
overlapping research effort exists in sub-
gravity studies, he went on to explain that
this was actually “necessary because of
the importance of the role that subgravity
states will play in the immediate future.”28

In addition to the current subgravity
flights at Holloman and Randolph Field,
there is at least one more active program
of a similar nature now going on. It is in
Soviet Russia, and though the Russians
do not seem to have publicized aircraft
subgravity flights to the same extent as
their animal rocket experiments, they
claim to have exposed human subjects to
about the same period of weightlessness--
forty seconds--that has been achieved by
similar research in the United States.29

There has been no direct exchange of
information between Holloman and Soviet
researchers in this field. However, the
cooperation of various outside institutions
in the United States has been enlisted for
the Holloman subgravity program on a
contract basis. Researchers at the Uni-
versity of Illinois assisted Captain Schock’s
study of the vestibular mechanism in cats,
performing the special vestibular opera-
tions on cats used in Holloman subgravity
flights. They have also been working on
techniques for attaching a recording de-
vice directly to the vestibular portion of
the eighth cranial nerve. The Yellow
Springs Instrument Company developed an
airborne galvanic skin resistance meter, to
permit continuous recording of resistance
to electric impulses under stress in sub-
gravity experiments. This instrument is
at present being fitted at Holloman with
the necessary in-flight recording appara-
tus. Cornell Aeronautical Laboratories,
finally, made a theoretical study under
contract of animal experiments that might
be performed both in test vehicles now a-
vailable for subgravity research and in
more advanced vehicles that may become
available for such studies later on. Addi-
tional contracts related to subgravity re-
search have recently been initiated; the ef-
forts mentioned, however, antedate the
launching of even the first Russian satel-
lite, and have been substantially or whol-
ly completed.30

The same Russian satellite hastened
the end of an Air Force-wide austerity
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drive that was unleashed in the first quar-
ter of fiscal year 1958 and which unfortun-
ately had administered a temporary set-
back to the Holloman subgravity program.
The Air Force Missile Development Center
was ordered to slash expenditures, and re-
search projects generally had to suffer
more than missile development. Subgravi-
ty studies suffered more than most: a direc-
tive issued on 27 August 1957 ordered “‘ces-
sation of work” effective immediately. The
“cessation’” was soon clarified to refer only
to work that cost money, such as the F-94C
flights, which were calculated to use up
sixty-three dollars an hour in operating
expense without counting maintenance and
overhead. Captain Schock in his official
role as task scientist could still go swim-
ming, and could plan and theorize to his
heart’s content. His specially-treated cats
arrived from the University of Illinois
right in the middle of the austerity drive,
but he was able to toss them up and down
in the laboratory, taking observations on

how they fell; these observations could
be compared later with the results of in-
flight experiments, as soon as an aircraft
was again made available.31

Subgravity contracts outstanding
were scaled down slightly at the same time,
but this occurred under a command-wide
order for five percent reduction in expendi-
ture on effort-type contracts. All Center
research programs were similarly affected,
and the impact on subgravity studies was
barely noticeable compared with the sus-
pension of F-94C flights. Moreover, on 1
October 1957 austerity was relaxed by
Center decision to the point of authorizing
a small number of test flights, for the
specific purpose of having the cats flown
at last. Later still, with the appearance
of the Russian satellites, austerity was a-
bandoned altogether. By the start of 1958,
the subgravity program was back in full
swing, although time lost could never be
wholly regained.32

The Present Outlook for Experimentation
in Subgravity Conditions

In the spring of 1958, Captain Schock
put forward a ‘“philosophy of weightless-
ness research” in the following terms:33

To date investigations of the
biological effects of weightless-
ness have been confined almost
entirely to observations on the ef-
fects of weightlessness on orienta-
tion and coordination of animal
and human subjects. There is a
definite need for this type of re-
search. However, only short per-
iods of weightlessness have been
obtained in jet flights and rocket
flights. The use of Ballistic Mis-
siles and Bio-Satellites affords a
chance for experimentation into
the effects of prolonged weight-
lessness.

Using these methods, biological
research should be channelled a-
way from an observation experi-
mentation to a [more strictly]
experimental approach. Specific-
ally, investigations should be un-
dertaken into recording the ef-
fects of weightlessness on the
utricular mechanism, possible
loss of reflexes, and greatly en-
larged recordings of physiolog-
ical data when these parameters
are controlled by the autonomic
nervous systems. The effects of
prolonged sensory deprivation--
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and true weightlessness can be
considered a sensory-starved en-
vironment--must be energetically
investigated. The use of water or
other appropriately diluted solu-
tions affords an excellent method
of investigating the effects of
sensory deprivation.

The psychology of exposure to
weightlessness has been little in-
vestigated. Past research has at-
tempted to record incidences of
“motion sickness” without really
tying down the etiology. Perhaps
this is autonomically controlled,
but perhaps it is psychologically
induced.

The effects of pre-weightless-
ness accelerations and post-
weightlessness accelerations have
been little considered in the past.
The profile of a Bio-Satellite
launching reveals that immediate-
ly after burnout any biological
system in the nose cone is sub-
jected to weightlessness immedi-
ately after a rather large accel-
eration. What the consequences
of this may be is unknown. Con-
versely during re-entry the effects
of high accelerations subsequent
to prolonged exposure to weight-
lessness are purely conjectural.
Simulating these conditions is dif-
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ficult using either the centrifuge
or deceleration tracks. It is in
these problem areas that future
Zero gravity research must be
directed.

Subgravity studies at the Aeromedical
Field Laboratory are at present attempt-
ing to meet many of the objectives stated
by Captain Schock. As indicated above,
pre- and post-weightlessness accelerations
are the subject of a series of test flights
being conducted by Doctor von Beckh.
Similarly, in order to continue study of “the
effects of sensory deprivation” on a body
under water, the laboratory is preparing
a small tank or pool of its own. This fa-
cility will measure just twelve feet wide by
twelve feet deep and will be equipped for
heating; thus the water can be maintained
at skin temperature, the better to produce
“a sensory-starved environment.”34

But there is also a definite need for
more advanced test vehicles. The F-94C
still has not outlived its usefulness; never-
theless, substantially longer intervals of
subgravity could be achieved either in
century-series fighters or in certain types
of missiles. One obvious step would be to
-progress from the F-94 to the F-100, which
has been the standard chase aircraft on
the Holloman range since 1956. In fact
plans already exist to use this aircraft
type in the subgravity program. But the
two-seat F-100F, which would be required
for the test flights, is in rather short sup-
ply. The first one reached Holloman only
in the fall of 1957, with photographic chase
as its primary mission, and because of
modifications needed for subgravity work,
none has been made available as yet for
subgravity studies.3s

For animal experiments, the Aerobee
is again a possibility, offering up to three
and a half minutes of subgravity, although
a later model would be involved than the
one used previously for biological research
at Holloman. Better still would be a long-
range ballistic missile, but the “ultimate”
test vehicle for subgravity research with
either animal or human subjects is the
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biological satellite. Only the satellite can
provide a test environment that is truly
“space-equivalent” in duration of exposure
as well as in the mere presence of weight-
lessness.36

Naturally, any test program involv-
ing intermediate or intercontinental bal-
listic missiles or satellite vehicles must
involve more than one research organiza-
tion. In any program of this sort, how-
ever, the Aeromedical Field Laboratory
can be expected to take part. There is
currently an “in-house” effort under Cap-
tain Schock directed toward the use of
ballistic missiles in aeromedical research.
Similarly, the laboratory’s present chief,
Doctor (Lieutenant Colonel) David G. Sim-
ons, is head of the interservice Biosatellite
Coordination Committee. Several other
members of the laboratory staff, including
Captain Schock, belong to the same com-
mittee, and Captain Schock is currently
devoting much of his time to this work.
Among other things, he is initiating a ser-
ies of research contracts between the Air
Force Missile Development Center and
outside scientists in support of the biosate-
llite program. One such contract, for ex-
ample, will be designed to provide a sa-
tellite experiment on possible degeneration
of muscle tone in animals as a result of
prolonged exposure to weightlessness.37

There are, of course, more reasons
than a background in subgravity studies
for the prominent role of the Aeromedical
Field Laboratory in biosatellite planning.
The Holloman laboratory has also been
engaged in active research (as in Project
Man-High) on sealed cabin environment
and on recovery of biological capsules. In
all these fields, it has much to contribute
toward a successful biosatellite program
and toward man’s ultimate conquest of
space, Its contributions, moreover, will be
the fitting culmination of a record of a-
chievement that really began when Hol-
loman Air Force Base provided essential
support to the very first United States
experiments in weightlessness and space
biology.
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MAJOR ACHIEVEMENTS IN BIODYNAMICS: ESCAPE PHYSIOLOGY
1953 - 1958

During recent years the Air Force
Missile Development Center has made im-
portant contributions to the Air Force
human factors program in two broad fields:
space biology and biodynamics. Under the
heading of space biology, it has been en-
gaged in research on biological effects of
cosmic radiation, on sealed cabin environ-
ment, and on subgravity, all of which have
been discussed in previous historical mono-
graphs.! Under the heading of biodyna-
mics--which can be defined as the study
of the effects of mechanical forces on living
tissues--its research efforts cover a variety
of problems ranging from the merits of au-
tomotive seat belts to patterns of decelera-
tion in space flight. At first glance, some
of these problems of biodynamics have
little in common. In each case, however,
the research program is centered around
a unique Holloman complex of test facili-
ties, of which the 35,000-foot high-speed
test track is only the best known example.
Moreover, each of the various research
tasks in biodynamics is in some measure
an outgrowth of the deceleration and wind-
blast studies which began at Holloman Air
Force Base in 1953 under the direction of
Doctor (Lieutenant Colonel and later Col-
onel) John Paul Stapp, and which were
related primarily (though not exclusively)
to the problem of escape from high-per-
formance aircraft.

The research project that Colonel
Stapp personally brought to Holloman
when he came to assume command of the
Center’s Aeromedical Field Laboratory in
April 1953--Biophysics of Abrupt Decelera-
tion--was specifically oriented toward the
study of high-speed escape from aircraft.
The escape problem remained one of the
most important research topics of Project
7850, Biodynamics of Human Factors in
Aviation, that was drawn up in 1954 to
supplement and in large measure to super-
sede the former project. Research on this
same theme has been reoriented but by no
means eliminated since March 1958, when
Project 7850 was rewritten as Biodynamics
of Space Flight. And it was a series of ex-
periments directly related to escape phys-
iology, Colonel Stapp’s own rocket-sled
rides on the Holloman track, that first
brought nationwide attention to the Hollo-
man aeromedical organization.

The high-speed escape problem was
one of imposing magnitude. A pilot bail-
ing out at transonic or supersonic speed
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had to face first the ejection force required
to get him out of his plane, then the sud-
den onslaught of windblast and wind-drag
deceleration, likely to be followed by dang-
erous tumbling and spinning. Any one of
these forces taken separately was a poten-
tial cause of injury or death, not to men-
tion the anxiety on the part of aircraft
pilots who did not know if they would sur-
vive or not in case of ejection. For, at the
time research on this problem at Holloman
began, the escape systems available were
either admittedly inadequate or of unprov-
en worth for aircraft having performance
capabilities above mach one in speed and
45,000 feet in altitude.2 Since aircraft
with this range of performance were al-
ready in existence, and were destined to
assume ever greater importance in the Air
Force inventory, there was a glaring need
for reliable data on human tolerance to all
the forces that could be encountered in es-
cape at the indicated speeds and elevations.
The fact that such information was not al-
ready available was another case of the
lag, often deplored by aeromedical scien-
tists, between aircraft design and human
factors research.3

Test Directive 5200-H1 for Biophysics
of Abrupt Deceleration, dated 15 April
1953, proposed to remedy this situation at
least in part, setting forth as its objective:

A program of experiments with
the High Performance Linear De-
celerator to study tolerance and
survival limits for (1) Linear De-
celeration, (2) Windblast in a
Linear Deceleration Field, (3)
Tumbling in a Linear Decelera-
tion Field, and (4) Linear Decel-
eration with Tumbling and Wind-
blast, as factors of the problem of
escape from high speed, high alti-
tude aircraft. . . .Recommended
limiting values established by
these experiments will determine
the design of escape devices and
the choice of ejection seats or of
ejection capsules for a particular
aircraft.

This test directive, with later amend-
ments, was the official basis for Colonel
Stapp’s research at Holloman until Project
7850 became fully operative early in 1955.
It stated further that the “current mili-
tary need” was to study tolerance to de-
celeration up to fifty-five g's, but this fig-
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ure was subsequently revised,4 and all such
figures were naturally for rough guidance
only. In any case, the maximum number
of g’s was only one of the factors involved
in this study. Not only were tumbling and
windblast to be explored, as stated in the
directive, but also the rate of onset and
duration of g-forces would be considered
as affecting the total deceleration that a
human body can withstand. The research
assignment was thus arduous and complex,
but, as Colonel Stapp once stated in a
slightly different connection,

. . .one factor is encouraging.
There are only two models
[male and female] of the human
body currently available, with no
immediate prospects of a new de-
sign; any findings in this research
should provide permanent stan-
dards.5

In his own previous experiments on
the 2,000-foot deceleration track at Ed-
wards Air Force Base, California, Colonel
Stapp had already experienced forces up
to roughly 46 g’s at 500 g’s per second rate
of onset. Both this experiment and one in
which a co-worker withstood over 38 g’s
at 1370 g’s per second produced definite
signs of shock but no permanent ill effects.
Colonel Stapp also directed chimpanzee
tests while at Edwards, exposing the ani-
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mal subjects to plateaus of 65 g’s, rates of
onset of approximately 3400 g’s per second,
and peaks of about 150 g’s, without find-
ing the lethal point or even the point of
irreversible injury. However, the duration
of decelerative forces was always very
short. Durations ranged from .15 to .42
second in the human experiments, which
attained a top speed of only 226 feet per
second; and there were no experiments on
deceleration combined with windblast and
tumbling.6

Thus the Edwards tests did not ade-
quately answer the questions posed in the
project Biophysics of Abrupt Deceleration.
They clearly suggested that the human
body, if properly positioned and secured,
could endure any aircraft crash forces in
which the aircraft itself survived,” but they
did not duplicate the conditions of high-
speed escape. For the latter purpose, the
Holloman high-speed track, originally built
in 1949 as a rail launcher for the Snark
missile, was especially well suited. It was
3550 feet long (before the first of a series
of track extensions) and was fully instru-
mented. It also had a water braking sys-
tem as compared with the mechanical fric-
tion brakes used on the 2000-foot Edwards
deceleration track. The water brakes per-
mitted both high deceleration forces and a
wide range of duration and rate of onset.s

Deceleration and Windblast Experiments

on the Holloman Track

The Holloman track had previously
been used for captive testing of missiles
and their components, but until Colonel
Stapp’s arrival had never been used in bio-
physical research. To be sure, Colonel
Stapp did not take a high-speed ride on the
track himself until he had been at Hollo-
man almost a year. First he had to wait
for the sled, known as Sonic Wind Number
1, which was specially constructed for his
test program by Northrop Aircraft, Incor-
porated; then the sled and track equip-
ment had to be put through a series of
practice runs starting 23 November 1953.
The first run with a living subject--a
:clgimpanzee--took place on 28 January
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On 17 March, finally, Headquarters,
Air Research and Development Command
gave its authorization to conduct human
runs;10 and on 19 March, Colonel Stapp
was strapped in for his first Holloman
sled ride. Apart from testing the feasibility
of the equipment for human experiments,
the objective of Colonel Stapp’s first ride
was to “evaluate human reaction to ex-
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posure to about 15 g of linear deceleration
for about 0.6 seconds duration, approxi-
mately double the duration possible for the
same magnitude of force on the crash de-
celerator previously used at Edwards. .
11 The run was essentially successful,
reaching peak velocity of 615 feet per sec-
ond and up to twenty-two g’s deceleration,
with only momentary ill effects.12

A second human experiment took
place on 20 August, with Colonel Stapp
again serving as subject. This test was pri-
marily to explore the effects of abrupt
windblast, which had not been a factor in
the previous test because of a solid panel
windshield installed on the sled. A special
helmet was devised, completely covering
the head, by Dr. Charles F. Lombard of
Protection, Incorporated, a division of the
Mine Safety Appliances Company. At the
same time, to provide the abrupt exposure
required, the sled was equipped with

. . . .a rectangular frame holding
two doors hinged to the sides
which opened inward by outside
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wind pressure when a cam mount-
ed at the selected point on the
track tripped a mechanism re-
leasing the catches. Abrupt im-
pingement of windblast against
the subject through the 34.5 by
62.50 inch opening thus provided
would simulate the effect of jet-
tisoning an aircraft canopy.i3

This mechanism had first been tested with
a chimpanzee run on 9 April, when only
one door opened, but it had undergone
additional tests since then, and on
the 20 August run it functioned as schedul-
ed. Colonel Stapp was exposed to an esti-
mated maximum of 5.4 pounds per square
inch of wind pressure, with maximum ve-
locity of 736 feet per second and peak de-
celeration of only 12 g’s. He suffered no
apparent ill effects save temporary and
quite minor injury from flapping clothes
- and windblown grains of sand. It was, he
said, the “easiest” of all the runs he had
made so far.14

During September 1954, the principal
sled experiment was one that made use of
a tumbling seat attached to the rocket
sled in order to evaluate the effect of
tumbling in combination with decelera-
tion and windblast. The tumbling seat had
been tried out before in static tests, and
in one preliminary test on a moving sled;
but the first full-scale experiment was
held on 14 September. A chimpanzee was
spun at the rate of 105 revolutions per
minute at the same time as it was being
exposed to sudden windblast (through the
same opening windshield used on Colonel
Stapp’s previous run) and to braking de-
celeration that reached a peak of forty-
five g’s; yet the subject came through very
nicely.15 This type of experimentation
supplemented research done elsewhere on
the effects of pure tumbling, for instance
on a spinning turntable, but with its fixed
axis of rotation the tumbling seat did not
wholly simulate free-fall tumbling as en-
countered during escape from aircraft.
Moreover, known instances of tumbling in
the thin air at high altitudes all suggest
that rapid tumbling must be eliminated if
at all possible. And it largely can be, by
means of stabilizing devices. For all these
reasons the Aeromedical Field Laboratory
has not continued its tumbling seat experi-
ments, but instead continued work on de-
celeration and windblast both separately
and in combination with each other.16

The month of September also saw the
first testing, with a chimpanzee subject,
of a new device for producing abrupt wind-
blast--a windshield that could be jettisoned
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explosively at a given point during the run.
Unfortunately, the jettisonable windshield
inflicted quite a bit of damage on chimp-
anzees, causing the death of more than
one, before this method finally proved its
value.'7 During October, Colonel Stapp
went to California, where he performed
an autopsy on a Northrop test pilot believ-
ed to be the first person who had actually
ejected from an aircraft at supersonic
speed. For his own research on human
tolerances, Colonel Stapp was interested to
learn whether the pilot had suffered any
major harm from windblast, tumbling, and
deceleration. He could find none, conclud-
ing that the fatal injuries were due to be-
ing struck by the tail surface of the
plane.18

Much of the activity of the Aeromed-
ical Field Laboratory in the autmun of
1954 consisted of preparations--including
chimpanzee control runs at 600 miles an
hour and fasteri19--for the most memorable
of all Colonel Stapp’s rocket sled rides, the
one of 10 December 1954. This test was
designed to explore both deceleration and
windblast, but there was no attempt to sim-
ulate abrupt onset of wind pressure. The
jettisonable windshield was still unreliable,
and the swinging-door system used in Au-
gust weighed too much for the sled to at-
tain desired velocity. Hence no windshield
at all was used. Colonel Stapp merely wore
the helmet he had used in August, com-
pletely covering his head, and saw to it, as -
before, that his arms and legs were well
secured against flailing, which was one ef-
fect of windblast already known to induce
injuries in actual escape from aircraft.

The run itself reached a maximum
speed of 937 feet per second, or mach 9.
This was fast enough for the sled to over-
take and pass a T-33 aircraft that was
flying overhead. Windblast was as high
as 7.7 pounds per square inch, or better
than 1,100 pounds per square foot, and
water brakes brought the sled to a stop in
just 1.4 seconds from maximum velocity.
Rate of onset of deceleration was 600 g’s
per second, reaching a plateau of twenty-
five g’s and over for more than a second,
with peaks of thirty-five and forty g’s. The
jolt Colonel Stapp received has been com-
pared with that “an auto driver would ex-
perience were he to crash into a solid brick
wall at 120 miles per hour.”20

As was to be expected, this time Col-
onel Stapp showed much more obvious ef-
fects of his ride. There were some strap
bruises and the usual blood blisters from
grains of sand, but in addition he suffered
extremely painful effects on the eyes. In
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Colonel Stapp Preparing for 10 December 1954 Sled Run
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Colonel Stapp’s own words, on entry into
the water brakes his vision became a
“shimmering salmon,” followed by “a sen-
sation in the eyes. . .somewhat like the ex-
traction of a molar without an anesthe-
tic.”21 This one aspect of the experiment,
which was due purely to deceleration and
not to windblast, overshadowed all other
minor injuries and physical sensations dur-
ing and after the run. Yet not even the
eyes suffered any long-range or irrever-
sible damage. Colonel Stapp’s experience
left him with two black eyes, which lasted
the usual length of time, but vision return-
ed in about eight and a half minutes. To
use his own words once again,

There was no fuzziness of vision
or sensations of retinal spasms as
had been experienced in 1951 fol-
lowing a run [at Edwards] in
which a retinal hemorrhage oc-
curred. Aside from congestion of
the nasal passages and blocking
of paranasal sinuses, hoarseness
and occasional coughing from
congestion of the larynx, and the
usual burning sensation from
strap abrasions, there was only a
feeling of relief and elation in
completing the run and in know-
ing that vision was unimpaired.22

As soon as possible after his admission to
the base hospital, where he went for fur-
ther examination, Colonel Stapp “ate
heartily and spent two hours accommodat-
ing demands of motion picture photograph-
ers making documentary coverage of the
run.”’23

What the run proved, essentially, was
that windblast on a properly secured and
protected body at over 600 miles per hour
and at 4100 feet above sea level--equivalent
to mach 1.6 at 40,000 feet--24 was “neglig-
ible and unnoticeable in comparison with
deceleration effects of g-plateaus of more
than 25 g’s for 1.1 seconds.”25 This dura-
tion was the longest yet attained for such
high g-forces, but the deceleration, too,
was shown to be humanly tolerable. More-
over, it “exceeded any predicted g time
pattern for high speed aircraft ejection.””26
Aljchough acceleration effects were not a
primary object of study, the run also de-
monstrated that acceleration exceeding six
g’s for more than three seconds, as attain-
ed in the first phase of the run, could
pro_duce_brief visual blackout but again no
serious injury--in fact nothing that would
ham_per a pilot exposed to similar thrust
in high-speed catapult or jet-assisted take-
off from ‘“‘taking over control of the air-
craft within several seconds after launch-
ing.”27
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One other result of the 10 December
experiment--and to a lesser extent of Col-
onel Stapp’s two previous rides on the
Holloman high-speed track--was to give the
Air Forece doctor a measure of popular re-
nown as “the fastest man on earth” that
was comparable to the esteem he already
enjoyed among aeromedical scientists. His
sudden emergence as a national hero led
to a spate of television appearances, in-
cluding one with Ralph Edwards’ “This is
Your Life,” which required him to be mys-
teriously called away to Los Angeles from
a conference he was attending on the east
coast.28 His portrait appeared on the cov-
er of Time, and for obvious reasons it was
news throughout the nation when the “fas-
test man” was cited by the Alamogordo,
New Mexico, police for speeding-at forty
miles an hour (unspecified rate of onset)
in a twenty-five-mile zone. However, the
Justice of the Peace before whom he ap-
peared managed to divert part of the pub-
licity to himself by dismissing the charge
against Stapp, issuing a new citation a-
gainst a fictitious “Capt. Ray Darr,” and
paying the fine from his own pocket.2?

