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There dreat lesst as many definitions of
Avintion Medicine as there are laborato-
ries enguged inil. For some practitioners,
the elinical care of fiying personnel isa
primary purpose; for others, the main
ubjective is to protect aircrew against the
riganrs of an unnatural environment; for a
few, aviation medicinge is merely a narrow
branch of the general physiology of work
and sliess.

This accounl of British aviation medi-
cine must therefore begin with a simple
classification of its content, and with an
explanation of the terms ta be used. The
work of an organisation sach as the RATF
Institute of Awiation Medicine can be
broken down into four broad categories,
hut it must always be remembered that
pnone of thein ¢an exist in isolation. The
four classes dre i—

a. Clinical invesitgations.

b. Applied research and develop-
meni.

¢. Long term obj2ctive or supperting
research.

d. Basic or fundamental research.
This scheme deliberaiely omits some
aspeets of the art; for example, the func-
tion of the medical officer al un opera-

tional flying station is not included, nar is
casualty evacuation, nor yet the teaching
and truining of sircrew in the principles of
aviation medicine, Althougl these are
essential parcts of the tatal structore, they
do not generally invelve the research which
forms thesubjeer of this Oracion,

Clinical investigation forms but a small
fraction of the research load. Rouline
cases are, of course, the responsibitity of
the medical specialists clsewhere bul some
conditions that are manifested during or
soon after Tight merit special study, They
include severe or atypical vestibular dis-
oricntation, decompression sickness, and
collapse apparently attnibutable toa low
taleranes for centrifugal acceleration. The
aeromeadical investigalion of aircraft acci-
dents and in-Hight incidents may also
convenicnlly be placed in Lhis calepory.

Applied research is directed to the solu-
tion of practical problems related to the
Reguirements and Targets of the Air
Staff, and to the short term needs of the
Roval Air Foree. Nis objeclived are usu-
ally clearly defined and its timescale is
vsuzlly limited. Tis medical content i$
often small, althoush it cannet properly
becarrisd out withouta fair understanding
of the physiclogy of Dight. Although in
the United Kingdom the deveélgpmont of
ilems of personal egquipment is nol an
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aeremedical responsibiliny, 1is impessible
to divoree development processes  Trom
applicd  research, The laboratory evalu-
ation ol 4 new projolype lifc-saving waist-
coal, Dor example, mny well reveal defi-

Deficiencies it can be corrected by local
aetion. ‘The changes may be minor or they
may be 50 radical as (o constitute a virtual
re-desipn of the equipment. In either event
they are likely 1o be gueried by the origi-
nal manufacturer, who will then introduce
forther medifieations and thus extend the
period of development,

T.ong term objective research is the
framework around which the whole of
aviption medicine is built, Tt provides the
information without which appli~d re-
search cannol be undertaken or future
questions answered, but because il has no
immedintely obvious application to the
practical problems orexisilingairerafl its
importance is commonly underrated. Work
in this category was concerned, in the
early days of aviation medicine, with
establishing (he limits of human tolerance
for the individual stresses of flight-the
standard. graphs of times of useful cons-
ciousness at altitude or of blackout thre-
sholds bear witness to these endeavours.
Recent studies have been both more com-
plex and less dramatic, often with the
ohject of measuring the effects of one or
more marginal stresses upon the perfor-
mance of skilled tasks. For example, ex-
posure to an effective altitude of 8 000
foet for & hours presents no hazard to life
or limb, but it ean bhe shown to have a
deleterious influence upon the process of
learning The tesulis of objective research
will, by defiinition, eventually be dircetly
applied to fulure problems; in the quoted
example the findings might fead 1ooa re-

commendution that the normal cabin alti-
tude: of 3 new  pavigationwl wraining air=
erafl should not exceed 5,000 leet.

Basic or fundnméntal research has no
such future application, and it miy he
deseribed as science for its own soke. 1t
can be argued (notably by fnanclers ancd
Adr Stafls) that activilies producing noth
ing but an increase in the understanding of
physiological systems have no plice in
Government-funded research, but this: s
# shori-sighted view. The most cogent rea-
son for supporting basie investigntions is
that seientists of the calibre required for
the proper conduct of applied and objec-
tive rescarch must have the intelleetual
stimulationprovidedby a pure or academic
topic of their own choosing. An opportu-
nity to undertake basic research attracts
and retains competent staff, and it alsa
improves the quality of the most pragma-
tic programmes that ferm the bulk of avi-
ation medicine, The proportion of the total
research time that can be allotted to basic
research is variable, for such work must
take second place to the pressing problems
of the Roval Air Porce, A figure of 109 iy
often guotsd asthe optimum, but this level
can rarely be achived in practice, and 5%
would currently be a more realistic csti-
mate.

Before some research progranimes are
deseribed, 51 few words should be said
about the organisation of the Institule of
Aviation Mcdicine, for this affects the
nature of the work and the manner of its
cxeculzon. Aceromedical laboratories tend
to evolve asa series of islands, each having
an item of capital equipment as its nucleus,
Thus, the possession of & decompression
chamber lzads tothe formation of research
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team whose members have expericnee of
respiratory  physiclogy, cardiovascular
physiology and perhaps neurophysiology.
The nequisttion 'of a humin centrifuge
requires the  establishment of another
group. bar the rescarch skills that it must
enicompuss are the same, and the establish-
ment of o climatic facility leads o a repe-
tition of the process. The result is o calle-
ction of sglf-sullicicnt departments which,
unless o great care 15 nkenwill tend 1o work
axasndiied umis with livde needs or desire
for ci'oss-feriilisaiion.

This situation may be comrasted with
the vsual panern oA Liniversity depare-
ment, in/ whieh the members of each re-
gearch team sire uniled by @ common
interest 1 céspiralion, or the cireulation,
ar the cenfral neryous syalem,. In sueh an
academic enyironment insularity 15 also to
be Tonnd, but its undesirable features src
less imporiant than in aviarion medicine,
where dnteractions between the different
siresses must be considered and evaluared.

Some degree of scienlific - aulonomy is
desirdable, if nop ésseniial, for the sub-
groups of an aeromedical !aboralory, but
becauze the overzll obhjective of the work
is to provide a better total environment
foraircrew in flight, special measures must
be taken to co-ordinate the applied resear-
ch and development funections. At the RAF
IAM this has been achievad by the forma-
ticn of an Aircrew Equipment Group
which unitesthe research and development
components of three otherwiss separate
divisions and which can call on other parts
of 1he Insutute for advice and investiga-
tions when necessary. The relationship of
the Group to the funetional eorganisation
of ihe “esearch unitis shown below. The

# Jod. M8 el tnding Apeil 1954,

System has same disadvantapes, but it dogs
ensure thal the development of 0 personal
ciquipment assembly does ol procesd
piecemenl, and that the information given
to the Alr Stalls is consistent and hulanced,

After this long philosophical preamble
on the msture and organisation of research,
some specilic progrummes may now e
copsidered, The examples hitve buen chosen
from the work of many of the Divisions
shown in the diagram, buc the selection
docs not clim to be uniform or to reflect
the relative Lmportance of (e tupics, Mor
can il hopa to be camprehensivesit should
be regarded maore ns un anthalogy than g
i report.

