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The writer desms it desirable to place upon record
the fact that these investigations have been conduoted
under Active Service conditions and the limitations neoces-
sary to those conditions.

He was stationed in various aerodromes, rempta from
towns, reference libraries, or research laboratories,
working in temporary buildings, with a minimum of
apparatus; his subjects were liable to be posted away
at short notice, and he was unable to follow them up, or
to pursue his inveastigations beyond the confines of his
own Station. Owing to the arrangement, whioh persisted
up to the date of the armistice, whereby the medical
care of the R.A.F. units on the Western and other fronts
wad in charge of the R.A.M.C. he was unable to cobtain
permisaion to continue hise work with the squadrons be-
hind the lines in France. He was supremely conscilous
of the joints in his own scientific armour, and found it
necessary to re-cducate himself in the routine methods
of clinical examihation, and to attempt to acquire much
additional knowledge bearing on the subject.

Ho submits thie Thesls as an honest zattempt to
summarise the Mediocal aspects of Aviation within the
limits of his own observations, supplemented by data
obtained from the few papers hitherto published in the
Medical Journals, and the lemoranda clroulated by the
Air Ministry for the use of ite Medioal Officers. He
recognises that thers is a large field of work in this
direction lying before those members of the Medical
proféssion interested, or specially trained, in the
application of experimental physiology and psychology
to elucidate the factors essential to the efficienocy
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of the human element in aviation. The gualities,
mental and physical, necessary to0 a pilot under war
conditions differ in many respects from those roqui-
aite for commercial and oivil flying,:but the under-
lying basis of physioal fitness is common to each, and
it haes been the object of the writer to submit a

reasoned discussion of thess factors, in order to

' assess, as accurately as possible, the qualities which

go to the *make-up" of a successful pilot.

In the course of duty it fall to the writer to
spend a continuoue period of over 8 months in a Royal
Naval Alrship Statlion where also several “"Heavier-than-
Air®* (aeroplane) squadrons were undergoing special
training, and he was thus in a position to cbserve |
and ocontraet not only the conditions under which their
respective duties were carrisd out, but also to oom-
pare the variations, if any, in the phyasloal develop-
ment and condition of pllots of both branches of the
Servioe.,

In the earliaxr days of the war candidatés for
the Alr Sexvice were admitted tc the Royal Flying
Corps - or the Royal Naval Air Service - after sub-
mitting to a falrly severe medical test. When the
Alr Board was set up, a Medical Advisory Comuittee
was formed to give attention to the medlical problems
of flying. When the Board was merged into the Alr
HMinletry, and an independent Royal Alr Force oame
into being, a separate Commissione Board was formed,
pémposed of officers of the R.A.F. Medical Sexrvice
before whom all candidates for commissions had to
appear.

Conourrently with this,separate Mediocal In-

validing Boards were instituted befors whom all
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invalided or unfit pilots were called - and these
Boards were aleso at the Service of unit Medical Of-

fioers as a "consulting opinion® - on a flying officer

of whom they had reason to suspeoct any latent disa~

bility.
| A certain amount of literature and practical
research had been evolved during 3 years of war
upon the medioal aspects of flying, and on what, for
want of a better term, is called the "flying tempera~
ment,” notably through the work of Li. Col. Martin
Flack, and, a few monthe subsequent to the insti-
tution of the R.A.F., its Medical Officers were
furnished with a routine of physical examinatiocn
to which all flying officers wers to be subjected
every 3 montha,
The primary object ¢f this examination was to
disocover early or latent signs of ?flying strese® -
a condition difficult to define but which briefly
ray be described, in the case of an experienced flying
officer, as one of decliine from his normal level of ﬂ
performanéo, and in onc undexr tralning, as a state
of undue physical strain on an organization not yet
adapted to, or temperamentally unsuited for, flying.
These two~monthly records were made in duplicate
one copy of whioh was despatched to the Alr Ministry
and attached to the officer's dossler - the other
was included in a specially designed envelope which
contained all the previous rsocords of his mediocal
historf; sach medical officer under whose oare he
subsequently came was thus able to check the pilot'e
present condltion and performance by his past reocords.

It is to be regretted that this system was

- elaborated so late in the history of the war that the
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continuity of this valuable series of physical re-
cords is alresady being broken by the dsmobilization
both of the pilote and of the Medical Offiocers.

The following data were recorded for eaoh pilot:
(1) Name. (3) Age. (3) Weight. (4) Total number
of houre flying. (5) Maximun flying height. (&)
Average flying heigﬁt. (7) Average number of hours
flying per week. (8) Nature of Aerial Work,

The significance of the above data lies in the
faoct that it has besn found that a pillot who was quite
capable of carrying out, for inestance, artillery ob-
servation work at the comparatively low altitude of
3-6,000 feet might be physically incapable of acting
as a fighting scout at an average helight of 16-20,000
feet, for any length of time - and that, by the im-
position of certain physical tests which will Dbe
referred to later, it was to some extent possible to
estimate the type of work for which a pilot secmed to
be physioally best suited or to recognise the oneet of
diatréss slgnals which would enable the exauining of-
ficer to recommend a different type of aerial work
for the pilot.

Habits:- (1) Smoking. (2) Aloohol.

The extent to which these habits wers indulged
in were reoérded for obvicus reasons - and the record
of previous examinations was a valuable assistance

to the Mediocal Officer when dealing with a pillot who

‘exceded in these directions at a subsequent examination.

