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FOREWORD

Weightlessness, the\weird condition of subgravity wh}chv
man has never tefore experiencedand ‘surviv;:d--except for the -
initial split-second of short-dis:ance freé fall--has recently
become a major field of serious scientific res'earch; Man now
approaches this coadition as his fast-climbing fighter flattens
out to iitercept an ex;emy bomber, arnd he may soon experience.
it for long duration on multimonth interplanetary excursions.

In receat years manhas gone to considerable expense and

personalrisk to fly Kepleriantrajectories inhigh-performance

aircraft in order to experience a force of less than normal

gravaty for fractions of a minute. Recently aSoviet satellite ex~
posed an animal subject to this condition for a period of several
days, éradually a Eérgua of aolic_i knowledgé hag formed as a
result of these dramatic experimerts, and man -7ill go forth
into space inhibited less by this ﬁsychophysical phenomenorn
thai wo.ld otherwise have been the case.

Much of the important basic research in subgravity ana
zero~g has been performed by men of the Space Biology Branch

Of.the Aeromedical Field Laboratory at the Air Force Missile
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.Development Center. In the following monograph Dr. David

Bushnell, of the Center's Historical Office, has traced th_e his-
tory of )=zil contrioutions 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 Republivcs.v

This forms the third ;:f a series of monographic stu;liea
by Dr. Bushnell related to the historical evolution of space
biology as a field of study. It maintains ;hc same rigorous
professional standards evident in both his Begir;hig_gg of Re-

search in Space Biology at the Air Force Missile Development

Center, Holloman Air Force Base, New Mexico, 1946 - 1952

and his Major Achievements in Space Biology at the Air Force

Missile Development Center, Holloman Air Force Base, New

Mexico, 1953 -~ 1957, which were published earlier this ’yea.t.

Three 2dditional monographs concerning contributicns of the
Aeromedical Field Laboratory are scheduled for publication

during the summer months of this jeir.

James Stephen-H'anahan
Center Historian
May 1958
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RESEARCH IN SUBGRAVITY AND ZERO-G

1948 — 1958

Among the phenomgna to be encountered in mapoaed space
flight few if any have inspired as much scientific and popuvlar
speculation as that of subg.ravity. * including both pure weight-
lessness or zero-gravity and the various fractional states that
lie in between zero-gravity and normal gravitf conditions. In
recantyears this has also been a subject of intensive research
both in the United States and abroad; and the Space Biology
Branch of the Aéromedical Field Labcratory, #t the Air Force

Missile Deveiopment Center, is one of the agencies that have

made significant corszihutions to the research effort. This .

"aspectof the Center's human factors program isless well known

than either the rocket-sled experiments of Doc'or (Colonel) J’ohn

* The term "subgravity" will normally be used in this study to
denote all states in which the gravitational force is less than
the normalone "g." "Weightlessness' is cormonly used in the
very same broad sense, but can be confusing. The word liter-
ally suggests a complete absence of weight, or zero-gravity,
whereas the writer often is referring in fact *2 a small frac-
tional gravity stats--''virtual" weightlessness as it is some-
times expressed.

“Tre

o A P .
AR i B A
Pt VAR ERA RN

7




e S Wt h

FURSRU S T S B i et catdla el v r s s v o

Y

L~

load was launched.
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Paul Stapp or theprogram of high-altitude balloon flights culmi-
natmg in the record Man-High (II) aacent of 19-;'.26‘A\.1g.u'st 1957.
Yet the current program of subgravity research has roots at
Holloman Air Force Base that go back before the rocket track
was even built, and before the first ba.lleoq_ with biol;)gicalpay—
Subgravity researchas a clearly defined field of study had
its real beginning just after World War II. It has'its prim;ry
application in the field of ultimate space flight, where gravi-
tational attraction will still be present bat will be noMy
counterbalanced by other factors, rather than in conventional
aviation. Nevertheless, bri~f exposures to subgralvity can and
do occur m aircraft flight, so that the problem. attracted some
slight attention even earlier from specialists in' avia.ﬁo:; medi-
cine. Moreover, by the end of the war a limited amaunt of
sukgravity sxperimen ation had ‘alreaﬂ taken placa. |
About 1940, the Gurman investigator Hemz von Diring-
shofen, whose main work concerned human tolerance to mulu-
ple z-loads, began exposing test subjectc toc a few seconds of
subgravity simply by putting an aircra.ft tiu'ough a verﬁca.l

dive.l Later during the war one other German Scientist, Dr.
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Hubertus Strughold--now at the School of Aviation Medicine,
Randolph Field, Texas--staged a particularly memorzble ex-

periment to studv human orientation when deprived of gravi-

tational cues from the external pressure sense. This is only

one of the sense mechanisms that snpply information on bodily

weight and directicn, but it is-imporxtant 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, Strughold anesthetized hi.s buftoc.ka with
novocaine. He then flew a series of aérob;tic m;nmvers; an3
in his peculiar condition he found the experience verydisagree-
ablc.z

The early experimenta of Von Diringshofen and Strughold

‘did not lead to any concerted o ~utinuing program of subgravity '

researchin Germary. Inthe immediate post-war years German
scientists contributed some valuable theoretical studies relating

to subgravity, as did scientists iv other European countries.