Every student of aviation medicine is
uught that oxygen is not required at
heights below 10,000 feet at least during
day time operations. For many years the
cabins of civil and military Lransport airs
craft have been pressurised to an equiva-
lent alutude of 8,000 feat, thus Zivinge soma
sifety margin and allowing passenpers and
crew to travel, withou! the encumbrance
of oxyvgen equipment, The fact that some
physiological disturbance does ocour at
lower altitudes is recognised by the almost
universal insistence that military aircrew
flying ai mnight shall breathe axypen
from ground level up. However, there has
been little attempt o question the wisdom
of an ¥.000 feet pressure cabin. The fact
that new skills are acquired more slowly
and less efficiently al 8,000 feet than al seq
level has already been bricfly mentioned:
it has recently Becn shown also 1l 1|1'E-=
performance of # task learncd at hypoxic
altitudes continues toshowa decremerit
after a return to a normual Baromeirle
pressure. There §5 other evidencs Lo show
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that exposure 100 moderate altitudes may
not be entirely benign. Aircrew and cabin
staff frequently commenl, or even compliin,
that they are immoederately fatigued afier
flighis in which the cabin pressurc is main-
tained ot the equivalent of 8,000 feet, and
that this stwte s guite different from the
tiredness resulting f'rom sinilar acuvity at
a eabin altinede of, say, 3.000 feer. I signi-
ficant physiological changes could be de-
monstrnicd at §,000 feer there would be n
prima fucie case For acison, hutihe
neering and ¢ost penalties of modilving
exisiting areralt could nal be contempl-
benefits could be

cngi-

dted unless significant

assured A series of cxpernngnls o lest
this point has recently been carricd out,
and the opportunily  to make a large

number of physiological  measurcments

whas, of course, seized,

Subjeets were exposed for 6 howrs on
ench of 5 consecutive days 1o a fixed sche-
dule of physical exergise und resl at & pre-
ssure cquivalent to an altitude of R0
feel, and to similar conditions at ground
fevel. Their estimates of fatigne, which
were recorded by a line-marking technique,
increascd significantly more steeply during
(he course of # 6-hour day atalutude than
ar gen level, The difference was particalar-
ly marked when the periods of physical
pxertion were compared, and there was no
cvidence of useful adapiation in this respect
aver the 5 days of exposure. Many physio-
logical parameters, such as blood glucose
and non-esterified Tatty acid levels, haenio-
globin concentrations and haemilocrit
levels, remained unchunged at altitude, and
the oxygen cost of working showed only
and insignificant alwerations.
pulse rates were

the differences

Inennslant
However, ventilation und
hizher at 5000 fest, amd
Ipraf 1R7H

i o A &5 af Hiir,

between these and the gronnd level datla
increased through the day. Blood levels of
lactate and of 2.3 di-pluspho-glycerate,
and vrinary oulpuis of catecholamines snd
I7-hydraxy-steroids all rose. One interest-
ing and unexpected obsérvation was 4
shifv in the oxyhaemoglobin dissecintion
curve which could not he explained on the
basis of concomitant changes in the arter-
tl Peos or pH. The biochemical findings
are charaeieristic of mild siress, and taken
topether with the other results they supp-
oft the elndm tutl even mederate © [Tord al
#,000 feer, isfatiguing. The extent to which
the changes mighe he moderated by u redu,
ciron of the eabin altitude to 5,000 feel-
and whether such wciion would liave at
worth while effect upon Eiliuiuuuy. rEmN
to be deeided

Much of the carly work on the physiola-
gical effeets of rapid decompression con-
centrated upoan the hvpoxia resulting from
sudden exposure to altitudes in excess of
35,000 feet while breathing air. At these
heights unconciousness rapidly ensues
unless oxygen is adminisicred within a few
seconds, and even if 2 mask is donned dur—
ing the briel peried of ‘useful’ conscious-
ness, fransient confusion oF collapse may
still occur when a balus of desaturated art-
erial blood reaches the brain, From studiss
at the Instilule using decompression pro-
files to final altitudes of berween 35,000
and MLU00 feet, a relationship was develop-
ed between the probabilily ol unconscioys-
ness.and the extent and duration of Lhe
reduction in the alveolar vayeen fension
Characteristically, the latter folls abruptly
wilth the reduction in ambient pressure,
only to rise again as wxveen is {"{E‘J‘Ett,d
from venous hlood returning to the lung.
A eritical fevel of alveolar DAYECT tension
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witd Tound o he' 30mm Hg- when this
figtrre was reached alpha-uctivity invari-
ahly dppeared in the BEG. The onset of
vngonsciousness wasreluted 1o the time for
which the alveolar GXYECN 1ension was
maintained below his critical value, or
moere sieietly, to the aren of (he tension|
timecurve with the 30 mm Hg line as an
upper boundary, I this exceeded 140 mm
Hg secs o [oss of consciousness was inevi-
table, even il the hypoxia was corrected
wilhin the accepted time of uselul consei-
GUENEHE,

Cobin failures resulting in éxposure o
altitiides gregter than 350000 feel are
relatively uncommoneither in military of
ineivil airceafl, bul incidents involving
decompression to around 235,000 feet occur
ofien cnough Lo be ol more than scademie
intersts A more detailed study has just
been completed with the objeet of exiend-

ing the earlier data to the more commonly
encountered condition, Subjects were ra-
pidly decompressed, while breathing air,
fram &,000 feel to 25,000 or o 27.000 fect
and measurements of alveolar gas tensions,
EEG activily, and psyehomolor perfor-
mance were made over the ensuing 90 to
150 weconds,

The pettern of response of the alvealar
Ox¥gen tension wads similar to that seen at
grealer altitudes, the initial abropt fall
being succesded by the rise. The longer
time for which observations were possible
allowed the expeeled sceondary fall 1o be
observed when, after one circulation time,
venous blood that had given up its oxygen
on the first. circuit again passed through
the pulmonary capillaries. Alpha-activily
appeared in the EEG some 15 seconds
aller  the alveolar partial pressure of

RLSCDARCH 1IN AVIATION MITHOINFE IK THE ROYAL ALK PORCE

oayeen had fallen to 30-35 mm Hg, and
inereased in rough proporiion to the du-
ration of the exposure. At the same lime
the performance of the psychomotor 1usk
began to show a definite impairment, and
this oo was progressive. Slow wave acti-
yity became manifest in the EEG shorlly
afterwards and in mosi suhjects conscious-
ness wax lost within the time limit arbit-
rarily set for the cxposure to hypoxia. As
in the earlier experiments, a strong corre-
lation was found between the changes in
the alvenlar oxypen tension and in the
ELG, and between both of these and per-
formance of the skilled task.

These results suggest that the ‘elassical’
values for times of useful conciousness
afier decompression to intermediate alti-
tudes are optimistic, although much hinges
upon the precise connotation of the words
useful. The role of the hyperventilation
that always accompanies hypoxia of this
degree remains o be elucidated by ex-
perimenis now in progress.

A problem that has recently assumed a
fresh importance concerns tolerance for
prolonged radial acceleration. Many of us
thought that work on this subject had
been completed by the mid-1950s, for the
signs and symptoms of exposure were by
thal time well established, limits had been
set, and the development of the anti-G
suit seemed to provide an adequate means
of protection. It was known that black-
out (or loss of central vision) would aceur
at ahoul 5 G during a 15 second exposure,
but that a properly designed anti-G gar
menl could raise this level by about 1.5 G.
The post-war generation of high perfor-
mance aircraft appeared (o be less robust
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thin their predecessors, and the common
pattern of operations seemed to involve
i maximum exposure 1o 5§ G for very shorl
periods of time. Indeed, the main value
of the anti=G suit was thought to be as a
means of combating the fatigue produced
by repeated exposure 1o comparatively
low accelerations (24-31G). Accordingly,
attention was directed o reducing the
penultics associaled with wearing the suil,
natably discomfort and heat. Lightweight
gannemts  were developed, and in an
sttempt 1o reduce the thermal load still
further, the coverage of the legs by infla-
ted bladders was reduced. The difficulties
of donning and wearing a conventional
anti-G suit were mitigited by the prodoe-
tion of an external garment that could be
worn over rather than under conventional
Mying clothing. These various measures
slightly reduced the efficacy of the anti-G
profection, but this was a worthwhile
trade-off for the increased comfort. With
the apparently salisfactory solution of the
practical probiems of aceeleration, human
cenirifuges were devoted to thestudy of
interesting physiological questions:

Within the past lew yearz Lhe picturs
hus markedly changed. Some aircraft in
curzent use do not fall out of the sky if
high aceelerations are applied: others now
being planned or developed are designed
lo withstand 8 G or more, and it is envi-
saged that such forces may be sustained
for periods inexcess of 30 sceonds. The
daia on human tolerance collected with
much labour during -and alter the war do
el extend so far, nor is it possible to
extrapolats from existing information o
any salisfuctory degree. Estimates could
bie made of the time for which an unpro-

I3 0. A. M. 8. ofindia, Aprll 1974

tected pilot could tolerate 8 G, and of the
acceleration which eould be withstood
without black-out for 30 seconds, but the
combination of these two paramelers re-
presented uneaplored  territory,  There
were some reports that piverew had expos-
ed themselves, under: operational condi-
tions, to aceelerations of 8 G or more [or
short periods of time withool apparent
detriment to their flving performance, bul
the genernl applicability of these reports
remained unkpown, It seemed certain,
however, that the anti-C suit alone would
ol meel the requirement for prolection,

Since the earliest days of nerial combat;
pilots have protected themselves apainst
visual losg by various voluntary mano-
euvres. which include erouching, mugsele
tensing, and sereaming. The first of thess
effectively reduces the vertical disiance
between heart and brain and thus delays
the impairment of the cerebral circulation

which is the cause of symptoms. The

other two procedures raise the arterial
blood pressure at head level;the one by

increasing the vaseulsr resistance in the

periphery, and the other by a direcl rise
in intrathoracic pressurc. They were so0
effective thal they became formalised as
the M-1 manoeuvre, which consists of inter=
mittent forcible expirations against a parti-

ally closed plottis. The proper execution

of the M-1 manoeuvee requires practice and
experience, and is extremely fatigulng:
With the advent of satisfactory anli-G
suits it became unnceessary, and its use
was generally abandoned. although pilots
continued to ‘Aght the &7 by volinrary
musculur getion.

The exacting specifications of the new
aircraft led to o a re-appraisal of older
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metheds. of prolection, both alone und in
combination with modern anu-G  gar-
ments. A study at the Institute showed
that the benefits of the anti-G suit and of
postural change were indecd additive,
but they also confirmed that the latler
conlerred no worthwhile advantage unless
the pilot’s seal was tilted back to an un-
acceptably large angle from the vertical.

Respiratory manoeuvres such as the M-]
offered more promise, and in the summer
of 1972 a joint study was carried out
between the RAF IAM and the USAL
School of Aerospace Medicine at Brooks
Air Foree Base. The progrumme was
divided into two phases; the first designed
tocompare full length and short ani-G
suits, and the second (o compare the M-1
mafioeuyre with continuous positive pre-
ssure breathing, which isan alternmive
method of raising intrathoracic (and hence
arteriul) pressure. In both phases the
subjects were instructed o lense their
musele and thus (0 inerease the protection
further. The runs used experienced ceniri-
fuge subjects and were carried out at 3.6
and 8 G, the objeclive being 1o sustain 8 G
for 60 secands,

The resuits showed no significant differ-
epee in the protection given by the full
length and the mini arn<G suits. AL st
sight this is a surpyising finding, b:cause
the volume of the calves is hardly negli-
gible, and 2 considerable quantity of
venous blood would be expected to sequ-
ester into Lhe capaeity wvessels. Further
trinls both on the centrifuge and in flight
appear to confirm  the results of the joint
sibdy, and the ajrcrew of currcnt RAF
dircraft have been almost unanimous in
their approval of the mini-suits supplied

for trials, It must be remembered that
neither the centrifuge experiments nor the
flight tests were carried oul on relaxed
subjects, and thal venous pooling would
have been preatly reduced by the muscle
tensing which they all practised. However;
there were many complaints of calfl pain
when using the short'suit at high G levely;
although superficial venous pressures were
shown not to be unduly high, it is very

possible that the discomrlort is due to deep
venous congestion associated with the
CXPOSUre.

Boththe M-1 marocuvre and positive brea-
thing significantly increased the tolerance
for acceleration, and many subjecis were
able to withstand the full rigors of § G for
ome minute. There was no significant diffe-
rence between the two procedures in this
respect, but it was less tiring and less
stressful. Morever, il did not require the
continwsous attention that had to be paid
Lo inspitation and expiration during the
M-l manoceuvre, In operational sivmations,
where the pilot sleeady has much to Lhink
about, thix difference would be imporian:.
From a physiclogical point of view also
the positive pressure breathing is to be
preferred, for intrathoracic pressure never
falls below atmospheric, whereas with the
M-1 procedure violent oscillations in the
pressure within the chest oceur with each
breath.

If an immediate answer is required for
the problem of protecting aircrew agzainst
accelerations of high magnitude and long
duration, the short term advice would be
to provide. an efficient anti-G suit and the
facility for pressure breathing at about 25
mm Hg supplied sutomatically when the
acceleration exceeds about 3G. The deve-
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lopment associaled with the research con-
sists of devising and manufacturing an
oa¥gen regulator which can be activated
by accelerative force in the same way
as an oanti-G valve, but which is still
capable of Tullilling its primary role of
preventing  hypoxia. This short term
solution is by no means idenl and certainly
ol the best that ean be done, To answer
the long term requirement for optimum
prodection supporting rescarch is required,
This must involve a deeper understanding
ol the physiological changes nssociated
with prolonged acceleration and may well
result in an entirely novel concept of
protection. I would be optimistic to
sigg=st that the final solution could be
ohtained in less Lhan 3 years,

Some of the findings from the joint RAF/
LSAL study have repercussions into basic
rescurch.. For example, messurements of
the oxygen content of the arterial blood
reveuled a marked difference in the pattern
of desaturation occurrisg with the M-l
manocuvre and with pressure breathing, Tt
ligs long been known that such desatura-
tion weeonmipanies exposure Lo acceleration,
and a considerable amount ol fundamen-
i3 research has been conducied to discover
the mechanizm for the change. Even un-
der conditions of normal gravity the diz-
tribution of zas and of blood within the
lungsis not uniform,; some areas being over
parfused und onderventilated, while in
others the converse istrue, Increased ac-
celeration exaggerales these disturbances
of the ventifarior/perfusion ratio. and
pnder certain conditions  can cause suffi-
cient distortion of the parenchyma lo re—
sull in Lthe closure of some airways. I the
alvecli in these regions are under perfused,
no great haom results, although by defini-

14 J A M. 5 of India, April 1974,

tion such volumes of lungare incfluctive
from the respiratory stand-point. If per—
fusion & maintained or increased above
normal, as it is in the bases of the lungs, and
il the subject is breathing 1009 oxygen gas
will be rapidly absorbed from the isolated
segzments and patchy collapse of the lungs
will acepr Beoavse perfusion continues,
the blood passing through such regions
receives no further uptake of oxygen and
returns to the heart in a relatively desal-
wrated condition. To a small extent such
venous admixture is 4 normal part of
everyday life, but it can be greatly exugge-
rated during aceelerative manveuvres, Tt
could be that positive pressure hreathing
mitigales the ¢ollapse by ensuring that the
susceptible parts of the lung are main-
tained in o distended state, and this conld
account for the different patteens of
arterial desaturation found with the two
manocuvres, The guestion is partly aea-
demic, but it requires further invesfgation
for the sake of scienee. Lo this sense the
centrifupe can be uded us a probe for
exploring normal physiological mecha-
nizsms, rather Lhan as o simulator of
aircraft stresses, The resnlts abtained may
also haye some impact in ¢linical medi-
gine;

Airerew may be exposed to inhospitable
thermal cavironments, al both esds of tic
temperature scale. In general, a cold
cockpit poses less ol a problem than a hot
one, for it is relavvely simple to supply
extra insulation in the form of more [or
thicker} garments. The provision of cooling
i5 & much more difficult aind expensive
exercise, and mewsures designed to lower
the temperature in the cabin space will be
defeated if, lor other reasons, Lhe ocel-
pants must wear impermeable garments
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gnch g imvmersion suils, or many layers
of protective clothing, The need for
adequate cabin conditioning is recognised
i the time-honoured phrase flying ina
shirt-sleeve environment’, but to put this
pringiple inte eleet involves  far more
than the assurance of thermal comfort. 1t
reguires that the ntegrity of the cabin
shall beabsolute, that its internal pressure
shall be high encugh 1o make the wse of
axygen unneccssary, and that cmergency
escape in the air will never be called f{or
or posaible. These condilions can almost
be met in airliners and some military
transport airerafi but even in these cases
some compromises must he seeepied.