Then, too, Colonel Stapp’s famous ride
was reproduced, in a fictional and some-
what romanticized version, as part of the
Twentieth Century Fox motion picture
“Threshold of Space.” This picture was
partially filmed at Holloman, where a num-
ber of special sled runs were staged in the
fall of 1955 in cooperation with the film
company. Likewise, an advance showing
of the picture itself was held at the Hollo-
man base theater, on 2 March 1956, with a
collection of Hollywood stars imported for
the occasion.30

On a more serious level, Colonel Stapp
received many additions to his already sub-
stantial collection of honors and awards.
Among these were the Air Force’s own
Cheney Award, granted yearly “for an act
of valor, extreme fortitude, or self-sacri-
fice in an humanitarian interest perform-
ed in the preceding year. . .,”” which was
personally given to him in August 1955
by General Nathan F. Twining, Chief of
Staff. He also received an Oak Leaf Clus-
ter to the Legion of Merit award he held
before. An honorary Doctor of Science de-
gree from Baylor University, his alma mat-
er, was granted in May 1956 during the
same ceremony in which an honorary de-
gree was given to President Dwight D.
Eisenhower. In November 1957, Colonel
Stapp obtained the $1,000 Service Award
offered by the Omaha Mutual Benefit In-
surance Company, of which he was the
third recipient. There were many other
awards and citations, too, and of course
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they were not based solely on the rocket
sled experiments performed at Holloman
in 1954. Colonel Stapp’s achievements be-
fore coming to Holloman were naturally
taken into account when he received pro-
fessional or scientific recognition, and so
was all his other work in directing the
Aeromedical Field Laboratory since
1953.31

In some respects, national prestige
was almost a disadvantage. Brigadier Gen-
eral Marvin C. Demler, Deputy Command-
er for Research and Development, Air Re-
search and Development Command, at one
point raised a “military objection” to Col-
onel Stapp’s participation in a professional
gathering on the ground that public ap-
pearances (both professional and other-
wise) were causing “dissipation of his time
into non-research and development efforts
..."" The message signed by General Dem-
ler counted sixty-two “known’” appear-
ances in roughly the first eight months of
1956.32 Close contact with researchers
elsewhere was, of course, extremely valu-
able for the Aeromedical Field Labora-
tory’s program; yet Colonel Stapp himself
calculated that in the second half of 1956
trips and appearances kept him away
from the Laboratory for more time than
he was actually present.33

Fortunately, Colonel Stapp managed
somehow to proceed with his research de-
spite such distractions. In fact he had
scarcely recovered from his ride of 10
December 1954 before he was speaking of
his desire to make another human experi-
ment in the future at supersonic speed.
What he had in mind was a sled ride at
about 1,000 miles an hour, designed pri-
marily to explore tolerance to windblast
as such, rather than windblast combined
with deceleration. Colonel Stapp suggest-
ed that a longer track would be needed
both to develop such speed and to have
enough room to come to a stop without
the decelerative forces completely over-
shadowing those of windblast; and a likely
candidate was the 4.1-mile “SNORT” or
Supersonic Naval Ordnance Research
Track at China Lake Naval Ordnance Test
Station, Inyokern, California.34

However, Colonel Stapp has not yet
taken his supersonic sled ride. He was
even startled in June 1956 to read in the
newspapers that he had been “grounded”
from any future high-speed runs on the
basis that he was too valuable for the Air
Force to risk. The grounding statement
was attributed to the same General Dem-
ler who shortly afterward “grounded”
Colonel Stapp from attending a profession-
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al meeting. But in actual fact General
Demler’s remarks were somewhat over-
played in the press. Admittedly, command
headquarters did not look with much fav-
or on the possibility of another sled ride
by Colonel Stapp, but he did not receive
official notification of being ‘“grounded,”35
and he merely proceeded--as before--on
the assumption that no further high-speed
experiment with himself or any other hu-
man subject would be made without first
carefully weighing all the advantages to be
gained by it and receiving specific com-
mand approval. Until more preliminary
tests were conducted, without human sub-
jects, no concrete plans for another such
human experiment could even be discus-
sed.36

Chimpanzee tests, at any rate, have
been continuing at regular intervals since
December 1954. Within a week after Col-
onel Stapp’s famous ride, a chimpanzee
went down the Holloman high-speed track
for another test of the jettisonable wind-
shield, which this time failed to jettison at
all. Early in the following year, a series of
sled runs was held to explore the effect
on chimpanzees of abrupt windblast in
combination with forty-g deceleration for
various durations. The stated objective
was ‘“to evaluate the exact transition point
from purely impact effects to circulatory
effects typical of centrifuge.” Speeds were
comparable to that attained by Colonel
Stapp, and windblast effects were again
negligible. The results also indicated that
a chimpanzee could take forty g’s for four-
tenths second without critical injury, al-
though they were inconclusive concerning
longer exposure.37

Since the spring of 1955, both deceler-
ation and windblast studies on the Hollo-
man high-speed track have attained pro-
gressively higher values, but they have al-
so followed increasingly separate lines of
development. In the case of deceleration
experiments, a number of sled runs were
held from April through June 1955 with a
drop seat mounted on the sled to explore
the combination of vertical with horizontal
deceleration. Windblast was not a serious
factor in these tests, which were actually
concerned with aireraft crash forces rather
than high-speed escape. This type of ex-
perimentation will therefore be considered
in a separate monograph related to other
accomplishments in biodynamics at the
Air Force Missile Development Center.38

Tests designed specifically for hori-
zontal (transverse) deceleration were re-
sumed on 31 August 1955 with another
forty-g experiment. Later tests in Novem-
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ber 1955 and March 1956 subjected chim-
panzees to eighty g's of programmed de-
celeration, with rates of onset exceeding
4000 g’s per second. Tests were then in-
terrupted for about a half year, while the
sled itself was reconstructed following an
accident in which it became airborne, and
also while the track was lengthened to
5000 feet. This extension was justified pri-
marily for aeromedical research, was fund-
ed through an emergency allocation to the
Aeromedical Field Laboratory and permit-
ted the attainment of significantly higher
speeds with even the relatively heavy sled
Sonic Wind Number 1. Deceleration runs
began again, on the 5000-foot track, in
October 1956, and fifteen were conducted

Specialized Windblast

Even by the end of 1954, a significant
amount of data had been accumulated on
tolerance to the forces of wind-drag decel-
eration encountered in high-speed escape
from aircraft. With the use of adequate
restraint, these forces appeared humanly
tolerable, to judge from Colonel Stapp’s
experiments, and escape system designers
could plan accordingly. But it was not
clear that the effects of windblast as such
in high-speed escape would be similarly
tolerable. Windblast encountered on Col-
onel Stapp’s memorable ride did not even
approach the maximum that might be ex-
pected in actual escape situations.40

The later deceleration runs from Au-
gust 1955 through March 1957 did not use
any sort of windshield, and therefore they
also exposed test subjects to relatively
high windblast. Once the track was length-
ened, the deceleration sled reached veloci-
ties roughly as high as 775 miles an hour,
or slightly over mach one.41 Yet not
even this increase in speed was enough to
duplicate the maximum windblast possible
in escape from high-performance aircraft.
Certainly the windblast produced on these
runs did not cause major ill effects, espec-
ially as the test subjects were well secured
and used a type of face mask; in any case,
windblast effects were bound to be over-
shadowed by the extreme g-forces exper-
ienced on the very same runs. Accordingly,
as early as May 1955, the Aeromedical
Field Laboratory began a series of tests
carefully planned so that supersonic wind-
blast as such, not deceleration, would be
the primary interest. Unlike the later de-
celeration tests, these very clearly fell with-
in the scope of research on high-speed es-
cape from aircraft.

Specialized study of windblast effects
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from then through the following March.
Subjects were exposed to peak decelera-
tions above 200 g’s, with rates of onset
ranging as high as 16,800 g’s per second.39

These figures, obviously, far surpass-
ed the limits of voluntary tolerance, and
far surpassed any conceivable g-forces that
might be encountered in high-speed escape
from aircraft. Indeed, deceleration tests
on the high-speed track since the summer
of 1955 have been more concerned with
pure research on deceleration forces than
with any single applied research problem.
Hence these experiments, too, will require
further discussion in a later monograph.

Studies, 1955-1958

was in accord with the April 1953 test di-
rective for Biophysics of Abrupt Decelera-
tion, which called for data on windblast
alone as well as windblast in combination
with deceleration. It was also foreshadow-
ed by the theoretical organization of Pro-
ject 7850, Biodynamics of Human Factors
in Aviation, since a separate Task 78505,
Tolerance to Abrupt Windblast, was in-
cluded in the original project development
plan. Major Joseph V. Michalski, who was
also Chief of the Aeromedical Field Lab-
oratory’s Biodynamics Branch in 1954-
1955, was listed as the original task scien-
tist. Moreover, in the spring of 1955 the
Laboratory received a new high-speed sled,
Sonic Wind Number 2, which was specifi-
cally designed for windblast studies. It was
lighter than Sonic Wind Number 1, and
therefore capable of exploring windblast
at supersonic speeds even within the orig-
inal 3550-foot track length. Weight was
saved by designing the sled for perform-
ance only at “25 g with a safety factor of
1.5.742

Fifteen runs were made at Holloman
on the 3550-foot track with Sonic Wind
Number 2 from 17 May 1955 through 2
March 1956. In three cases, anthropomor-
phic dummies rode the rails, but otherwise
chimpanzee subjects were used. Tests were
planned with ejectable windshield, with no
windshield, and also (for certain sled-per-
formance and control tests) with a fixed
windshield. The top speed attained on a
single run was 1445 feet per second, which
was about mach 1.3 or just short of 1000
miles an hour. This happened to be a con-
trol run with fixed windshield, but on other
runs, with animal subjects exposed to wind-
blast, the sled reached velocities up to
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roughly 1350 feet per second and encount-
ered wind pressure well above 2000 pounds
per square foot. This compared with 1107
per square foot sustained by Colonel Stapp
in December 1954. It was also more than
the estimated 1280 pounds per square foot
encountered in February 1955 by test pilot
George Smith, at mach 1.05 and 6500 feet,
in the first definitely recorded instance of
survival in supersonic escape. G-forces
were comparable to or slightly greater than
on Colonel Stapp’s last ride, but the fixed-
windshield control runs helped isolate any
effects due solely to acceleration or deceler-
ation forces.43

None of these experiments found what
could be called a tolerance limit for wind-
blast, much less the lethal point. Different
chimpanzees suffered varying degrees of
injury, mostly minor, depending on the
type of harness and protective covering
worn, but there was no indication that even
the highest level of windblast experienced
so far was necessarily injurious to a proper-
ly secured and protected subject. The next
step was to develop still greater sled vel-
ocities, and the extension of the Holloman
track to 5000 feet should have helped
somewhat. However, the extension was
not yet finished when still another con-

.struction project was started, this time de-

signed to lengthen the facility to 35,000
feet, which would make it the longest in
-the world, and also to replace existing rails
with continuous-weld track. The 35,000-
foot track would not be ready for many
months, and though the construction work
did not at once put an end to test activities,
it did seriously interfere with them. In
these circumstances, Colonel Stapp and his
associates simply transferred the windblast
test operations (and the sled Sonic Wind
Number 2) to the Supersonic Naval Ord-
nance Research Track at China Lake.44

Colonel Stapp’s principal collaborator
for the forthcoming China Lake tests was
Doctor (Captain) John D. Mosely, who
arrived at Holloman in the latter part of
1956 and was made Chief of the Biody-
namics Branch as well as task scientist
for Task 78505, Tolerance to Windblast.
Captain Mosely’s first windblast test, on
18 February 1957, was the first at China
Lake and also the first high-speed track
experiment since 2 March 1956 that was
primarily designed for windblast. It was
a checkout run, reaching a velocity of 1,333
feet per second. The first full-scale experi-
ment came on 13 April, with very moderate
acceleration and deceleration but a peak
velocity of 1,945 feet per second (about
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mach 1.7). The chimpanzee subject wore
a special flying suit devised by the Aero-
medical Field Laboratory and a helmet
developed by Protection, Incorporated. Un-
fortunately, the headrest failed even be-
fore the sled reached supersonic speed, the
helmet failed in turn, and the head was
yanked so violently as to break the sub-
ject’s neck. There was some burned tissue
due to windblast, but chiefly the run un-
derscored the danger that exists from flail-
ir(lig if the subject is not adequately secur-
ed.45

The next run at China Lake was held
on 27 June, and reached 1,905 feet per
second, with a duration of two seconds at
roughly mach 1.7. Maximum windblast
was about 3,500 pounds per square foot.
The test again resulted in the subject’s
death, but this time it occurred twenty-
four hours after the run, and the cause
was different. The chimpanzee was ade-
quately secured against flailing, but helmet
and clothing proved unsatisfactory; the
flying suit tore and exposed the subject
to serious burning from windblast. Rough-
ly forty per cent of the body was covered
with second and third degree burns. The
chimpanzee at least fared better than cer-
tain guinea pigs attached to the same test
sled by the Bio-Acoustics Branch of Wright
Air Development Center’s Aero Medical
Laboratory. Two guinea pigs were at-
tached merely with nylon netting, and the
third was placed in a metal container
whose largest opening measured one inch
by two inches. The can itself stood up
through the test, but all three guinea pigs
vanished into thin air.46

Colonel Stapp and Captain Mosely
were confident that just as the flailing that
had lethal effect in April was prevented
in June, the burning encountered in the
June test could likewise be avoided. Da-
cron sail cloth used for strap material did
not fail in the June run, suggesting that
an entire suit made from the same cloth
might provide the necessary protection.
When the next test in the series took
place on 12 March 1958--with speed and
windblast about the same as before--a suit
of the new material did prove satisfac-
tory. Once again the subject was lost, be-
cause of a harness failure that in turn
caused the helmet to come off, but it is
hoped that this, too, will be prevented
on the two remaining tests that are plan-
ned in the present windblast series.

On the last three tests, wind pressure
still did not reach the highest levels con-
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ceivable in an operational escape situation.
Even so, the levels attained are impressive,
especially when it is kept in mind that for
flight at higher altitudes than China Lake
(elevation 2,218 feet) the air density and
thus potential wind pressure for any given
speed will naturally be less. It was even
possible, in a sense, to take encouragement
from the fact that damage from windblast
was no worse. Then, too, some real pro-
gress has been made in devising means of
protection, which further underscored the
possibilities for adapting an open escape
system, such as the ejection seat, for use
with advanced supersonic aircraft. As Col-
onel Stapp has pointed out, the greatest
advantage of a completely enclosed system
--that is, of an escape capsule--is simply the
elimination of windblast, since the prob-
lems of tumbling and deceleration must be
met in either case.47

To be sure, not everyone agrees with
this line of reasoning, and more will be said
on the arguments for and against differ-
ent escape systems toward the end of this
study. However, it was not the role of the
Aeromedical Field Laboratory to dictate
the design of escape systems. Its role was
to provide experimental data on which fin-
al decisions could be based, and from this
standpoint the windblast experiments will
have fulfilled their objective no matter
what the final test results may be.

It is worth noting that the Holloman
laboratory received excellent cooperation
from the Navy for its series of China Lake
sled runs. When unexpected delays arose
during preparations for the June 1957 run,
certain tests relating to high-priority mis-
sile development were temporarily “bounc-
ed” in order to hold the track for the Aero-
medical Field Laboratory. On the other
hand, operations at China Lake could be
a rather expensive proposition. Quite apart

from the cost of moving people, equipment,
and chimpanzees to California, Colonel
Stapp had been quoted an estimate of
$75,000 for use of the Navy track on five
test runs; but the first run alone took
more than a third of this amount. Because
of bookkeeping technicalities, the second
run, on 13 April 1957, was much cheaper
even though it happened to fall on a Satur-
day. Weekend testing required payment
of overtime to employees but did not sad-
dle the Air Force with a large share of
base overhead.48

For various reasons, the March 1958
run was cheaper still--but it will be the
last at China Lake. The remaining tests
in the current series will be conducted on
the newly-completed 35,000-foot track at
Holloman. They will also be conducted by
Captain Mosely without the assistance of

. Colonel Stapp, unless he returns for the

occasion from Wright Air Development
Center, where he went to assume direction
of the much larger Aero Medical Labora-
tory in April 1958.

After that, the task program will con-
tinue to use the local test facilities, but it
will undergo a definite reorientation. The
windblast task of Project 7850 (Task
78505) has been renamed Tolerance to
Ram Pressure and Thermal Effects in line
with the general revision of Project 7850,
which is now entitled Biodynamics of Space
Flight. Thus in future the problem of es-
cape from aircraft--meaning = principally
escape from high-performance aircraft at
low or medium altitude--will no longer be
the primary concern of Task 78505. The
latter will have more to do with problems
of flight through the upper atmosphere
(120,000 feet or higher) and in space, in-
cluding emergency escape from a manned
vehicle re-entering the atmosphere.49

Other Work on the Escape Problem

Although high-speed track studies of
windblast and deceleration have been the
main Holloman contribution to research
on the escape problem, they do not repre-
sent the Center’s entire effort. Another
unique Holloman facility that has been
used for this research is the 120-foot short
track, or Daisy Track as it is usually call-
ed. This track was completed in 1955,
precisely for aeromedical research, and is
operated under the general auspices of
Task 78503 (of Project 7850), Tolerance
to Impact Forces. The Daisy Track is a
versatile research tool, and its performance
range has nicely supplemented that of the
more famous long track. The majority of
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the work related to its use will be describ-
ed in detail in a later monograph, since its
purpose is to accumulate basic research
data on human tolerance to as broad as
possible a range of g-forces, in all planes
of body orientation, rather than to support
a particular program of applied research.
However, data acquired on the Daisy Track
are relevant to a great many specific re-
search problems, of which not the least
has been the problem of escape from air-
craft. From the viewpoint of anyone who
must deal with that problem, obviously, the
more data become available on g-toler-
ances, the less room there is for guesswork
in what is a matter of life or death.
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Colonel Stapp’s experiments on the
long track supplied data on tolerance to
deceleration such as a pilot encounters
from wind drag following actual ejection
from the aircraft, but Daisy tests--to cite
one concrete example--have added infor-
mation on tolerance to the g-forces involv-
ed in propelling the ejection seat itself (or
other escape device) out of the aircraft.
To clear the high-flying tail of modern jet
planes a powerful thrust is needed, and
therefore both Air Force and aircraft in-
dustry representatives have been interest-
ed to learn that human volunteers on the
Daisy Track have sustained slightly over
thirty g’s in a position for upward ejection
(g-forces parallel to the spine) with no
lasting ill effects. It had formerly been
thought that anything above twenty-four
g's in this position threatened spinal in-
jury, but designers now appear to have a
little more leeway. The Daisy Track has
also been used to explore g-tolerances in
the special position assumed for riding
the experimental Convair “B” ejection seat
which is discussed below. And it has been
used in certain cases to test new harness
designs and other specific items of equip-
ment, both for crash restraint and for
actual escape from aircraft.50

A somewhat different type of re-
search, though still related to escape from
aircraft, was conducted by Colonel Stapp
in April 1957 amid the dunes of White
Sands National Monument, which is wholly
surrounded by the Holloman-White Sands
Proving Ground integrated test range. The
aim was to explore the possibility of re-
maining fastened in an ejection seat
throughout parachute descent. For this
purpose, a human subject would take his
place in an ejection seat, which in turn was
attached to a small plastic balloon; he then
rose up in the air a short distance and
came down with the balloon itself taking
the place of a parachute. Impact velocities
gradually increased until they began to ap-
proach standard parachute-landing speeds.
Volunteer participants in these tests re-
ported some discomfort, but it was agreed
that the procedure was well worth explor-
ing further.5

In addition to the research efforts of
its own Aeromedical Field Laboratory in
the area of escape from aircraft, the Air
Force Missile Development Center has col-
laborated in related efforts by the Aero
Medical Laboratory at Wright Field. One
example is the “manned balloon flight”
program that was made a task of Wright
Air Development Center’s Project 7218,
Biophysics of Escape (now replaced by
Project 7222: Biophysics of Space

Flight), and is often referred to by the
short title High-Dive. This program actual-
ly dates back to the period when Colonel
Stapp was previously assigned to Wright
Field, before coming to Holloman, and it
was then regarded as a “first step in the
development of a floating laboratory for
a variety of upper atmosphere studies.”52
However, a more immediate objective was
to have human subjects stage experimental
parachute jumps from balloon gondolas
at altitudes ranging up to approximately
100,000 feet, and this objective was of
obvious importance for aircraft escape pro-
cedures.

Colonel Stapp not only helped in the
preliminary planning for this program
while he was at Wright Field but continu-
ed to follow its development with interest
after his arrival at Holloman. Other of-
ficers of the Aeromedical Field Laboratory
were also interested, lending their coopera-
tion when needed. The chief concrete sup-
port rendered at Holloman, however, came
from the local Balloon Branch, which had
the task of conducting balloon flights for
the Wright Field project. The first launch
attempt, on 1 May 1953, was unsuccessful,
but launchings continued intermittently
thereafter. Flights were made to test bal-
loon performance, parachute equipment,
and gondola systems; and ‘anthropomor-
phic dummies took practice jumps for var-
ious purposes, accumulating data on free
fall or exploring the characteristics of
stablizing parachutes. A few launches
were made in the fall of 1955 on behalf of
Twentieth Century Fox, which included
a Hollywood version of this project in the
same motion picture, “Threshold of Space,”
that featured Colonel Stapp’s sled rides.