'Thé firstmajor landmarkin actuzl subgravity experimentation,

however, was a scries of high-altitude roéketﬂighta with animal

subjects started in 1948 by the United States Air Force.? The




e e A B TTT T WA

b ——

.

Sy

s

b s o 47 s

e A —— e O s o o 5 5 o 1]

o -

Pz

agency immediately ir “harge was the Aero Medical Laboratory
at Wright Field, which then formed part of the Air Materiel
Command and which is now a unit of Wright Als D%a&apment
Center. The vehicle used at first was the German V-2 rocket,
of which large numbers had been captured and brought to White
é.‘-'.nde Proving Ground in.south-central New Mexico to be uﬁed
inhigh-altituds research. No less than five V-2 animal flights
were launched from White Sands, and in each case the project
obtained a wide variety of support ser#ice;l from HonomanAi_'.'
Force Bas=, on the opposite gidv of che same Tularosa Ba(.i;:.

For 211 flights except the very first, actual preparation ou" the

nose cone including the animal capsule took place in Holloman .

laboratory facilities. And when, in l95i, the Aero Medical
Laboratory began using_the newly-develop;dAerobeo research
rocket for its exgeriments, launch operations as well were
tra.nsferred »eﬁtirely to Holioman.,

The AeroMedical Labo;atory'c animal rocket flights weré
not designed purely for subgravity studies. Theirpurpose was
to expose lxvmg subjects to as many as éouible of the potential
hazards of space ﬂighﬁ. _Inpractice, however, a rocket trajec~

tory was toobriefto obtain significant exposure to such hazards
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as primary cosmic radiation, while fairly moderate g-fcrces
were involved both in rocket acceleration and in the opering
shock of the parachute recovery system that was dosigned to

carry the capsule safely back to earth, The far-reaching sig-

nificance of these flights lics rather in the exposure of animals

to subgravity lasting for as much as two or tiree minutes, dur-
ing the period of coasting and free fall froz:r; rocket burn&ut to
the point where the descending capsule again met appfeciable
atmosphericdrag. At that time, no other experimentai method

could corne close to providing as longan exposure. Moreover,

for subgravity resecarch, unlike cosmic radiation studies, two

or three minutes was rnot too short aperiod for some distuzrbing
symptoms to make xhemseives felt, if in fact any were likely
te occur,

The here of the Srstanimal 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 Fiold
that inciuded Doctor (Captain and later Lieutenant Colonel)
David G, Simons, who now heads the Aeromedical Field Labo-
ratory it Holloman, Albert was carefuliy instrumented to re-

cord both heart and respiratory action. On 18 June 1948 he
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was finally Jaunched toward space. Unfortunately, his brief
trip in a V~2 to a.nA altitude of thirty-seven miles was plagued
witha series of operational failurss, and no da.ta were obtained.
Neither did Albertmanage to get backalive: ihe p::achﬁte sys-
tem failed, ~ |

A year later the WrightField scientists, including Doctor
Simons, tried again, On 14 June 1949 Alberg {II). reached an
altitude of about eighty-three miles. There was still no live
recovery, since the parachute system failed again, However,
data were successfully recorded throughout the flight and indi-

cated thé.t the second Albert sufferedno serious ill effects from

. weightlessness, cosmic radiation, or any otherhazard of space

After two more monkey flights, of which one was marred
by unsatisfactory rocket performance and the other essentially
repeated the outcome of the Albert (II) ﬂ.i.ght, a mouss was
chosen as passenger in the £fifth and last of the space biology
V-2's. The mouse was not iustrumented for heart action or
breathing since this time the primary objective was to record
the conscious reactions of an animal under changing gravity

conditions. For this purpose the animal caplul'e was equipped.
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with a camera system o photograph the mouse at fixed inter-

vals, As usual, the recovery system failed--the mouase did

mouse retained "normal muscular coordination" throughout

the subgravity phase, even though "he no longer had a prefer=--

ence for any particulardirection and was as much at ease when
inverted as when upright relative to the control starting posi-
tion."‘-

With the first aeromedical Aerobee firing, on 18 April

1951 from Holloman Air Force Base, project scientists reverts

ed to the pattern of the V-2 monkey flights, The result was

quite familiar: physiological data on a monkey's breathing and
heart rates were successfully recorded, ther; was no sign of
any grosé 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
TouTTery was successfully accomplished, An inatrnme#ted
monkey was salely brought back from peak altitude of 236,000
feet, and eo0 was a gr;.nd total of eleven mice that hadbgone
along with him. Successful recovery was again accomplished

on the third and last Aerobeo flight of the series, which took

- e i e Bh Ll e ———— ———— o -
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place on 21 May 1952. All passengérs--two monkeys and two
mice--returned safely. to earth, :;ﬁd one of the monkeys is still
alive and healthy in a Washington, D. C., 200, - -