The weak point about it is that the aocuracy of the
regords depends sniirely upon the testimony of the

examinee -~ and flying officers, being very young men -
are rather apt, like the achoolboys of a pre-war date,
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to give the answer which they think will placate the
questioner, The Mediocal Officer of a unit ie, however,
able to form hie own conclusions by the exercise of a
little quiet observation in the Mess.

(1) Condition of the Lungs. (2) Respiratory rate and
movement. (3) Time breath held in seconds., (4) Reasons
for ceasing. (5) Time breath held in seconds after
regulated exercise. (6) Expiratory Force.

Questions (3) and (5) are important as it is
found that pllots who show signs of flying stress are
unable to sustain their breath the normal number of
seconds -~ and it has besn sugpested that the onset
of flying fatigue is due to an altered condition of
the respiratory cantre.

"Regulated exercise® consists in asking the sub-
Jeot to place‘one foot on the seat of a chalr and
raise the body upright on to the chailr by br;nging
the other foot up beside it - and then returning to
the former position, This 1s repeated 5 times in
15 seconds.

(8) Expiratory force is recorded by asking the
subject to blow a column of mercury in. a manometer
tube up to the maximum of hie capacity after filling
his chest with alr - the heilght belng recorded in
nillimetrea. ‘

(1) condition of heart and pulse,

(2) Pulse rate at rest per minute.

(3) do. ~after regulated exercise.

(4) Time of return to normal.

(5) Systolic Pressure. Diastolio Do. Pulse
Preasure.

(68) Evidence of defective peripheral ¢irculation.

(1) Conditions of muscles generally.
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(3) Conditions of abdominal and respiratory muscles.
(3) " " gtomach (e.g. splashing)

(1) ZXnee Jerka. (3) Other reflexes.

(3) Zremor (fingers, eyes, tongue.)

Drawing l1line.

(4) Sleeap.

(5) Self balancing. (at rest)

(8) " (in aotion)

(7) vVieion. (8) Mentality.

Fatigue Tes%. (Mercury U Tube Test)

Tha subject is asked to empty the lungs, £ill
up, blow the Hg to the height of 40 mm and hold it
there without breathing for as long as possible, with
the nose clipped, A valuable adjunct to this test
is the bshaviour of the pulse during the period the
mercury is being sustalned; 1t being counted during
each B aéoonda. In & normal individual there is
generally a steady slow rise in the pulae rate, or
a fairly marked rise, which is sustalned most of the
time. A large rise is unsatisfactory wh;le it s
stated that in cases of "flying stresa" the pulsé
jumps up t0 a Juick or aven impalpable rate during
the Bth t0 the 10th second oxr 15%h, and then fallse
away to, or balow, normal. Thie is regarded a®
evidenos of cardiomotor instability and héa been
obaaryea as a frequent association of stress and
indicative of a need for rest.

Urinary System: - (1) Albuminuria. (2) Glycosuria.

(3) Yenereal Disease. History and signs of

(1) Condition of ears.
(8) .. Tonsils,
(3) " ‘teeth. Nos. requiring treatment,

eto. Guma,
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(4) Any specilal condition of other systems, e.g.
ekin, eto.
Special Opinion.

The Medloal Officer is expected to assess the
physical condition of the subject - with reference to
his fitnease or otherwise for flying, and a personal
expression of opinion from his squadron-commander as
to his profesclonal abilities is also attached.

It will thus be seen that the examination is of
wide gcope comprehending ths respiratory, cardiovascu-~
lar, and nervous systems, the general physical condition,
and the organs of special sense. It might be urged that
the individual might be "off colour” on the date of
examination soon after his axrrival on the station,
and that consequently the record of one examination
might not be a fair estimate of hie true condition.

On the other hand the essence of the system is the
repitition of examination at ragularlintervala whereby
the Medical Officer should be able to discover sarly
the danger sign@la of stresa, overstrain or over-in-
dulgence.

The introduction of this system of special reports
upon the physical condition of each flying officex
nearly coinolded with the appointment of the writer
to a large Royal Ailr Force Station, consequently it
happesned to him to examine a large number of pilote
for the firet time sinoe thay had passed into the
Royal Air Foroe ~ in many cases they had seen service
(both general and aerial) on several battle fronts -
or with the Navy patrols. The subjeots who came

under his obaservation fell into 3 main groups:-
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1. (&) Airsghip Captains. (Over 600 hours flying)
(b) Probationary flying offiocers who were being
trained for airship work.
8. Veteran Aeroplane Pilote, i.e. each with
over 300 hours flying to their aredit; who had been

“roturned to the training squadrons after a period of

servioce (chiefly in France) %to act as instructors,
'Ferry' pilote, or to take up special work in con-
Junotion with the Grand‘Fleet.

Se Aeroplane pilots whe had done leos than 200
hours flying but who had graduated (i.e. obtained |
thelr ®wings®) and wsre now undsrgoing special in-
structioﬁ for work with the Grand Fleet.

~ All theme were, so far as he knew, normal subjscts,
and, as they had no nrevicus physical record, it was
neoeasary Yo set up an average standard against which
any Individuald pilot's reactions could be mseasured.

The writer therafore méde a careful examination
of the first hundred pilots who came under his obser-
vation, alrship or asroplane, veterans or probationers,
without any diecrimination, in order to eetablish an
aversge in the essential factors for comparison.

