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LANGLEY STEAM-DRIVEN AERODROME IN FLIGHT OVER POTOMAC RIVER NEAR QUANTICO, VA,

10~

MAY 6, 1504,




T —

: linmn:nra‘mn GASOLINE l!{]DEL:, LANGLEY AERODROME, IN ONE OF ITS FLIGHTS OF AUGUST &, 1003,
ﬁ OM THE POTOMAC RIVER.
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CADET APPROACHING PLANE WITH INSTRUCTOR ON HI8 FIRSET TRIF. THE CADET
I MERELY A PARRENGER.

A CADET. AND HIS INSTRUCTOR.

106-9



INESTRUCTOR IMPRESSING UPON THE CADET THE USE OF THE RUDDER,

CADET AXND INBTRUCTOR IN THE MACHINE,

The instructor iz assisting the cadet whe is GXpériencing an air trip for 1he frst Lime,
L0=100



CADET RECEIVING FINAL INSTRUCTIONS BEFORE GOING ON A FLIGHT ALONE,

This cadet has completed his preliminary course snd is about to start on a solo fight.

ATARTING OFF ON A FLIGHT.
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A CADET READY FOR HIS FIRST S0LO FLIGHT,

A CADET AFTER HIS FIRST B0L0O FLIGHT.

Having had his first ride he smiles all over npon landing
Iika~14
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“NIEUPORT.™

"LOEXING MONOPLANE, HISPANO EBUISA MOTOR.™
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RE-BREATHER,



DREYER DILUTING APPARATUS,
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THE CHABE,
A eritieal moment when the nervous system should be In good order.






apranTe 199 po0‘y  ponde) seg Fupaoqs SOy a0y o[ jo wopaod v

HNYIJHIY NY NOHd MAIA

ZEa~1



‘BgA0T0 IHL ONORY 40 HOIH DNIATI SENVIL




“smoadang 1y 4 o jo ane Lq L o 00 padin ueaq per 9y pue ‘yas sem g yeaad sy,

VIOHANIN LY HEVHD ILVNSHEM

Ea-3



VIOININ LV HEVID ONID

dEa-4









HIY NI NOISITTOO 40 LTasdy

...-..
1

- 3 .I.._. I [y
e ol e AL,

k-1



C 1 dad gyps wepoammon Wy payyimgng axmpal,f  CIapiado) popoe peg PO gL0g sdngs

NAL OOVA 'a1HId HOIM “TOOHDS ONIATA HOIAMIS-MIV (MHHLADO0L AIXVL) aNxnouD NO NOISITT0D

T -7



RRERNHE PO ISEHOU o] asadsap gsnu ogy  Cspopd oy saopoaaadmg o) ong ore joas sl g ST SAR R O D QR SR OFBLT J0 PR Jin] W AU

WLAEA 000 JAJJOUA DONTAVH MALAYV INVId 40 mdIA

A3



sy amepdare aty 1o (e sf st il e sy sun 8] ‘wopstazadng pue wopyed=ug upanss Jog “yoppd 9 j0 poat G, CENISPIIN LDNE 10j dpiswodsig 51 121 Jo Y10 SN ety JuauE pn Joog

HITLEAL ONINHAL HALAY ANVITJHIY

HILEER |






AT MINEOQOLA

ETAFF OF MEDICAL RESEARCH LABORATORY



EXAMINATION OF FLIER,
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MAJ, HITCHCOCK IN PILOT'S SEAT.
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{ Dagrammatic, )

THE SIXTH SENSE. THE THREE SEMICIRCULAR TUBES CONSTITUTE THE
“MOTION-SENBING " ORGAN.

The Internal ear or labyvrinth consisiz of a bony and o membraneons part, the latter contained in the
former, ‘The bony labyrinth is composed of the vestibule, the semicireular canals, and the cochlea.
These three canals constitute what is known as the statke lnbyrinth, The hony canals contain the mem-
branous canal, anl the membranous canal, in torn, containz: the endolymph, which i=s a fluid that
fills the membrancous eanal. This posterior part of the internal ear is constructed selely for the detec-
tiom of movement, and constitutes the special sonse organ of “'motion-sensing*.  Man is acquaintsd
with movement through thiz ofgan by the Bowing of the endolymph within the canals.

HUMAN TEMPORAL BONE, NATURAL BIZE, INTERNAL OR BRAIN SURFACE; SHOW.
INGINTERNAL EAR CONSISTING OF COCHLEA (o), THE SUPERIOR AND POSTERIOR
SEMICIRCULAR CANALS (b and ¢) WHICH HAVE BEEN EXPOSED BY REMOVING
PORTION OF THE BONE.

e { Actual photograph, )
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CONSENSUAL PUPILLARY REACTION.