Nine of the second Aerocbee's mousevconting,ent served
primarily as cosmic radiation subjects, butallother mics, like
the mouse on the last V-2, were studied yhoto;graphicaliy for
their reactions during the subgravity state. .One of these had
undergone a prior operatiou reicoving the vestibular apparatus
of the inner ear that is responsive to gravitational forces and
helns give both mice and human beings a sense of equilibrium,
The mouse was already accustomed to orient himself by vision
and touch excluaivgly and did not ueem‘;roubled by loss of
gravity during the flight. One of the three normal mics used

as subgravity test subjects was also fres from any sign of dis~-

. orientation during exposure to subgravity, apparently becanse

it had apaddlie to ciing to and retained full possession of tactile ‘

as well as visual references. But the two remaining mice did
show some signe of disorientation. |
| Since May 1952 there have been no more rocket experi-
ments with animal subjécta either at Holloman Air Force Base

or elsewhere in the United States. For a few yearr, at least,
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experiments of this type have become a monopoly of tl;e Union

rocket is said to have been launch;d in 1951, The Russians
preferred dogs as test subj e.cts, and refrained from giving them
anesthesia before takeoff. They have also ciaimed that no dog
was ever lost through faiiure oi hia bi-eathing equipment o
teffect c;f external factors," but they have not specified how
many may have been lost for other reaaona;s If United States
experience ie any guide, one is tempted to assume that the
Russians must regard parachute failure as an "internal" fac-
tor! Be that as it may, ‘“he Russian methods and test results
generally resembled those of the earlier Air Force animal
rocket flights--until, of course, they used a rocket to plé,ce.‘a. ,
dog in -orbit in November 1357, |

From the standpoint of subgravity studies, the unique
quality of this last achievement was the 1eng£h of the exposur.o
obtained, from the final rocket burnout until the death of Laika,
the satellite dog, roughly a week after launching. -Technically
speaking, a minor limitation of this exéeriment ~.-u'-the pres~
ence of fractional g-forces caused by the tumbling of the satel-

lite vehicle. A more obvious limitation for subgravity studies
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or any other research objective ‘was failure to bring back either

the dog itself or a photographic.record for later study and ob-
. o .

- According to resulits publiéhed so far concerning the Rus-
sians' satellite oxperiment, the effects of rocket aéceleraﬁon
on l.aika's heart beat, though tolerable, persisted much longer

after acceleration ‘ceased than v'&rould have been the case if re-

1
covery from the same high g-load had been made ina normal

i
one-g field, Russian scientists attributed this resuit directly
i .

1
to the influence of a post-acceleration subgravity state.  How~
P :
ever, there was still no sign of disabling ill effects on the test
i

subject as a result of subgravitf exposure, The dog's eyesight
allegedly "compensated to a cexi'ta.in degree the disturbance of
locomotive vower™ that was due;to subgravity, although under

the conditions of the test it is Eha.rd to see how this could be
1

anything more than a reasonable hypot.hesh.

Evenbefore the United States abandoned the field of animal
z.'ocket expesiments to ;he Rnésians. at least for the present,
scientists at diffarent Air Force installaﬁons had branched out
into still another fruitful type of subgravity research, using

the airplane as test vehicle. In May 1950 two former German

[}

32
gf'

fids

o AR TR R TS




il bk

11

scientists working at the School of Aviation Medicine, Doctors
Fritz and Heinz Haber, delivered a paper in which they ex-
plained how to achieve over thirty seconds of subgravityin air-

crait flight. The method was to fly the plans in a parabolic

~ arc or "Keplerian" trajectory in which centrifugal force would

;:xactly offset the dswanward puil 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 weightléasnegs for only part of the total sub-
gravity trajectory.. Nevertheless, the Habers' propésal offer-
ed the firstmethod for obtaining a feally significant aubgra\;ity
expozure in manned flight.a

During 1951 the new procédure wasA tested at Edwards
Air Force Base in California and at Wright Field in Ohio. At
Edwards the noted testpilot Scott Crossfield and the Aix Force's
Major Charles E., Yea‘ger‘both flew a number of Keplerian tra-
jectories, the former working on behalf of the Natioral Advisory
Commitsee for Aerouautics. At Wright Field similar experi-
ments 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
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trajectories were in reas;:mably close rzccqi'd with the Habers'
predictions. Test results showed a tendency -ft;r.lubjecia to
overreach with ﬁxeir arms during lubgré;\r‘ty. VSymptcma of
disorientation also appeared in some cases but, on the whole,
these ﬂzghtu indicated ro major d.xfficnlties in orientation as
long as the eu,.j_cc.z wware firmly belted in and had full visual
refercnces.’ L e R
This suddenburst of subgravity flights in the Unitad States
was followed by aperiod of relati;r' i.na.n:tivity 3‘6;";:'_" 1952-1954.
Meanwlnle. related experiments were be.ng conducted during
these samu ycars in Argentina by the Anstrla.n-born aczentnt
Dr. Harald J. A, von Beckh, who had left Germa.ny for South
‘America shortly aftew the war,. - Yon Beckh' introduced' still
another animal to the menagerie of subgravity test aubjects.

the South American water turtle. He had one.turﬂe v.nose

vestibular function had been injured a,ccidehtally; and he found

that this turtle showed much better coordination and orienta-

" tion during an aircraft subgravity flight than his normal cora=’

pa:xiohs. Like the mouse that had aspecialvestibular opevr'ation
before going up in the second aeromedical Aerobee, the turtls

had apparently learned to compensate visually for the lack of




(g

. - ot g A

G

e

normal gravitational cues. Even the normal turtles, however,
grac;lually improved their perfcrmance after asufficient number
of ﬂights.m ’ |