Project High-Dive also encountered
numerous delays, however, and the pro-
posed manned balloon flights have not yet
taken place. One of two balloon gondolas
developed for the project was appropriate-
ly named “{On-Again, Off-Again] Finne-
gan.” Project officers came to Holloman
Air Force Base in the fall of 1957 for an-
other series of dummy tests leading up to
the actual live bailouts; but before much
else was accomplished there was a change
of plan in order to provide experimental
testing of an escape system developed for
the X-15 rocket aircraft. There has also
been a change of name, from ‘“High-Dive”
to “High-Chair.” In effect, the special X-
15 ejection seat and allied parachute equip-
ment will be dropped in various tests from
a stratosphere balloon, and in the sched-
uled manned experiment from 97,000 feet
the test subject is to ride all the way up in
the seat itself rather than in a balloon

55 .
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gondola. What else may finally develop
out of the Aero Medical Laboratory’s man-
ned-balloon program remains a matter of
conjecture. Meanwhile, Holloman’s own
Project Man-High, as described in an ear-
lier monograph, has definitely taken the
lead as far as creation of a balloon-borne
“floating laboratory” is concerned.53

Still another cooperative venture be-
tween Holloman and Wright Field with a
direct application to the escape problem
was Project Whoosh, which aimed to “eval-
uate escape from a high speed aircraft at
approximately Mach 2.”54 The project in-
volved ejection of chimpanzee subjects,
from a specially-designed Cherokee missile.
The missile was to be taken aloft by a
modified B-29 bomber and then accelerat-
ed to supersonic speeds before the anesthe-
tized subject, strapped into an open ejec-
tion seat, was shot out from the missile’s
interior. Direction of this activity was
assigned principally to the Aero Medical
Laboratory at Wright Field, where it be-
came another aspect of Project 7218, Bio-
physics of Escape, but Colonel Stapp and
others at Holloman participated extensive-
ly. The Aeromedical Field Laboratory sup-
plied chimpanzees, and Holloman Air Force
Base was the site for several of the actual
tests.55

The first two live ejections took place
at Edwards Air Force Base, California, on
26 January and 8 June 19534, at speeds of
mach 1.1 and mach 1.5. Then, in 1955,
all testing activity shifted to Holloman,
where superior range instrumentation and
chimpanzee quarters were available. Two
low-speed control studies were made in
July, dropping seat and subject from a
C-47, without benefit of Cherokee missile.
They were followed by two more superson-
ic ejections on 21 October 1955 at mach
1.5 and 3 April 1956 at mach 1.4, both
times bringing the project B-29 (which
happened to be the X-1 mother ship) all
the way from Edwards at considerable cost
in time and overhead. Problems of coor-
dination were multiplied several times over
for the last test by confusion and misunder-
standings at command headquarters,
Wright Field, Holloman, and Edwards as
to whether the entire project was or was
not being cancelled. It was cancelled be-
yond any doubt soon after the final Hol-
loman test. Not one of the animals ejected
at supersonic speeds had managed to sur-
vive, for in each case there were equipment
difficulties (with parachute system or ejec-
tion seat) that led to death of the subject
and overshadowed any possible evidence of
injury through supersonic windblast,
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tumbling, and deceleration. Nevertheless,
the project was not a total loss. Even the
failures were instructive, and the work
performed on Whoosh led directly to fur-
ther ejection experiments at the Superson-
ic Military Air Research Track, Hurricane
Mesa, Utah.56

This last track is an off-base facility
of Wright Air Development Center and is
especially well suited for tests of escape
systems. The track leads straight to the
edge of a cliff, and objects fired from a
supersonic sled are then lowered by para-
chute to the canyon floor 1,500 feet below.
In a sense, Whoosh operations were simp-
ly transferred from mid-air to the track
at Hurricane Mesa, with the Aeromedical
Field Laboratory still supplying chimpan-
zee subjects and still taking a direct inter-
est in the proceedings. During the fall of
1956, five chimpanzee subjects were eject-
ed at speeds of about mach one, using a
special ejection seat designed for testing
rather than for operational use, and three
were recovered uninjured. These success-
ful ejections ranged from: .95 to 1.15 mach.
In March 1957, a chimpomorphic dummy
was ejected successfully at mach 1.1, but
the next attempt in the series, again using
a chimpanzee, was unsuccessful; in fact the
sled itself was wrecked.57

Meanwhile two members of the air-
craft industry, Lockheed and Convair, have
been making significant progress with im-
proved ejection seats of unusual design.
Each has been specially commissioned to
do so, on behalf of the industry as a whole,
by the Industry Crew Escape Systems
Committee. The Lockheed seat, intended
for downward ejection, uses a skip-flow
generator somewhat resembling the small
bug-deflecting devices often mounted on
the hood of automobiles. In Colonel Stapp’s
words, this ‘“ingeniously surrounds the es-
capee with an atmospheric capsule, and is
an impressive device to extend the range
of the ejection seat.”” In April 1957 this
experimental Lockheed system was tested
on the Holloman high-speed track, and it
has also been tested (with anthropomor-
phic dummies) at Hurricane Mesa.58

The Convair “B” seat, which is de-
signed for upward ejection, is chiefly dis-
tinguished by the telescoping booms that
are extended during the ejection process
and give the seat a remarkable stability
in the air. It is lifted to a horizontal posi-
tion atop the plane before being fired into
the airstream; the pilot then rides feet-
first, with knees tucked up and with the
rounded bottom of the seat giving added
protection. This seat, too, has been track-
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Convair “B” Seat Mounted for Track Testing
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tested, at Hurricane Mesa and at Edwards
Air Force Base. It is one of the most prom-
ising of all recent escape devices, although
naturally the maneuver of raising the seat
into position for firing from a crippled air-
craft poses some rather complex problems.
However, work toward solving these and

Seats and Capsules:

Colonel Stapp warmly welcomed all
recent successes in the testing and develop-
ment of open (seat-type) escape systems,
not only because of the intrinsic import-
ance of these events but also because they
appeared to support his own views on the
relative merits of different escape devices.
For Colonel Stapp has been outspoken in
the belief that open systems, with techni-
cal improvements in the current models of
seats and personal equipment, can continue
for some time to meet most requirements
for escape from high-performance aircraft.
In his opinion, both his own research find-
ings as to windblast and deceleration and
the latest developments in seat design tend
to confirm the usefulness of the ejection
seat for supersonic escape. Referring to
certain tests of the new Convair seat, he
remarked with a measure of rhetorical ex-
aggeration that they were “causing acres
of grey hairs among the precocious pro-
ponents of the capsule.”60

Not all those proponents have yet
come around to Colonel Stapp’s viewpoint
(which is generally shared by Captain
Mosely also). In fact a large body of
thought both inside and outside the Air
Force has held for some years that the
ejection seat is obsolete for late-model air-
craft and that an enclosed capsule sys-
tem must take its place as quickly as pos-
sible. Such a system, it is argued, can of-
fer full protection from windblast; lessen
the rate of deceleration through stream-
lining, though increasing the duration of
decelerative forces at the same time; en-
hance flying comfort by eliminating re-
quirements for elaborate protective cloth-
ing (the “T-shirt concept of flying”); and
serve as boat or igloo for any pilot forced
to eject over water or on Arctic wastes.
Those who take this view, while empha-
sizing the basic research value of data de-
veloped by the Aeromedical Field Labora-
tory on windblast and deceleration, profess
some doubts as to whether the forces tol-
erated by Colonel Stapp and assorted
chimpanzees in high-speed track experi-
ments would necessarily be tolerable to pi-
lots in operational escape situations. T-
shirt enthusiasts, in particular, feel that
the required amount of protective harness-

other problems has been going ahead on
several different fronts. One such front
is the Aeromedical Field Laboratory, where
tests on the Daisy Track have clearly es-
tablished human tolerance for the predict-
ed g-forces in the exact body position re-
quired for riding the Convair seat.59

Conflicting Views of Escape
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ing would not always be practical. Final-
ly, supporters of the capsule system recog-
nize that the experimental Convair seat
incorporates some of the advantages that
a capsule offers, but they are not yet whol-
ly convinced it will work, and they insist
that while it might somewhat extend the
operational capability of the ejection seat,
it cannot take the place of a true capsule.s!

The idea of the capsule system can be
traced back roughly as far as the ejection
seat itself, to German developments during
World War II. The German DFS-228
aircraft had a detachable nose that essen-
tially served as a capsule to bring the pilot
down to lower speed and altitude, where
he could make his definitive escape by
parachute. In the United States, both the
Navy and Air Force began active study of
capsule systems after the war, and the
Bell X-2 rocket plane was equipped with a
capsule escape system that was basically
designed as far back as 1946. From 1947
to 1952 the Air Force, to avoid duplication
of effort, left the major part of United
States capsule research to the Navy, while
concentrating on seat-ejection improve-
ments, but in 1952 Air Research and De-
velopment Command put the Air Force
back into full-scale study of capsule es-
cape.62

This renewed Air Force interest in
capsules bore fruit in July 1956, when the
Directorate of Engineering Standards at
Wright Air Development Center revised
the Handbook of Instructions for Aircraft
Designers in such a way that manufactur-
ers were frankly urged to provide capsules
rather than ejection seats for aircraft “cap-
able of speeds in excess of 600 Kts. EAS
or altitudes in excess of 50,000 feet.” The
capsule was not made absolutely manda-
tory, but the wording of the revised Hand-
book showed a strong preference, which
was also the preference of Lieutenant Gen-
eral Thomas S. Power, Commander of Air
Research and Development Command, and
of certain other high officers both of the
Command and of Wright Air Development
Center. Moreover, circular letters were dis-
patched to aircraft companies at the same
time, calling their attention to the new
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Handbook and in particular to the indicat-
ed preference for capsule escape.63

These developments distressed Colonel
Stapp. He felt, first of all, that no firm
decisions on escape systems should be made
until all relevant data had been gathered;
and his own studies of supersonic wind-
blast, in particular, were still incomplete.
Nor was he overly impressed with the stat-
ed advantages of the escape capsule. In
answer to the much-discussed comfort fac-
tor, he stated that “you can’t build a weap-
on around a rocking chair just because a
rocking chair is comfortable,”¢4 and he
has pointed out that the capsule also has
its own disadvantages. These include the
larger target area offered by a capsule
when used in combat; the difference in
cost, with capsules likely to be at least five
times more expensive than improved super-
sonic ejection seats; and a great many tech-
nical complications, especially for low-alti-
tude escape, which match or exceed the
complications involved in firing the experi-
mental Convair seat.

There are things that can go wrong
with the capsule itself after separation
from the aircraft, so that it would still be
wise to have a pressure suit handy, and
ideally (in Colonel Stapp’s words) to build
in “an escape system for an escape sys-
tem.”¢5 In this connection, he has observ-
ed that the one recorded case in the United
States Air Force of attempted capsular es-
cape, in the X-2, was unsuccessful: the pi-
lot managed to detach the capsule from
the aircraft but the main capsule para-
chute failed to open, and the pilot was for
some reason unable to abandon the capsule
itself before impact.6¢ By contrast, super-
sonic survival with an open escape system
has actually taken place. The first man

. definitely known to have accomplished this
feat, test pilot George Smith, suffered se-
vere injuries, but these were due apparent-
ly to “high decelerative and rotational fore-
es,” sustained in unfavorable body position
and with inadequate harnessing. There is
no indication that they were due to wind-
blast as such, the one mechanical force
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against which a capsule, unlike an open
seat, can offer complete protection.s?

The official preference for capsules,
as expressed in the Handbook of Instruc-
tions for Aircraft Designers, still stands.
In practice, however, capsule development
is not yet far enough advanced for much
to be done about implementing that pre-
ference. Thus, for the present, supersonic
aircraft--even the X-15--will continue to
be produced with open escape systems. In-
deed the Handbook revision was no sooner
made than the Air Force itself set in mo-
tion the program of industry-wide cooper-
ation whereby Lockheed and Convair re-
ceived primary responsibility for devising
improvements in downward and upward
ejection seats respectively.s8 Even with
these improvements, the performance cap-
ability of the open escape system is obvi-
ously limited--but so is that of an escape
capsule. The difference is one of degree,
and the point at issue has been essentially
a matter of timing, concerning just how
much useful life there still is in open escape
sy;cems before they are written off as ob-
solete.

As a matter of fact, neither the Con-
vair “B” seat nor any escape capsule so
far envisaged would be of much use for
bailing out of a spaceship midway between
Earth and Mars. Nevertheless, much of
the research so far accomplished on escape
physiology at Holloman and elsewhere has
a direct significance for manned space
flight. The most obvious example is the
applicability of data on g-tolerances ac-
quired from Colonel Stapp’s Holloman sled
rides to the coming problems of rocket ac-
celeration and deceleration. Those same
sled rides, along with other rocket-track
experiments on windblast and deceleration,
formed the point of departure for the de-
velopment at Holloman of research efforts
on a broad range of biodynamics problems
to be treated in a subsequent monograph.
And, needless to say, they will long be
remembered among the dramatic high-
lights in the history of the entire Air Force
Missile Development Center.
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In addition to major contributions in
such space biology research fields as the
hazards of cosmic radiation and the effects
of subgravity and zero-g, the Aeromedical
Field Laboratory of the Air Force Missile
Development Center has made significant
progress in biodynamics research. It was
in 1953 that research in biodynamics be-
gan at the Holloman installation. As dis-
cussed in a previous monograph,! the ini-
tial primary concern in this area of endeav-
or was with the problem of escape from
high-performance aircraft.

The memorable rocket-sled rides of
Lieutenant Colonel (Doctor and later Col-
onel) John Paul Stapp were to provide da-
ta on human tolerance to windblast and
deceleration encountered in escape situa-
tions. Research on the escape problem,
however, has been only one aspect of the
Laboratory’s complex biodynamics pro-
gram, and the famous high-speed track
only one of the research and test facilities
at Holloman Air Force Base that are used

for this experimentation.

Tests conducted on the high-speed
track, in addition to making available in-
formation related to escape, have provided
pure research data on deceleration, and
have also thrown light on such problems
as aircraft crash forces and atmospheric
re-entry. Furthermore, the Aeromedical
Field Laboratory staff has developed cer-
tain specialized test instruments, ranging
from a mere swing seat to the highly-in-
strumented 120-foot Daisy Track, for the
study of a wide array of impact forces.

The biodynamics research program of
the Aeromedical Field Laboratory has been
conducted primarily under the auspices of
Project 7850, which was established in
1954-1955 with the title Biodynamics of

Human Factors in Aviation. However, avi-
ation was never stressed to the exclusion
of other problems. Even automotive crash
research was conducted as a separate task
of Project 7850, while other project activi-
ties were oriented toward problems of man-
ned space flight. Indeed, with the post-
Sputnik revolution in Air Force research
activity, scientists of the Aeromedical Field
Laboratory at last became free to em-
phasize space work to their hearts’ con-
tent. It has now become the primary--
though still not exclusive--interest of Pro-
ject 7850, which in March 1958 was revis-
ed and renamed Biodynamics of Space
Flight.2

From the standpoint of administrative
organization, Project 7850 was originally
entrusted to the Aeromedical Field Lab-
oratory’s Biodynamics Branch. When the
laboratory received an important new mis-
sion in biosatellite work in mid-1958, the
Biodynamics Branch went into a state of
suspended animation, losing its chief, Cap-
tain (Doctor) John D. Mosely, and all its
personnel to a new Satellite Operations
Branch. The new branch also received
responsibility for Project 7850, but with
the understanding that it would receive
low priority until people and resources
were made available. Thus the biodynam-
ics program, at least in the form known up
to now, is also on semi-active status. But
there is no intention of abandoning it out-
right. The program has already produced
data that will be of value for a great many
purposes, including biosatellite operations;
and one other Air Force agency, the Aero
Medical Laboratory at Wright Field, has
promised to channel an ever growing a-
mount of biodynamics work to the Hollo-
man unit, especially in the testing of es-
cape systems and personal equipment.3

Aircraft Crash Forces

One of the less exotic aspects of the
biodynamics program--one which has re-
ceived only a modest amount of research
effort but which has yielded certain inter-
esting results--has been that related to
crash forces experienced in aircraft acci-
dents. The study of aircraft crash forces
has obviously much in common with the
study of escape from aircraft. Moreover,
the first aeromedical sled runs on the Hol-
loman high-speed track to deal expressly
with a topic other than escape from air-
craft were concerned with aircraft crash
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forces. These runs began on 21 April 1955
and lasted through 28 June, overlapping
slightly with the earliest of the high-speed
windblast runs by the sled Sonic Wind
Number 2.4 Specifically, they aimed to re-
produce the combined vertical and hori-
zontal crash forces encountered in certain
types of forced landings, basing the test
configurations on actual crash data com-
piled by the National Advisory Committee
for Aeronautics. As stated in one test re-
port,5
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Pilots of high angle of attack jet
aircraft, such as the Delta Wing
F-102, have incurred back frac-
tures caused by forced landings
in which the tail was dragging the
ground at near stalling speed with
the pilot seated in the nose 55
feet beyond the end of the tail,
and 18 to 25 feet above the
ground. When tail structures
catch on ground obstructions,
the nose of the aircraft can be
slammed to the ground viciously
with forces estimated at better
than 60 g’s. For the protection of
pilots, it is necessary to evaluate
the combined effect of the two
components by reproducing them
on the deceleration sled.

In these tests, an F-102 seat was rig-
ged to drop vertically seventy inches and
decelerate by impinging on a metal cylin-
der, while at the same time the entire ap-
paratus, attached to a rocket sled, was
being decelerated horizontally by water
brakes on the high-speed track. In the first
full-scale experiment of 21 April--which
followed a series of static tests--an anthro-
pomorphic dummy was used, sustaining
peaks of roughly fifty g's vertical and
twenty-five g’s horizontal deceleration.
Subsequently, anesthetized chimpanzees
took part in the experiments. With vary-
ing types of protection and no irreversible
injury, they received forces ranging up to
sixty g’s vertical in combination with twen-
ty g’s horizontal deceleration. Taken as a
whole, the experiments supplied valuable
data both on crash forces as such and on
the value of different crash restraints and
energy-absorbing seat cushions. For ex-
ample, they demonstrated how the impact
of vertical g-forces could be reduced by
means of up-lifting chest and shoulder
straps.6

Aircraft crash forces have also been
studied on the crash-restraint demonstra-
tor, informally referred to as Bopper,
which is one of the specialized test facili-
ties established at Holloman solely or pri-
marily for the work of the Aeromedical
Field Laboratory. The original version of
the Bopper was acquired from Northrop
Aireraft, Incorporated in March 1955 and
was replaced by an improved model a year
later. It is a seat propelled by elastic shock
cord along a short, portable stretch of
track; it can impart g-forces of short dur-
ation, with magnitude (on the new model)
up to about thirty g’s.

The Bopper was used in a special study
of subject responses to low-impact aircraft
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crash forces. Participants in this test ser-
ies experienced deceleration on the Bopper
ranging up to twelve g’s in aft- and for-
ward-facing positions, secured with seat
belt only. Immediately after exposure,
each subject released the seat belt man-
ually and proceeded along an aisle to a
simulated emergency exit. Subjects were
carefully observed to see how quickly and
efficiently they were able to release the
belt and reach the exit--something that
must be executed without delay whenever
there is danger of flash fires breaking out
or in the event of a water landing. The
results indicated that responses were
slightly better after deceleration in the
backward-seated position, thus supporting
a point of view that Colonel Stapp and
many other aeromedical officers had often
urged upon the aviation industry, without
much success.” ’

Although a technical note published
on these Bopper tests related them ex-
pressly to an aircraft crash problem, any
data on g-tolerances with seat-belt re-
straint was also of interest for automotive
crash research. The officer who directed
these tests (together with Colonel Stapp,
who was chief of the entire laboratory
from April 1953 to April 1958) was Lieu-
tenant Sidney T. Lewis, whose primary
assignment was task scientist for Automo-
tive Crash Forces (Task 78507 of Project
7850). Naturally, much of the work per-
formed under the automotive crash pro-
gram was applicable in turn to aircraft
crash studies. Similarly, tests have been
performed on the Daisy Track, whose
main purpose is basic research on impact
forces, in order to evaluate particular types
of aircraft crash harness. Both the auto-
motive crash program and the operation of
the Daisy Track will be discussed below
in greater detail.

However, at no time since the F-102
drop-seat experiments has aircraft crash
research, as such, been one of the major
activities of the Aeromedical Field Lab-
oratory. When Project 7850, Biodynamics
of Human Factors in Aviation, was estab-
lished, it contained a separate Task 78506,

entitled Tolerance to Aircraft Crash For-

ces; and there was even talk of staging
barrier crashes with jet aircraft on the
Holloman high-speed track. But no such
experiments were held, nor did the aircraft
crash program ever have a full-time task
scientist. In March 1958, finally, when
Project 7850 was revised to become Bio-
dynamics of Space Flight, Task 78506 was
changed from Aircraft Crash Forces to
Patterns of Deceleration in Space Flight.
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Drop Seat Used in Aircraft Crash Experiments on the High-Speed Track
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The new version of this task will also be
discussed more fully below. Even now,
aircraft crash study will not necessarily
be excluded altogether from the work of
Project 7850. Project documentation in-
dicated that research would be conducted

on “dynamic stress characteristics of the
human body” as a factor in “design and
specifications” for both aircraft and space
vehicles; and the project is still interest-
ed in “impacts,” which in turn include
crash forces.s

Later Deceleration Studies on the High-Speed Track

A separate monograph described how
research at Holloman on escape from air-
craft (as distinct from aircraft crash fore-
es) led to high-speed track studies of wind-
blast and deceleration that reached an
early climax in Colonel Stapp’s sled ride of
10 December 1954. That experiment was
followed by further research studies with
chimpanzee subjects on the high-speed
track, but later experiments followed two
increasingly divergent paths, one concerned
with windblast per se (as described in the
previous study) and one with high-g, hor-
jzontal deceleration. The tests designed
expressly for deceleration finally attained
such high g-forces that windblast effects,
if any, were wholly overshadowed. There
also came a point, impossible to specify
exactly, where g-forces produced were so
much greater than even the momentary
peaks likely to occur in an escape situation
that such tests were no longer directly
relevant to the aircraft escape problem.
The fact that the tests went right. ahead
reflects a continuing interest in basic re-
search data on deceleration, whether or
not an immediate practical application was
apparent.?

Colonel Stapp, on 10 December 1954,
experienced a g-plateau of twenty-five g’s
and peak force of forty g’s. By November
1955, chimpanzees were being exposed to
as much as eighty g’s programmed decel-
eration at 4860 g’s per second rate of on-
-set. A final series of fifteen high-g experi-
ments was held from October 1956 through
March 1957, just after the track itself
had been extended from 3550 to 5000 feet.
Greater velocities and substantially high-
er g-forces now became possible even with
the relatively heavy deceleration sled Son-
ic Wind Number 1. Programmed decelera-
tion in this test series ranged up to 120
g's, but peak forces went considerably
higher. A force of 247 g’s was produced
on one subject for a millisecond on 2 Feb-
ruary 1957. Rate of onset for that same
test was 16,800 g’s per second, which was
also a record; and total duration of the
decelerative phase was 0.34 second.

The effect on chimpanzee subjects
naturally varied with the number of g’s,
duration, and also body position. The run
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of 2 February 1957 that attained a peak
of 247 g's caused only “moderate” injuries
to the test subject, but this happened to
be the one run in the series in which the
chimpanzee was seated facing backward.
A run of 12 January 1957, with the subject
facing forward, proved fatal even though
the peak force was only 233 g’s for one
millisecond (total duration .35 second) and
rate of onset slightly over 11,000 g's per
second. One other fatality occurred at con-
siderably lower deceleration, but in this
case the subject’s death was apparently
due in large part to an ailment unrelated
to g-forces. Speaking of the entire series
of high-g runs on the 5000-foot track, Col-
onel Stapp later observed that ‘“‘significant”
injuries began in the neighborhood of 135
g’'s--with extremely short exposure, and
with the subject enjoying the benefit of
“maximum restraint.” He also hypothe-
sized that in the two standard seated posi-
tions, backward- and forward-facing,
chimpanzee tolerance to transverse g was
roughly comparable to that of human be-
ings; but this is a subject of some contro-
versy, and admittedly, when it came to
probing the range of severe to lethal in-
jury, no human test subject would attempt
to verify the assumption.10

The later deceleration experiments
were undertaken essentially as a form of
basic physiological research, but the test
results have been cited--by Colonel Stapp
among othersii--in connection with such
problems of space flight as takeoff and
re-entry of manned space vehicles. To be
sure, rocket acceleration at takeoff will
involve moderately high g-loads, which are
generally regarded as tolerable on the bas-
is of centrifuge tests and actual rocket
experiments with animal subjects. Total
durations would be longer than in the high-
speed track deceleration tests, but it is
predicted that peak g-forces will be on the
order of eight to twelve g's.12

In the case of re-entry, a vehicle com-
ing back from extreme altitude or outer
space must encounter high decelerative
forces as it comes in contact with denser
layers of air. Such deceleration poses a
complex problem for potential travelers,
whether human space crews or animal test
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Captain John A. Recht Seated on “Bopper”
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subjects, and two basic solutions have been
suggested: to come straight down, exper-
iencing high g-forces but holding them to
short duration, or to follow a gradually
descending path, with moderate g-forces
but long duration. Other possible solutions
lie in between. In any case, scientists con-
cerned with the re-entry problem wanted
a mass of data on tolerance to decelera-
tion, including data on the forces that
would be required to produce serious bio-
logical injury; and the tests on the Hollo-
man high-speed track helped supply the
information needed.

No one expects that re-entry configu-
rations will call for exposure to forces ev-
en approaching the extreme decelerations
applied in some of the Holloman tests. On

the other hand, re-entry patterns are more
problematical than the accelerations antic-
ipated in manned space travel. A year and
a half ago, before the various Soviet ahd
United States satellites contributed new
knowledge on the density of the tupper at-
mosphere, re-entry patterns were even
more problematical than they are now. In
reaching conclusions about human toler-
ance from chimpanzee test results, more-
over, it is desirable to have a wide margin
for possible error. At the very least, whe-
ther for re-entry or for other operational
problems, it is comforting to know that fel-
low primates have experienced forces a-
bove one hundred g’s with only minor in-
jury, and in one case actually lived through
a deceleration of almost 250 g's.

Other Research Related to G-Forces
Anticipated in Space Flight

Track-testing could not, of course, pro-
vide all the data needed to study the g-
patterns of future space flight. It could
produce extremely high g-forces but was
limited to short durations. For more pro-
longed exposures, it is necessary to turn
to centrifuge testing, and especially to the
human centrifuges located at the Aero
Medical Laboratory of Wright Air Develop-
ment Center and at the Aviation Medical
Acceleration Laboratory of the Naval Air
Development Center, Johnsville, Pennsyl-
vania. The Johnsville centrifuge, in par-
ticular, was used for one series of tests
oriented toward the re-entry problem in
which Holloman’s Aeromedical Field Lab-
oratory also participated.

During the winter and spring of 1956-
1957, the Human Factors Division (later
Directorate of Life Sciences) of Headquar-
ters, Air Research and Development Com-
mand arranged this test series as an inter-
service research effort in which the Aero-
medical Field Laboratory supplied chimp-
anzees, the Navy’s Johnsville centrifuge
spun them at high g, and the Armed Forc-
es Institute of Pathology performed autop-
sy services. Colonel Stapp helped coordin-
ate all these efforts, and Captain John D.
Mosely, who headed the Aeromedical Field
Laboratory’s Biodynamics Branch, assist-
ed the Navy at Johnsville in the actual
centrifuge runs.