It ié'genarally accepted that the effect of
avistion upon the hﬁﬁan frame manifests itself primarily
through the cardlo-respiratory system - and it wase
desirabls thersfore that the tests zeleoted for analysis
should be those indicative of the state of this
mechenism, in order that the early eigne of "flying
streas® might be reoognised and the further tralning of
the subjeot carsfully watched.

In a disoussion upon *Flying Stress® Lt. Col. M.
Flack, R.A.F.M.8. puts forward the following tentative
explanation as to its etiology.
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*Flying Stress develops to the greatest extent
in high flyers and ls of gradual ongset. The rate of
thialonaet aprears to be closely asscciated with the
respiratory capacity of the individual, being slower
in those with well-~developed canacity than in those
with a ocapacity less developed.

"During an asocent, the respiratory system is the
first affeoted, owing to the lessenad oxygenation of
the blood in the rarer air, so that a hyperpnosa of
graduslly inoreasing intensity is developed. With
inoreasing helght all the aocessory rsspiratory
rechanism is called into play, espsclally with the
onset of definite dyspnoea. At high altitudes, also,
poricdic breathing (Cheyne-Stokes) is not un&ommon.
Atthis astage there is frequently definite evidence of
oxygen want, as manifested by the ashen face and blue-
ness of lips. |

#The pulse is greatly quickened, nervous symptoms,
subjective, or objective, may be present. At thls
stage the strain thrown uvpon the various systems is
exceptionally great, poarticularly so upon the bulbar
centres regulating the respiration and the circulation.

"It is suggensted, that when, as in high flyers,
this strain is frequently repeated, these centres
rartioularly the respiratory'oentre, beoome affeated
in such & manner that the regulation of respiration
is no- longer normal.

*In regard tc the raspiration, ths power adequately
to ventilate the aystem 1e rsduced, breathing beoowmes
shellower, lessened oxygenation of the blood follows,
bringing in its train secondary circulatory and ner-
yous syumptome.

"As regards the ciroculatory system, there may
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result eventually a tachyoardia or disordered action
of the heart, due moat probably to an altered ocon-
dition of excitability o the cardio-motor cantre.
This is well shown in many cases by the characterisiio
response of the pulse during the test of sustaining
40 mm. Hg by blowing with the brasth held.

f4z hee becn shown also with the onset of flying
streses, the pulese pressure gradually increases, &
condition due, 1t is bLelieved, to a lax tone of the
artericles, resuvlting poeslidbly from an altered state
of stabllity of the vaso~constrictor centrs. The
altered state of tonz of the vaso-dilador centre is
exenplified by the werked, alwost instantaneous
flushing of the face, which followa In the fatigued
subjsot on the smallest effort at blowing.

”Althgugh attontion is here directed particularly
t¢ the bulbar centres, it is $o e noted, howsvor,
that at this time there is usually an effsct upon
the central nervous system generally. it is at
this stage the pileot fesla, for sorme reason he cannot
explain, a disinclination to fly. He feels *dud,¥
*sick of the air,® "hates the sight of = machine."
Sleep may be bad or he may often experience night-
mares, He is generally *flying-tired,” and in this
connsotlion the loes of expiratory force is illumi-
nating.

'Although 2 LoBs of power 1is perhars firsi as-'
sociated with the respiratory mechanism, especially
with the abdominal muscles ooncerned in =2xpiration,
there 1s frequently =t thie stage a loss of musoular
tone generally, & point requiring fullexr investigation,

"When the stage of broakdown is reached, the
subject has to give up flying altogether, and at
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this stage the cardio~vascular or nervous symploms
become moxc marked, ae deces aliesc the gexeral loss of
musoular tone.

"In regard to the voluntary system, this loes is
shown by a lessened force .of the cheek and mouth
muscles; in-xrespeoct of the involuntary system by the
logs of tone in the stomach and bladder walls.,

At this stageo 1t is diffioult to forecast whether
a oase will be regarded as primsrily nervous, e.g.
nexvous bhraakdown, nervous exhaustion, neurasthaenia,
and be passed to the neurologist, or as primarily
cardio-vascular (cordio-vascular debility) and
passed to the phvaician.

"It 18 suggested that an abnormal state of the
bulbar centres may be found in #ases of stress other
than flying. It is probable that the test for
axpiratory force and particularly the test of sue-~
te ning 40 mm. Hg by blowing would indicate the
degree of etress in subjscts after a long and trying
period in the $renches. This has been found to be
true in aeveral capes examinad. It would be of
intereat, also, to apply the test among subjects
liable to suffer from industzrial fatigue, such as

minition workers,®

The following reactions were therefore extracted
from the routine examination of thz first 100 p1lots,
who came undex obac2vation and an average was thus ob-
tained.

1l. the Pulse at rest. (normal pulee)
3. the Pulee after resulated exercise.
3. %the Breath holding test, reoorded in ssoonds,
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4. the Expiratory test, recorded in mm. Hg.
B, the Fatigue test, rzscorded in seconds.
8. Blood ypressure rscord.

The Average obtained is:phewn in Table I. I

- will be seen that the average ags of the subjecis

examined is 33.72 years. \

The amount of "flying houre® seems enceseive,
but it should be remembered that ths numbers are
about equally distributed between alrship and asro-
plane pilots. |

An Aeroplane ("Hsavier-than-zir") pilot who hes
mor:s them 300 hours! flyling to his cradit nay claim
t0 ba ¢lassed zs a voteran, whilst in those undex
training for Lighter-than-sir wbrk & minimon of
800 hours may bes taken as normal. In other respeois
the 3 branches of the Servioce differ widely - but
this aspeot will be referred to later on.