In his turtle expe’ri.ments Von Beckh‘achievved r;auhgra"li-
ty exposures up to seven seconds by means of vertica;l dives.
‘:ubsequently ne, t‘*; dopted the parabolic !hght pattern and
shifted from turtles to human subJects. The latter su"*m.tted

to o series of eye-hand coordination tests, in which *.hey show-

ed the familiar tendency to overreach dunng subg”a\n\‘y but, re-

o2

sembled Von Beckh's tartles in their capacity to improve thh_
later flights. Von Beckh was also much interested to observe
that when the plane entered its subgra.vity arc by a manecuver

causmg high acceleration forces, the recovery from ac‘ elera-

.tion-induced blackout took apprecxably longer t.ban usual. 1 In

a- gense this foteshado;wed the experience of the Russian s.atel.-
lite dog, and suggeéted a special topic for furtﬁer experimenta-
tion. However, Von B eckh cut short his stayinArge'ntina. to take
a pésition in the Umted States thh the Human Factors Divisicn
of the. MarﬁnCémpany. Later mn. in January 1958. he joined

the ataff of the Air Fo’ce ansxle Development Center s Aero-

medxcal erld Laboratory. There he auumed direction o! thc
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present subgravity progra.m, which. had been sta.rted--perh;ps -

.
{ to 1954 atxll was not great. but it a.llowed eerta.in tentative con
eluaxons tobe drawn. There .zeemed tobe no maJor respiratory Yo

LmLSa s - ce s

or cxrcula.toryhaza.rds resulting from weightlessness. although

- SaF A ».»')rr

Dr. David G. quona at Holloman carefully pointed out that

Last T il

reamratory and cxrculatory comphcatxons nught a.rise as ‘a‘

aecondary eifect of "emouonal a.nd autonomic reactmne whxch

4 “ - 1
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are esuent;ally the same whether caueed by wexghtleunees a

rough sea.. or an obnoxxous mother-in-law." Sunons general-

- S ST LI ED

ized further, on the basis o! studzee up to a.nd mcludi.ng Von

( Beck.h‘s, that euburav;ty should normally produce "minimal

B SRR L

diacoordinatxon a.nd no d;sonentahon. . .a.n long as tbe subject

o ;s fema Loy a2l

retains tactile and visual referencea ,.12
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Whatwaa needed now was a much g:ea.ter accumulation of
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detaxled test da.ta to v-rxfy or reviee prubminary eonclueione
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and to revea.l ltxll other poanble eifectt of lubgraviry. ] etter

o .o . mr o Aiare wds

test inatru.mentauon was also needed. elpecially to record all
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P
the variations of gravity force frem true Qefo-gravity up to a
normal one-g state. This would be of great heip to any pilot

attempting to fly a subgravity trajectory. Ia addition, most

iauggestiona for future apace stations have provided fcr some

#orm= of sotaties in arde: o avold abse ..-.te wexgnuellncll.
Il .

1

through the artificial creation ofa centrifugal force. but robody

r.new exactly how many hundredths of a g must be generated to

produce what reaults. It might also turu out that no rotation at

all is needed; but in any case there was an urgent requirement

%or research data on this and other ”ramific;ation‘a of thé sub-
13

gravity question. S
!

. By the sametoken, there was ample reasor o establish a

formal subgravity program at Honoman within the frameworkof
the Space Biology Branch of theaerumed.xca.l erldLaboratoty.
Unlike the earlier V-2 and Aerobee ﬂights, the present pro-
gram ir part of the Center's own project w‘t.)r‘kload.. TheAero-
medical Field Laboratory had been foundad in i.951 as a field
station for project scientists operating from the Aero Medical
Laboratory at Wright Field, but in January 1953 it became a
function of tha local Canter (then known a.s Hoilom:m Air De-

velopment Center), and inOctober 1953 subgravity studies were

‘
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specifically included in the Hc;':lloman laboratory's ﬁission. In
the following year, 1954, work_: on subgravify actually gotunder-
way as Task 78501 of the aewly-created Project 7851, Human
Factors of Spacs Flight. Doctor (at that tim; Major)i David G.
Simons was piojec‘: officer of Project 7851, asl well as head of
the iaboratory's Space Biology Branch. Technical Sergeant
Joha T. Conniff was the original task scientist for Task 78501,
Subgravity St*udies.14 |

For sometime, with funds and manpowerboth limited, the
main task activity consisted of planning and preparations for
an ultimate test program. Sergeant Conniff's subgravity dutie;
weare not s0 engrossing as to pievent him from continuing as

head of the laboratory's Electronics Unit;ls

indeed the latter
position was presumably of advantage to him in collecting in<
stzumentation for the subgravity program, Nevertheless, a