By shading one oye from the light and then wovering and uneovering the other eve, the pupl of the
eve that 19 shaded will be seen to dilate and then contract in o degree approximating the dilatafion
and eontraction of the uncovered ove. This is called ihe eonsensual reflex and fndicates normal
connection between the fibers of the two oplic nerves.
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TAKING THE INTRAGCULAR TENEION OF THE EYE.

Introceulsr tension is tested roughly by palpalion. The eandidate looking downward, palpate
ihe exe through the upper lid with the index finger of cach hand, and compare thie tension with the
other eve and with an eye believed to be normal,  If not nor mal it is a cause for rejection,
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EXAMINED FOR EXTERNAL DISEASES OF THE EYE.
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TESTING THE MUBCLE BALANCE OF THE EYE.

The muscle balanee of the eve must be in perfect allgnment, Tn other words, there must be no
latent temdenes for the eve to tumn up or down or in or out, IT thereis, the aviator may see
donble and thus endanger his life at a critical moment.
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TAKING NEAR-FOINT WITH JAEGER'S TEET TYPE.
Omno aye being covared, it is the nearest point to the eve at which the 1'|.rﬂll:||.l.'|::mti by forcine his vision,

ean read the finest 1.,-'|Pa distinctly, It shows whether or not he is execedingly far-sighted and also
-

determines the tone of the ciliary muscle within the eve,
Tib=1



OPTHALMOBCOPIC EXAMINATION,

The fundus of the eve 15 arefully examined for evidences of past or present disease which may dis-
qualify him even though his direct vision be normal.
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TESTING FOR EPONTANEOUS NYSTAGMUS BEFORE TURNIMG,.
Tllb=1



-

b
EL
]

Rl
o e
il
B

Popalar Seienee Monthly .

CAN HE PILOT A BATTLEPLANE.

To find out if hiz ear motion-gense s good he is whirled around in o special chair.  The object of the
whirling Iz to displace the fluid in the inner ear, the Nuid that confrols the ear motlon-sense and
tells whether he is moving or not.  The examiners then note how longit takes him Lo recover polse,

T6b-2




THE APPLICANT EXTENDS HIS RIGIHT ARM AND TOUCHES THE EXAMINER'S
'HAND, THEN HE RAISES HIS ARM VERTICALLY AXD IS TOLD TO BRING HIS
FINGER BACK AND TOUCH THE EXAMINER'E HAND AGAIN.

This [z done with the eyes closed. See g, 3245 for resulf alter tarning.
Thb=3



AFTER TURNING APPLICANT RAISES THE FINGER IN AIR AND ATTEMPTS TO TOUCH
EXAMINER'S FINGER.

T0b—4



HAVING BEEN TURNED TEN TIMES IN TEN SECONDS TO THE RIGHT AND REEN
STOPPED, THE ENDOLYMPIH COXTINUES TO FLOW TO THE RIGHT WHICH
MAKES IT APPEAR THAT HE IS TURNING TO THE LEFT

This gives him falae orfentation which cagses him Lo pase-point to the right, which he continues Lo
do so long as the t"IL|1r:||_\'I'|]]'|]| ilows,
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PFUTTING HIM THROUGH THE FALLING TEET.

The applicant is placed in o chair with his head [srward approximately ninety degrees to bring the
wertical canals of the inper ear in the horizontal plame,  After having been turned five times in
ton seconds to the left, for example, he feels that he {3 falling to the right when he sits up with
his oyes elosed,

TTb=1



PUTTING HIM THROUGH THE FALLING TEST.

After having been turmed five times in ten seconds to (e lell, with the eyves elosed, which causes the
Howing of the endoiy l:u:h in the direetion of the turning, the applicant, upon sitting up, feels that
Ie is falling to the n ::. beeause of this endolymph movement. He tries to overcome this and
actually falls to the le

TTh-2






78 AIE SEEVICE MEDICAL,

of enormous importance and it should be very carefully observed as
part of the standard technique.

The falling test is similar. A normal man, on attempting to sit
upright after leaning forward during right rotation, feels that he is
turning to the left, for instance, and so gives involuntary expression
to this sensation by falling to the right on attempting to assume an
erect sitting posture. '

These tests can be completed in less than five minutes. Ineci-
dentally, these tests are in no sense severe and are in fact seldom
regarded even as unpleasant. Oceasionally nausea occurs after these
turnings; it is then merely necessary to stop the examination for
the time being and complete the remainder of the tests after an
interval of half an hour. There is no need whatever to make these
tests in any way distressing to the applicant.