.. Several different tests were made, sub-
Jecting chimpanzees to as much as forty
g’s applied transversely for sixty seconds.
The.test configurations were dictated pri-
marily by re-entry planners, who allowed
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a wide margin for possible differences be-
tween chimpanzee and human tolerances.
All five chimpanzees used survived the
centrifugation, but electrocardiograph ab-
normalities were recorded during the tests,
and internal injuries were found when the
animals were sacrificed afterward. The one
animal that took forty g’s for sixty seconds
in a completely supine position was appar-
ently little harmed by the experiment; the
same could not be said of the other four,
which were tested in partially prone or
partially supine position and suffered more
severe damage. Just what this proved for
re-entry was not wholly clear, in view of
the uncertain correlation between chimpan-
zee and human tolerances. However, the
test results did confirm the dangers in-
volved in exposure to prolonged high g.13

The Aeromedical Field Laboratory
proposes to conduct further experiments
of its own on the g-forces anticipated in
manned space travel as a part of Task
78506 (of Project 7850), Patterns of De-
celeration in Space Flight. As already
mentioned, this task was established in
place of the former Task 78506, Tolerance
to Aircraft Crash Forces, at the same time
that Project 7850 was rewritten as Biody-
namics of Space Flight. Task Scientist
since the beginning has been Lieutenant
Albert Zaborowski, although he has never
been able to devote all his time to this one
activity.

Despite the formal title Patterns of
Deceleration in Space Flight, the task pro-
gram is concerned with acceleration as well
as deceleration problems. Principally, it



aims to simulate the following conditions
of space flight with both animal and hu-
man subjects:14

1. The “notched” decelerations
encountered during multi-
stage rocket takeoff, with
varying periods of coasting
between the three thrust
stages.

2. The forces encountered dur-
ing maneuvering of the space
vehicle at extremely high ve-
locities using reverse or un-
balanced rocket thrust.

3. The forces encountered on im-
pact during landings on other
planets.

4. The forces encountered dur-
ing re-entry into the atmos-
phere.

The Holloman complex of test facilities
offers many possibilities for experimenta-
tion along these lines. The recent exten-
sion of the high-speed track to 35,000 feet
naturally increases the range of possible
test performance with that instrument.
Task 78506 may also use the short Daisy
Track for some purposes, and has already
used the Bopper or crash-restraint demon-
strator for deceleration experiments in
which the “test subjects” were blocks of
wood immersed in sugar solution.i5

As indicated by this last type of exper-
imentation, the Aeromedical Field Labor-
atory is one of the various research agen-
cies currently interested in the use of fluids
for g-protection. Journalists and informa-
tion officers have taken delight in tracing
the theoretical principles involved in this
all the way back to ancient Greece, and
in giving credit to Archimedes as the spiri-
tual father of underwater g-protection.1é
The starting point for modern research in
this field appears to be a German effort in
the 1930’s to develop water-lined anti-g
suits. Even better known are Canadian
tests during World War II in which the
subject was spun on a centrifuge with most
of the body under water. The Canadians
were looking for ways to improve their
aircraft anti-g suits, and they decided at
the time (as the Germans had earlier) that
water protection was not wholly practical
for this purpose.17

Since 1957, the United States Navy’s
Aviation Medical Acceleration Laboratory
and the Aero Medical Laboratory at
Wright Field have been conducting human
centrifuge tests on the water-immersion
principle.. So far, the Navy holds the re-
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cord as to maximum g-forces sustained
with the aid of water immersion: four sec-
onds above fifteen g’s, with a peak of six-
teen. This is part of one simulated re-en-
try pattern, and indications are that “con-
siderably” higher tolerance levels can be
attained in future experiments. But the
Wright Field scientists, whose present
equipment sets a limit of about twelve g’s
for this type of testing, hold the record as
to durations. Tolerance has been_ estab-
lished at twelve g's for almost four min-
utes.1s

From human experiments it is a far
cry to Lieutenant Zaborowski’s wooden
blocks. Obviously, his Bopper tests were
only to explore test procedures, including
the effects of using different solutions.
Later tests will be made with fish, frogs,
and small mammals; in fact, another activi-
ty in which Lieutenant Zaborowski has
been engaged is the design and fabrication
of a special mouse diving suit. The cul-
mination of this one type of research will
be tests on the 35,000-foot track with
chimpanzee or human subjects submerged
in a special water tank that is already on
order. It should not be thought, however,
that Task 78506 is exclusively concerned
with the possible uses of fluids in manned
space flight. It merely happens that the
first actual experimentation was directly
related to this procedure. In the end, a
wide range of g-patterns will be tested
both with and without this and other pro-
tective devices.19

Although research on acceleration and
deceleration patterns of space flight was
primarily a responsibility of the Biody-
namics Branch, at least until the recent
reorganization of the Aeromedical Field
Laboratory, staff members of the Space
Biology Branch--which has been abolished
outright--made some contribution to these
studies. The Space Biology Branch, head-
ed by Lieutenant Colonel {(Doctor) David
G. Simons, had charge of Project 7851, Hu-
man Factors of Space Flight, which took
_in both subgravity research and the var-
jous cosmic radiation and cabin environ-
ment studies that gave rise to the Man-
High balloon flights. However, Project
7851 also contained a separate Task 78502,
entitled Descent and Recovery (Re-entry).

When first established in 1954, this
task was regarded as a natural outgrowth
and continuation of work done earlier in
devising techniques for the recovery of ani-
mal capsules carried to the upper limits of
the atmosphere in research rockets. Si-
mons personally had been concerned with
“descent and recovery” of the first two
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biological V-2 experiments in 1948-1949,
when, as an officer of the Aero Medical
Laboratory at Wright Field, he helped
launch these flights from White Sands
Proving Ground, New Mexico. Some of
his experience in recovery of balloon-borne
animal experiments for cosmic ray re-
search was likewise valuable for the task
program. As it developed, however, the
task also looked ahead from recovery of
animal experiments toward an examina-
tion of deceleration, thermal effects, and
related problems posed by re-entry of
manned vehicles into the earth’s atmos-
phere.20

For lack of sufficient people and re-
sources, Descent and Recovery (Re-entry)
as a separate task was never fully activat-
ed. One of several part-time task scientists
who worked on the program at different
periods was Mr. Reinhard Krause, an aero-
nautical engineer whose primary assign-
ment was to another unit of the Air Force
Missile Development Center’s Directorate
of Research and Development (now Direc-
torate of Advanced Technology). Krause
did not attempt to conduct a test pro-
gram but contributed some theoretical cal-
culations concerning velocities and deceler-
ative force in possible re-entry trajectories.
(Subsequently he published a technical re-
port, co-authored with W.F. Haldeman,
entitled Vertical Descent Trajectories In-
cluding Re-entry into the Atmosphere.)
The most recent task scientist was Cap-
tain Druey P. Parks, who also served as
administrative officer of the Space Bio-
logy Branch, but he inherited this role
at a time when he was chiefly engrossed
in preparations for the Man-High program
of high-altitude balloon flights and thus
unable to devote much attention to Task
78502.21

Part of the effort spent on Man-High
was at least related to Task 78502. Var-
jous scientific experiments were planned
in connection with the Man-High flights in
order to accumulate data on physical-con-
ditions of the upper atmosphere. These
naturally had some bearing, directly or in-
directly, on such problems as re-entry, one
example being the attempt (which proved
unsuccessful) to measure gravity at high
altitude with a balloon-borne gravity met-
er.22 Then, in the lull that followed Si-
mons’ record ascent of 19-20 August 1957,
Captain Parks was able to devote his main
efforts at least briefly to the work of Task
78502. He began modestly, proposing to
drop anthropomorphic dummies from high-
altitude balloons in an open escape device,
either the experimental Convair “B” ejec-
tion seat with rounded bottom and stab-
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ilizing booms or the intermediate Weber
F-106 seat. After a number of balloon
bursts and weather difficulties, the first
wholly successful test took place on 29
January 1958, when the Convair seat was
dropped from 85,000 feet and accelerated
by free fall in 37.12 seconds to a maxi-
mum speed of .98 mach, at which point it
began to slow down from air resistance.
G-forces, oscillations, and other free-fall
characteristics were studied in this care-
fully-instrumented introductory experi-
ment. According to project plans, tests
were to be staged later on with high-ve-
locity rocket test vehicles, in order to sim-
ulate and study different re-entry curves.23

These later tests have not and will not
be conducted, since shortly after the 29
January experiment the task itself was
formally eliminated from the Aeromedical
Field Laboratory program. This move was
taken chiefly on grounds of duplication
of research at Wright Air Development
Center, which had primary responsibility
for re-entry work in the United States Air
Force.24 The Holloman laboratory will
nevertheless continue to contribute pertin-
ent data on re-entry decelerations through
its over-all program in biodynamics.

Another scientist who was assigned
until recently to the Space Biology Branch,
Dr. Harald J. von Beckh, has been work-
ing intermittently on a device of his own
for protection against g-forces. Von Beckh
came to Holloman as task scientist for
subgravity studies, and within the general
field of subgravity research he was espe-
cially interested in the effect of weightless-
ness immediately preceded or followed by
relatively high g-forces, as in rocket take-
off and re-entry. His experimentation a-
long these lines has been discussed in an-
other monograph of this series.25 At the
same time, however, he has conceived an
“anti-g capsule” which could give protec-
tion not by water immersion but by auto-
matically positioning the body at all times
to receive g-forces transversely, in which
case human tolerance levels are invariably
highest. Dr. von Beckh has proposed that
this system be used in developing a cap-
sule for escape from aircraft, but it is also
applicable for use in space vehicles.26

Von Beckh has already tested the bas-
ic features of his idea in animal experi-
ments at Holloman. In the early part of
1958, he exposed mice to high g-forces on
two small materiel centrifuges and estab-
lished that their tolerance was substantial-
ly increased by attaching them to a swing-
ing anti-g platform of his own making.
Accelerative stress in a direction longitu-




dinal to the body was negligible, since the
platform automatically positioned the mice
to receive their g’s transversely. Though
dizzy from spinning at the end of the run,
the mice survived exposure to 400 g’s for
almost fifteen seconds.27

A slightly different form of Dr. von
Beckh’s device has produced similar re-
sults (though at much lower g-levels) with
rats on the short Daisy Track,28 which is
discussed in the following section of this
monograph. Still another variation has
even been used operationally, in rocket
experiments with animal subjects. This
was a purpose for which Von Beckh pre-
dicted that his device would prove extreme-
ly helpful, since29

. . .during the re-entry phase, dur-
ing ejection from the nose cone
and especially during uncon-
trolled parts of the trajectory,
which might be caused by imper-
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fections of the automatic guid-
ance system, the subject would be
exposed to severe accelerations
with continuously varying direc-
tion, intensity, and rate of onset.

Accordingly, Dr. von Beckh’s principle was
frankly copied in the experiment that sent
three ill-fated mice aloft in three Thor-
Able missiles from the Air Force Missile
Test Center, Florida, in the course of 1958.
Two of Von Beckh’s Holloman colleagues,
Captain (Doctor) Grover J. D. Schock and
Technical Sergeant Edward C. Dittmer,
were even present at the Ramo-Wooldridge
Corporation in Los Angeles, helping pro-
ject scientists to incorporate the anti-g de-
vice as well as giving advice on environ-
mental control problems for the Thor-Able
mouse compartment.30 Alas, all the mice
were lost at sea, so that there is no way
of knowing how well the anti-g device func-
tioned in this case.

Tolerance to Impact Forces (Task 78503):
Research on the Daisy Track and Related Test Facilities

Probably the most active of all the
formal subdivisions of Project 7850 has
been Task 78503, Tolerance to Impact
Forces. Other tasks of the same project
are concerned with impact forces, but us-
ually with application to a particular set
of operational problems. Task 78503, by
contrast, seeks to compile basic research
data on as broad as possible a range of
short-duration g-forces.

The task objective has been stated as
follows:31

Human, animal, and anthropo-
morphic dummy reactions to dy-
namic linear forces of 50 to 5000
g per second rate of onset, 10 to
200 g magnitude and durations
of 10 to 100 milliseconds will be
determined for all phases of body
orientation.

Not all official statements have used these
same figures, which are intended only to
provide a rough frame of reference, and
most of the high-speed track deceleration
experiments fell within the limits set. How-
ever, those experiments were conducted
as a “project-level” activity and were not
looked upon as coming under any one task
subdivision. The primary, though not the
only, instrument for the research of Task
78503 has been the Holloman short track,
or Daisy Track as it is usually called.

The Daisy Track was designed ex-
pressly for use by the Aeromedical Field

13

Laboratory, was formally inaugurated in
1955, and is located immediately adjacent
to the buildings of the laboratory complex.
It consists of two rails five feet apart and
120 feet long. According to the original
proposal made in 1953 by Colonel Stapp,
who was then head of the laboratory, pro-
pulsion was to have been by compressed
air catapult--hence the analogy with the
popular Daisy air rifle which gave the
track its name. As a result of administra-
tive and funding complications, this pro-
pulsion device still is not in service, al-
though it is currently on order and parts
of the equipment have been delivered. In
the meantime, propulsion is by powder-
cartridge catapult. This system has been
reasonably satisfactory even though it can-
not offer quite the same precision or per-
formance range.

Braking for deceleration was provid-
ed at first by a lead cone device, but this
proved unsatisfactory in preliminary tests.
A water braking system was then adopted
instead and is still in use. The original sled
used on the Daisy Track required the sub-
ject to lie on his side in a “seat” that could
be rotated in all directions by fifteen-de-
gree increments; in high-speed track sled
experiments, by contrast, the subject had
to assume one of two positions, forward-
or backward-facing in an upright seat.
Moreover, in the autumn of 1957 the Aero-
medical Field Laboratory acquired another
sled with upright seat suitable for use on
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the Daisy Track. Orientation of this seat
can be.changed by ten-degree increments
through a full 360 degrees.32

The one area of performance in which
the Daisy Track simply cannot compete
with the long track is sled velocity and
thereby exposure to windblast. In deceler-
ation, it is capable of producing g-forces as
high as those that have been obtained in
aeromedical tests on the long track, al-
though it does not provide as long an ex-
posure to decelerative force. The number
of possible body orientations was a distinct
advantage, and since the operation of the
Daisy Track required less elaborate pre-
parations, a greater number of experi-
ments could be run in the same period of
time. The Daisy Track provided more ac-
curate and abundant measurements by
means of “direct recording pickups with
trailing cable leads” from the sled to a
fifty-channel oscillograph. Last but not
least, the Daisy Track was remarkably
inexpensive to operate. Runs cost about
one hundred or one hundred fifty dollars
each, as against the usual several thousand
dollars for a test on the high-speed rocket
track.33

The Daisy Track was completed in the
summer of 1955, and the first actual sled
run took place on 22 September 1955. This
was only a preliminary test, and it was
several weeks before a run was made with
a live subject. There were various adjust-
ments to be made first on the basis of pre-
liminary testing, including replacement of
the unsatisfactory lead cone braking de-
vice. The first chimpanzee subject tried
out the new facility in mid-November; still
more animal runs and engineering testing
experiments, not to mention two dummy
runs, were then held before the first hu-
man experiment on 17 February 1956. The
original volunteer subject was Lieutenant
Wilbur C. Blount, who at that time was
task scientist for Task 78503.34

The Daisy Track has remained one of
the busiest of Holloman’s specialized re-
search facilities, despite some temporary
interruptions. One such interruption oc-
curred early in 1957 when the Center’s
Missile Test Track Division (now called
Track Test Division), which has ultimate
supervision over both long and short
tracks, expressed fear that the one sled
then available was unsafe as a result of
the heavy loads it had sustained. The sled
was taken out of commission for about a
month while undergoing x-ray studies, and
when these revealed no sign of cracks or
metal fatigue the facility went back in op-
eration. In September of the same year,
the number of Daisy runs accomplished
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passed the two hundred mark, and by mid-
October 1958 it stood at 390--as compared
with less than a hundred aeromedical ex-
periments on the long track from Novem-
ber 1953 to the present.3s

Animal experiments have figured less
prominently in Daisy tests than on the
long track. Most test configurations to
date have not been of an order to cause
serious injury, and therefore it has normal-
ly been possible to use human subjects.
Nevertheless, chimpanzees did take part in
some of the early tests and helped check
out the- facility for human use. On two
later occasions, hogs, which have never
been privileged to ride the long track, took
part in preliminary experiments with a
new test configuration and received spinal
fractures from an impact force measured
at less than thirty g’s. This unfortunate
result was due to the particular combina-
tion selected of g-forces and body orienta-
tion (forces parallel to spine), and to the
nature of the hogs themselves, including
the ‘“virtual impossibility of properly re-
straining these animals” on the sled.3é

Bears, which joined the Aeromedical
Field Laboratory staff only in the fall of
1957, have also ridden the Daisy Track.
The first instance occurred in connection
with an automotive crash conference de-
scribed below, but soon afterward runs
were started in a test series “seeking cor-
relation between spinal injury in bears and
humans.” Finally, rats served as subjects
in tests of Doctor von Beckh’s anti-g swing-
ing platform on the Daisy Track. Runs
have not been made expressly for the rats,
but the anti-g platform is small enough to
be mounted on the sled in tests scheduled
primarily for some other research objec-
tive. It has been notably successful so
far, increasing subject tolerance by. hold-
ing longitudinal g-forces (as distinct from
transverse) to insignificant values even on
some relatively high-g runs.37

Human tests, which have formed
much the greatest part of research activi-
ty on the Daisy Track, started out with a
series of low-g experiments mainly intend-
ed for subject indoctrination. Since then,
most officers and enlisted men assigned to
the Biodynamics Branch have taken part
as subjects, naturally including Captain Eli
L. Beeding, Jr., who succeeded Lieutenant
Blount as task scientist in the latter part
of 1956. Colonel Stapp likewise took part,
although his three Daisy rides failed to
attract the same attention as his earlier
rides on the long track. His so-called
“grounding” from high-speed track experi-
ments in June 1956 did not, of course, ap-
ply to Daisy tests.
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16 May 1958: Captain Beeding Absorbs 83 G’s on the Daisy Track
(Below: Close-up of the Same)
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Test subjects on the Daisy Track have
tolerated forces above thirty g’s in the re-
latively unfavorable position that is stan-
dard for upward ejection from aircraft (g-
forces parallel to spine). Still higher forces
have been sustained without injury in other
body positions. Total durations have been
as low as .035 second and have seldom
much exceeded one-tenth second--as com-
pared with a plateau of more than twenty-
five g’s for 1.1 seconds recorded on Colonel
Stapp’s rocket sled ride of 10 December
1954. Physiological effects have varied
with maximum force, duration, body posi-
tion and restraints, and also individual tol-
erance, which is much higher for some
persons than for others. But no test has
ever produced more than temporary ill
effects.38

The all-time record among Daisy tests
was a run of 16 May 1958, with Captain
Beeding himself as test subject. Decelera-
tion measured on Captain Beeding’s chest
was eighty-three g’s, substantially more
than the highest g-force previously exper-
fenced in any human experiment either at
Holloman or at other research installa-
tions. Duration was one-tenth second and
rate of onset calculated at 5000 g’s per
second; position was seated upright and
backward-facing. After the run Captain
Beeding gradually went into a state of
shock, but he recovered in less than ten
minutes. He entered the base hospital for
treatment of sore vertebrae and detailed
observation, but apparently suffered no
permanent ill effects. On the other hand,
Captain Beeding admitted that he consid-
ered eighty-three g’s about the limit of vol-
untary human tolerance for the test con-
figuration that was used. He pointed out
further that his experience underscored the
desirability of backward-facing seats in
passenger aircraft; there is even some ques-
tion whether he would have lived through
the ordeal if his seat had been facing the
other direction. It is interesting to note,
finally, that Captain Beeding did not ride
alone on 16 May 1958. His sled also car-
ried Doctor von Beckh’s anti-g platform,
whose rat passenger did not go into a
state of shock.39

Since the aim of Task 78503 is to ac-
cumulate general research data on the
physiological effects of impact force, test
configurations on the Daisy Track are not
necessarily determined by any one specific
Air Force problem. However, the track
has also been used to test particular items
of equipment, such as integrated harness
designs for B-52 and F-104 aircraft, and
force-attenuating seat cushions. It has
even been used to check out recording

(4
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equipment for the Holloman high-speed
test track. In the case of B-52 harness
testing, runs had to be suspended before
completion of the planned series because
one test at thirty-five-g level caused hos-
pitalization of the subject for two days.
Arrangements were then made to have the
harness equipment redesigned.40

For that matter, data acquired on im-
pact forces per se will be useful for study
of a great many different problems. These
include not only aircraft seating arrange-
ments, but also stresses in catapult and
rocket takeoff, and re-entry deceleration.
Something has been said in a previous
monograph concerning the importance of
research on the Daisy Track for study of
escape from aircraft. Even so, it is worth
noting again here as one example that the
tests in which men sustained over thirty
g’s in position for upward ejection and
emerged unharmed appear to give more
leeway--or at least a greater safety marg-
in--to the designers of escape systems than
was formerly thought possible.41

As stated before, the Daisy Track is
the primary but not the only research tool
for Task 78503. The Bopper, described in
connection with aireraft crash experiments,
is a fairly handy instrument for general
study of impact forces as well, although
naturally it is an instrument of much more
limited performance than the Daisy Track.
Still another device for study of impact
forces is a swing seat prepared in mid-
1955 especially for aeromedical research
and located, like the Daisy Track, in the
back yard of the Aeromedical Field Lab-
oratory. The swing has a platform on
which an aircraft or other type seat is in-
stalled, raised to desired dropping height
by means of a crane, and then decelerated
by -aircraft cables attached to the back of
the platform at the moment its fall places
it perpendicular to the ground. Forces are
applied for extremely brief duration--for
example, twenty-three g’s with the peak
lasting just one millisecond. The swing
seat is capable of greater g-forces than
this, depending principally on the height
from which the seat is dropped; but it has
various limitations, and to some extent
it has served simply to obtain rough para-
meters for the planning of other experi-
ments. It has also been used in its own
right for certain test series relating prin-
cipally to Task 78507, Automotive Crash
Forces, and it will be discussed further
under that heading.42

In June 1955, even before the inaug-
uration of the swing seat, a more primi-
tive variety of impact test was conducted
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Swing Seat with
a. Three-Inch-Wide Lap Belt
b. Snub Cable Decelerator
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in which a shot bag was simply dropped
against an anesthetized hog ‘““to determine
the threshold of tissue damage by force
transmissible through the abdomen wall
. ...” This was an area of the body espec-
ially vulnerable to crash forces, so that
the test procedure was of obvious interest
for both aircraft and automotive crash re-
search. The officer directly in charge of
the shot-bag experimentation--Major
Joseph V. Michalski, who technically pre-
ceded both Lieutenant Blount and Captain
Beeding as task scientist of Task 78503--
managed to conduct just one actual test
before leaving Holloman in mid-1955 on
permanent change of station. However,
this was a forerunner of other impact tests
with hog subjects on the swing seat that
were held specifically under the auspices
of the automotive crash program.43

One final example of the concern of

Tolerance to Total Pressure Change:

Another task of Project 7850 is Toler-
ance to Total Pressure Change (Task
78504), which seeks to determine human
and animal responses to negative or posi-
tive total pressure change in the range of
one to ten atmospheres occurring in .005 to
five seconds and in single or multiple cy-
cles.46 Task scientist from 1956 until he
left the service in mid-1958 was Captain
(Doctor) Donald F. Patterson, an Air
Force veterinarian who like Captain Recht
was assigned to the Veterinary Services
Section of the Aeromedical Field Labora-
tory’s Laboratory Services Branch (now
Laboratory Branch). At present the task
scientist is Lieutenant William Ward.

In explaining the objectives of this
task, Captain Patterson pointed out that
the physiological effects of47

. . .Increased pressures on the hu-
man body surface have been stud-
ied in relation to undersea diving,
but investigations in this area
have been largely concerned with
slowly increasing pressures such
as are encountered in descent be-
neath water. The effects of a-
bruptly increasing, or rapidly
cycling pressures as are exerted
on the body due to windblast and
deceleration during high speed
bailout have not been adequately
studied. . . .Abrupt external pres-
sures, transmitted hydraulically
through the blood vessels, may
exceed the rupture points of small
vessels in various organs includ-
ing the eye.