preliminary aircraft flight took place at least as early as Sep-

tember 1954, using a T-33, to evaluate some of the problems

_involvedin flying a parabolic subgravity trajectory. Morefligits |

wers inade early the following ysar with an -89, again mostly
16

for evaluating techniques and instrumentation. - - e d B
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The program was not really intensified until after the as-
signment of Captain Grover J. D. Schock as task scientist on 1
. v. ' ‘July 1955, Captain Schock--whose contributions t.o subgravity
C research later qualified him as the first known scientist to
receive a Doctor of Phi"‘osophy degree in. space physiology-- -
initiated subgravity ﬂig.}‘xtovin s F-94C aircrat in ‘the fall of
1955, using himself as one of the various test subjects. The
F-94C becamethe standard V;estv-eﬁclé for subgravity feseuch. '
and Task 78501 reraained the primaﬁ duty of C;ptnin Schock
until the beginning of 1958, when Dr. Von Beckh tock ovei as

e task scientist. CaptainScheck thenbranchedsutinto otherlines

Ay
AT
o

i of activity ‘for the Aeromedical Field Laboratory, but without

Wt .
L e

IO : abandoning his previous interest and participation in the sub-

gravity program. Moreover, he kapt one special foothold -as

SR,

tzsk scientist for Task 78530, Psychophysiology of Weightless-

UMD IR i e

ness,. This was a taskof the xecenﬂyoeetabli_shed Project 7857,

ot
-

i ‘ Research in Space Bio-Sciences. It is not concerned with the
aircraft subgravity flights at Holloman, but with certain r2-

search to be done by outside investigators on a contract basis
17

as well as a limited amount of M"in-house" effort.
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The F-94C flights, which have been the primary activity

. of Task 78501, are capable of giving subgravity trajectories

¢{ more than thirty seconds in duration; and more than one
such trajectory or "run'" can be scheduled on a single flight,
The amcunt cf actu#l zero-gravity is always con.side'rably Jess,
aithough the exposures have increased steadily, anrly-in 1958
the maximum zero-gravity nhtainahla in a test ﬁajectory was
about twenty-two seconds, and even this exposure was notcon-
tinuous but was intermptéd by momentary lgpses into some
minute fraction of positive or negative g-forc};;. Nevertheless,
the period was long encugh for many types of ;xpérhnentatisn.

and it compared favorably indeed with the tw« or three seconds

of true weightlessness achieved on some of the very earliest

ta 18

ants.

parabolic test f1i

This advance is of course due to improvements both in -

flight techniques and in test instrumentation. One item of in-

 strumentation still in use when Captain Schock joined the pro-

gram was a golf ball dangling on a string from the aircraft
canopy--& gadget that accurately showed when pure weight-

lessness had been achieved but could riot measure degrees of
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subgravity. The standardaircraft g-meter was not very satis~ .

factory, either, for instrumenting subgravity flights, Howse

ever, Captain Schock devoted a major part of his attention to

. the instrumentation problem. More precise meihicds have

since been devised, using a combination of differently-placed
accelerometers. Inforination on the exact g-forces bsing ex-

perienced is constantly relayed to the aircrafs

air Pilct by o

sensitive microammeters installed in his field of vision, and

. the same information is carefully synchronized with a film

record of the test subj_ect‘u reactions. 1?9

Udthely. the subgravity program was also -afflicted
withmorethanits shareof aircraft trouble. Apart from normal
maintexance problems, the F-94C aircrait used in theprogram
developed such special iroubies during subgravity flights as lo;u
of oil pressure, loss of h);draulic fluid, and "sticking' of.the

trim tzt motor. These difficulties, as well as the presence of

extra equipment mounted inside the aircraft, caused a good bit

of worry to flying safety and maintenance officers, ‘and required.

suspension of tests on several occasions., But in the end all

the difficulties were shown to be of little importance or else:

were correcied. Both Lockheed, the aircraft manufacturer,:
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and Fratt-Whitney, the engine manufacturer, were extremeéely
helpful in f_inding solutions. Moreover, the difficulties over
hydraulic fluid and oil pressure suggested some profitable in-
vestigations on the behavior of fluids under nubgravity'condi«-'.
tions, shaking them of forcing them from a squeeze bottle in
subgravity flight, 20 e e

Still another problem that arose ‘vag that sta.ndardxmcro-

phones in the F-94 (and earlier in the F-89) were \mable to

transmit clear rnessages between pilot and test subject during

subgravity. This led to research on the problem aud instal-
lation of a more satisfactory tyfe of microphoné. As a result,
CaptainSchock is now ableto conclude, "Voice communications
in future space vehicles should present no problem, w2l e

: It is worth notingthat so many materiel problems of sub«
gravity flight were discuvered in the course of human £a.ctors
rescarch. Nevertheless, the main i.nterest of the subgravity
program does noi lie in the effects of subgravity on aircrafs
parts and equipment butin the re.acﬁcnl of humantest subjects.
And it is well to note, first of all, that not all human subjects:
reactedthe sameway. Some hav§ positively enjoyed the gravity-:

free state, while others have on occasion felt extreme motion"




vthat one who professes no distaste for subgravity is Cantaih
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sicknese with naygea and vomiting, Among the former can

be included Sergeant Conniff, the origmal task acientxst. and

Captain Druey P, Parks, who has participated in this as in dn

[

other programs of the Space Biology Branch, Among thode
|

who have suffered varying amounts of dxecomfort, Capta.i:n

{
Schock definitely includes bhimself, 1t is perhaps significant

l
Joseph W, Kittinger, Jr., better known as t.he teat cilot for
the Man-High (I) balloon flight, who pilo*ad a great many sub-
gravity trajectories at Holloman before his recent transfer tc,»