~ The inorcase of pulse rate after "roguluted
exercise” is o notsworthy and very constant factor,

The other rocords will be dealt with at greatsy
detall subsequently. .

Flying, under war conditions, is essentlally a
young wan'a job -~ but the writer was struck with the
physloal lmmaturity of most of the yoﬁnger subjecte
axamined. He, therefore, grouped the totals under

the following age groups.

Yearo Aca, No, examined.
Group a. . Under 19 10
b b a0 23
0. " z3 18
d. " 24 A 17
ey | Over 34 33

Table Ia shows the reoords in detall and it is
interesting to note that the 3 oritioal tests, namely
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(10) Table VI.
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11
13
13

§

Table VII.
Table VIII.
Table IX,

- 13-

the records of (a) Tims breath held.

{b) Expiratory Force.

(3) Patigue Test.
the 3 early ags groups fall to reach the normal whils
it is not until 23 years of age is rsaohed that the
records get above the average.'

These records are more olearly shown in graph
form in Tables II, III and IV,

It 18 admdtited the numberas ars small upon which
to found definite conclusions, but it would seem not
unfair to draw the Infurence that a youth has not
reached his physical waximum before the age of 23 -
and that a man 1s at his fittest for aviation pur-
poses betwesn the ages of. 23 and 38 ysars,

The writer next compared the reactions of
speoial groups of subjects - with a view to con-
trasting the effect of thelr present and previous
sexvice with the average record.

Table V giiows the results obtained from a
group of 13 expsrisnsed alrship pilots. (600 hours
and. over.) _ |

This table contrusts with~éable V1, tabulating
the records of 33 experienced Aeroplane pilots. (300
hours flying and over) |

The essential breath tests are graphically shown
on Tables VII  DBreath Holding Teast.

VIII Fatigue Test.

IX Expiratory Force Test.
and it will be noted that with the exoeﬁtion of the
Expiratory Force Test ths Lighter-than-Air pilots
show better results, presumably as a result of greater

maturity and also the more robust nature of their

woxrk.

It will be seen that their average number of
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houts of flying was high; they were a partiocularly
good set of men, characteristio of the fine material
from which the flying service was recruited in the
earlier days of the war.

The majority of them had served in the commis-
sioned ranks of the Royal Navy, and had all the
traditions and fine physiocal attiributes which the
training of that'service confers upon 1ts officers.
Yost of them had responded to the cdll for volﬁnteera
for the airship mexrvice which was sounded in 1615,
when they were at that time holding midshipmen's com-
missions and were seloected by an Admiralty Board from
a large number of applicants; several of the others
had come from the Merchant Service (R.N.R.) under
similar conditions -~ while 3 had entered the service
by direct entry from Inglish Public Schools. Theix
average of Airship Service was over 3 years, and thelir
physical reaotiéne justify their selection.

On the other hand it should be observed that
kitahip flying has little or no resemblance 10
aeroplane,

The aature of their work renders 1t essential
that Airship Pilots ehéuld possess many of the
attributes of the sea service; they need to be of
enduring physique, to possess a calm temperament,
keen eyesight and regular habits. Apart from &
technical knowledge of aeronautics and engineering
they require to he tralned in the principles of

navigation, have a thorough understanding of wind

" and weather conditione and possess a highly balanced

judgment. The smaller typesof Airship with their
open cars and proportionately small crews throw a

big strain upon their powere of endurance especially
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under the adverse weather conditions of winter patrols -
cften 10-16 hours partly in the dark. Airship Captains
tend to become mocdy and introspective; the 'greater
thelr experience the more they realise the hazards to
which thelr ship is exposed - englne trouble, wind

and weather disturbance, fire, vulnerability to ememy
attack both from air and sea - all the manifold ways
inwhich these and other dangers might assail them,

»tend to prey upon their minds during the long hours
which they spend on Patrol and Convoy work cver the

sea.,

Airship pilote of experience are (aseronautically
speaking) usually of mature age - some of them with
mexrried ties and responsibilities, and unlike thelr
brethren of the "Heavier-than-air®" section, their
work entails long hours of continuous strain and
anxiety - as contrasted with the comparitively short
but intenseiy active spell of aeroplane patrel over
the enemy lines - usually not more than 2-3 hours in
length.

Table VI shows the response of a group of ex-
perlenced aeroplane pilots, 23 in number, many of
whom had returned from a period of service overseas
to act as instructors, Ferry pilots, test pilots,
resting from work with the Grand Fleet, etc.

It will be observed that the average number of
hours of flying is high - 436 - but that the reactions
to the Breath-holding and Fatigue tests are below
the average.

An examination into individual cases shows in-
disputably that some other factor than reaction to
certain physical tests enters into the constitution

of a good pilot, - (under war conditions especially) -
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(14) and the following details on Table X of individual

Table X. )
rllots whose average is shewn on Table VI go t0 prove
how baffling the problem is. No. 4, for example,
falle to attain the average in any of the 3 important
breathing tests; and yet from the peint of view of
doﬁning "Hune" his reéord was one of exceptional
brilliance indicating that he possesses those gualities
of initiative, coolness of judgment and courage which
cannot be assessed by physical means.