In high-performance aircraft the shirt-
sleeve environment isa pipe dream. The
privision o protection agamst hypoxia,
against seceleration and deceleratioun, and
against the sequelae of vmergency egress
eniails thermal penaliies that lead 1o still

greater complexitics of aircraft cquipment

or of personal equipment or, more usually,
of both. Air from the epgines 1s used to
pressurise the cockpit and to ensure that
it enters at a low temperature would
present no insuperable engineering diffi-
culties, but the need to save space, weight
and electrical power may override physio-
togicil consideriticons and conditions are
theretfore usually less than idsal. Maore-
over, Lhe supply of cooling air i only
dvailable when the engines are running,
and no self-contained cabin conditioning
svstem, however efficient, can solve the
thermal problenis of airercw who must
enter anaireradt that has been exposed for
many. hours: o full sunlight in a hot
climate: T is not even possible always Lo
ensure Lhat their unhappy situation is
celieved by a speedy departure, for in

some stales of alert the aircraft must he
occupied for comparatively long periods,
ready for nke-off at short notice but with
the engines silent. Ground-based cooling
trolleys can allevinte the distress: to some
extent, but they an rarely remove il
completely.

The stock solution to these prohlems is
Lo eyguip the nircrew with personal condi-
tioning garments, of which air-ventilated
suits (AVS) are the best known, A pro-
perly designed AV S distributes gas differ-
entially over the swrfiece of body so that
cooling bhalances the heat production in
different wrens: Its agetion 1s two-fold: 3
direct effect resulting from the tempera-
ture difizrence belween the incoming air
and the layer bounding the body, and
indireet cooling from the evaporalion of
sweat. ‘I'he lawer can be cxploited to
overcome one dizadvantame that the air-
ventilated suit skares with the cabin
conditioning system; namely, the need
for un external source of eold alr on the
ground. Provided that the ventilating gas
is nol staturated with water vapour and
that its femperature is lower than |hat of
the surface over which it Flows, it will
remove heaf in proportion to the ‘sweat
that is evaporated. This mcans that a
degree of cooling can be achieved by
‘reverse-flow-ventilation® in which ambiant
air is drawn through the garment by
suction. The output from a pump, whether
it be a compressor or a sucticn device, is
al a higher temperature than the input. Tn
conventional =wvstems this increases the
need for refrigermiton, but in the reverse-
flow system the air leaving the pump is
discharged 1o waste, and the heating
action of the machinery is immaterial,
Recent evaluations of a reversc-flow air-
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ventilated suit have shown that worlh-
while cooling can thus be obtained by
very simple means although the efficiency
15, of course, lesy than that of a good
forward flow system. The reverse-flow
device could have another significant
advantage in combat conditions. If the
almosphere is contaminated by chemical
agents the ventilating air must be filtered
belore it passes through the suit. Suction
ensures thut the ambient air is deawn
through the outer layers of clothing before
it reaches the skin, and because those
layers will necessarily incorporate chemi-
cal filters no further treatment is required.
By conirast, a blown system must first
piass the air through a relatively bulky
filter, which will-also impair the efficiency
of the compressor by introducing resis-
lance to flow.

An attraclive ulternative to the air-
ventilated suit is the liquid conditioned
suit {LCE) which was devised at Farnbo-
rough and hus progressively developed. In
ils simplest form, the suit consists of a
geometric arrangement of pipes, sewn lo'a
suitable undergarment, and filled with
water or'with seme other fluid having a
high heat capacity. The system is closed,

the liquid being circulated by a small

pump. A-heal exchanger or refrigeration
unit constanily removes accumulated heat
from the fluid. The LCS has some out-
standing and obvious advantages over its
rival, The volume of the working liquid
is small and flow rates can be low: a small
pump 1s therefore adequate and large
power supplies arc not required. Within
reason, the temperature of the fluid can be
kept very low so that the cooling efficiency
is high. The system can easily be operated
inan aircraft on the ground, and it is
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readily adaptable for use during the long,
walk from the crewroom to the Might line,
It needs no modificution in a chemical
environment,

Against these good features must be set,
some disadvantages. The LCS exchanges,
heat with the body, but it cannot evapo-
rate sweunl. Indeed, it may suffer from,
what has been called the ‘bathroom effect’
that is, the condensation of water from,
witrm saturated air in contact with a cold
surlface. If the circulation is through pipes,
‘striping’ also accurs, with narrow bands
of very cold skin scparated by, zones in
which the cooling is less elective or
absent, Aparct from the local discomfort
of this situation, it produces a false.
sybiective impression of cold even when
the deep body temperature may.in fucl he
rising. These difficulties have been largely,
obvialed from current models of the LCS,
notably by re-design of the distribution.
system Lo replace the originul pipes by,
interconnected compartments, An experi-
mental trial in Cyprus last year fully,
demonstrated the effectivencss of the new
garment. but more spectacular evidence,.
of success was provided by the Apollo
space flights, in which liquid conditioned
suits were used both in the cosmos and on,
the moan.

Cooling garments do not remove heat
from the hands and feet or from the head.
The extremeties arc not @ serious problem
in this regard, but the benefits of keeping
4 conl head and the dangers of hot-head-
edness are so well recognised that the
phrases have become part of everyday,
speech. Lven automobile manufacturers
now accepl that face-level wventilation
should be a standard fitment to their prod-
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vets and not a luxury item,  Various atte-
mpts have been made 11 the past to extend
the vatue of the AV S by the addition of
an air ventilated skull eap, but they have
Leen thwarted by mechanical difficultics
and by diseomfuorl, The lack ol objective
evidence that a hot head impairs the per-
formunce of 1 man with a normal core
temiperature  or that there ix  meril in
cooling the head whein the rest of the body
ts ot led 1o some recenl experiments in
the ehimatic chamber at 1AM.

The deep body temperature of cach of a
group of subjects was raised to, and main-
tained at 38.5°C, and 1hs head was placed
in an environment of 15°C. or of 30°C.
Subjeclive assedsmenls of comlort were
mude and performance was measured by
tesls of psychometor abiiity, attention,
caleulation and reasoning power. The first
of these showed o small decrement in per-
tormance when cilther the body, or the
head, or both were hot. There was no signi-
ficanl difference in the scores recorded in
the other three tests, but the number of
“false alarms’ in the attention task and the
time taken to complete the reasoning tesi
rose when the head and body temperatures
were increased. Cooling the head improved
the former but was without effect upon the
Taller, Thesefindings were in contrast with
the -subjective assessmenls. A cool head
tended to improve the comfort rating of
the hody, and the converse was also Lrue.
The head was judged 1o be significantly
covler when the core temperature was nor-
mal than when il was high, even although
the environment arcdund the head was the
sams 10 each wase. These  experiments
demonstrale that head comlort has litile
or no eifees upon the performance of hog

subjects, but that it does improve (he
seoxe of well-being. There 15 no doubt that
aircrew, like many motorists, feel thata
draught of cool airon the face is bene.
ficial and the introduction of small fans
mounted at head lével at some erew stations
in cerlain homber aireraft is reckoned by
the users to be major triumph for aviation
medicine and for common sensc.