7

the laboratory’s biodynamics program with
all manner of impact forces is the effort
spent on developing a nonpenetrating pro-
jectile which can be fired at close range
“to produce concussion in animal sub-
jects.”44 This effort was technically con-
sidered a part of Task 78503, but was as-
signed as a part-time additional duty to
Captain (Doctor) John A. Recht, a trained
veterinarian whose primary responsibility
is to care for the Holloman laboratory’s
animal colony. Recht tested various types
of rounds before finding one that seemed
workable for research purposes. Because
of limited time and resources, no serious
testing has been conducted with this de-
vice, but potentially it could make a con-
tribution not only to basic research on
concussion but also to the study of specif-
ic crash problems such as the effect of col-
lision with loose objects in an aircraft
cockpit.45

Task 78504

As the above quotation indicates, this
task is another of the research activities
of the Aeromedical Field Laboratory with
a bearing on high-speed escape from air-
craft. But the range of possible applica-
tions extends far beyond the escape prob-
lem. The physiological effects to be stud-
ied by this research task are also present
in explosions, for instance atomic blasts,
and are relevant to various problems of
manned space travel. Recent interest in
the use of a fluid medium for attenuating
the acceleration and deceleration forces
encountered in rocket flight makes experi-
mentation on the effects of various pres-
sure patterns extremely pertinent; conceiv-
ably, the attenuation of g-forces would be
offset (at least in part) by a sharp build-
up of pressure, caused by the g-loading
and increased weight of the fluid itself.
Finally, there is a need for basic research
to distinguish the effects of pressure
change per se from the effect of other
forces that in practice may be applied at
the same time. However, the Aeromedical
Field Laboratory is primarily interested
in positive not negative pressure changes--
in compression not decompression--since
the latter is already a subject of extensive
research at the Aero Medical Laboratory
of Wright Air Development Center. Some
work is also being done at different lo-
cations on abrupt positive pressure change
--using shock tubes and other specialized
test facilities--but there is need for much
more research on the subject.48

Although the Aeromedical Field Lab-
oratory has been devoting intermittent ef-
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forts to this task since 1955, no actual
tests have yet been performed. As a re-
sult of manpower and fund limitations, the
task has not progressed beyond the stage
of planning and preparations. Certain
items of test equipment have been assemb-
led, and members of the laboratory staff
are familiarizing themselves with their op-
eration. Other items have been designed
(with help from other units of the Air
Force Missile Development Center’s Direc-
torate of Research and Development), in-
cluding principally a chamber capable of
exerting ‘pressure in the range of 1 to 5
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atmospheres to the body surface of rab-
bits.”49 But the Center is still in the pro-
cess of obtaining the apparatus, which
probably will not be available until the lat-
ter part of 1958. It will then be used in
exploring the effect of varying combina-
tions of magnitude, onset, and duration of
compression on animal test subjects. Ul-
timately, it may be desirable to obtain larg-
er and more exacting equipment for testing
similar pressure changes with primates
and human subjects, but small animals
must first lead the way.50

Automotive Crash Forces

The one remaining research task of
Project 7850 is Task 78507, Automotive
Crash Forces. This was one of the first
subdivisions of Project 7850 to become ac-
tive as a separate task, but it also deserves
to stand slightly apart, as a concluding
installment to the present study. Histor-
ically speaking, it has preserved a more
sharply defined identity from first to last
than most other tasks; at the same time, it
is one of the better known, and less under-
stood, of all the many activities of the
Aeromedical Field Laboratory.

The stated objective of this task is:5!

To measure the actual forces in-
curred in automotive crashes. To
establish criteria for modifica-
tions and specifications for ve-
hicles, personnel restraints and. . .
regulations for automotive safety.

The presence of such a task at an
aeromedical research institution, as part of
a project whose full title was formerly
Biodynamics of Human Factors in Avia-
tion and is now Biodynamics of Space
Flight, has caused much raising of eye-
brows in some quarters. Yet few have
questioned the importance of the research
objective, since automobile accidents rank
second as a cause of death and first as a
cause of hospitalization among Air Force
personnel (and unquestionably first as a
cause of death among Army personnel).52
There was good reason to undertake such
a program at Holloman’s Aeromedical
Field Laboratory in particular, in view of
the extensive background of Colonel Stapp
and his co-workers in the study of impact
forces. Both aircraft and automotive crash
forces, moreover, had much in common.

The automotive crash program was
initiated as an outgrowth of discussions in
the latter half of 1953 between Colonel
Stapp and officials of the School of Avia-
tion Medicine, Randolph Field, Texas. The
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original thought was to create a joint “Pro-
ject Marionette” between Holloman and the
School of Aviation Medicine, doing auto
crash research as part of the School’s of-
ficial mission in the field of preventive
surgery but ‘“subcontracting. . .the experi-
mental portion” -(such as artificially-stag-
ed crashes) to the Aeromedical Field Lab-
oratory.53 However, since the actual work
was to be done'at Holloman, the Human
Factors Office at Headquarters, Air Re-
search and Development Command prefer-
red to make the program a task of Hollo-
man’s Project 7850 rather than a separate
joint project. It was therefore included in
the original development plan for Project
7850, prepared in the spring of 1954. The
Commission on Accidental Trauma of the
Armed Forces Epidemiological Board duly
proclaimed Holloman’s Aeromedical Field
Laboratory to be the sole Defense De-
partment agency for automotive crash re-
search, although the task was never fund-
ed or manned on lavish scale. It was, in
fact, a relatively inexpensive research ef-
fort, especially as compared with the cost
of burying a single airman and training
his replacement.54

The most spectacular task activity has
been the staging of actual crashes. The
first such crash occurred on 10 March
1955, using two dummies, secured by lap
belts, in a 1945 Dodge weapons carrier.
This was essentially a trial run, uninstru-
mented, for what was billed as the first
“full scale auto crash test” on 17 May
1955. The latter was conducted as part of
an automotive safety conference held at
Holloman for representatives of industry,
government, and academic institutions.

Since that time there have been many
more staged crashes, using Air Force sal-
vage vehicles that are no longer wprth
repairing, with both dummy and animal
subjects. Some have been crashes against
a fixed barrier or another vehicle, while
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in other cases a roll-over accident was re-
produced. Most early attempts to stage an
artificial roll-over were unsuccessful, but
in due course the technical difficulties were
overcome. One ingenious improvement, in-
troduced in October 1957, was to do the
rolling over onto a bed of worn-out rubber
tires; by this means the test vehicle could
be used in an experiment at twenty to
twenty-five miles an hour and emerge in
good enough shape to be rolled over again
in later tests. Still another category of
crash experiment was one in which the
vehicle was suddenly stopped by means of
a metal cable attached to its frame, thus
allowing the study of impact forces to
which interior occupants would be sub-
jected in a crash without seriously harm-
ing the structure of the vehicle. The other
end of the cable passes through a mechan-
ical snubber that could be adjusted to pro-
duce the desired crash configuration. This
equipment was supplied to the laboratory
about 1 October 1957 by General Motors
Corporation, for the token price of $25.
Like the bed of tires, it allowed re-use of
the test vehicle; and it allowed sufficient-
1y good control for the current task scien-
tist, Lieutenant Daniel L. Enfield, to use
himself as a test subject--something he had
not yet done in other types of crashes.55

In all these experiments, the procedure
has been to measure g-forces, observe the
effects either on test vehicles or on their
occupants, and test the effectiveness of
various safety devices. However, the work
of Task 78507 has involved considerably
more than staging crashes with actual ve-
hicles. For instance, tests were conducted
in August 1955 and again in June 1956 on
certain energy-absorbing steering wheels
developed by the Ford Motor Company.
For this purpose, anesthetized hogs were
placed in the Aeromedical Field Labora-
tory’s newly-devised swing seat and then
released to impact at twenty miles an hour
against both conventional and energy-ab-
sorbing wheels. The results clearly showed
that injuries were reduced by use of the
improved steering wheel. This was a type
of experimentation that the Ford engineers
had been unable to perform on their own,
since company legal and public relations
officers flatly refused to countenance the
use of test animals.56

The swing seat was also used in the
auto crash program with dummies and
human subjects, the first human test sub-
ject being Lieutenant Sidney T. Lewis,
Lieutenant Enfield’s immediate predeces-
sor as task scientist.57 Swing-seat deceler-
ations were almost unrealistically brief as
compared with forces sustained in actual
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crashes, but at least the contraption was
easy to operate. To be sure, humans were
not impacted against a steering wheel or
anything else. Instead, the seat was one of
various devices used to compile data on
tolerance to deceleration when restrained
by lap or seat belt only and to test per-
formance of different belts, including some
expressly designed for automotive use and
others prepared for commercial or military
aircraft.

This experimentation somewhat re-
sembled earlier German tests of lap-belt
deceleration with a swing device, but par-
ticipants at Holloman endured higher g-
forces. About twenty-three g’s were sus-
tained without injury on the Holloman
swing seat, although for some volunteer
subjects a very definite pain threshold had
been reached. Using hog subjects again,
swing-seat tests were held to explore the
range from serious to lethal injuries caus-
ed by deceleration sustained with lap belt
only. In these tests, it was found that a-
bout forty g’s were needed to produce “def- .
inite injuries to lungs, heart, abdominal or-
gans” and “something in the order of 50
g’s” for lethal effects.58

The auto crash task has used .the
Daisy Track, for more lap-belt-only tests
with human subjects, and to a somewhat
greater extent the short Bopper or crash-
restraint demonstrator. The improved mo-
del of the Bopper received in March 1956
has been used with dummy, animal, and’
human subjects to study deceleration with
a variety of safety restraints, at forces
ranging up to and slightly above twenty-
five g’s. In mid-1957, for instance, the Bop-
per was being used to evaluate a combina-
tion of conventional lap belt plus a single
diagonal strap across the chest and one
shoulder. Earlier, Lieutenant Lewis rode
the Bopper with lap belt only to a roughly
twenty-seven-g stop, sustaining consider-
able discomfort but no irreversible in-
jury.s9

The most recent test facility to be en-
listed for auto crash research is the tilting
seat developed by the Aeromedical Field
Laboratory’s Space Biology Branch for use
in subgravity studies. The seat is normally
placed under water, to study subject re-
actions under a condition of sensory de-
privation simulating subgravity, but Lieu-
tenant Enfield used it out of water in the
spring of 1958, tilting the seat completely
upside down. Test subjects tried to release
a seat belt in the upside-down position, and
information was gathered both on the
speed and efficiency of different subjects
and on the amount of force required for
the operation.s0



Still other work for the automotive
crash program has been performed away
from Holloman on a contract basis. A con-
tract of December 1955 was signed with
the University of Minnesota for designing
a hydraulic bumper to absorb and reduce
crash forces and also a superstructure to
protect the occupants of open-top military
vehicles (such as weapons carriers) in roll-
over accidents. The work was entrusted
principally to Professor James J. Ryan,
whose final report of 31 July 1958 an-
nounced that both contract efforts had
been successful. Ryan predicts that his ex-
perimental roll-over structure--a frame-
work of metal tubing extending above the
vehicle occupants--will give protection
from any but “superficial injuries,” in roll-
overs at speeds up to forty miles an hour.
It is assumed, of course, that the occupants
must also have “adequate seat-belt sup-
port.” The hydraulic bumper has brought
impact forces in a thirty-mile-an-hour,
solid-barrier collision to within human
tolerance limits, again assuming the use
of safety-belt restraint; in fact it has ab-
sorbed as much as eighty-five per cent of
total initial impact energy in tests with a
weapons carrier.s1

A second contract was signed in 1956
with the Institute of Transportation and
Traffic Engineering of the University of
California at Los Angeles, whose crash in-
jury research program dates back to 1948.
In this case, the purpose was to conduct a
series of instrumented collision experi-
ments that would supplement the data
gathered in crash experiments at Holl-
oman. Since the Institute could devote
more personnel and resources to this type
of work than could the Aeromedical Field
Laboratory itself, results have been quite
satisfactory. The contract should be com-
pleted by the end of 1958.62

The Holloman auto crash program has
been closely coordinated with still other
outside institutions, beside the two univer-
sities holding crash research contracts.
For instance, the crash injury research
program at Cornell University Medical
College supplied statistical data from ac-
tual highway crashes to be used in plan-
ning tests at Holloman.s3 Still wider coor-
dination was obtained by holding regular
meetings at Holloman Air Force Base with
industrial, civic, and academic represent-
atives interested in automotive safety
problems. The public demonstration held
in May 1955, which really marked the for-
mal inauguration of the Holloman pro-
gram, was followed by similar gatherings
in October 1956 and November 1957.64
Nor did Colonel Stapp, in particular, wait
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for these annual meetings in order to speak
out on automotive safety problems, and
above all on the case for safety belts,
which has been further strengthened by
results of the Holloman crash program.
Colonel Stapp seldom missed an oppor-
tunity to tell the public that failure to in-
stall seat belts is “negligent suicide.” He
has naturally installed them in his own
car, and has publicly praised automobile
manufacturers for their growing interest
in safety devices.s5

Thanks to the pleas of Colonel Stapp
and others of like mind--including the
American College of Surgeons and the
Armed Forces Epidemiological Board--the
armed forces have committed themselves
in principle to the installation of seat belts
in all military vehicles. The principle has
not yet been generally applied in practice,
since the services have taken ample time to
work out details and weigh the pros and
cons of different types of belts. Neverthe-
less, a start has been made toward equip-
ping vehicles assigned to Holloman Air
Force Base, and meanwhile the Aeromed-
ical Field Laboratory has been reviewing
possible seat-belt standards both for mili-
tary use and for the automotive fleets of
the General Services Administration.sé

Colonel Stapp was so firmly convinced
of the continuing importance of the car
crash program that he sought to raise it
to the status of a separate project rather
than merely a task of Project 7850. In 1956,
this move was approved both at Center
level and at command headquarters, but
ultimately it failed for lack of support at
Headquarters, United States Air Force,
where some persons claimed that enough
information on automotive crash forces
was already available.s7 No doubt the re-
jection of the new project also reflected
enduring skepticism in some quarters as to
the advisability of doing automotive re-
search at an aeromedical laboratory.

Criticism of the Holloman car crash
program briefly came to a head in the
summer of 1957, following the publication
of illustrated news stories concerning
crashes staged by Mr. Derwyn Severy of
the Institute of Transportation and Traffic
Engineering, University of California at
Los Angeles. Severy was directly in charge
of the crash research contract entrusted
to the Institute by the Aeromedical Field
Laboratory, so that the Air Force was
duly mentioned in connection with this
publicity; and when the stories showed
late-model sedans being crashed for re-
search purposes there were some persons,
including at least one Congressman, who
concluded that the Air Force was purchas-
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ing new cars just to have them wrecked.
Actually, of course, Severy does research
for other sponsors as well, including auto-
mobile manufacturers, and no late models
were ever crashed on behalf of the Hol-
loman program. At the same time, Severy
himself was quoted as saying that a seat
belt to save lives in a head-on high-speed
collision had not yet been devised--a tech-
nically true statement but one that, in its
context, could easily suggest that the mer-
its of seat belts were being exaggerated
by such proponents as Colonel Stapp. Cer-
tainly the opponents of the seat-belt cam-
paign did not fail to make this point.é8

The entire affair was summed up by
Colonel Stapp as a “ridiculous series of
publicity  blunders and Congressional
trumpeting resulting therefrom,”s9 but it
was enough to hearten critics of the Hol-
loman crash program, while the fear of
“Congressional trumpeting” made officials
at higher headquarters understandably
hesitant to rush to the program’s defense.
Nevertheless, this minor tempest was fol-
lowed by an important triumph. It was one
more reason for Colonel Stapp’s co-work-
ers and allies in the industrial and acade-
mic fields, such as Mr. John O. Moore,
head of the Cornell crash research pro-
gram, to arrange a personal appearance
for him before the House of Representa-
tives Special Subcommittee on Traffic Safe-
ty. This subcommittee, headed by Con-
gressman Kenneth A. Roberts of Alabama,
was just then investigating the very sub-
ject of automotive safety devices. When
Colonel Stapp gave his testimony, on 5
August 1957, he was able to clear up mis-
conceptions that had arisen and thorough-
ly convinced Roberts and other Congress-
men of the value of the Holloman crash
research program. Congressman Roberts
even went so far as to assure Colonel Stapp
that he should have no worry about funds
for his automotive crash research in the
next year’s budget.70

Unfortunately for the auto crash
task, the Air Force itself decided that this
program should be phased out by October
1958,71 and Congress did not try to over-
rule the decision. Even if the task had not
been formally cancelled, it would have en-
joyed extremely low priority amid all the
biosatellite efforts and related workload
assigned to the Aeromedical Field Labora-
tory in the course of 1958.

Nevertheless, it is worth noting that
in November 1957 the laboratory held the
last, the most elaborate, and certainly the
most interesting of all its yearly meetings
with outside representatives on automotive
crash problems. Entitled Third Annual
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Automotive Crash and Field Demonstra-
tion Conference, it brought over a hun-
dred persons to Holloman for a three-day
session and featured research papers and
discussion, demonstration of safety de-
vices, actual automotive crashes, and im-
pact tests on such facilities as the Bopper
and the Daisy Track. Professor Ryan of
the University of Minnesota demonstrated
the bumper and the roll-over structure he
was working on under contract. Another
highlight was the first use of one of the
laboratory’s recently acquired bears as a
test subject, on a twenty-g Daisy Track
deceleration run. This in itself was bound
to attract attention, because the bears’ ar-
rival just a few days before had already
received an unwelcome wave of publicity,
and also because of the mere fact that an
early press story concerning the conference
had mistakenly announced a pig experi-
ment instead. An official release clearing
up the latter point gave rise to the classic
headline (conceived, of course, by Colonel
Stapp): “Pig Tale Disproved by ‘Bear’
Facts.”72

This release failed to mention that the
bear (having shown no outward ill effects
of the ride) was later sacrificed in order
to look for possible internal injury. Yet
that detail, too, was soon featured on the
front page of the Alamogordo Daily News
and at least mentioned in other papers as
well. Indeed, some of the publicity about
the conference was just plain unfavorable.
One visitor, in particular, was highly of-
fended when another prepared release was
politely but firmly taken out of his hand
by a young lieutenant at the Center’s In-
formation Services Office. The release in
question was quite innocuous; it contained
a statement by Indiana Congressman J ohn
V. Beamer, another attendant at the con-
ference who highly praised the entire car
crash program, and it also made brief re-
ference again to the bear experiment. But
it could not be distributed publicly until
cleared by higher headquarters. The visi-
tor out of whose hand it was lifted then
poured out his grievance in angry terms to
the Alamogordo Daily News, which includ-
ed it in the same feature story that openly
discussed the bear’s death.

The local paper--whose general treat-
ment of the Center has been extremely
cordial--threw in for good measure the
complaint of a Chicago reporter that he
had been “bounced off the base” soon after
he arrived to cover the conference. In ef-
fect, there had been some undeniable con-
fusion as to whether or not press coverage
would be allowed, involving higher head-
quarters as well as different units of the
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Air Force Missile Development Center. It
was also true that in the end all reporters
who so desired, whether from Chicago or
from Alamogordo, were permitted to at-
tend. And it is possible that even the less
favorable publicity may have done some
good, indirectly, by reminding people of
the conference and of its basic theme--
automotive safety.73

One reason why the bears’ arrival at-
tracted wide attention was that they reach-
ed the Air Force Missile Development Cen-
ter just after the Soviet Union shot off a
dog in Sputnik II. There was speculation
that perhaps the United States Air Force
planned to outdo the Russians by placing
not a mere dog but a great big bear in
orbit. Actually, of course, there was no
such intention; yet it was not far-fetched
to make at least some connection between
bears at Holloman and travel through
space. G-forces are g-forces, whether ex-
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perienced on the highway in an auto crash,
in emergency escape from aircraft, in land-
ing on Mars, or in returning again to
Earth. Patterns and orders of magni-
tude naturally vary in all these cases, but
the cases do have some points in common.
Thus with the same test facilities, and with-
in the same program of deceleration and
impact tests, the Air Force Missile Devel-
opment Center’'s Aeromedical Field Lab-
oratory has made contributions toward
the solution of an extremely broad range
of operational problems. This is in addition
to the service it has performed in compil-
ing basic research data on human and ani-
mal g-tolerances. The study of decelera-
tion and impact, along with the Aeromedi-
cal Field Laboratory’s research on wind-
blast and on such branches of space bi-
ology as cosmic ray hazards and subgra-
vity, must therefore be listed among the
truly significant accomplishments of the
Center. :
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AEROMEDICAL FIELD LABORATORY
1951 - 1958

One of the principal organizations now
participating in the United States Air
Force’s “Man in Space” program is the
Aeromedical Field Laboratory of the Air
Force Missile Development Center, locat-
ed at Holloman Air Force Base, New Mex-
ico. It is a small organization in terms of
people and facilities, but it is one of the
best known units of the entire Center, and
one that has made important contributions
to knowledge in the two broad fields of
space biology and biodynamics. These con-
tributions include rocket-track experi-
ments on windblast and deceleration, ex-
tended high-altitude balloon flights with
human and animal subjects, and much else
besides.

The record of achievement in these
fields at Holloman Air Force Base goes
back to the immediate post-war years, e-
ven before the Aeromedical Field Labora-
tory was established. Space biology as a
clearly defined field of research really be-
gan in southern New Mexico with the ser-
ies of rocket flights starting in 1946 that
carried fruit flies, fungus spores, and small
mammals to the extreme upper atmos-
phere. These experiments were sponsored
by different agencies, principally the Aero
Medical Laboratory at Wright Field in
Ohio; and the earliest launchings were all
made from the Army’s White Sands Prov-
ing Ground, located across the Tularosa
Basin from Holloman. But Holloman play-
ed a support role in all these experiments,
and in 1950 became a launch site for re-
search balloon flights designed to study the
biological effects of cosmic radiation. Dur-
ing 1951 and 1952, three major biological
rocket flights were launched directly from
Holloman. On all three flights the Aerobee
research rocket was used, chiefly to ex-
plore the effects of weightlessness on mice
and monkeys.!

Both balloon flights and Aerobee fir-
ings were activities of the Aero Medical
Laboratory at Wright Field, which by then
formed part of the Wright Air Develop-

ment Center. The Aeromedical Field Lab-
oratory was created in 1951 precisely as
a support facility for these Wright Field
projects, and as a dependency (or “field”
station) of the much larger aeromedical
laboratory in Ohio. However, in January
1953 the Aeromedical Field Laboratory be-
came instead a regularly-assigned Hollo-
man unit. Holloman’s official mission was
rewritten at the same time to include, spec-
ifically, research in biomedical sciences.2
There followed a rapid expansion of aero-
medical and related research at Holloman,
in the course of which early efforts in
space biology were continued and intensi-
fied and new tasks were added in the field
of biodynamics.

These changes coincided roughly with
a general reorganization of Holloman ac-
tivities. Just as the Aeromedical Field
Laboratory had formerly been subordin-
ate to the laboratory at Wright Field, from
July 1951 to August 1952 the New Mexico
test installation as a whole had been a de-
pendency of the Air Force Missile Test
Center, Patrick Air Force Base, Florida.
However, the base was removed from the
Missile Test Center’s jurisdiction 1 Sep-
tember 1952, and on 10 October of the
same year, Holloman Air Development
Center was created as one of the full-fledg-
ed Centers of Air Research and Develop-
ment Command.3 (On 1 September 1957,
the name changed again to Air Force Mis-
sile Development Center.)

This elevation to Center status was
originally made in recognition of the steady
growth of Holloman test and development
activities, and it gave assurance that
growth would continue at a steady pace
over the following years. It was only na-
tural that aeromedical research should
share in the general process of expansion,
and that the now-independent Center
should assume direct responsibility for op-
eration of the Aeromedical Field Labora-

tory.