No. 2, on the other hand, who had done excep~-
tionally good work with the Navy for two years gave
the finest response to the physical tests amongst
all the candidates examined, while No. 6, 8 and 9

with equally exceptional service records were by no

means brilliant in regard to their physical reactions.
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Observations on the Cardio-vascular System.

The observation of increase in the pulse rate
after regulated exercise is valuable as testing the
functional efficiency of the cardio-vascular systien,
With the methed adeopted by the writer - namely,
raising and lowering the body weight five times on to
a chalr in fifteen seconds)the average was found to be
an increase of twenty five bgats per minute. A
further refinement of this test is to count the pulse
in five-second intervals until it returns to normal

and on experience it is found that this figure is

round about fifteen to twenty seconds in average sub-

jects. A pulse increase of over twenty five beats
and a return period of over thirty seconds should be

regarded as a danger signal.

Investigation of Blocod Pressure.

Martin Flack and A.P. Bowdler state:
"From a consideration of the Blood pressure

records, the conclusion is forced upon us that stress

‘of service or high flying almost invariably produces

- a low diastolic pressure and a big pulse pressure, due

probably to lessening 6f vaso-constrictor tone of the
arterioles.

A dlastolic pressure below 70 with a pulse pres-
sure greater than 50 is strong evidence that a cardio-

vascular system is unsuited for air work."

The same writers appended the following tables
bearing upon this point, as the result of investiga-

tions amongst pilote engaged in the defence o¢f London
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or instructing at various training centres in ite

neighbourhood.
No.of
men with
No. No.of % No.of 4 with P.P.
exam- P,P. P.P. D.P. D.P. P.P. 50
ined. over over below telow 50 and
50 50 70 70 and D.P.
D.P. 70 -
70 -
Flying school in-
structors.seees. . 29 0 0 0 0 0 0
Test piloteeievecns 17 4 23.4 3 17.86 2 11.7
Home Defence -
e 15 3 20.0 1 8.6 1 6.6
Scout....... ... . 15 8 40.0 3 30.0 3 20.0
Pupils under instru- ' \
ction - e
Succesgsful....... 17 4 23.4 5 28.4 0 0
Falluregeoeoeeon. 8 5 62.5 4 50.0 4 50.0

"It should be borne in mind that in the case of
tegt~pilots recent nerve strain was coumon, and in the
Home Defence Squadrons the pilots were being subjected
to fairly constant stress, 'and there is every reason
to believe that with a periodaof'rest these would con-
form t¢0 the requisite standard. The instructors at
flying schoole and the successful pupile satisfied this
test without exception, while four of the eight unsuc-
ceésful pupils would have been rejected on the score of
cardio-vascular deficiency. The other unsuccessful
pupile, 1t should be observed, were of the nature of
the "temperamentally unfit." It is not suggested that
this test should be applied rigldly without considera~
tion of other points in the candidate's condition.

" “ Indeed in all subjects failing in this test, and
particularly border-line cases, the other pointes (soft
abdominal wall, splashing stomach, engorged jugular
¥Yeins, reflexes (brisk or exaggerated), tremors, poor

balance, local signs) should receive due conslderation.
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“In this series it was found that failure to comply with
this blood pressure test was almost invariably assoclated
with two or more of these abnormsl physical signs. In-
deed all these signs are presented by the advanced
cardio-vascular defective.

« The\ideal pulse for a flying officer has a small

" range between systolic and diaatolio pressures (30-30),

with a rest rate increased 30-25 by exercise and re-

turning to the rest rate in 10-15 seconds.”
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In a study of the cardio-vascular System Lt. Col.
Birley, R.A.M.C. werking with R.F.C. Unite behind the
lines on the Western front, gives a table showing the
effect of fatigue of active service upon the records
obtained.

He examined 91 Pilots and Observers who were
transferred to the Home establishment cn the recom-

mendation of their Commanding Officers for a rest

" after a varisble period of service over the eneny

lines and found that the

i

Average Expiratory Force 116.6 Hg.

" Fatigue Test 48.7 Hg.

" Blood Pressure Systolic 133 .
Diastolic 78.

This result contrasts very favourably with the
average obtained by the writer and combats Flack's
hypothesis that the Fatigue Test 1s an infallible
indication of stress. It may be accounted for by the
fact (1) that those examined by Lt. Col. Birley to some
extent repreesent the survival of the fittest (8) that
the physical standard of the candidate for the R.A.F.
in 1818 was, of necessity, scmewhat lower than that
of earlier years owing to the enormous demand for
rilote (3) that the "tiredness" and “staleneés“ which
the medical and administrative suthorities recognised
as a symptom requiring transfer to the Howme establish-
uent is rather a psychological and nervous factor than
one that could be discovered by phyeical teets. Lt.
Col. Birley further shews the effect of cerebral con-
cussion (result of crasheés) upon these records - in
view of the hypothesis that the "Fatigue Test" 1s an

indication of the tone of the respiratory centre.



12 Cases.

Expiratory Force = 87.6 Hg.

Fatigue Test = 37.6 Hg.

Blood Pressure Systolic 133) Pulse Pressure

Drastolic 76) 47,

(17) ALTITUDE.
AQ }.‘.‘i. I- C.RSPOI’t
No.2.Part I. In discussing the medical aspects of high flying

the same author describes the symptoms that affect
healthy individuals who fly from 15,000 to 20,000
which he attributes "to the physical effects induced by
the lowered pressure of oxygen in the air breathed."
i.e. oxygen starvation. |

(a) Dyspnoea - Commen - very few pilots breathe’
through the nose above 12,000. | Cheyne Stokes
breathing. The slightest exertion brings on
Dyspnoea. ‘

(b) Muscular weakness - inability to perform com-
plex actions, such as manipulating a camera or
machine guns.