Wright Air Development Center. In his case it is Iakely tha.t 2

broad previous flying career helped prepare him for the exper-v

l

ience, although no number of flying hours is any guarantee m

3?
itselfagainst feeling ill at ease during a subgravity exposure, T

The apparent existence of wide variations inhuman toler—

ance suggests that one criterion for a-lection of crews inspace

travelmaywell be a comparison of monitoredres ponses during
experimental subgravity exposures. However, still more ine

formation is need=d on these varying personal sensations, The

‘sickness felt by some may be related to the rapidly éha.nging

g-forces encountered in a complete test flight, including the
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high acceleration and decelcration that.aom_eﬁmes mark the
Plane's entry to and exit from thg uubgravify parabola, In that
case the same symptoms mighf nct be us-ocia_ted. with 2cag-
duration, continuous snbgravity exposures. OUn ;he other hand,
: ' ( theaa who easily endure thirty aegéuds of subgra#itymigh_t con=
csivablv do lcas well with a tl\_r.'ee-minute-j—or tixree-month--
dose of the samc thing. Laika's sxperiencs is cr.::a:::.ﬁ.éir.g in
this respect, but hardly conclusive, Tt ‘ »
' - The Holloman subgravity flights have also fé#tured a. v;-
) riety of sensomotor periorma.nceA tests. These indicate that |

subgraﬁty neednot seriouslyimpair a subject's ability to touch

his nose with his finger tip, markx'sina zov squares, or

perform other similar operations--provided always that he re-

tains a ﬁsual frame of reference, andpxuvided;lso. of courze,

that he has not first become violently ill with motion sickness.

This conclusion closaly pn.raliels t};ose tentatively drawn ftoﬁ )

the earlier test programa.pf Ballinger, Von Beckh and others,

Neither does eating péanut brittle offer major perblemu during

weightless trajectory, as loﬁg as the food is first well masti-
.

cated and then forced o tha back of the mouth where the swal-

lowing reflex goes into action without regard to gravity. Drinke

ing seems to require use of a squeeze bottle, cupi and glasses

M e o 4

O
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being quite us;less during weightiessness. Water must be
forced to the back of the mouth by the tongue, but again the
swallowing reflex is unimpaired. 23 ,

A somewhat d:ffeiernt variety of -experiment h;u demon-
strated that human subjects. deprived of normal visual refer-
ences, will perceive oculngravic' illusions su.ch a. "api:arent
linear motion of a fixed 'target! during a balliatic [Keplerian]
trajectory.” For these tests both the subject's head and the
"target'--a small luminous cross--were placed under a large
and ominous-looking black hood. Howevel;, the illusion occur-
red mainly during the paricds of increased g-forces on enter-
ing and leaving the subgravity parabola; it did not occur during
the wcigi\ﬂena nhaes itaelf, except for certain oscillations of
the ﬁrget attributed to the plane's failure to maintain an even

weightless state. Hence the illusion would seem to be a result

.oflincar acceleration and deceleration, rather than anecessary

condition of weightlessness, 4

When Dr. Von Beckh joined the Holloman program,. he
brought with him as a carryover from his work in Argentina a
special interest in the effects 6i‘sqbgravity on ease cf recovery

from scceleration-induced blackout or greyout, At Holloman
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he has initiated flights designed to procuce subgravity either
justafter or just before exposure to a fnrce of roughly four g's,
with % peak of five or six. Thia'proceduré duplicates the typ‘e
of conditions to be met intake~off and re-entry of manned space
vchicles. The test serics has only receﬁtly started, but when

further advanced it should yield important research data, 25

% . —_ 2 -
Nor n i bject

Ve anlmai subjec b ommndbam S bk Hollaman

scm forgottes in the Holloman
test flights. The current pet of subgravity reaearch--at leait
in the Free World- -is the familiar cat, wﬁich is of interest for
its highly deveioped vestibular function. It is actually more
reliant on this function for balance and orierntation than are
human beings. The cat is also noted for its reflex ability to
land squarely on allfours even after beiig dropped upside down,
and teste were conducted to determiz;e how this righting reflex
operates curing subgravity. Judgi:;g by the test resultg, it
22 not workvery weil, In order to -:;_a;mine the matter more
closely, CaptainSchock obtained certain cats that hadundergone
operations removing the vestib: ‘a1 apparatus wholly or partial-
ly. Whenthese cats wcretestedinthe same manner, it appeaye
ed that animals still having even partial vestibular. function

were confused. On the other hand, animals wholly deprived of
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tkis function and accustomed to do without it remained fully
oricnted and in possession of normal reflex responses unless
their eyes were .covered. This lastcbservation confitmedbnce
again the critical importance of viaual orientation.26- e
Aithough the test program has centsred primarily around
subgravity trajectories flown in jet aircraft, other tests have
bhaan performed in sin:mla.ted s;xsgravity conditions at ground
level., Some of the reactions of a human subject immersed in
water are similar te¢ those encountered 4in 'a subgravity state;
for instance, external pressure on the skin is s0 evenly- disg~
tributed arcund the body svriace wken ﬁndér water that this
pressure is perceptibla barely if at all, just as in a weightless
condition. Accordingly, in the spring of 1957 Captain Schock
 staged a series of experiment.s at the indoor pool of the El Paso
Young Men's Christian Association, with the subject on & rota-
Later in the

ting seat in eight feet of water and blindfolded.