The Laboratory Mission and the Project Workload
1953-1958

To be sure, there was no absolute sep-
aration even now between the Aeromedical
Field Laboratory and its parent organiza-
tion. For a time, aeromedical officers at
Wright Field continued to exercise a cer-
tain amount of supervision, formally or
informally, over related work at Hollo-
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man,4 and at all times, because of many
common research interests, collaboration
between the two laboratories has been nec-
essary. There are numerous cases in which
either one of the two has been specifically
assigned a participating role in the other’s
projects. Nevertheless, for most practical




ADMINISTRATIVE HISTORY OF THE AEROMEDICAL FIELD LABORATORY

purposes, the Aeromedical Field Labora-
tory became an independent research or-
ganization in January 1953. Indeed, some
officers at Wright Field were frankly in-
different toward the cosmic radiation pro-
gram, with its primary application to ul-
timate space flight, that was the one active
Holloman effort at that time in the field
of aeromedical research. They were there-
fore satisfied for the Aero Medical Labora-
tory to divest itself of its New Mexico
branch. Others may have felt that separa-
tion of the two laboratories would lead to
some confusion and even duplication of ef-
fort, but were apparently reconciled to the
move on the ground that it “was necessary
to assist [Holloman aeromedical research]
in coming of age and being accepted.”s

The process of coming of age was
greatly aided by the assignment of two
new officers to the Aeromedical Field Lab-
oratory: Major (Doctor and later Lieuten-
ant Colonel) David G. Simons and Lieuten-
ant Colonel {Doctor and later Colonel)
John Paul Stapp. Both were intent on
building up the Holloman mission in bio-
medical sciences, and both were destined
to make a lasting impression not only on
the Aeromedical Field Laboratory but on
the Center as a whole. The first to be as-
signed to Holloman was Major Simons,
who had visited Holloman before, while
still a captain at Wright Field, in connec-
tion with a series of V-2 animal experi-
ments launched from White Sands Prov-
ing Ground. After participating in two
out of five aeromedical V-2 firings, Simons
was transferred to the School of Aviation
Medicine; he then performed a tour of du-
ty in the Far East, returned to the United
States in 1952, and after a brief tour at
Wright Field was reassigned to Holloman.
From January 1953 until the arrival of
Colonel Stapp, he was chief of the Hollo-
man aeromedical organization, which had
formerly been headed by Lieutenant James
D. Telfer. He also took over the immedi-
ate direction of the cosmic radiation bal-
loon flights, and he gave the Aeromedical
Field Laboratory the new title--at least
brigfly--of Space Biology Field Laboratory.
This more accurately reflected both his
own long-range research interests and the
objectives of the continuing cosmic ray
program.é

) In April 1953, Colonel Stapp was as-
signed to Holloman and became the new
head of the laboratory. Color.el Stapp had
a}ready won national recognition in the
field of aeromedical research, chiefly for
deceleration experiments that he conduct-
ed in 1947-1951 at Edwards Air Force
Base, California. He then served as Chief
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of the Special Projects Section, Biophysics
Branch, of the Aero Medical Laboratory
until his assignment to Holloman. Colonel
Stapp was particularly happy to accept the
assignment since he wished to continue his
experiments in deceleration and related
fields and felt that the Holloman high-
speed test track was the best available
facility for his purposes.

In this manner, the Aeromedical Field
Laboratory at Holloman acquired another
research project, éntitled Biophysics of
Abrupt Deceleration (RDO 695-65), which
was an effort of several years’ standing
originally sponsored by the Aero Medical
Laboratory at Wright Field. Certain
aspects of the research effort were now
transferred to Holloman, although the pre-
cise relationship between Colonel Stapp’s
work and the laboratory at Wright Field
remained for some time a source of con-
fusion. The directive for tests at Hollo-
man on Biophysics of Abrupt Deceleration
indicated that work was to be “prosecuted
as a part of RDO R695-61, ‘Biophysics of
Escape from Aircraft’ [Project 7218],”
which was a Wright Field project; but in
practice Colonel Stapp was largely on his
own from the moment he reached Hollo-
man. Colonel Stapp saw fit to restore the
original name Aeromedical Field Labora-
tory, which was broad enough to cover
both his own proposed research and the
work of Doctor Simons, at least until such
time as Holloman space biology research
literally penetrated outer space.?

Before long, Biophysics of Abrupt De-
celeration was transformed and broadened
into Project 7850, Biodynamics of Human
Factors in Aviation, which was a Hollo-
man project from the beginning. This move
was sought by Colonel Stapp as a means
of clearly establishing the independence
of his own research. It also made specific
provision for research on certain topics
not covered by his original test directive.
The new project was subdivided into: Tol-
erance to Impact Forces (Task 78503);
Tolerance to Total Pressure Change (Task
78504); Tolerance to Abrupt Windblast
(Task 78505) ; Tolerance to Aircraft Crash
Forces (Task 78506); and Automotive
Crash Forces (Task 78507).8

This general organization remained in
effect until early in 1958, when Project
7850 was rewritten to bring it in line with
the new emphasis on space exploration.
The title now became Biodynamics of
Space Flight, although aircraft still receiv-
ed mention in the statement of project ob-
jectives: specifically, “dynamic stress char-
acteristics of the human body” are to be
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studied as affecting the “criteria for de-
sign and specifications of aircraft and space
vehicles where acceleration, pulsations, im-
pacts, and pressure differentials are impos-
ed under normal and emergency condi-
tions. . . .” For that matter, the automo-
tive crash program remained in the project
as Task 78507, and both Tolerance to Im-
pact Forces (Task 78503) and Tolerance to
Total Pressure Change (Task 78504) kept
their former names and virtually the same
statements of aim and method. But Task
78505 now became Tolerance to Ram Pres-
sure and Thermal Effects, and Task 78506
was changed to Patterns of Deceleration in
Space Flight.?

Two more changes in the project or-
ganization of biodynamics research were
proposed at Center level but failed to ma-
terialize. In 1956, the proposal was put for-
ward to make the automotive crash pro-
gram into a separate project of its own.
Headquarters, Air Research and Develop-
ment Command favored the move but it
subsequently failed for lack of support at
Headquarters, United States Air Force.10
In March 1958, at about the same time
that Project 7850 was revised to become
Biodynamics of Space Flight, the Aero-
medical Field Laboratory submitted the
necessary documentation for still another
project, to be known as Project 7858, Ex-
perimental Pathology of Aircraft Accident
Forces. The documentation had scarcely
been finished when the name of the pro-
posed project was altered to Space and
Air Experimental Pathology, “for clarity
of research area involved.” It was to in-
vestigate many of the same forces that
were a subject of study in Project 7850,
but whereas Project 7850 sought mainly
to establish the limits of voluntary human
tolerance, Project 7858 was to be concern-
ed with the “grey zone” between ‘unin-
jured survival and lethality.” However,
the projects were still too much alike to
suit higher headquarters. Project 7858 was
therefore rejected at command level, main-
ly on the ground that it was “merely an
extension of Project 7850,” with certain
aspects also representing duplication of
work assigned to Wright Air Development
Center.n?

The project framework of research in
space biology has also undergone a series
of changes. The balloon flights from 1950
through 1952 (and for that matter the
aeromedical Aerobee firings too) had been
conducted as part of the project entitled
Physiology of Rocket Flight (RDO 695-
72, MX-1450R). After Major Simons ar-
rived, a new project was established enti-
tled Biophysics of Cosmic Radiation, which
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was adapted more specifically to the bal-
loon-borne cosmic ray research in progress
at Holloman.12 Finally, in 1954 Hollorpan
space biology research was broadened into
Project 7851, Human Factors of Space
Flight. In this case the development plan
was dated 6 May, and command approval,
with minor alterations, was granted on 24
September. The original subdivisions were
Radiation Hazards of Primary Cosmic Par-
ticles (Task 78500), Subgravity Studies
(Task 78501), and Descent and Recovery
(Re-entry) which became Task 78502. The
latter task, never very active, was eliminat-
ed early in 1958, but in 1955 still another
task had been added: Environmental
Control in Sealed Cabins (Task 78516).
This was the task primarily responsible for
the Man-High program of high-altitude
manned balloon flights.13

A closely related effort is the new
Project 7857, which was established at
Holloman in the course of 1957. The title
originally proposed was Research in Space
Bio-Sciences, but the word “space” was
still frowned upon at the time in high De-
fense Department circles, suggesting Buck-
Rogerish fantasies and waste of the tax-
payers’ money. Hence the project was ap-
proved at higher echelons with a slight
change in name though not in substance,
becoming officially Research in Extreme
Altitude Bio-Sciences. However, by the
early part of 1958, and for obvious reasons,
everyone was satisfied to restore the name
first proposed by the Aeromedical Field
Laboratory.14

Project 7857 was only secondarily con-
cerned with “in-house” research efforts.
Chiefly, it provided for the Aeromedical
Field Laboratory to direct research on a
variety of topics--radiation effects, psycho-
physiological aspects of weightlessness and
sealed cabin environment, and so forth--
through contracts with outside investiga-
tors. Such contracts had previously been
awarded under Projects 7850 and 7851,
but the new project envisages a definite
increase in contract efforts. It supplements
the other projects, and in particular Pro-
ject 7851; Colonel Simons is currently pro-
ject officer in both cases, and the task sub-
divisions of one are mostly related to tasks
included in the other. Project 7857 thus
broadens the research role of the Aero-
medical Field Laboratory even though it
does not greatly affect the scope of activi-
ties carried on locally. Air Research and
Development Command refused to make
funds available until full coordination was
effected with related projects at other Air
Force installations, and no contract had
actually been signed under the terms of
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Project 7857 by the end of 1957. But sev-
eral were being negotiated even then, and
shortly thereafter the program of con-
tract research began in earnest.15

Despite the addition of Project 7857,
most of the work of the Aeromedical Field
Laboratory still centers around the two
earlier Projects 7850 and 7851. Indeed
the establishment of these two projects--
both created by and for the Aeromedical
Field Laboratory--might well be described
as the definitive step in the “coming of
age” of the Holloman unit. Moreover, there
gradually developed an official concept of
division of effort between the laboratories
at Holloman and Wright Field. The latter
was to take charge of short- and medium-
term research, including all development
of equipment. The Holloman effort was to
be devoted to more long-term research,
keeping five or more years ahead of actual
weapons systems development. Naturally,
this official reasoning was not, and was
scarcely expected to be, applied literally
in all cases. One conspicuous exception
was the existence of automotive crash re-
search as a Holloman task. This had no
obvious relation to long-range weapons
systems development, and investigated (a-
mong other things) seat belts and safety
devices for immediate use. Nevertheless,
the distinction in time phasing did provide
a useful frame of reference for planning
purposes; and, in practice at any rate, du-
plication of effort between the two labora-
tories did not become too serious. General
Don D. Flickinger, after becoming Direc-
tor of Human Factors for Air Research
and Development Command in mid-1957,
stated that, while some overlapping might
exist, it was not a real problem. He also
expressed his satisfaction with the continu-
ing independence of the two laboratories.16

Toward the end of 1957, still another
concept emerged at command level, to the
effect that Wright Air Development Cen-
ter’s Aero Medical Laboratory should be-
come the primary agency for directing bio-
medical research, with the Air Force Mis-
sile Development Center’s Aeromedical
Field Laboratory serving essentially as a
“test center.”17 This policy, as adopted by
General Flickinger and others in authority,
appeared to represent a distinct cutback
for the Holloman research mission. How-
ever, it was far from clear at the time just
what the practical effect would be. For
one thing, it became known almost simul-
taneously that Colonel Stapp was slated to
move to Wright Field and become head of
the Aero Medical Laboratory there, which
he did in April 1958. Any cognizance over
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Holloman projects that may be vested in
Wright Field would still be exercised in
large measure by Colonel Stapp, thus guar-
anteeing a certain continuity. Then, too,
the line between research and testing is
even harder to draw in aeromedical pro-
jects than in missile development, and is
subject to varying interpretations to say
the least. Finally, it is worth noting that
the change in the Aeromedical Field Lab-
oratory’s mission was proposed at the same
time as important new funds were being
made available both for new facilities and
for research operations.18

A project that offers obvious compli-
cations, if the Aeromedical Field Labora-
tory is to be conceived primarily as a test
center, is the new Project 7857, Research
in Space Bio-Sciences. Already the Direc-
torate of Life Sciences (formerly Human
Factors) at command headquarters has
moved to eliminate some of the tasks of
this project. Among those called in ques-
tion are several that had not been fully
activated, and which possibly do represent
unnecessary duplication of work being done
elsewhere in the command. On the other
hand, Task 78530, Psychophysiology of
Weightlessness, has also been threatened,
despite the fact that it is an integral part
of a long-standing Holloman subgravity
program that has absolutely no counter-
part anywhere in Air Research and De-
velopment Command.19 Accordingly, ef-
fort that could better be devoted to doing
scientific research must be diverted to
arguing over research responsibilities--a
state of affairs that has been regrettably
common in the brief history of the com-
mand, and not only in the area of life
sciences.

Even while the Aeromedical Field
Laboratory was entering a period of some
uncertainty with regard to its official mis-
sion, members of the laboratory’s staff
were being called upon to take a prominent
role in Air Force-wide and interservice
efforts for placing man in space. During
his last months as head of the Aeromedical
Field Laboratory, Colonel Stapp spent
much of his time at command headquart-
ers helping General Flickinger to draft the
Air Force's own “Man in Space” program.
Colonel Simons, who again became chief
of the laboratory on Colonel Stapp’s de-
parture, has served as chairman of the in-
terservice Biosatellite Coordination Com-
mittee. Other Holloman aeromedical scien-
tists have been assigned to the same Com-
mittee, as well as participating in various
inter-agency projects for the use of ballis-
tic-type missiles in biological research.
Such inter-agency and interservice pro-
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jects have helped create a critical condition
of overwork among the Holloman staff
members. But the Holloman role in such
endeavors is one reason why the Aeromed-

ical Field Laboratory’s research and de-
velopment program in fiscal year 1958 was
funded at more than $2,000,000, as compar-
ed with $260,000 in fiscal 1956.20

Administrative Organization and Resources

Needless to say, the reshuffling and
expansion of project workloads that has
been going on since the start of 1953 has
been accompanied by a series of adminis-
trative reorganizations within the Aero-
medical Field Laboratory. The most im-
portant innovation was to split the original
organization of the laboratory into two
main operating divisions, which was an
obvious requirement once Colonel Stapp in-
troduced a program in biodynamics along-
side the earlier research in space biology.
These two divisions are known today as
the Biodynamics Branch and the Space
Biology Branch, the one in charge of Pro-
ject 7850 and the other conducting Pro-
jects 7851 and 7857; but the exact names
have varied at different times in the past.

The present Biodynamics Branch,
when first organized in 1953, bore the cur-
ious title of Liaison Projects Section. At
first this Section was headed directly by
Colonel Stapp, with the help chiefly of
Master Sergeant James F. Ferguson, who
had collaborated with Colonel Stapp at
Edwards and who was brought to Hollo-
man by Stapp as soon as possible after his
own assignment to the New Mexican in-
stallation. The Section was then primarily
responsible for Colonel Stapp’s work on
Biophysics of Abrupt Deceleration, and its
title reflected, among other things, the in-
terrelation between that work and related
crash and escape studies of the Aero Med-
ical Laboratory at Wright Air Develop-
ment Center. It was also to assist Wright
Field scientists in certain other tests that
they intended to conduct at Holloman for
their own research tasks; and it contained,
at least on paper, a Bio-Acoustics Unit
which was supposed to cooperate with
Wright Air Development Center in a ten-
year program of research on aircraft noise.
In practice, however, neither the noise pro-
gram nor the unit created for that purpose
ever became active. Hence the Bio-Acous-
tics Unit was omitted from the organiza-
tion charts by September 1955, if not earl-
ier. At the same time, the Liaison Projects
Section as a whole received its current
name of Biodynamics Branch, with its
functions redefined to fit Project 7850
more closely. For about a year during
1954-1955, it also received a distinct branch
chief, Major Joseph V. Michalski. The posi-
tion was then filled once more by Colonel
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Stapp himself, in addition to his duties as
head of the entire laboratory, until the
assignment of the present chief, Captain
(Doctor) John D. Mosely, in the latter
part of 1956.

The present Space Biology Branch
has had a less varied history. The only
change in its title has been to delete the
original term “Section” and substitute
“Branch.” Its functions--starting with cos-
mic radiation balloon flights and later
taking in other research activities of Pro-
jects 7851 and 7857--have been easily re-
cognizable from the name of the unit, and
its chief since 1953 has been Colonel Si-
mons. There have, of course, been various
changes in name and function among the
subunits of both major branches, in addi-
tion to the rise and fall of the Bio-Acous-
tics Unit mentioned above; but these
changes have been of relatively minor im-
portance. Finally, the Aeromedical Field
Laboratory has always had one or more
units in charge of laboratory services and
the like, which are currently centralized in
a Laboratory Services Branch. But the
existence of the last-named branch, and of
its various predecessors, has not affected
the basic two-fold division of the Aero-
medical Field Laboratory for project work.

In its relation to other assigned activi-
ties at Holloman, the Aeromedical Field
Laboratory in 1953 was placed directly
under the Center’s 6580th Test Group, and
was thus on an equal standing with the
6580th Missile Test Squadron and the
6580th Special Test Squadron (which in
turn included the Holloman Balloon Unit).
Following the establishment of a Director-
ate of Laboratories in 1955, the aeromed-
ical organization became one of its major
subdivisions, and in 1956 the Aeromedical
Field Laboratory was made part of a new-
ly created Directorate of Research and De-
velopment. Yet, in practice, Holloman of-
ficials have generally recognized the un-
ique role of the Aeromedical Field Lab-
oratory, and have given a free hand as far
as possible to Colonel Stapp, Colonel Si-
mons, and their associates.2!

Early in 1957, Major General Leighton
I. Davis, Commander of the Air Force Mis-
sile Development Center, proposed raising
the Laboratory to the status of Director-
ate of Space Biomedical Sciences. General
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Davis submitted to higher headquarters a
plan that could be initiated “within the pre-
sent manning resources of the center” but
would prepare the way for major expan-
sion as soon as funds and manpower be-
came available. General Davis proposed
separate Divisions for Administration;
Plans; Services; Biodynamics; and Human
Factors Development. The Human Factors
Development Division was to be essentially
an outgrowth of the current Space Biology
Branch, with special emphasis on prob-
lems of true space flight including those
involved in preparation of a manned satel-
lite. It was also proposed that the new
directorate might offer resident training
to candidates seeking certification by the
Aviation Medicine Board.22

The proposal to create a Directorate
of Space Biomedical Sciences at Holloman
was in line with recommendations made
by a number of high-level Air Force plan-
ning committees, including the Long-Range
Planning Committee for Guided Missiles
and Space Vehicles of the Air Research
and Development Command, which is us-
ually referred to as the Yates Committee.
At the same time, it should be noted that
the exact timing of the proposal was prob-
ably influenced by the fact that John Paul
Stapp had just been promoted from Lieu-
tenant Colonel to Colonel, effective April
1957. As head of the Aeromedical Field
Laboratory, he was technically subordin-
ate to the Center’s Directorate of Research
and Development, which was then headed
by a lieutenant colonel. However, the new
directorate was ultimately rejected at com-
mand headquarters. Brigadier General
Don R. Ostrander, Deputy Commander for
Resources, Air Research and Development
Command, explained that the proposal was
unacceptable because it entailed an in-
crease in the number of administrative
spaces and because it went against the
command effort to ‘consolidate func-
tions.”23

Despite the unfavorable decision in
this instance, the steady expansion in the
work of the Aeromedical Field Laboratory
inevitably brought with it an increase in
both assigned personnel and facilities. Per-
sonnel strength has not kept pace with the
increase in project work, but has risen
gradually from the mere handful present in
January 1953 to a total in June 1958 of
thirteen officers, eighteen airmen, and six-
teen civilians.24 All of the officers hold
college degrees in some scientific field, and
eight of the thirteen (plus one civilian
scientist) have the doctor’s degree. This
last is a fairly remarkable proportion, in-
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dicative of a small but exceptionally qual-
ified corps of scientists.

New buildings were added in the same
period. As of January 1953, there were
two in use (Buildings 1201 and 1203, one
permanent and the other a converted war-
time “temporary” structure), but since
then two more permanent structures
(Buildings 1200 and 1202) have been add-
ed to the aeromedical laboratory complex
in the Holloman “North Area” along with
a converted wartime barracks to serve as
supply warehouse (Building 1240). A fine
new warehouse is to be started in the im-
mediate future, but the special medical
science laboratory that was to have been
included in fiscal year 1959 building plans
has been put off for another year. This
is especially unfortunate, since the build-
ings that exist in the present laboratory
complex are cramped, one-story, and in
some cases rather dingy structures. The
one exception is a portion of the more
spacious Building 1265, chiefly housing of-
fices of the Center’s Directorate of Ballistic
Missile Tesf, which has been made avail-
able to staff members of the Space Biology
Branch.25

A number of specialized test facilities,
too, have been created at Holloman either
expressly for the Aeromedical Field Lab-
oratory or under the jurisdiction of some
other unit but available for biomedical re-
search. Most of these facilities can best
be discussed in other monographs related
to the particular fields of research for
which they are used. The one “test fa-
cility” that it is more convenient to de-
scribe at this point, because of its use for
both biodynamics and space biology re-
search, is the Holloman “zoo” of test ani-
mals. This dates back to the period before
1953, but has greatly expanded from that
year to the present.

Unlike the “zoo” which Colonel Stapp
had formerly used for research at Ed-
wards Air Force Base, managed under
contract by a private animal trainer, the
Holloman facility was always run by train-
ed personnel of the Aeromedical Field Lab-
oratory. The result has been better care
for the animals, along with considerable
savings for the government. From August
1954 to July 1956, the animals were en-
trusted to Lieutenant (later Captain) Clin-
ton D. Hughes, a member of the Air Force
Veterinary Corps, and Holloman officials
were therefore alarmed when, about May
1956, the Defense Department suddenly
moved to disband the entire Corps. Gen-
eral Davis, as Center commander, submit-
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ted a strongly worded protest to the Sur-
geon General, United States Air Force, de-
tailing the benefits received at Holloman
from Air Force Veterinary Corps members
not only in the care of test animals but al-
so in food inspection and similar areas.
Colonel Stapp likewise sounded his pro-
tests far and wide; and the messages from
Holloman, joined with those from other Air
Force installations, have so far helped to
prevent disbandment of the Corps.

When Captain Hughes left the ser-
vice, he was replaced by another Air Force
Veterinary Corps officer, Lieutenant (lat-
er Captain) Donald F. Patterson. In due
course, a second veterinary officer, Lieu-
tenant John A. Recht, arrived to help.
They were assigned as Chief and Assistant
Chief respectively of the Laboratory Ser-
vices Branch, until February 1958, when
Captain James Ellsworth Cook (also a
veterinarian) was assigned as branch chief
and Lieutenant Patterson became Chief of
the Veterinary Services Section of the
Branch. However, not one of these of-
ficers can be described merely as an ani-
mal-keeper. All have assumed a share of
regular project work, as have other Air
Force veterinarians (including Doctor
Mosely) who are assigned directly to the
operational branches. Cook, Patterson,
and Recht have conducted specific re-
search tasks either wholly or in part, and
have assisted their colleagues in scientifi-
cally evaluating the results of animal ex-
periments.26

The animals themselves have included
mice, hamsters, dogs, and cats--small ani-
mals of the type used even before 1953
in subgravity and cosmic radiation studies.
From 1953 to the present, primarily for
work in biodynamics, chimpanzees, hogs,
and bears have also come to live at Hollo-
man. Bears were the latest addition, when
a group of four arrived in November 1957
amid a wave of unwelcome publicity. They
had been purchased from the Catskill
Game Farm, Catskill, New York, whose
owner gave out details of the purchase in
what was apparently an advertising ges-
ture. The story was readily played up in
the national press, since it came just a few
weeks after Russian scientists launched a
dog-carrying satellite. It thus inspired
speculation as to whether the United
States Air Force meant to outdo the Rus-
sians by launching a bear satellite. This
was not, of course, the intention; the bears
had been acquired to participate in re-
search programs already underway at Hol-
loman.27

A wide variety of animals is required
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for research at Holloman because no one
animal is suited for all test purposes. As
Colonel Stapp remarked to a Congression-
al subcommittee:28

You wonder why I use hogs--
hogs and chimpanzees? Well,
man is somewhere between the
hog and the chimpanzee. Some
people are more like hogs; others
are more like chimpanzees.