(¢) Impairment of Judgment.

(d) Syncope.

(e) Frontal headache - Usually more severe after
landing.

(£) Vomiting This is rare.

SYMPTOMS AFTZR LANDING.

(a) Fatigue - A very universal syuptom - especially
after prolonged patrols at a great altitude.

(b) Frontal headache - Often persists for two or
three hours.

(¢) Cardio-vascular System - Pulse is rapid and
pulse pressure increased - whilst in thosé who are

showing symptoms of flying stress the systolic pressure
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is lower than normal.

After resting the systolic pressure incrfeases -
and a high pulse pressure results.
(d) Respiratory system ~ Shortness of breath and
inabilitﬁ to sustain the breath for more than 30-30

seconds.

As a remofe effect the heart méchanism becomes
abnormally irritable - the}pulsé becoming rapid.
During reet the diastolic préssure is normal, and
the systolic pressure raised - a large pulse pressure
resulting. But in bad cases both pressures are
abnormal, and this may be assoclated with engorge-
ment of the right side of the heart - associated with
symptoms of cardiac inadequacy.

A practical consideration of the above symptoms
has resulted in flying officers being sﬁpplied with
warm wind-proof clothing and more recently efforts
have been made to supply artificial warmth (especially
to the extremities) by an electrical heating device.

High-flying squadrons are also now eguipped
with oxygen apparatus which many pilots have found

%o relieve their feelings of discomfort.
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Notes on the Nervous Systen.

Reflexes. The kneejerks, supplemented by the
Triceps, cremasteric cnd abdominal reflexes were
examined as a routine measure - and classified under
"sluggish", "normgl" "brigk" or "exaggerated".
Tremors. The principal test employed was to
examine the fingere, separated and semi-flexed with
eyes shut, tongue out and arms extended in front.
The degree of tremor was classified as "absent'
"slight" or "marked".

This test was largely affected by the presence
of alcoholic or tobacco, (especially cigarette inhala-
tion) , excess.

The Tremor test is furtherx supplemenfed by
asking the subject to draw a straight line - with-
cut resting the hand upon the paper - and at an un-
expected moment - making some crackling nolse behind
his head - (Cheatle) and noting the amount of "jump®
indicated on the line.

Equilibration (self-balancing) tests are impor-
tant - especially after a pilot has & history of
crashing - posesibly concuseion.

He is first tested atanding on both feet (bare),
toes and heels together, with closed eyes - for 15
seconds; secondly on each leg with closed eyes - and
lastly self balancing in action, i.e. walking along a
line and rotating on the ball of the foot guickly
and returning along the same line without lcsing
balance.

The combinatidn of these nervous tests 1s im-
portant in assessing the general flying efficlency

of a subject: the exact value of an exaggerated knee

jerk, for instance, is difficult to detemine but in
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conjunction with poor-stability and marked tremors,
it should be regarded as an unfavourable condition
- especlally as the cardio-vascular system would

probably reveal some disadvantageoue signs also.
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Observations on the Special Senses.

Vision. Unaided normal vision in both eyes is
eminently desirable in aviators; although in the
latter stages of the War; owing to-the pressure of
pan power, the standard of vision had to be lowered,
and the necessary correction made by the provision of
the appropriate lenses in the goggles which all flying
officers weax.

"Concealed hypermetropia” shquld be tested for,
this being the supposed cause of continued bad landings.
"Should a candidate with each eye read /9 with a + 3
lens he is rejected." Agein 1t has been found that wmany
fly}ng officers under training, whose sight was sapparent-
ly normal; were yet wmaking vad landinge, due tc & con-
dition of heterophoria (concealed squint). In the
lagt year of the war this was recognised as so frequent
a cause of rejection of an otherwise efficient candidate
that a speclal schocl was inaugurated at Greenwich
Hospital to which officers under instruction suffering
from this condition were sent for a short course of
training and ocular education.

Pilots and observers should have perfect Colour
viesion - not only ie this essential in recognising
the colours and markings of hostile and friendly air-
craft, but also signal lighte and landing grounds.
Aural.

Hearing should be normal and each ear is tested

separately by forced whisper at a distance of 20 feet.’

"The aviators heazing becomes tuned to the sound

of his engine and any misfiring 1s at once detected
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and action taken accordingly. Defective hearing 1in
the pilot or alr mechanic may lead to serious injury
even death to the latter, as in etarting up the engine
preraratory to a flight. In this act the mechanic
swings the propeller and should the aviator, through
defective hearing, fall to catcﬁ the words "contact”
or "gwitch off," as the case may be, the propellern
may backfire and injure or kill the mechanic. Chronic
suppurative disease of the middle ear 1s a cause for
rejection. Similarly I would reject any cases
showing perforation of the tympanic'membrane or
cicatrices. Theee cases would probably suffer from
pain in the ears induced by the incessant noise of
the engine and by pressure effects from changing
height rapidly. There 1s also the possibility of

permanent deafness ensuing later."

Susem H.@ .(Quderoon AN. The same author also lays stress on the examina-
tion of the nose and throat and the condition of the
teeth and gums in relation to a septic gingivitis
(pyorrhoea alveolaris.)