same year underwater experimente were conducted in the pool

of the New Mexico School for the Visually Handicapped in Alamo-

gordo. Such tests have demonstrated an impa.irment of orien-
tation somewhat like that experienced in aircraft experiments

where the subject lacks normal visual cues. In one type of
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undgrve3_th1‘ experimant, subjects weretiltedas muchas twenty-

two degrees before perceiving the tilt., The underwater tests

have also made a definite contribution to the methodology of

sub gravit):r research, and offer the advantage of moreprolonged

|

exposure to test conditions than a comparable ai}c:a.ft trajec-

i
tory. 21 5

1 ) .
The Aeromedical Field Laboratory has worked in close
: i :

cooperation not merely with the owners of indoor pools butalso
i .
with Air Force and private researchers interested in subgravity

studies. The School of Aviation Medicine, in pariicular, hasbeen

i
H

cmducﬁné ‘an active subgravity program at Randolph Air Force
Base, Tex;s. U.der the principal direction of Dr; Siegfried J.
Gerathewc;hl, this program in its present form datés from 1¢55;
it, too, ha; been centered around subgravity test parabolas flown
in jet aircjraft. The general categories of teatingan;i research
.have been much the same as in the Holloman program, bﬁt in
some respects work at Randolph has pointed the way while in
other respects--notably instmmentatiox;- ~the Holloman program
has been generallymore advanced. Fortunately, there ha;s been

little if any sign o! the rivalry that has sometimes marred re-

lationships betweenresearchprograms of the Aeromedical Field
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Laboratory and related eiforts of the Aero Medical Laboratory
at Wright Field, There has in fact been a mixtuaily profitadble
exchange of data and idcas, and though a spokesman for the
Schooi of Aviation Medicine has admitted that some overlapping
research effoyt exists in suhgravity studies he went on to ex-

plain that this was actually "neczssary because of the impor-

‘tance of the role that subgravity states will nlay in the imma-

diate future. n28

In addition to the current subgravity flights at Holloman
and Randolph Field, there is at leasi on- ~ ~re active program
of a similar nature now going on, I@ i; v'i;vSoviet Rus.sia., and
though the Ruseiana do not seem to have pubiic.ized 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.zg

Ti - ‘e has been no direct exchange of informationbetween

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
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contract basiz, Researchers at the University of Illinois -as=
sisted Captain Schock's study of the vestibular mechanism in

cats, performing the special vestibular opei'ations on cats used

on techniques for attaching a recording device directly to the
vestibular portion of the eighth cranial nerve. The Yellt;w
Springs ‘Instrument Company developed an airborne 'galvanic ‘
skin resistance meter, to permit continuous recording of re-
sistance to electric impulses under stress in subgravity ex-
periments, This instrument is atpresent being fitted at Hollo-
man with the necessary in-flight reccrding e_y.;mratus. Cornell
Aeronautical Laboratories, finally, made a theoretical study
under contract of animal experiments that might be performed
both in test vehicles now available for subgravity ras?a:ch and
in more advanced vehicles that may become available for such
studies later on, Addicional contracis reiatedr to subgraviiy
research have recently been initiated; the efforts mentioned,
however, antedate the launching of even theé first Russian satel-
lite, and have been substantially or wholly completed. 30

The same Russian satsllits hastenad the ond of Air For se-

wide austerity drive that was unleashed in the first quaster of
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fiscal year 1928 and which unfortunately had administered a

temporary seiback to the Holloman subgravity program. The
Air Force Missile Development Cexnter was ordered to slash
expenditures, and research projects generally had to suffer
more than missile development. Subgravitylt.u.tlieg suffared
more than most: 2 directive issued on 27 August 1§57 ordered
"cessation of work" effective immediately. The "cessatioa"
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 a.n hour in operating expense without counting
maintenance and overhead. Captain Schock in his official role
as task scientist could still go swimming. and cbuld plan and
theorize to his heart's content. His specia.lly-freated cats ar-
rived fro¥n the University of Illinois right in the middle of the
a.gsterity drive, but he was ahle tc toss them up a;:d down in the
laboratory, taking observations o.nhow they fell; theassod:oyva~
tions could be compared later with the results of in- ﬂi_a_d‘t ex-
periments, as soon as an aircraftwas again made availa_ble."”