In over-all proportions and in some details
of internal structure the chimpanzee--for
example--is actually quite similar to man,
but in certain aspects of spinal structure
the bear seems a better fit. Bears had the
added advantage of being cheaper and
more plentiful than chimpanzees. Hogs, of
course, are the most plentiful of all, at
least among the large animals, and in ad-
dition have their points of resemblance to
the human body. They are also the most
edible, but allegations are only in jest that
they are used by the Aeromedical Field
Laboratory because they make good bar-
becue material. If sacrificed during or af-
ter a test, hogs are upon occasion present-
ed to different units at Holloman, includ-
ing the Aeromedical Field Laboratory it-
self, for use in group picnics, but this is
only incidental to their primary research
function.29

The Holloman ‘““zoo” is really a unique
facility within the Air Force. Some other
Air Force agencies have collections of
small laboratory animals, but the Aero-
medical Field Laboratory is the only one
with bears, hogs, and chimpanzees. It is
also the only one with equipment, accom-
modations, and technical experience for
keeping the larger test animals. Thus, in
addition to supplying its own needs, it has
often provided animal subjects for experi-
ments performed away from Holloman by
other Air Force scientists. Specifically, the
Aeromedical Field Laboratory has given
chimpanzee support to the Aero Medical
Laboratory of Wright Air Development
Center for different series of experiments
related to high-speed escape from air-
craft,30 a field of research in which both
laboratories have made significant contri-
butions.

Those and other contributions are
treated--as already indicated--in separate
historical studies, each covering a particu-
lar area of research accomplishment at the
Aeromedical Field Laboratory. The pre-
sent history of changes in the Laboratory’s
mission and organization is, by compari-
son, a much less significant study. How-
ever, administrative problems and policies
can both help and hinder a research agen-
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cy. In the case of the Aeromedical Field
Laboratory, Center-level administrative
actions have in general been extremely
favorable to its research program. The
same cannot always be said of command-
level and intra-command actions--at least
not from the viewpoint of the local organi-
zation itself. Yet, despite all such prob-
lems, and despite inadequacies of both fa-
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cilities and personnel, the Aeromedical
Field Laboratory has managed to build up
a justly admired record of achievements.
It has acquired an expert staff of scientists
and a broad capability in space biology and
related fields that make it one of the key
Air Force units, though by no means the
only one, currently engaged in preparing
man'’s conquest of space.
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GLOSSARY

AF Air Force

AFB Air Force Base

AFMDC Air Force Missile Development Center

AMAL-NADC Aviation Medical Acceleration Laboratory, Naval
Air Development Center

AMC Air Materiel] Command

AMFL . Aeromedical Field Laboratory

ARDC Air Research and Development Command

Asst. Assistant

Cmdr. Commander

Comdr. Commander

DCS/ Deputy Chief of Staff for

DCS/0 Deputy Chief of Staff, Operations

DD Department of Defense

Dep. Deputy

DF Disposition Form

EAS Equivalent air speed

FY Fiscal Year

HADC ' Holloman Air Development Center (redesignated

Air Force Missile Development Center as of 1
September 1957)

HAFB Holloman Air Force Base

Hq. Headquarters

Ind. Indorsement

Ltr. Letter

n.d. No date

R&D Research and Development

RDB Research and Development Board
Sq. Squadron

Subj. Subject

TWX Teletypewriter Exchange Message
USAF United States Air Force

WADC Wright Air Development Center
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Abdominal injury, 79, 82.

Acceleration, physiological studies, 3, 11,
33-36, 38, 40, 41, 49, 52, 60, 68, 70-74,
79, 87, 93. See also Deceleration.

Acceleration Unit, Biophysics Branch,
Aero Medical Laboratory, AMC and lat-
er WADC, 2.

Accelerometers, 37, 74.
Adrenal response to stress, 25, 27.

Aerobee research rocket, 3, 4,6, 7, 9, 33, 34,
36, 41, 91, 93.

Aeromedical Field Laboratory, AFMDC,
1, 9, 11-25, 33, 36, 37, 39, 41, 45, 47, 50-
53, 55, 57, 59, 66, 70, 71, 73, 75, 77, 79,
81-85, 98; Chief, see Simons, Stapp, Tel-
fer; establishment, mission, and organi-
zation, 7, 65, 71, 72, 91-96, 99; test and
other facilities, 7, 10, 16, 27, 41, 91, 94,
96, 97 (see also Test facilities). See also
Biodynamics Branch, Funding, Person-
nel, Project 7850, Project 7851, Space
Biology Branch.

Aero Medical Laboratory, AMC and later
WADC, 1-7, 11, 19, 21, 25, 33, 34, 36,
39, 52, 53, 55, 57, 65, 70-72, 79, 91, 92,
94, 95, 97, 99. See also Wright Field.

Aero-Medical Sub-Unit, HAFB, 7.
Aeronautical laboratories, General Mills, 5.
Air Base Squadron, 475th, Minneapolis, 23.

Aircraft: crash forces, see Crash re-
search; experimental, 19; jet-assisted
and catapult takeoff, 49, 77; industry, 55,
56, 59, 63, 66; noise, 95; performance
and design, 45, 59, 68; seats and seat
belts, 66, 72, 77, 82 (see also Seat belts);
support for Man-High, 23, 25; used as
subgravity test vehicle, 33, 35-41. See
also Escape from aircraft, specific air-
craft types and models.

Air Defense Command, 15.

Air Force, United States: aircraft inven-
tory, 45; animal colonies, 96, 97; auster-
ity drive, 39, 40; Cheney Award, 49;
Chief of Staff, 49; escape systems de-
velopment, 59, 60 (see also Escape from
aircraft) ; Hq., 83, 84, 93; “Man in Space”
program, 91, 94; personnel in auto acci-
dents, 81; planning committees, 96; post-
Sputnik R & D program, 65, 85, 97;
Surgeon General, 97; Veterinary Corps,
96, 97. See also individual Air Force
units and installations.

Ai:rl'3Force Cambridge Research Center, 2,
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Air Force Missile Development Center:
60, 92; and Air Force austerity drive, 39,
40; Commander, 96, 97; miscellaneous
activities, 13, 25 (see also specific units);
mission and organization, 1, 7, 11, 27,
33, 41, 45, 53, 55, 91, 95, 96, 98; treat-
ment in local press, 84. See also Aero-
medical Field Laboratory, Balloon
Branch, Holloman Air Force Base,
Range, Test facilities, and various sub-
ordinate units.

Air Force Missile Test Center, 73, 91.

Air Force Office of Scientific Research,
15, 17.

Air Materiel Command, 33.
Air police, 25.

Air Research and Development Command,
9, 40, 91, 98; Commander, 27, 59, 61;
Dep. Cmdr./R&D, 50; Dep. Cmdr./Re-
sources, 96; European Office, 17; Hq,,
15, 19, 21, 25, 27, 29, 46, 50, 57, 59,
70, 81, 83, 84, 93, 94, 96; Long-Range
Planning Committee for Guided Missiles
and Space Vehicles, 96.

Air Resupply and Communications Squad-
rgn (Special), 1300th, Great Falls AFB,
13.

Alabama, Congressman from, 84.
Alamogordo, N. Mex., 39, 49, 85.
Alamogordo Daily News, 84.

Albert (I) and (II), test subjects, 2, 34.
Altimeters, experimental, 18.

American College of Surgeons, 83.

Anderson, Lt. Gen. Samuel E. Cmdr.,
ARDC, 27, 61.

Animal colonies, 79, 96, 97.

Animal experimentation, 1-7, 9, 12-19, 21,
23, 33-36, 38-41, 46, 47, 50-53, 57, 59,
8623-6!’)7’% 70-75, 77, 79, 81, 82, 84, 85, 91,

Anti-g capsule, platform, swing, 72-75, 77.
Anti-g suits, 71.

Archibald, Cé.pt. Erwin R., Task Scientist,
Environmental Control, 19, 25, 27.

Archimedes, 71.

Arctic regions, 59.

Argentina, subgravity research, 35, 36, 38.
Argonne National Laboratory, 17.

Axgged Forces Epidemiological Board, 81,




Armed Forces Institute of Pathology, 16,
17, 70.

Armed services: interservice research ac-
tivities, 6, 41, 70, 94; plan to adopt auto-
motive seat belts, 83. See also Defense
Department.

Army, United States: auto accident fa-
talities, 81; cooperation with Man-High,
95. See also White Sands Proving
Ground.

Army Tank Laboratory, Fort Knox, Ky,
89.

Atlantic Ocean, 16, 26.

Atmospheric studies: biological, see Space
biology; physical and meteorological, 1,
5, 6, 19, 25-27, 31, 55, 70, 72. For arti-
ficial sealed-cabin atmospheres, see Cap-
sules.

Atomic blasts, 79.
Atomic Energy Commission, 17.

Austerity drive of 1957, Air Force-wide,
39, 40.

Automobile: crash forces, see Crash re-
search; industry, 81, 83, 84 (see also
Ford, General Motors); seat belts, 45,
66, 81-84, 94.

Automotive Crash Forces (Task 78507 of
Pli'oject 7850), 65, 66, 77, 81-84, 89, 92-
94.

Aviation Medical Acceleration Laboratory,
Naval Air Development Center, Johns-
ville, Pa., 70, 71.

Aviation Medicine Board, 96.
B-29 aircraft, 57.

B-52 aircraft, 77.

Ballinger, Dr. E. R., subgravity investiga-
tor, 35, 38.

Ballistic missiles, as biological research
vehicles, 40, 41, 73, 94.

Balloons: 33; manned-flight programs,
12, 19, 54-56, 63 (see also Man-High);
manufacturers and flight contractors,
see General Mills, Winzen Research;
manufacturing and flight techniques, 5-
7, 11, 12, 16, 18, 25 (see also Recovery,
Tracking); record altitudes, 12, 23, 26;
research use, 1, 4-7, 9, 13-18, 21, 23, 72,
91.93, 95.

Balloon Branch, Unit, AFMDC, 5-7, 12, 13,
25, 55, 95.

Baylor University, 49.

Beamer, Mr. John V., Indiana Congress-
man, 84.
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Bears, 75, 84, 85, 97.

Beeding, Capt. Eli L., Task Scientist, Tol-
erance to Impact Forces, 75-77, 79.

Bell Aircraft Corporation, 59.
“Bends,” 26.

Bio-Acoustics Branch, Aero Medical Lab-
oratory, WADC, 52.

Bio-Acoustics Unit,
Laboratory, 95.

Biodynamics, 45, 65, 91, 96, 97. See also
Acceleration, Crash research, Decelera-
glon, Impact forces, Project 7850, Wind-

ast.

Biodynamics Branch, Aeromedical Field
Laboratory, 11, 51, 52, 65, 70, 71, 75,
95, 97; Chief, see Michalski, Mosely.

Biodynamics of Human Factors in Avi-
ation, Project 7850, 45, 46, 51, 53, 65, 66,
81, 92-95. See also Project 7850.

Biodynamics of Space Flight, Project 7850
(since March 1958), 45, 53, 66, 68, 70,
81, 92-95. See also Project 7850.

Biophysics Branch, Aero Medical Labora-
tory, WADC, 2, 25, 92.

Biophysics of Abrupt Deceleration, pro-
ject, 45, 46, 51, 92, 95.

Biophysics of Cosmic Radiation, project,
13, 93.

Biophysics of Escape [from Aircraft], Pro-
ject 7218, 12, 19, 21, 55, 58, 92.

Biophysics of Space Flight, Project 7222,
55.

Aeromedical Field

Biosatellite Coordination Committee, 41,
94,

Biosatellites: 40, 41, 65, 84; manned (pro-
posed), 11, 19, 27, 36, 96; Russian (Sput-
nik II), 35, 36, 85, 87.

Blocks of wood, as test subjects, 71.
Blood vessels, 79.
“Blossom” project, 2. See also V-2,

Blount, Lt. Wilbur C., Task Scientist, Tol-
erance to Impact Forces, 75, 79.

Bopper, 66, 67, 71, 77, 82, 84.

Braking, on test tracks, 46, 47, 66, 13, 5.
Brown University, 17.

C-47 aircraft, 15, 25, 57.

C-97 aircraft, 63.



Campbell, Dr. Berry, University of Minne-
sota, 6, 16, 17.

Canada: 16; research, on protection a-
gainst g-forces, 71.

Capsules: anti-g, 72, 73; escape, 45, 53,
59, 60, 72; for high-altitude and space
research, 2-6, 11-16, 19, 27, 30, 33-35,
41, 55, 57, 71-73; Man-High, 11, 15, 16,
18-27,

Carbon dioxide, 26.

Catapult: propulsion, for Daisy Track,
73: takeoff, 49, 77.

Cats, 5, 38-40, 97.
Catskill Game Farm, Catskill, N. Y., 97.

Centrifuge testing, 50, 68, 70, 71; AFMDC,
72, 73.

Chambers. See Test chambers.

Chase, Prof. Herman B., Brown University,
17, 18.

Cherokee missile, 56, 57.
Chicago, Ill., reporters from, 84, 85.
Chief of Staff, USAF, 49.

Chimpanzees, 46, 47, 50-53, 57, 59, 66-68,
70, 71, 75, 97.

China Lake, Calif. See Naval Ordnance
Test Station.

Cibis, Dr. Paul, School of Aviation Medi-
cine, 17.

Claustrophobia testing, 23, 27.

Commander, AFMDC, 96, 97.
Commander, ARDC, 27, 50, 51.

Commission on Accidental Trauma, Armed
Forces Epidemiological Board, 81.

Communications, in subgravity and space
flight, 37.

Concussion, 79.

Conferences, auto crash, at HAFB, 75, 81,
83-85.

Congress and Congressmen, United States,
83, 84, 97.

Conniff, T/Sgt. John T., Task Scientist,
Subgravity Studies, 36, 38.

Contracts: animal care, 96; balloon flight
services, 13, 15; Man-High, 21, 23; re-
search, 6, 15-18, 27, 29, 37, 39-41, 83,
84, 93, 94.

Control specimens, for space biology re-
search, 11, 16, 17, 30.

Convair Division, General Dynamics Corp-
oration: ejection seat development, 55,
57-60, 63, 72.

Cook, Capt. James Ellsworth, Chief, Lab-
oratory Services Branch, Aeromedical
Field Laboratory, 97.

Coo’%{, Dr. S.F., University of California,
27.

Coordination problems, in subgravity, 34-
36, 38-40.

Cornell Aeronautical Laboratories, 39.
Cornell University Medical College, 83, 84.

Cosmic radiation studies, 1, 3-7, 11-19, 21,
23, 25, 27, 29, 30, 34, 45, 65, 71, 72, 85,
91-93, 95, 97.

“Covered wagon” balloon launcher, 6, 12.

Crash research: aircraft, 46, 50, 55, 65-
68, 77, 719, 92, 93, 95; automotive, 65, 66,
75, 77, 80-85, 89, 92-95.

Crash restraint demonstrator. See Bopper.

Crash restraints and harnessing. See Pro-
tective equipment.

Crew selection, for space travel, 38.

Crosby, Minnesota, balloon launch site, 25,
26.

Crossfield, Mr. Scott, test pilot, 38.
Cushions, energy-absorbing, 67, 77.
Cutaneous effects, of cosmic radiation, 17,

Cyclotron, University of California, 17, 25.
Dacron sail cloth, 52.

Daedalus, project, 19. See Man-High.
Daisy air rifle, 73.

Daisy Track, AFMDC, 53, 55, 59, 65, 66, 71,
73-71, 82, 84.

~ Davis, Maj. Gen. Leighton 1., Cmdr., AF-
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MDC, 96, 97.

DeBusk, Dr. A. Gib, Florida State Univer-
sity, 17.

Deceleration, physiological studies, 3, 11,
38, 45-60, 65, 68, 70-75, 79, 85, 91-93.
See also Acceleration, Crash research,
Escape from aircraft, Impact forces.

Defense Department, 81, 93, 96.

Demler, Brig. Gen. Marvin C., Dep. Cmdr./
R & D, ARDC, 50.

Deputy Commander for Research and De-
velopment, ARDC, 50.




Deputy Commander for Resources, ARDC,
96.

Descent and Recovery (Re-entry) (Task
78502 of Project 7851), 71, 72, 93.

Developmental effects, of cosmic radiation,
16-18.

DFS-228 aireraft, 59.

Directorate of Advanced Technology, AF-
MDC, 72.

Directorate of Ballistic Missile Test, AF-
MDC, 96.

Directorate of Engineering Standards, WA-
DC, 59.

Directorate of Laboratories, AFMDC, 95.

Directorate of Life Sciences, Hq., ARDC,
70. See also Human Factors Divisicn.

Directorate of Procurement, AFMDC, 21.

Directorate of Research and Development,
AFMDC, 31, 72, 81, 95, 96.

Directorate of Space Biomedical Sciences
(proposed), AFMDC, 95, 96.

Director of Human Factors, ARDC, 94.
See also Human Factors Division.

Distinguished Flying Cross, 27.

Dittmer, T/Sgt. Edward C., Aeromedical
Field Laboratory, 73.

Diving, undersea, 79.
Diving suits, mouse, 71.

Dobson, Dr. R. Lowry, University of Cali-
fornia, 25.

Dodge weapons carrier, 81.

Dogs, 5, 13, 16, 35, 36, 85, 87, 97.
Drop seat, sled-mounted, 50, 66, 67.
Drosophila. See Fruit flies.

Dummies: anthropomorphic, 23, 51, 54, 55,
g”(z’, 66, 72, 73, 75, 80-82; chimpomorphic,
Edwards, Ralph, 49.

Edwards Air Force Base, Calif., 35, 46, 49,
57, 59, 92, 95, 96.

Eisenhower, President Dwight D., 49.

Ejection: capsules, see Escape capsules;
seats, 45-53, 55, 57-60, 63, 72; thrust, in
aircraft escape, 45, 55, 77. See also Es-
cape from aircraft.

Electrocardiograph, 70.

Electronics Unit, Aeromedical Field Lab-
oratory, 36.
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El Paso, Texas, 39.

Enfield, Lt. Daniel L., Task Scientist, Au-
tomotive Crash Forces, 82.

England, 9.

Enlisted personnel, of Aeromedical Field
Laboratory, 13, 25, 75.

Environmental control. See Capsules.

Environmental Control in Sealed Cabins
(Task 78516 of Project 7851), 19, 27,
93.

Equipment, personal, testing of, 65. See al-
so Protective equipment.

Equipment Laboratory, WADC, 6, 21.
Escape capsules, 45, 53, 59, 60, 72.

Escape from aircraft, escape systems: 6,
19, 45-60, 63, 65, 66, 68, 72, 77, 79, 85,
92, 95, 97, 99. See also Deceleration,
Tumbling, Windblast.

Escape from re-entry and space vehicles,
53, 60.

Eugster, Dr. Jakob A. G., cosmic ray in-
vestigator, 17, 18.

Europe, 15, 16.

European Office of Air Research and De-
velopment Command, 17.

Experimental Pathology of Aircraft Acci-
dent Forces (Project 7858, proposed), 93.

Explosions, 79.

Eye effects: cosmic radiation, 17; decel-
eration, 47, 49; pressure change, 79.

F-89 aircraft, 37.

F-94C aircraft, 37, 40, 41.
F-100 aircraft, F-100F, 41.
F-102 aircraft, 66.

F-104 aircraft, 77.

F-106 aircraft, 72.

Face masks, 51.

Facilities. See Aeromedical Field Labora-
tory, Test facilities.

Fact Sheet, Project Manhigh, 31.
Federation Aeronautique Internationale,

Ferguson, M/Sgt. James F., Biodynamics
granch, Aeromedical Field Laboratory,
5.

Field Maintenance Squadron, 6580th, at
HAFB, 25.



“Finnegan,” balloon gondola, 55.
Fish, T1.
Flailing, 47, 52.

Flammability studies, in relation to sealed-
cabin atmospheres, 27.

Fleming Field, South Saint Paul, Minne-
sota, 12, 15, 23.

Flickinger, Brig. Gen. Don D., Director of
Human Factors, ARDC, 94.

Flight Test Division, AFMDC, 23.

Florida State University, 17.

Fluids, behavior in subgravity, 37, 38.
Flying safety, 37.

Flying saucers, 5, 15.

Flying suits, for windblast protection, 52.
Food inspection, 97.

Ford Motor Company, 82.

Fort Knox, Ky., 89.

475th Air Base Squadron, Minneapolis, 23.
Free fall, 47, 55, 72.

Frogs, T1.

Fruit flies, 1, 5, 7, 13, 16, 91.

Funding, of research and test activities:
15, 17, 19, 21, 29, 51, 53, 65, 72, 73, 15,
81, 84, 93-96. See also Contracts.

Fungus spores, 1, 91,

G-forces: artificial, in proposed space sta-
tions, 36; physiological research on,
see Acceleration, Deceleration, Impact
forces, Subgravity.

G-suits, T1.

Galvanic skin resistance meter, 39.
General Mills, Inc.,, 5, 6, 11, 13, 21.
General Motors Corporation, 82.
General Services Administration, 83.
Genetic studies, 7, 15-18.

Gerathewohl, Dr. Siegfried J., School of
Aviation Medicine, 39.

Germany: escape systems development,
59; research on g-forces, 71, 82; subgrav-
ity studies, 33.

Gildenberg, Mr. Bernard D., Chief, Tech-
nical Support Section, Balloon Branch,
AFMDC, 25.

Gondolas, balloon: 55, 57; open, see “Sky-
Car;"” sealed, see Capsules.
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Grasshopper eggs, 17, 18.

Gravity meter, 31, 72.

Great Falls Air Force Base, Montana, 13.
Greece, ancient, 71.

Grine, Maj. Kenneth E., Information Ser-
vices Office, Hq., ARDC, 25.

Groth, Mr. Joseph C., Jr., public rela-
tions officer, Winzen Research, Inc., 25.

Guidance systems, 73.
Guinea pigs, 17, 18, 23, 52.

Haber, Drs. Fritz and Heinz, at School of
Aviation Medicine, 35.

Haldeman, Mr. W. F., 72.
Hamsters, 5, 7, 13, 17, 97.

Handbook of Instructions for Aircraft De-
signers, 59, 60.

Hanna, M. A., Company, 25.

Harlow, Dr. Harry F., University of Wis-
consin, 17,

Harnessing, 51, 55, 59, 66, 68, 77, 81, 82.
See also Protective equipment, Seat belts.

Haymaker, Dr. Webb, Chief, Neuropath-
ology Section, Armed Forces Institute
of Pathology, 16-18.

Heart and circulatory action, 2, 3, 34-36,
79, 82.

Helicopter aircraft, 23, 25.

Helium: component of Man-High capsule
atmosphere, 20, 23; used in balloon in-
flation, 25, 26.

Helmets, 46, 47, 52.
Hen eggs, 16.

Henry, Dr. James P., Chief, Acceleration
Unit, Biophysics Branch, Aero Medical
Laboratory, AMC and WADC, 2, 5.

Hessberg, Lt. Col. Rufus, Chief, Biophy-
sics Branch, Aero Medical Laboratory,
WADC, 25.

High-Chair, project, 55.
High-Dive, project, 54, 55.
Historian, AFMDC, 25.

“Hligchhike" loads, in research ballooning,

Hogs, 75, 19, 82, 97.

Holloman Air Development Center, 36, 91.
, ?:e Air Force Missile Development Cen-
T.




Holloman Air Force Base, N. Mex.: air-
craft subgravity flights at, 36-41; auto
crash conferences, 81, 83-85; balloon and
Aerobee launch site, 3-6, 9, 11-17, 21, 33-
35, 54, 55, 91; mission and organization,
1, 3, 7,9, 91, 95; parachute tests at, 6, 63;
support of V-2 firings, see White Sands
Proving Ground; “Threshold of Space”
partly filmed at, 49, 55; vehicles assign-
ed, 83. See also Aeromedical Field Lab-
oratory, Air Force Missile Development
Center, Hospital, Range, Test facilities,
Theater, and various subordinate units.

Hollywood stars, 49.
Honorary degrees, 49.
Hospital, HAFB, 49, 77.

House of Representatives Special Subcom-
mittee on Traffic Safety, 84.

Houston Technical Laboratories, 31.

Hughes, Capt. Clinton D., Aeromedical
Field Laboratory, 96, 97.

Human experimentation: aircraft sub-
gravity flights, 33, 35-41; balloon flights,
see Balloons, Man-High; high-speed
track, 45-52, 55, 59, 60, 65, 68, 71; other
test facilities, 39, 55, 66, 67, 70, 71, 73,
75-77, 81-83; parachute, 6.

Human Factors Division, Martin Company,

Human Factors Division, Office, Hq., AR-
DC, 15, 19, 70, 81. See also Director of
Human Factors.

Human Factors of Space Flight, Project
7851, 11, 13, 27, 36, 71, 93-95. See also
Tasks 78500, 78501, 78502, 78516.