"Most aviators fly with the mouth slightly open
and any minor degree of oral sepsis flares up owing

(18) to the cold or rush of air experienced in flying."

Nasal obstruction should be treated,‘and cases
with adenoids, nasal polypil or infective sinuses should
be rejected until the cause has been removed.

Ovservations on Alcohol.

No commentary upon the physical condition of
aviators would be complete without a reference to that
difficult and debatable subject, the use and abuse of
aloohol. |



The neceesity for frequent and generous alco-
holio refreshment was the normal attitude of the
pre-war Regular "Servioce" mind; it was a ocustom
hallowed by tradition which was carried to every
front on which the British forces operated and
which permeated every ship and every arm of the Ser-
vices, to the undoubted detriment of the individual
and national efficiency.

The semi-humourous sxaggeration once made %0
the writer by an experienced Observer officer with
over 4 years' service on the Western Front, that
"the Flying Corps won the war on whisky" has a
tragic substratum of truth , and it would be diffi-
cult to assess with any degree of acocuracy the
influence for evil, immediate and remote, provided
by the opportunities for alcoholic excess which
were placed at the disposal of young pilots on the
Western Front and on many home stations throughout
the duration of the war. What was at first a some-
what daring and unaccustomed indulgence became in
many ocases a ﬁabit 80 ingrained as to diminish the
efficienoy and indeed jeopardised the lives of an
unknown number of flying officers when they had
graduated.(gp thelr country's expense), and, released
from the controlling influence of a training station,
were set free to think and aot.for themselves on
attachment %o a squadron.

That this view is supported by other writers is
shewn in the following statement by Surgeon H.G.

Anderson.

*Although I am not a teetotaller I firmly be;ieve
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(18) that to the aviator excess in alcohol will ultimately
beat him. Amongset pupils at a flying school it
should be strictly forbidden and candidates should
be warned of its danger to flying. I have seen an
'aviator fly under the influence of alcohol and yet

by instinot perform remarkable aerial stunte, although
considering the age and type of machine his judgment
in doing so was distinctly below par. In the air
his passenger was decidedly sick over the side, but
the pilot himeelf was not affected. Fortunately,
nothing worse happened. But I know of another accom—-
plished aviator who after a few drinks at a friendly
aerodrome did a series of stunts and then made off
home, a distance of 30 miles. He felt content but
sleepy, made up his mind t0 do no more stunts in the
air an@ remembered coming down to land on his own
aerodrome. Later he woke up in the sick bay with

a doctor stitching a socalp wound. Although he made
up his mind to 4o no more stunts, onloockers saw him
loop and roll the machine a number of times when
coming down to land. There seems little doubt that

the action of alcohol is accentuated in the air."

Rippon and Manuel writing from experimnce of

aerodromes in France take a more tolerant view.

(19) "The desirs for aloohol comes with "nerves,"
staleness and stress of service, but the fit pilot
needs no stimulgnt. In so far that on active service
it enables a man to sleep after an exciting day and
promotes good~fellowshlp in the mess, its effeoct may
be sald to be beneficial, but for the young cadet and

the fit pilot on home stations it is entirely unnecessary.”
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The writer helieves he approached the subject with
an open mind, but, as the fruit of his experience with
the R.A.F., he cannot but express the deliberate opinlon
fhat one of the most tragic features of the late war
was the officially sanctioned facllity with which an
-unnecessary amount of alcohol was available for the
commisioned ranks of all the Services, both at home
and abroad, producing far-reaching effects upon young
and unstable minds and bodies and leaving an after-
math of unhealthy craving and desire that must seriously
prejudioce the civioc usefulness of those that have

survived the war.,
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"The Flying Temperament"

The writer will not attempt to define accurately

the meaning of that elusive and much abused expression

the "Flying Temperament®. Suffice to say that it
depends on many factors, some of which are of neccesity
unknown %o, and unasoertainabie by, the investigator.
Temperament depends on character; and character
cannot be assessed with any accuracy unless the subject
is known to the bbserver; - hie family history, his
associates, his previous education, his ideals and awm-
bitions, and his outlook on life are involved and all
of these cannot be determined and adequately weighed in
one interview - nor, on the other hand, are the physical
reactions of an individual any guide to his character.
Further, the capactity of a pilot to fly an
aeroplane, does not necessarily argue the possession
of the teuperament for wer flying, i.e. as a combatant;
it.has been said that the aeroplaﬁe in war is par excellence
a gun-carriage which can be moved with great rapidity to
unexpected places for the harassment and undoing of the
enemy; the man whd has done that in this war and emerged
unscathed rmust not only be able to handle his machine
almost without conscious effort, but he must possess
certain other attributes - pugnacity and tenacity, rapid
grasp of a constantly changing situation, foresight,
intuition of his opponent's probable action -~ attributes
which cannot be aSSessedlby any known physical instrumentu.
Rippbn and Manuel, in an attempt to define the flying
temperament lay stress on the study of the life history
of pilots, and in selecting the possessors of the "Flying

Temperament® who came under their observations suggest
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that the successful aviator must essentially possess
the attributes of a sportsman, hold an athletic record
af school,kénd after leaving school will probably go in
for hunting, shooting, fishing, motoring etc.