One other development in the field of
thermal stress is worthy of mention. The
sule purpose of o cockpit conditioning
sysiem is to provide a suitable environ-
ment for the aircrew, but in order to do
thix entire volume of the cabin must ha
maintained at the dedired temperature.
Large gquantities of air must be supplied
through complex distribution channels,
and the whole process is expensive, inefli-
cient and often noisy. Preliminary studies
of an alternative solution are now in pra-
gress at the Institute. They are based upon
the idea of 1 personal micro-environment,
which is maintained by conirol only of the
immediate surroundings of the man. Spray-
barz mounied on the seat or designed into
its structure supply air at a temperature
regulated by the occupant to form-a ‘eur-
tzin around him- The effectiveness of the
cooling decreases as a function of distance,
but this is unimpertant, for in this coneept
the remainder of the cockpit is regarded as
unconditioned space reguiring no special
treatment, If it is successful thi¢ condi-
tiomng s¥stem will have the advantages of
simplicity, economy, efliciency and guict-
NEXS.

A major topic of research is covered by
the omnibus heading of faircrew workload”.
It is generally neceptad that the increasing
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complexily of modern aircraft, whether
they he military or civil, imposes greater
demands upon the crew, and that the
missions and schedules that they are re-
quired to fly have become more exacting.
If e resulting workload becomes excessis
ve, precigion will suffer, performance will
decline, and flight safety may be in hazard.

Fhis argument applics not only to the
acute overioad that may occur during a
gingle difficult sortie but also to  the
cumulative effects of a longer series of less
intensive flights. It is therefore necessary
to distinguish between *‘mission workload®
and “opcrational worklond®.

All this is so intuitively obvious as to
need no formal proof, but intuition cannot
be expressed in the quantitative terms
required by planners and designers, Unfor-
tunately, the definition of such words as
workload, performance, efficiency and fati-
gue poses severe problems and undisputed
methods for measoring them  have siill to
be devised. The simplest approach is that
of subjective asscssment by the aircrew
themsclves of the work stress (o which they
are exposed, but althoughit has been shown
that such judgements are remarkahbly consi-
stent for any given individual, it is clearly
less easy to equale the impressions of one
pilot with those of another. Morcover, sub-
jective assessments can only be of value if
they are correlated with objective measure-
nients, however erude, and with the exter-
nal facrors contribuling to the workload.

An attempt to estublish such relationships
his recently been made in a large series of
scheduled flights with u civil airline: The
study eoncentrated on the let-down and

Mo Jo A, M. 5. af India, April 1574

landing, for these are said by most pilots
1o constitute the most diflicultand eritical
phases of Might. Using the teehnique of
placing & mark on an unsealed 10 centi-
metre line, the pilot gave an assessment of
the overall difliculty of the let-down and
landing, and also reparted by the same
method on five associated Factors. These
comprised meteorological eonditions, ade-
quacy of navigation aids, runway lenpgth,
aireraft charucteristies nnd sepviceability,
and erew eficiency,

Physiological measurements had neces-
sarily to be simple, and they consisted of
the heart rate (derived from the electro-
cardiogram) snd the tremor of the outstre-
tehed hand. The former was determined at
defined points during the approach, let-
down and landing, and the latter as soon
as possible aller the atreraft had come to
rest,

A vary high correlation was established
between the subjective appraizal of overall
difficulty and certain of the external pari-
meters, of which the adequacy of aids was
by far the most important. More than two
thirds ef the approaches imvolving a high
subjective workload had limited niavigation
aids and in more than one quarter of the
total the air traffic control was imperfect,
this proportion bzing higher when the
meteorological conditions made assistance
from the ground more critical.

As expected, the heart rate always rose
during the approach and reached a peak
just before landing. Tn istraightforward
conditions the rise was relatively small,
and the maximum heart rale rarely exceed-
ed 140 beats/minute. Less favourable oir-
cumstances were accompanied by greater

e
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degrees of tachycardia, and in very difli-
cult landings: heart rates of 180 beats/
minuie or more were sometimes recorded.
Uncomplicated opproaches did not result
in & gross exaggperation of the normal
finper tremaor after touch down, even when
the situation was adjudged to be difficult
and the hewrt rate was in excess of 150
beatsfminute, but umoward events such
as the sudden appearance of an obstruction
on the runway or an unexpected down
draft in the final stages led to o conside-
rable increase in the 10Hz component of
the tremor. These physiological changes
reflect varying degrees of ‘arcusal' of the
central nervous svstem It is obvious that
heightened activity is a necessary accom-
panimant of & demanding task; but ifis not
eagy to decide whether the extent of the
Tespense 18 appropriate (o the siluation.
Studies of shared approaches, in which the
co-pilot hands over control to the captain
at-a pre—determined distance from touch
dowi, and of coupled approaches inwhich
the pilol monilors an automatic Sysiem
until very late in the sequence, bave shown
that the pattern of physiological response

can he modificd xo (hat the heart rate is

lewer than it would otherwise be. The
ultiniate step in this process of shedding
warkload is; presumably, the routine use
of fully- aviomatic approach and Tanding-
A system of proven reliability in which

thecrew has complele confidence should

abviutc the need forany inereasein central
nervous arotsal, but i 2 malfusction or
emergency does develop 1t will be nece-
ssary for the humun resiction 1o Be both
prompland adequate: Whether the recruit-
ment of arousal ¢an suffer from disose
atrophy is not vet kunown, but it seems

probable that some impairment in the
speed of résponse may occur.

In civil airline practice the period bélore
touch down may well be the most &iress-
ful part of flight, but the same cannot be
said of militacy operations. The technigue
ol subjective asscssment has been. used
to analyse the temporal distribution of
workload ina wide variewy of missions
ranging from low level ground attacks to
troop transport and alse to indicate Lhe
relative involvement of individual ‘crew
members, Not surprisingly, a plhase diffe-
rence eXists helween the periods of most
intense activity of pilots and navigators,
bul a more unexpected Hnding was Lhe
high workload rating given by all grew
members to the preflight briefing and post-
flight de bricfing, This demonstrates ye
aguin the fallacy of assuming that the only
flying time is working time. From the
resulls of the surveys so lar aceomplished
it is clear that workload is not a single
cntity but a complex of physical, mental
antd perceplual tasks. each with a different
influence upon the total load. Eaxperi-
ments osing tasks specifically desipned to
study the effects of these components in
the context of sirike operations urc now
being carricd out wsing # fight simulator.

Thera has recently been much discussion,
on &n international front. regarding permi-
szible flight iimss and duty periods for
the crews of commercial airlines: Concemn
that current schedules might, by causing
fatigue, compromise the safery of aireralt
led in 1972 to the appointment of a
Committee on Flight Time Limitations
under the chaitmanship of Group Caplain
Douglas Bader.  The Commitice found
itsell enmeshed in conflicting opinions
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and inadeguate data, but it distinguished
between tiredness, which is the normal
result of labour and from which arousal to
4 high level of performance is possible
and fatigue which was defined asamarkedly
reduced ability 1o carry out a task. Fatigue
wits judged 1o be the result of two prime
factors; sleep deficit, and high levels of
workload on the flight deck. Afier hearing
a large number of medical and lay witne-
these muticrs the Committee
conciuded *although there Las been much
aeromedicul research into the problem
of flight deck worklond and fatipue, it is
fragmentary and not comprehensive...
Therefore we recommend that a praperly
co-ordinated  pregramme  of research,
suilably supported by field work, be under-
(1 10 !