Humgn volunteers, for rocket experiments,
4,

Hurricane Mesa, Utah, 57, 59.
Hydraulic bumper, 83, 84.

Impact forces, 65, 71, 73-79, 85. See also
%'Sagg research, Deceleration, Task

Indiana, Congressman from, 84.
Incsh';stry Crew Escape Systems Committee,

Inert gases, physiological research on, 27.

Information Services Office, Officer, AF-
MDC, 25, 84.

Institute of Transportation and Traffic
Engineering, University of California
at Los Angeles, 83.

Instrumentation: 2-4, 6, 7, 70, 72, 74, 81,
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83; Man-High project, 20, 21, 23, 25, 26;
range, 57; subgravity studies, 35-37, 39;
track testing, 46, 75, 77.

International Falls, Minn., balloon launch
site, 15, 17, 18.

Inyokern, Calif., 50.

Iron Curtain, 15.

Jet-assisted takeoff, 49.

Johnsville, Pa., 70.

Justice of the Peace, Alamogordo, N. Mex.,

“Keplerian” trajectory: defined, 35; used
in subgravity research, see Aircraft.

Kittinger, Capt. Joseph W., Jr., Flight Test
Division, AFMDC, 23, 25, 27, 38.

Krause, Mr. Reinhard, Task Scientist, De-
scent and Recovery (Re-entry), 72.

Kuehn, Lt. Harold H., Task Scientist, Ra-
diation Hazards, 13, 15, 25.

Laboratory [Services] Branch, Aeromedi-
cal Field Laboratory, 79, 95, 97.

Laika, satellite dog, 35, 36, 38.
Lap belts. See Seat Belts.

Lebish, Lt. I.J., Armed Forces Institute
of Pathology, 17.

Legion of Merit, 49.
Leukemia, 17.

Lewis, Mr. Ed, head of Winzen Research
launch crew, 15.

Lewis, Lt. Sidney T., Task Scientist, Auto-
motive Crash Forces, 66, 82, 89.

Liaison Projects Section, Aeromedical

Field Laboratory, 95.
Lindberg, Mr. Charles A., 26.

Lockheed Aircraft Company: 37; im-
850\&? downward ejection seat, 57, 58,

Lo‘igbard, Dr. Charles F., Protection, Inc,,

Long-Range Planning Committee for Guid-
gg Missiles and Space Vehicles, ARDC,

Lookout Mountain Laboratory, Calif., 25.
Lung injury, 82.
Lymphocytes, bilobed, 25.

McCurdy, Lt. Col. John W., Information
Services Officer, AFMDC, 25.



McDaniel, Mr. Robert E., White Sands
Proving Ground, 17, 18.

Magnetic field, of Earth, 11.
Maintenance, aircraft, 37, 40.

Man-High, project: 1, 15, 18-27, 41, 58,
71, 72, 93; Man-High (I) flight, 22, 23,
38; Man-High (II) flight, 11, 15-17, 24-
26, 31, 33; proposals for later flights,
27; test flights, 15, 18, 21, 23, 31.

“Man in Space,” USAF program, 91, 94.
Marionette, proposed project, 81.
Martin Company, 36.

Martinez, M/Sgt. Nabor, Balloon Branch,
AFMDC, 25.

Mazza, Capt. (later Maj.) Vincent, partici-
pant in bailout tests, 6.

Mice, 3-5, 9, 13, 14, 17, 18, 23, 34, 35, 71-
73, 91, 97.

Michalski, Maj. Joseph V., Chief, Biody-
namics Branch, Aeromedical Field Lab-
oratory, 51, 79, 89, 95.

Microphones, aircraft, 37.

Miles City, Montana, 26.

Mine Safety Appliances Company, 46.
Minneapolis, Minn., 5, 21, 26.

Minnesota, 19, 22, 25. See also Crosby,
Fleming Field, International Falls.

Missiles, 1, 5, 46, 53, 94. See also Ballistic
missiles, Cherokee, Rocket experiments,
Snark.

Missile Test Group, 6540th (later 6580th),
7, 95.

Missile Test Squadron, 6580th, 95.

Missile Test Track Division, AFMDC, 75.
Moby Dick, project, 6, 13, 15.

Monkeys, 1-4, 6, 15-17, 34, 91.

Moore, Mr. John O., crash research pro-
gram, Cornell University Medical Col-
lege, 84.

Mosely, Dr. (Capt.) John D., Chief, Bio-
dynamics Branch and later Satellite Op-
erations Branch, Aeromedical Field Lab-
oratory, 52, 53, 59, 65, 70, 95, 97; pho-
tograph following 52.

Motion pictures: documentary, 25, 37, 49;
“Threshold of Space,” 49, 55. ‘

Motion Picture Squadron, 1352nd, Lookout
Mountain Laboratory, 25.
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Motjon sickness, 38, 40. See also Orienta-
tion.

Muscle-tone degeneration, 41.
Mutations, due to cosmic rays, 17, 18.
MX-1450R, 4, 13, 93.

National Advisory Committee for Aero-
nautics, 35, 65.

National Institutes of Health, Bethesda,
Md, 1, 18.

National Zoological Park, Washington,
D.C, 4.

Naval Air Development Center, Johnsville,
Pa., 70.

Naval Ordnance Test Station, China Lake
(Inyokern), Calif., 50, 52, 53.

Navion aireraft, 15, 25.

Navy, United States: cooperation with
AFMDC balloon flights, 15, 25; escape
system development, 53; manned balloon
program, 19. See also Vernalis, Whiting.

Nerve tissue studies, 16-18.

Neuropathology Section, Armed Forces In-
stitute of Pathology, 16.

Neurospora, 15, 17, 18, 25.

New Mexico School for the Visually Handi-
capped, Alamogordo, N. Mex., 39.

New York University, 5, 6, 16.
Nitrogen, 23, 26.

North Africa, 16.

“North Area,” HAFB, 96.

North Dakota, 26.

Northrop Aircraft, Inc., 46, 47, 66.
Oak Leaf Cluster, 49.

Oculogravic illusion, 38.

Omaha Mutual Benefit Insurance Com-
pany, 49.

1300th Air Resupply and Communications
%guadron (Special), Great Falls AFB,

1352nd Motion Picture Squadron, Lookout
Mountain Laboratory, 25.

“Operation Stratomouse,” article, 18.

Ostrander, Brig. Gen. Don R., Dep. Cmdr./
Resources, ARDC, 96.

Orientation problems, in subgravity, 3, 4,
33-36, 38-40.




Oscillograph, used with Daisy Track, 75.
Oxygen system, Man-High, 20, 23.

Parachutes: 19, 57, 63; capsule recovery,
1-4, 34, 35, 59; in Man-High project, 21,
23, 25; personal, 6, 55, 59.

Parks, Capt. Druey P., Space Biology
Branch, Aeromedical Field Laboratory,
13, 19, 25, 38, 72.

Patrick Air Force Base, Fla., 91.

Patterns of Deceleration in Space Flight
(Task 78506 of Project 7850), 66, 70,
71, 93.

Patterson, Capt. (Dr.) Donald F., Chief,
Veterinary Services Section, Laboratory
Branch, Aeromedical Field Laboratory,
79, 97.

Personnel, strength and deficiencies, Aero-
medical Field Laboratory, 7, 65, 72, 81,
83, 91, 95-97.

Philippine Islands, 4.

Photographers, photographic instrumenta-
tion, 3, 4, 20, 23, 25, 35, 37, 49.

Physiology of Rocket Flight, project, 4,
13, 93.

Picnics, 97.

Pierre, South Dakota, balloon launch site,
13, 17.

Pigs, 84.

Platform, anti-g, 72-75, 77.

Police, Alamogordo, N. Mex., 49.
Pools, for subgravity research, 39, 41.

Power, Lieut. Gen. Thomas S., Cmdr., AR-
DC, 59.

Pratt and Whitney, division of United Air-
craft Corporation, 37.

Press coverage and relations, 25, 26, 31, 49,
50, 71, 83-85, 97.

Pressure change, research on, 79, 81. See
also Task 78504.

Pressure sense, and subgravity, 33, 39.
Pressure suits, 26, 60.

Primates, 81. See also Chimpanzees, Hu-
man experimentation, Monkeys.

Projectile, nonpenetrating, 79.

Projects. See Biophysics of Abrupt Decel-
eration, Biophysics of Cosmic Radiation,
Blossom, High-Chair, High-Dive, Moby
Dick, Man-High, Marionette, Physiology
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of Rocket Flight, Whoosh, numbered
projects listed below.

Project 7218, Biophysics of Escape from
Aircraft, 12, 19, 21, 55, 57, 92.

Project 7222, Biophysics of Space Flight,
55.

Project 7850, Biodynamics of Human Fac-
tors in Aviation and (since March 1958)
Biodynamics of Space Flight, 45, 46, 51,
53, 65, 66, 68, 70, 73, 79, 81, 83, 92-95.
See also Tasks 78503, 78504, 78505,
78506, 78507.

Project 7851, Human Factors of Space
Flight, 11, 13, 27, 36, 71, 93-95. See also
Tasks 78500, 78501, 78502, 78516.

Project 7857, Research in Space Bio-
Sciences, 15, 37, 93-95.

Project 7858 (proposed), Experimental
Pathology of Aircraft Accident Forces or
Space and Air Experimental Pathology,
93.

Propulsion, Daisy Track, 73.
Protection, Inc., 46, 52.

Protection against g-forces: by position-
ing, 66, 68, 70, 72-75, 77; by water im-
mersion, 71, 79.

Protective equipment, clothing, and re-
straints, 45-47, 49, 51-53, 55, 59, 60, 66,
77, 82-84. See also Harnessing, Seat
belts, and other specific items such as
Helmets, Pressure suits.

Psychological testing, 17, 19, 23, 25, 40.
See also Claustrophobia.

Psychophysiology of Weightlessness (Task
78530 of Project 7857), 37, 94.

Rabbits, 81.

Radiation: cosmic, see Cosmic radiation;
cyclotron, 17, 25.

Radiation Hazards of Primary Cosmic Par-
ticles (Task 78500 of Project 7851), 13,
15, 19, 25, 93.

Radish seeds, 15, 16.

Ramo-Wooldridge Corporation, 73.

Randolph Air Force Base (Randolph
Field), Texas, 33, 39, 81. See also
School of Aviation Medicine.

Range, AFMDC-White Sands Proving
Ground (integrated), 1, 17, 41, 55, 57.

Rats, 73-75, 7.
RDO 695-61, 92.
RDO 695-65, 92.



RDO 695-72, 13, 93.

Recht, Capt. (Dr.) John A., Veterinary
Services Section, Laboratory Branch,
Aeromedical Field Laboratory, 69, 79,
97.

Recovery, of space biology experiments,
1-7, 12, 13, 16, 21, 25, 34, 35, 41, 71, 72
93.

Re-entry, 11, 38, 40, 53, 65, 68, 70-73, 77,
85, 93.

Reflex responses, in subgravity research,
38-40.

Research in Space Bio-Sciences, Project
7857, 15, 37, 93-95.

Respiratory effects, of subgravity and roc-
ket flight, 2, 3, 34, 36.

Righting reflex, in cats, 38, 40.

Roberts, Mr. Kenneth A., Alabama Cong-
ressman, 84.

Rocket: acceleration and deceleration in
space flight, 45, 60, 68, 70-73, 77 (see al-
so Acceleration, Deceleration); aircraft,
see X-1, X-2, X-15; experiments, biolog-
ical, 1-4, 11, 18, 33-35, 39, 40, 68, 71-73,
91-93 (see also Aerobee, Ballistic mis-
siles, V-2); sleds, 45-53, 57, 60, 62, 65-68,
73, 75, 77; test vehicles, 72. See also
Space vehicles.

Roll-over accidents, 82; superstructure for
protection in, 83, 84.

Russia. See Soviet Union.

Ryan, Prof. James J., University of Minne-
sota, 83, 84.

Safety devices and equipment. See Pro-
tective equipment.

Salvage vehicles, 81.

Satellite Operations Branch, Aeromedical
Field Laboratory, 65.

Satellites and space stations: manned
(proposed), 11, 19, 27, 36, 96; Russian,
35, 36, 39, 40, 65, 70, 85, 97; United
States, 70. See also Biosatellites.

“Satelorb,” 27.

Sault Sainte Marie, Mich., balloon launch
site, 13, 17.

Schock, Capt. (Dr.) Grover J.D., Space
Biology Branch, Aeromedical Field Lab-
oratory, 37-41, 73.

School of Aviation Medicine, Randolph
AFB, Texas, 17, 33, 35, 39, 81, 92.

Sealed-cabin environment, 41, 45, 93. See
Capsules, Task 78516.
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Seat belts, 45, 66, 81-84, 94.
Seats, backward-facing, 66, 68, 75-77.
Seeds, as test specimens, 15-18.

Sensomotor performance tests. See Co-

ordination.

Sensory deprivation, 40, 41, 82. See also
Simulation of subgravity states.

Service Award, of Omaha Mutual Benefit
Insurance Co., 49.

Severy, Mr. Derwyn, Institute of Trans-
portation and Traffic Engineering, Uni-
versity of California at Los Angeles, 83,
84.

Shot-bag experiment, 79.

Simons, Lt. Col. (Dr.) David G., Chief,
Space Biology Branch and (at different
periods) Chief, Aeromedical Field Lab-
oratory, 1, 2, 9, 11, 13, 15-19, 21, 23-27,
31, 34, 36, 41, 71, 72, 92-95; photograph
preceding 11.

Simulation of subgravity states, 33, 39-41,
82.

6580th Field Maintenance
HAFB, 25.

6580th Missile Test Squadron, 95.
6580th Special Test Squadron, 95.
6580th Test Group, 95.

6540th (later 6580th) Missile Test Group,
HAFB, 7.

Skin segments, as test specimens, 17.

Squadron,

Skip-flow generator, 34.
“Sky Car,” balloon gondola, 23, 31.

Sleds: Daisy Track, 73-77; rocket track,
see Rocket sleds.

SMART track. See Supersonic Military Air
Research Track.

Smith, Maj. Edward F., Provost Marshal,
6590th Support Group, Hq., ARDC, 25.

Smith, George, test pilot, 52, 60.

Smith, M/Sgt. (later Capt.) Jay D., par-
ticipant in bailout tests, 7.

Smithsonian Institution, Washington, D.C,,
4,

Snark Missile, 46.

SNORT track. See Supersonic Naval Ord-
nance Research Track.

Snubber, mechanical, 82.

Sonic Wind Number 1, rocket sled, 46, 51,
68. See also Rocket sleds.




Sonic Wind Number 2, rocket sled, 51, 52,
65. See also Rocket sleds.

South American water turtle. See Turtles.
South Dakota, 26. See also Pierre.

South Saint Paul, Minn., balloon launch
site, 12, 15, 23.

Soviet Union: satellites, 35, 36, 39, 40, 65,
70, 85, 87, 97; subgravity research, 35,
36, 39.

Space and Air Experimental Pathology
(Project 7858, proposed), 93.

Space biology, 1, 2, 11, 12, 91, 96, 98. See
also Cosmic radiation, Project 7851, Sub-
gravity, and similar headings.

Space Biology Branch, Aeromedical Field
Laboratory, 11, 13, 15, 33, 36, 38, 71, 82,
95-97; Chief, see Simons.

Space Biology Field Laboratory, 92. See
Aeromedical Field Laboratory.

Space vehicles, 53, 68, 71, 72, 93. See also
Rocket, Satellites.

Special Projects Section, Biophysics
Branch, Aero Medical Laboratory, WA-
DC, 92.

Special Test Squadron, 6580th, 95.

Sperry, Capt. Edward C., Aero-Medical Di-
vision, Directorate of Life Sciences, Hq.,
ARDC, 21, 99.

Spinal injury, 75, 77.
Sputniks. See Satellites, Russian.

Standards Laboratory, HAFB, 12.

Stapp, Col. (Dr.) John Paul, Chief, Aero-
medical Field Laboratory, AFMDC and
(since April 1958) Chief, Aero Medical
Laboratory, WADC, 9, 16, 19, 23, 25-2T7,
33, 45-53, 55, 57, 59, 60, 65, 66, 68, 70,
73, 75, 77, 81, 83, 84, 92, 94-97; photo-
graph preceding 45.

Steering wheels, energy-absorbing, 82.

Steinmetz, Lt. Charles H., Task Scientist,
Radiation Hazards, 13, 15.

Stone, Dr. Wilson S., University of Texas,
17.

Stratolab, 19, 21.

Strughold, Dr. Hubertus, School of Avia-
tion Medicine, 9, 17, 33.

Subgravity research: AFMDC (HAFB),
-3, 4, 7, 11, 33-41, 45, 65, 71, 72, 82, 85,
91, 93, 94, 97; Argentina, 35, 36, 38;
Germany, 33; other United States, 3, 4,
33-35, 39, 41; Soviet Union, 35, 36, 39.

112

Subgravity Studies (Task 78501 of Project
7851), 36, 37, 40, 93.

Supersonic Military Air Research Track,
Hurricane Mesa, Utah, 57.

Supersonic Naval Ordnance Research
Track, Naval Ordnance Test Station,
China Lake (Inyokern), Calif., 50, 52,
53.

Surgeon General, USAF, 97.
Swallowing reflex, 38.
Swing, anti-g, 72-75, 77.
Swing seat, 65, 77-79, 82, 88.
Switzerland, 17.

T-33 aircraft, 36, 47.
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Division, Hq., ARDC, 19.

Task 78500 (of Project 7851), Radiation
Hazards of Primary Cosmic Particles,
13, 15, 19, 25, 93. See also Cosmic ra-
diation.

Task 78501 (of Project 7851), Subgravity
Studies, 36, 37, 40, 93. See also Subgrav-
ity research, AFMDC.

Task 78502 (of Project 7851), Descent and
Recovery (Re-entry), 71, 72, 93.

Task 78503 (of Project 7850), Tolerance
to Impact Forces, 53, 73-79, 92, 93.

Task 78504 (or Project 7850), Tolerance
to Total Pressure Change, 79, 81, 92, 93.

Task 78505 (of Project 7850), Tolerance
to Abrupt Windblast and (since March
1958) Tolerance to Ram Pressure and
Thermal Effects, 51-53, 92, 93.

Task 78506 (of Project 7850), Tolerance
to Aircraft Crash Forces and (since
March 1958) Patterns of Deceleration in
Space Flight, 66, 68, 70, 71, 92, 93.

Task 78507 (of Project 7850), Automotive
Crash Forces, 65, 66, 77, 81-84, 89, 92-94.

Task 78516 (of Project 7851), Environ-
mental Control in Sealed Cabins, 19, 27,
93. See also Man-High.

Task 78530 (of Project 7857), Psychophy-
siology of Weightlessness, 37, 94.

Technical Notes, Reports, 66, 72.

Technical Support Section, Balloon Branch,
AFMDC, 25.

Telescope, on Man-High capsule, 23.
Television, 49.



Telfer, Lt. James D., Chief, Aeromedical
Field Laboratory, 7, 92.

Test chambers: claustrophobia, 27; com-
pression, 81; control, for cosmic ray
flights, 16; WADC, 16, 23.

Test Directive 5200-H1, Biophysics of A-
brupt Deceleration, 45, 46, 51.

Test facilities, AFMDC/HAFB, 45, 65, 85,
96, 97. See also Aerobee, Balloon
Branch, Bopper, Centrifuge, Daisy, Drop
seat, Pools, Range, Snubber, Swing seat,
Test chambers, Tilting seat, Track.

Test Group, 6580th, 95.
Theatre, HAFB, 49.

Thermal effects, in re-entry, 72. See also
Tolerance to Ram Pressure and Thermal
Effects.

Third Annual Automotive Crash and Field
Demonstration Conference, 84, 85.

“This is Your Life,” 49.

Thor-Able ballistic missile, 73.

“Threshold of Space,” 49, 55.

Tillamook, Oregon, balloon launch site, 13.
Tilting seat, 39, 82.

Time, 49.

Tolerance to Abrupt Windblast (Task
78505 of Project 7850), 51-53, 92, 93.

Tolerance to Aircraft Crash Forces (Task
78506 of Project 7850), 66, 70, 92, 93.

Tolerance to Impact Forces (Task 78503
of Project 7850), 53, 73-79, 92, 93.

Tolerance to Ram Pressure and Thermal
Effects (Task 78505, since March 1958,
of Project 7850), 53, 93.

Tolerance to Total Pressure Change (Task
78504 of Project 7850), 79, 81, 92, 93.

Track, deceleration, at Edwards Air Force
Base, Calif., 46.

Track, high-speed, AFMDC: compared
with Daisy Track, 73, 75, 77; construc-
tion, 46; extensions, 51, 52, 62, 68, 71; re-
cording equipment, 77; research use, 27,
.33, ;)15-53, 95, 57-60, 62, 65-68, 70, 71,

1, 92,

Track, short, AFMDC. See Daisy Track.
Tracking, of balloon flights, 11-15, 21, 25,
26.

Track plates, for cosmic ray research, 16,
18, 25.

Track Test Division, AFMDC, 75.
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Tularosa Basin, N. Mex., 33, 91.
Tumbling, 45-47, 53, 57, 60.
Turtles, 35, 36.

Tuttle Award, 15.

Twentieth Century Fox, 49, 55.
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USAF, 49.
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Universities. See Brown, Cornell, Florida
State, New York.

University of California, Berkeley, 17, 25,
217.

University of California, Los Angeles, 83.
University of Chicago, 17.

University of Illinois, 39, 40.

University of Minnesota, 6, 16, 83, 84.
University of Texas, 15, 17.

University of Wisconsin, 17.

Utricular mechanism. See Vestibular func-
tion.

V-2, research rocket, 1-5, 9, 33, 34, 36, 72,
92.

Vehicles: ground, military, 81, 83; space,
see Space vehicles.

Veloso, Ernesto S., rocket flight volunteer,

Vernalis Naval Air Station, Calif., 13.

Vertical Descent Trajectories Including Re-
entry into the Atmosphere, 72.

Vestibular function, 4, 34, 35, 38-40.
Veterinary Corps, USAF, 96, 97.

Veterinary Services Section, Laboratory
Branch, Aeromedical Field Laboratory,
79, 97.

Visual cues, in subgravity. See Orientation.

Von Beckh, Dr. Harald J., subgravity task
scientist, Aeromedical Field Laboratory, ;
AFMDC, 35-38, 41, 72, 73, 75, 1. ‘
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Ward, Lt. William, Task Scientist, Toler-
ance to Total Pressure Change, 79.




Washington State Penitentiary, 4, 9.
Water brakes, test track, 46, 47, 66, 73.

Water experiments, for simulation of sub-
gravity, 39-41, 82.

Water immersion, for g-protection, 71, 79.
Weapons carriers, vehicles, 81, 83.
Weapons systems, 94.

Weber F-106 seat, 72.

Weightlessness. See Subgravity.

White Sands National Monument, 5, 55.

White Sands Proving Ground, 1-3, 9, 17,
18, 33, 34, 55, 72, 91, 92. See also Range.
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Windblast studies, 45-53, 57, 59, 60, 65,
68, 75, 79, 85, 91, 92.

Windshields, sled, 46, 47, 50-52.
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er, 5, 13, 19, 23, 26.

Winzen, Mrs. Vera, 26.

Winzen Research, Inc., 5, 6, 12, 13, 15, 19-
21, 23, 25-27, 31.

Wisconsin Appetite Test, 17.
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World War II: escape system develop-
ments, 59; research during, 71.

Wright Air Development Center. See
Wright Field.

Wright Field (Wright-Patterson Air Force
Base), Ohio: 38, 53; early work in
space biology, 1-4, 33-35, 72, 91; escape
studies, 6, 57, 59, 97; manned-balloon
program, 12, 19, 54, 55, 57, 63; other re-
search accomplishments, 35, 70, 71, 79;
relationship with Aeromedical Field Lab-
oratory, 7, 13, 36, 39, 65, 72, 91-95; role
g% Holloman projects, 11, 16, 17, 21, 23,

, D2.

X-1 aircraft, 57.
X-2 aircraft, 59, 60.
X-15 aircraft, 55, 60.

Yagoda, Dr. Herman, National Institutes
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5.
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Zaborowski, Lt. Albert, Task Scientist,
Patterns of Deceleration in Space Flight,
70, 71.

Zero-gravity. See Subgravity.