His character should embrace resolution, initiative,
presence of mind, a sense of humour and judgment; he
should be alert, cheerful, optimistic, happy-go-lucky,

but, in their observation, he is frequently lacking in

Hizh Spirited - he should posses a fund of animal spirits

|
imazination. j
i
|

and excessive vitality.
Amusements .- the favourite are theatres, music, (chiefly ;
ragtime) cards and dancing.

Age. Under 25 - the resiliency of youth enabling its

possessors to accustom themselves more rapidly to a new

occupation and to recover quickly from the strain and stress
they are called upon to undergo. |
Hands. One of the most important characteristics in
successful aviators is the possession of "hands" - thus
if a pgood horse rider, he is able to esense unconsciously
the various movements of the aeroplane, and rectify any
unusual or abnormal e#olutions almost before they occur.

The writer, while not in complete agreement With
this analysis, eipeciaily with regard to lack of imagin-
ation, recognises that most of the above characteristics
are typical of the majority of pilots who have come under
his supervision, and he would add, from his special ex-
perience, that one of the finest types of flying officer,
in his opinion, is one who has been to sea previous to
. pardEfen b,
joining the Alr Force and es is this the case in

those who have had the earlier discipline and training of

the,Royal Navy - Osborne, Dartmouth and a periocd of serviee
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on board ship.

On the question of imazination H.G. Anderson
takes a view somewhet differing fr&izggbpon and
Manuei.

"Whether he should be imaginative or not is a
difficﬁlt question to settle - one meets many of both
types. I am inclined to think the pilot with im-

agination, yet able to keep it well under control,

makes the better pilot."

Hitherﬁo the observation of éviators has only
been consideréd in felation to war service - J. L.
Birley remarks in the course of his study "Tempera-
ment and Service Flyingf,

"The Flying Temperament is of less importance in
the field than the Fighting Temperament®™ - but the
time has arrived when the assessment of the Flying
Temperament will be made solely in relationto the
ability of the individual to fly machines continmually
undergoing improvement, andvin which the possibility
of human error is a constantly diminishing quantity.

The phrase “Temperamentally Unfit" is one which
is constantly meeting the Medical Officer; owing to
the dgsire qf Squadron Commanders to transfer, for
various reasons, certain office:s attached to their
commend.

The temperamentally unfit, as a class, are gen-

erally weeded out in the early stages of their training .
in practical flying, but a certain number of borderline

cases may graduate and pass into overseas or home defence
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squadrons and only show signs of breaking down under

the stress of active sercice or of too continuous flying,
and very often their collapse dates from some fright,
wound’receifed in aerial combat, oi crash, Such can-
didates have usuglly satisfied the examiners at the

Commissions Board by passing the necessary physical

- tests, and their early breakdown must be attributed in

most cases to an inherent nervous instability.

J. L. Birley dealing with pilots who broke}down
when on service in France, clagsifies them under 3
headings. |

"{a) Those reported as tempéramentally unfit by ex-
aoutive officers, an opinion for which no medical con-
firmation is available.

"(b) Those in which & diagnosis of temperamental
unfitness has been originated or confirmed by medical
evidence.

"(¢c) Psychopaths.

Class (a) is obviously of no scientific interest
as there is no record of their physical reactiéns.

With rezard to Classes (b) and (c¢) J. L. Birley
concludes as follows:- |

"(b) It is with this class that we are more par-

ticularly concerned. As a class it is characterized

by the presence of physical signs. Nearly all the cases

appeared to be in a state of trepidation and apprehension,
and loss of emotional control was a prominent feature.
Unlike the next series, the incapacity was attributable
in about half the cases to some particular incident, such
as & crash or a narrow escape. The general physique

was distinctly below the average, and the ratio of pllots

to observers was as 14 to 3. Qf the six observers all
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had been passed by the Commigsions Board 'fit as

observers only.!

"7t will be seen that on the expiratory force
tests, the series works out at 87 mm. Hg, i.e. well
within the standard, but considerably below the
figures reached by tired pilots and observers. On
the fatigue test, however, the figure (28.8) is not
far above that given by a series of pillots taken off
flying through stress.

“jg)ﬁPsychopaths. The writer is not convinced of

the soundness of this term, but proposes to retain it
for want of a better one. Individuals belonging to
this class usually, but not always have a neurcpathic
family or a past history; As a general rule théy
have never been confident in the air from the outset,

and at the time they reach hospital have developed a

pronounced anxiety neurosis, the motif of which is flying

and not fighting. All of the cases Were pilots. A

hirgory of a crash or a particularly unpleasant ex-
perience ig rare, and shock 1is not apparently an
etiological factor. One and all look worried and de-
pressed, taciturn and disinclined to 'open out', while
the majority appear unable to state with any precision
why it 1s they do not like the air.. Repression is
undoubtedly present, and physical signs are conspicuous
by their absence. Thé disability, in fact, is mental

and remains mental, and their decision to give up flying

has often struck the writer as being somewhat cold-blooded!

Rippon and Manuel dealing with the characteristics
of unsuccessful pupils under instruction, express the

~ following views:-

’ .
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"Te desire to draw attention briefly to the
following physical disabilities which are assoclated
with ﬁemperamentally unfit pﬁpils: (1) stammering;

(2) minor defects of vision; (3) adenoids, or nasal

obstruction; (4) poor peripheral circulatiocn; (5)

loss of tone (soft and flabby rmuscles, molst and

cold hands, pale complexion, stomach spash, etc.)

We do ﬁot suggest that any 