Ksgs on

Both before and since the report of the
Bader Committee, the RAF TAM has
underiaken studies of the sleep patterns
and duty hours experienced by civilian
and mililury aircrew in world- wide opera-
tions. Such flights provide more valuable
material thun ¢an be obtained from dome-
slic ar short hanl schedules, because they
invaive changes of time zone and hence
discrepancies belween subjective *physiolo-
gical’ time and local custom. Rest and
slesp maust in Lhexe circumsiances he z
compromise belween arrival and departure
Limes which are seL by the convenience of
Passengers, and the ability of the pitot to
adjost his internal clock.

Records of normal sleep and activity
pallerns were oblained from diaries kept
fisr the purpose by the aitcrew, and an
acceplable quantum of sleep was defined as
the average amount obiained per 24 hoyr

2 A M S af bdia, Apeil 1974

over a 3 day off-duty periad. A praph of
cumulative duty hours during roule flving
against days on the route was plotted, and
the above ¢riterion was used to construet
a zone beyond which an acceplable sleep
pattern vould not be maintained, The
precise position of the line of demareation
will, of vourse, vary with the normal
habits of the individual, but the gereral
shape of the curve is similar for 41l sub-
jeets.  The most eritical parameler in
prolonged schedules scems to be not Lhe
duration of any one¢ duty perind but the
total number of duly hours in relation o
the progress of the aperation.

The implications of these findings far
military aviation arc apparent, Thirty
two hours of duly time can be amassed in
the first 3 days of an engagement, but some
I8 hours of rest will then be required
before a further stint of 10 hours can be
recommended The penalty of a higl
initial workload is thus the need toreduce
the frequency of duty periods s Lhe ope-
ralion procesds. This is a fine precept,
which can probably be honoured in peace-
time but which cannet be allowed to
override other considerations. The defini-
tion of an ucceprable sleep pallern is
generons, and that of workload iz not
clear eut, It is more than probable ihat
small encroachments bevond Lhe line
can be permitted Withoul great detrimgent
to efficiency, and the risks of such
trespass might readily be justifiable in tige
of war.

Part of the problem stems from the
meffeetive use of ofl-duty t.me, for many
peopie find great difficulty in falling asleep
and remaining asleep at unusual hours,
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despite the fatigue induced by previous
hird work, When faced with this situaiion
the templation 10 woo sleep with hypnotes
is great, and the over-prescription of these
drugs is by no means confined to civilian
medienl practice.  One of the most useful
roporifics known 1o civilised man is aleohol,
but this is denied to flying personnel
because ol its undesirable afiereffects,
even ot moderate dosages,  The hang-over
effect of some barbiturates is also well
recognised, but the so—called ‘short-acting’
hypnotics have acquired a reputation for
safery. Qpinion in the RAF is divided,
but mast medical asuthornies apree that
cireumsiances can be envisaged in which
the use of hypuolies by pilais may he
necessary. A programme of research now
in progress at the Institute is aylempling
Lo give guidance 1o clinicinng on the least
harmlul preseription o aid sleep,

The absorption and excretion rates of a
number of barbiturate and ather hypnotics
gaid to have a shorl hiological effect have
been measured after a single therapeutic
dose given by mouth. The half=lives of
the drops varied widely : for guinalbarbi-
tone (which is not claimed Lo be short-
acling) a value of 29 hours was obtained,
and for heptabarbitone {which is} the
fizure was 10 hours. Ethinamate levels in
bleod decayed to one balf in about 22
hours, while methaqualone, which i
commonly regarded as a safe effective
hypnotic, was cleared in a bi phasic
manner, the half-life of the faster compo-
nent being: slightly less than one hour and
that of thé: slower fraction bcing 16
hours. With the cxception of ethina-
maie all the drugs could be deiceled
in the blood 24 hours aficr a single dose.
Nitrazepam (Mopadon) s another fashic-

CURRENT RESEARCH IN AVIATION MEDCINE I¥ THE ROYVAL ATE TORCE

nable hypnotic with a high margin of safety
but the work at 1AM- has shown that its
half=lif'e 1s more than 24 hours and thar s
presence can still be demonstrated 72 hotrs
afler ingestion.

Blood or plasma concentrations per s
do not provide evidence of o persistent
effect, and some previous siudics have
demaonstruted that the short acting hypno-
1ics cause no residuabimpairment of skilled
activity, although a delayed rebound hag
accasionally been seen, However, Lhe tests
used to assess performance have penerally
been unrelated to the fving task, and the
responses of the subjects have not usually
been followed over a period of more than
a few hours. The sxperiments gt RAF
[AM uvse anadaplive trucking taik, which
increases in difficulty as performance im-
proves, and which has a high [ace validity
to aircraft conttol. Significant decrementy
of performance have been found up to 19
hours after the administration of hepla-
barbitone, and both the impairment and
its persistence have been shown to be
dose-related. Although the work onother
drugs is as yet incomplete, it is already
clear thar similar conelusions will he
reached. Thus, even hypnoties widely
approved for clinical use arte suspect in
ihe: context: of aviation: The guestion
pased by the originator of the RAF study
is “Would you rather fiv with a pilol whuose
sleep last night was induced by Mogadon,
or with one who calmed his troubled mind
with a stiff shot ol gin?

Although the search for an entirely safe
drug to combat sleep disturbance must
continue, Lhe-demonstiration that serotonin
and other biogenic amines play a pari in
the mamtenance of cenlral nervous arousal
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raises the possibility of precise control of
sleep and wakefulness by purely biochemi-
cal means. The concept of a military unit
that could be switched on and off hetween
states of restful sleep and sustained alert-
ness aceording to the needs of the situstion
must be c¢lose to the heart of every
Commander, und although work along
this linc is still at a tentative and explora-
lory stage, preliminary resulls from mon-
keys show some promise

The Institute’s work on the bialogical
efiects of laser radintion provides an
example of speculalive research thar has
been transformed into an applied prog-
ramme by technical progress. The siudies
began ata time when the colicrent light
emitted by a laser was little more then a
scientific curiosity. It was clear, as James
Bond was soon 1o discover, that the destru-
ctive effeet of this form of radiation was
far higher than that of ‘conventional' light
sources of similar wavelength and enerey,
and thil even a relatively low power laser
beam could damags the eye. The origing]
invesligations at the RAF 1AM were sea-
demic in the sense that they were concerned
with the mechanism of setion of a devies
liaving little obvious practical application.
In the past 7 years a very large number of
different types of laser has bzen developed,
with wavelengihs extending throughous
the visible spectrum and beyond. The
pawer output of the sources has increased
many times, and the uses to which they
have been put are legion. Laser range-
finders and target markers based on ruby,
neodymiom and  other substances are
already in use in military vehicles such as
tanks and aircraft, and new systems will
undoubtedly be designed and introduced in
the future. The risk that aircrew may be
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endangered by the light from their own
liser devices or those of their allies is
small, and the vse of lasers as ‘death rays’
is at present unlikely, Nevertheless, the
servicing and alignment of military systems
entails a potentisl hazard of nceidental
exposure, and the possibility that members
of the pupulation inadvertently encounler
direct or reflected laser radintion cannot be
entirely discounted,

These considerations, together with the
spreading use of lasers in industry, have
led to an urgent cull for the establishment
of more realistic safety codes than those
currently in force. The latler, which were
produced from various medical and non-
medical sources, are bused u pon very
limited experimental data from animals,
and upon deductions made from phyvaical
principles. OF aecessity, they include VEry
large and arbitrary margins intended Lo
cater for unkown or undetermined fuclors,
and their rigid application would wirrially
prohibit the use of military laser devices.
The Institule's work provided ampae evi-
dence that this caution was excesiive, byt
information retating to specific airborne
systems was essential. The methods already
developed and the experlisc acquired in
the preceding years.at lust canie inio their
ewmand theacademic research progranune
became intensely practical and applhicd,
Ths crude criterion of aphthalmaseop
cally visible damage to retina has been
refined by the technique of fuorescein
angivgraphy and latterly by electron micro-
scopy.  Safe retinal energy densitics have
been established for Q-switched ruby and
neadyvmium lasers aperaling in single and
multimode configurations, and using single
and repelilive exposurcs. Perhaps the
most important result of the work has
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been the derivation of a relationship bet-
ween ihe energy required to produce u
lesion and the size of the retinal image.
Other workers have made fulse assump-
tiona in this repard, and the error is
reflected in their recommendations, The
net regull of the TAM experiments has
hueen a eonsiderable relaxation of the pre=
sent! stringent codes for safe exposure.
Thia has led 1o a reduction by a factor of
5 or'more in the range at which o chance
encounter witl laser radiation s conside-
red: to constitute a significant hazard; a
coneession that is of the greater impor-
lange for mililary operations in peace-
timp.