Subgravity contracts outstanding were scaled down slightly
at the same tﬁe, but this cccusred under a command-wide

order for five percent reduction in expenditure on éffort-type
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" contracts. All Center research programs were similarly af-

fected, and the impact on subgravity studies was barelynotice--

able compared with the suspension of F-94C flighis. 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. Latef still,
with the appeara.n'.'e-of the Russian satellites. auaterity was
abandoned al® =ther. By the start of 1958 the subgravity pro-
gram was back in full swing, although time lc;st could nev‘er be

wholly regained. 32

The Present Qutlook for Exoerimentation

in Subgravity Conditions

L

Poo &b o mm el o o)
ail Wi€ Bpiainug VA

1553 Capiain Schock put forward a "phi-

losophy of weightlessneas research" in the following terms:33

To date mvestiganons of the bxologxcal eifectc
of weightlessness havebeen confined almost entirs..
ly to observations on the effects of weightlessness
on orieniation and coordination of animal and human
subjects, There is a definite need for this type of
rescarch, However, only short periods of weight-
lessness have been obtained in jet flights and rocket
flights. The use of Ballistic Missiles and Fio-
Satellites affords a chancefor experimentationinto
the effects of prolonged weightlessness, - - -

. Using thesamethods, biological research should
" be channelled away from an observation experimen-
tation to a [more strictly] experimental approach,

4
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Specifically, investigations should be undertaken
into recording the effects of weightlessness on the
utricular mechanism, possible loss of reflexes, and
greatly enlarged recordings of physiological daia
when these parameters are controlled by the auto~
nomic nervous systems. The effcets of prolonged
sensory deprivation--and true weightlessness canbe
considered a sensory-starved environment--must
be energetically investigated. The use of water or
cther appropriately diluted solutions affords an ex-
cellent method of investigating tbe effects of sen-
sory deprivation.

The psychoiogy of exposure to weightlessness
has heeniitiie investigated. Past research has at-
temzt2d to record incidences of "moticn sickness"
without really tying down the eticlogy. Perhaps
this is autonomically controlled, but perhaps it is
psychologically induced.

The effects of preacightlessness accelerations
and post-weightlessness accilerations have been
little considered in the past. Tke profile of a Bio-
Satellite lannching raveals that immediately after
burnout any biological system in the nose cone is
subjected to weightlessness iminediately after a
rather lerge acceleration. What the consequences
of this may be is unknown. Coaversely duriag re-
entry the effects of high accelerations rubsequent
to prolonged cxposure to weightlessness arepurely
corjectural. Simulating thesa conditions is difficult
using either the centrifuge or decezleration tracks.
It is in these problem areas that future zerogravi-
ty resec rch must be directed.

Subgravity studies at the Aeromedical Field Laboratory

are at present attempting to meet many of the objectives stated '

by Captain Schock, As indicated above, pre- and post--weight-

lessness accelerations are the subjectof a series oftest flights
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being conducted by Dr. Von Beckh. Similarly, in order to con-

tinue study of "the effects of sensory deprivation" on a body
under water, the labbraccry is preparing a small tank or pool
of its own. This facility will measure juat twelve feet wide by

twelve feet deep and will be eq.npped for heating: thus the water

‘can Le maintained at skin temperature. the better to prodm:e

"a sensory-starved environment."

But there is also a defuute need for more a.dvam:ed test
vehicles. TheF-94C still has not outlivedits noefullneu. 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 érogress fro:r; the
F-94 to the F-1008, which has been the standard che.se aircraft
op the Holloman range since 1956. In>fact plans already exist
ts 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 supply. The first one reached Holloman only
in the fall of 1957, with photographic chase as its primarymi:-
sion, and because of modifxcationn needed for subgravity work

none has been made available as yet for subgravity ltudies.s
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For animal experiments the Aei‘obe&is a;ga.in a possibility,
offezing up to fhz;ee and a haif rxﬁnutes of .aui:gravity, although
a later model would be involved than the one used previously
for biological research at Holloman, Betger s;till would be a
long-range ballistic missile, but the "ixlﬁmate" test vehicle for
subgravity research with either animal or human subjects is
the biological satewuite. Only the sa.te!lit? ca.ﬁ piovide a test
environment that is truly "space-equivalentlin duration of ex~
posure as well as in the mere presence of weightlealmieu.36

Naturally, any test program involving intermediate 6!
intercontinental ballistic missile‘s or satellite v-..:!-.':'.c!e.-, ust
invol;re more than one research organization. In any program
of this sort, however, the Aeromedical ‘Fieid Laboratory can
be expected to ~ta.ke part. There is currently an "in-house"
effort under Captain Schock directed toward the use of t;aUh-
tic missiles in aeromedical research. Similar;y. the labora-
tory's present chief, Docior (l.ieutenant éolonel) David G.
Simons, is head of the interservice Biosatellite C'oordinating
Committee. Several other members of the laboratory l@.

including Captain Schock, belong to the same committee, and

Captain Schock is currently devoting much of his time to this
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work, Amongother th'inga. he is initiating a series ofresearch
contrgcts between the Air Force Missile Development Center
and outside scientists in support of the biosatellite program,
Orn.e such contract, for example, will be designed to provide a
satellite experiment on ;;ossible degeﬂeration of muscle tone in

'~ animals as a result of prolonged exposure to weightlessness.37
There are, of cm.u'se.‘ more reasons than_ a background

in subgravity t;tudies for the prominent role of the Aeromedical
Field Laboratory in biosatelliis planning. The Holioman labo-
ratory has also been engaged in active reseﬁrch {as in Project
Man-High) on sealedcabin er.viroamént and on recovery of bio-
iogical capsules, In all these fislds it has much to contribute
toward a successful biosatellite program and toward inan's
ultimate conquest of space. Its contributions, moreover, will

. be the fitting culmination of a recordof uﬁievement that began
in 1948 when Holloman Air Force bose provided essential sup-

po=t to the very first United States experiments in weightless-

ness ani - pace biology.
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