It is probable that the revised encrgy
levels are still unduly pessimistie, for
generous safety margins are included in
the recommendalions, One point of uncer-
tainty ix the extrapolation from animals
m.man.' The experimental data have been
obtained Mrom rabbits and monkeys, and
although the retinal structore of these
species i5 similar to that of the human,
the characteristics of the pipment layers
are not.. Physical principles suggest that
for this reason the eye of the monkey is
maore-sensitive to lazer light than thatof
man, hut the scale factor berween the Lwo
is unknown. To resclve this question work
with human cyes i now contemplated.
Graded exposures spanning the range
producing lesions in the monkey will be
delivered to the retinas of patients awai-
ting enucleation for malignaney or other
reazons. Histological cxamination of the
excised eyes should then allow a correla-

tion- to be established between human
and animal Gssues, and hence permit
theseriteria Tor safety 1o be furthergefined.,

CURKRENT RESEARCH IN AVIATION MEDICINE ™™ THE ROVAL AR FORCE

Most of the tools of aviation medicine:
centrifuges, decompression  chambers,
climatic laboratories and the like simulage
one or more of the stresses of flight. The
term ‘flight simulator® has the specinl
meaning of an implement that reproduces
maore or less faithfolly the instrument dis-
plays and controls of an aircrafr,  In the
training role, flight simulators range from
simple familiarisation devices intended
only 1o acquaint the student with the lay-
ont of the cockpit, through procedures
trainers in which the required responses to
a varicly of in-flight events (notably eme-
rgencies) can be taught and practised, to
full mission simulators, These latter sre
complex and sophisticated machines with
control characteristios, in terms of ‘feel’
and instrument response, closely similar
to those of the real aircraft. They
invariably incorporate maotion In more
than one axis and usually include a repre-

sentation of the external visual world
appropriately coupled 1o the controls.

Despite the widespread acceptance
and use of flight simulators as training and
familtarisation aids, and of economic alter-
natives Lo practice in the air, the specifica-
tion of the required properties is difficult.
At one end of the scale is the intuitive
argument that the device should be as
representaiive as possible, and that good
reazons must be advanced for omitting
any characteristic of the real airerafl. The
s¥nthetic approach agrees that a certain
minimum standard should be achieved,
but holds that refincments should be added
only if they can be shown to be essential
for the validity of the simulation. Prapo-
penis of the first thesis insist, for example,
that six degrees of freedom of motion are
essentinl and that a full-colour three
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dimensional external view should be inclu-
ded, Advecates of the sccond school, who
tend (o be either scientists or ﬁnﬂ,ncicrs.
aceept that motion cues are essential and
an oulside world desirable, but claim thay
evidence  is lacking of the need Tor full
fidelity of cither. Small degrees of roll
and pitch may suffice 1o give the necessary
realism, and g sivlised represeniation of
cloud formations or of the approach ta an
airfield may provide adequate visual infor-
mation.

Reszarch into flight simutation must
altempt lo resolve such issues, bur it alss
has other objectives, One of tlie mare
importantis o obtain quantitative correlg-
tions between experience on simulators
und performance in flight, both for student
pilots and for aircrew undergoing refresher
lraining or conversion to & new type of
aireraft. A technique known 1o psycholo-
gists ns the Specific Behaviowral Ohjectives
Approach is being used 1o assess the long
term implications of flight simulators for
such purposes. The programme tncludes
a survey of the characteristics and uitilisa-
tion of current training davi::esandpamﬂql
anulysis of the components of the training
task. Itis possible that the resulis will
indicale that increasing use should be made
of simpler types of synthetic device. Tha
feasibilily of providing computer-contro-
Hed training in procedural and manual

skills is also being investizated this is the

aviation medical equivalent of the szlf-
paced programmed learning now widely
used in other branchesf education,

A fight simulator is, in many respects,
an ideal vehicle for the study of aircrew
workload, becanse the many variables can
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be clasely controlled. Mention has already
been made of the diffcrentiation bghween
physical, mental and pexceplual tasks that
the simulator permits. The effects of
chynges in central nervous arousal upan
the performance of these activities arg
now being investigatgd, and the rescarch
programme will shortly be extended to
determing (he influence of the distubed
sleep patterns and shnormal hours of duty
that may be encountered under operational
conditions, The genergl philosophy of
rescarch on flight simulators is, or should,
be, that the decrements ia petformance
resulting from a wide range of environ-
mental and psychological stresses can be.
measured under conditions ag rEpresentis
live as possible of actual flight, but with,
complete safety and ohjeetivity,

Niusea is a not uncommon complaint
from the users of flight simulators, and
a research programme at the RAF TAM is
examining this problem. Similar symptons
oceur frequently in devices in which motion
and vision are digsociated; a classical
cxample is the simple automobile. training
simulator where a moving display of a
road and the surrgunding country side is
projecied in front, of a starie driver.
Malaise is rapidly induced, and it is more
common in experienced drivers who are
accustomed Lo dynamic cues when nego-
tiating bends, or aceelerating, or hra king,
than ifi novices who have not.yet deve-
loped & strong association between vision
and motion. It is alse common knowledge
that the development of motion sickness
has a negative correlation with workload,
Drivers with nerves of stecl may become.
nausealed when they ride as passengers,
and student pilots who feel sick may
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often be restored to health when they are
given control of the aireraft.

In flight simulators these Mmetors may be
complicated by others,  Although both
the external environment and the cockpit
may moyve, there may be a mis-maich
of amplitude or phase or both, Indeed,
gome imbalance is inevitable, for although
the external view can  respond appro-
priately to control movements thu waould
cause @ réal aircralt Lo perform a barrel
rall or a loop, the simulator cabin cannot
Moreover, the centres of rotation of the
cockpit and the outside world will rarely
be the same, and lor mechanical ressons
the lead/lag relalionships between move-
ments of the contrels and the responses of
gither the cabin or the insttuments may be
distorted or even reversed. To experien—
ced pilots and instructors the unavoidable
discrepancy helween the ‘handling’ chura-
cleristics of the simulator and those of
the actual aireraft may prove both dis-
appointing and physically disturbing,
while: for their students the transition in
the other direction may have similar con-

gequences. 1L iseasy tosay that if asimu-

| itor nroduces NAUsEd irisa bad device. but
if symptoms also occur during # compar-

able phase of aircraft flight il can be agreed

that the simulator iz faithfol instrument !

The [nstitutle’s programme aims 10 Inves-
1] g:iir;-the influence of individual difference
in semsitivily to motion upon the aceepla-
hility and valuc of motion cues in ximula-
tors.  Aw afirst step the range of variation
in seositivity within the aircrew popula-
lion is being explored and corrclated with
the incidence of nausea in simulators. The
effects of different degrees of sensory
interaction and lask activily upen the
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perceplion of motion ¢ues nre also being
studied, and when the basic data have
been established the influence of chnnges
in phase relationships between  the
componenis of simulator system will be
investigated,

The rescarch programiore usesd nagsea as
a yardstick or end point, but 1t iz nol
concerned with the mechanisms ‘or treat-
ment of motion sickness perse. The Royal
Air Force has, of course, an active interast
in such matters, and  procedures for
desansitising aircrew, who may develop a
susceptibility to molion sickness quile
late in their careers, have heen developed
and successfully used, Therapy isa clinjcal
responsibility, and although the Institute
may give advice and carry out special
investigations in particular cases its acti-
vities in this fizld are small. However, the
iwin problems of disorientation in flight
and illusions of mation receive considerable
attention, and form the supporting research
programme of a Vestibular Physiology
section. The effects of vestibular stimula-
tion upon visual performance are of great
practical importance. Stimulation of the
receptorsin thesemicircularcanals by flight
manoeuvres such 23 spinning Induces
nyvstagmus which may $eriously degrade
the ability te read instrumenis-a difficully
which compounds the problems of the con-
comitant spatial disorientation. There are
large individual differences both in sensi-
tivity to the stimuli and in the ability to
suppress the vestibular nystagmus, and the
physiological correlates of this variation,
are being studied.

Vestibular mechanisms normally help
to preserve, rather than to impair, visuul
acuity. This is demonstrated by some
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recent experiments in which subjects were
exposed to oscillations at various [, reéguen-

cies in the yaw axis while performing a
symbol detection task on & fixed target,
Despite the imposed motion of the head,
acuity was preserved up to 8-10 Hz and
visual performance was unexpectedly
cnhanced at 6-8 Hz, Ay frequencics
above about 10 Hz rapid deteriorulion
oceurred. When the subject was siatic nary
and the target was oscillated through the
same angular subtense task performance
was also degraded, even al the lowest
frequencies, and a very low success rate
was achieved at 2 Hz and above., The ves ¥
reasonsble  hypothesis that  vestibular
mechanisms are responsible for mainiaj-
ning visualacuity during vscillatory motion
was clegantly confirmed by repeating the
experiment on a subject whose vestibulas
function had been inadvertently destroyed
by streptomycin.  This man, who js in
great demand a5 an experimental prepara-
tion, gave the same TCSPONSEs irrespeciive
of whether he or the target was oscillated.
In both esses the curve of performance
corresponded to that of a stationary subject
and a moving task.

This paper has described a fow prog-
rammes of research currently being under-
taken in various fields of aviation medicine,
but it has concentrated on the long-term
supporting function to the virtual exclu-
sion of the applied work.  Abong 60, of
the total effort of the Institute is devored
Ly research and development connecred
with items and asscmblies of personal
equipment for aircrew, the majority of
the load falling upon the Altitude, Biady-
namics and Climatic Divisions. The necd
for co-ordination of these sciivities appears
at two levels; the functional evaluation of
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all aspeets of a piece of couipment, and
the proper integration of separate items
must both be assured. A prafective
helmet, for example, is not simply adevice
lo minimise the risk of heud injury in the
event of a crash, Tt is also usunlly g
means of reducing the external noise rea.
ching the ear, mounting for telephones
unda platform for an Ox¥aen mask and a
visor.  Thus, although the MENSUren el
of impact attenualion is a primary part of
the assessment of a new helmer, all these
other properties must be evaluated before
@ considered acromedical judgement it
be given,  Sintilar complicalions afllic
many of the individug] companenls of a
complete assembly, bul the investigation
of them in isolalion is only a first e,
AL the sicond level, interactions Or Ineom-
patibilitics beiween items must beavolded
(or at least minimised), This reduires
more than the simple cheek ol danning the
equipment and making a subjective HPHIrA |-
sl of its comfort. It must involve tes|s
of the entire system over Lhe range of
temperdtures, altitudes and accelerations
in which it will be used by aircrew: it must
also include an evaluationin a represenra-
tive workspace and in conditions simul-
ring emefgencies and escape. As an
extreme  example. perfest  protection
2EAINSL enVironment stress is of no avail
if its bulk makes it impossible fur the
pilot to fit into his seat, or for the seat Loy
be gjected safely from the aireraft. More-
over, the assessmenl must be repeated
for each aircraft type and cach time a ma-
jor change is introduced. becauss it is
usually impossible to read across direetly
from one Situarion to another.

For each type of airerafl in service or
under development the Institute nominales




an Aeromedical Project Officer, whose job
il is to acquaint himsell as fully as possi-
ble with all aspects of the progress of the
aircrafl from the drawing board to the
squadron, so that he can detect poten-
tial problems in the field of human
factors  that mighl  otherwise escape
attention. The Aeromedical Project Officer
also aeis as u spokesman for the Insti-
tite at policy meelings and cockpit confe-
rences, and is responsible for transmitting
the co-ordinaled advice of the Institute
to the Air Staffs, the manufacturers and,
eventually, to the operators. This advice
does not, of course, stem solely from ile
shotelerm applisd projects, but  relies
heavily upon the supporting reszarch
REDRTLILMES,

Finally, what is 1o be the future of
research in aviation medicine? It s
gomelimes said that smaller numbers and
fewer types of aireraft, all equipped with

advanced electronic aids and the products

of mechanical technology, will eliminate
the need for science of “human factors’, The
past achievements of aviation medicine
have determined limits of tolerance for
siress and in many instances have defined
the aptimum parameters of the working

eynironment ; all that is now required is

that the rteguisite conditions shall be
ensured at the design stage. 1L has also
been said, with & ereater respect for
reality, that “where you've 20t men yol've

ot problems : where you've got airerew

you've got hig problems * It is certainly
true that the effects of individual physical
siressas have been studied to the point
whers firm recommendations can be made
and fiats issued. In many arcas the
consegiences of less extrems exposures
have also been investipated, albeil incom-
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pletely. The action of minor degrees of
different slresses acting in combination
is now beginning to be explored more
comprehensively, but a great deal of
effort will be expended before the matrix
of interactions can be completed.

The criteria by which the effects of
stress are measured have also changed in
a direction that ensures an ample source
of future research. Ti is the ability of
aircrew 1o control, monitor and process
information that must bec preserved, and
physiological indices must therefors be
supplemented by measures of perfor-
mance. Ideally, such determinations
should be expressed in numerical terms
and be directly related to the gperational
mission that the man is expected to
perform. Planners and commanders deal
in options based upon facts and figures,
and they sometimes think that human
performance is amenable to the same
rigorous analysis that can be applied to
aircraft. The addition of X pounds io
a paylead reduces the useful range
by ¥ percent; the asromedical analogy
should be that an increase of cabin
temperature by A degreés reduces offi-
ciency by B percent. The fact that the
relationship between A and B is unknown
and that B cannot even be measured in
the right units may be more an indictment
af avialion medicine than an indication
that the demands of the Stafs are
unreasonable.

The mofe accurate measurement of
performance will enable better advice
to be given, bul it cannot of itself cise the
lot of the awrcrew. The objectives of
aviation medicine uwre to  improve the
comforl, clliciency and safety of Aying
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personnel, and these aims must be sought
not only by allempting to define und

correct deficiencies in current systems but
also by the exploration of new ones,

Improved methods of presenting complex
information in a pre-processed and readily
assimilable form are urgently required ;
ovel forms of restraint sysiems and sents
should be developed; less cumbersome
methods of protection against thermal
stress, hypoxia and acceleration are highly

desirable.  Progress in these directions
requires bothideas and cforr,and although
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the latter may be hard to find there is as
yel no shortage of the former,

The history of all branches of seience
shows that the solution of one problem
generates other questions thit can only be
answerad by applied, ohjeclive and basie
research programmes.  There is no reason
te believe that science of aviation medi-
cine will ever defly this general rule, and
its future seems assured for as long as
mankind insists on venturing into the air,