With respect to the internal ear motion-sensing apparatus, its
nerve-paths and brain connections, these turning-tests quickly sepa-
rate the obviously fit from the unfit. The majority of the applicants
show normal responses; no further testing is required and they there-
fore qualify and are accepted. Some applicants show such markedly
subnormal responses that they are immediately disqualified and re-
jected. A limited number give what might be termed “ border-line ”
responses; the question then arises, Has this particular applicant
sufficient ear motion-perceiving sense to become an aviator? It is
here that the caloric test is useful. The turning has tested both the
right and left ears simultaneously. The caloric method enables us
to test each ear separately. Water at 68° F. is allowed to run into
the external auditory canal from a height of about 3 feet through a
stop-nozzle, with the head tilted 30° forward, until the eyes are seen
to jerk or the individual becomes dizzy. The length of time from
the beginning of the douching until the jerking of the eyes becomes
apparent, or until the applicant says he is dizzy, is accurately meas-
ured by a stop-watch. The type of nystagmus is then noted. With
head in upright position, it should be rotary and the direction of the
jerk should be to the side opposite the ear douched. The length of
the douching shown by the stop-watch in the normal is 40 seconds.
The eyes are then closed and the past-pointing is taken. The head
is then immediately inclined backward 60° from the perpendicular
(or 90° from the original position). There ‘should then appear a
horizontal nystagmus to the side opposite to the ear douched. The
eyes are then closed and the past-pointing is taken with the head in
this position. The left ear is then douched and the same procedure
carried out. If the ealorie test applied to one of these * border-line ”
cases shows only a slight impairment of the responses from each ear,
the applicant is qualified. If instead of 40 seconds of douching
there was required not more than 90 seconds of douching to elicit
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HEIGHT AND WEIGHT ARE CAREFULLY TAKEN.
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SHOWING PART OF THE PHYSICAL EXAMINATION OF HEART AND LUNMGS,
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EXAMINING THE BONES AND JOINTS AND GENERAL MUBCULATURE.
S0b-1
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174 AIR SERVICE MEDICAL.

TINE 1¥ MINUTES.

CuaarT 2.

No. 166.—H. F. D. K. CADET. Age 25 years, 10 months.

This & almost a record run for low percentage reached, and preservation of efficlency
practically unlmpaired nntil the very last. Pulse rather high from the start, as is often
the case in subjects who compensate particularly well, and both pulse and blood pres-
gure show some peychic Influence at the start. Durlng the course of the test there Is &
typleal moderate rlge In pulse and systolle pressure and a gradoal tendency downward
of the dlastollc pressure. No suggestion of circulatory exhaustlon. Rated AA, a par-
ticularly good subject.
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ATR SERVIOCE MEDICAL.

CHART 3.
PILOT.

,Ifi-uf'sﬂ B. F:
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Age 81 years 8§ months,

In good health, but * out of tralning " and 20 pounds overwelght.

This chart shows almost total failure to compensate. There Is very llitle change In
pulse or bleod pressure, and the respiratory reaction Is deficlent. For thls reason there ls
early appearance of ineficlency as shown by the psychological characters, and he Is
“ completely Ineficlent ™ above B per cent. Since there 18 no circulatory reaction, there

la no evidence of straipn, Class C.

* Becomes ineficlent at a relatively low altitude”
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I/ ;
Legend —0.% ssus Pulse se—=u-s Hesp. in decil. per min.  eoceeen Syst B. P
s——aDiast. B, P Pulse Pressure Accom. inmm. Cﬂnn:[mmm

TIME I¥ MINUTES
CHART 4.

No. 144.—L. R. 8. CADET. Age 20 years, 2 months,

Iz decldedly ** gtale,” hatea to go up in the alr at all. Feels tired and depressed, and
s digcontented In the service at present. Certaln complications at home are on his mind
. good deal.

This chart is typical of & man in poor physical and mental condition. He falnted
rather suddenly at about 13 per cent. Frevious to this he had shown lttle com-
pensatory response ; blood pressure too low from the start, pulse rising slightly aod
respiration hardly at all afected. This man might be expected to faiot at any time
during a fight, irreapective of elevation.

No rating glven, but for the time belng Is unfit to ¥ at all. Withdrawn from fiylog
and recommendation made for farlough.
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CHART b
Ne. 352.—E. P. E. CADET. Age 22 years, T months.

Freliminary blood pressures: Reclining, 134 ; standing, 142; after exerclse, 180; two
minutes later, 134. y

During the test has a high and gradoeally Incrcasing systolic pressure.  Diastolle
comes down rather steeply after 20 mioutes (10 per cent), though never out of control.
Fulse and resplration normal. Marked psychic effects soon after diastollc pressure be-
glos to fall. High bleod pressure, with slgus of fatigue, but candldate In class C in
#plte of his reaching a fairly low percentage before the actual break.
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CHART 8.

No. 110.—R. 8. CADET. Age 35 years 11 months,

This chart lg of a type which 1= not uneommon ameng older subjects, and must be
interpreted cither as decreased fexibllity of the arteries or lesa effective vasomotor
control. It emphasizes the fact shown by experlence that the best age for fiylng is the
early twentles—a man of 36 has already begun to grow old.

Frellminary blood pressures: Reclining, 124 ; standing, 182; after exercise, 142; and
two minutes later, 124.

During the test the systolle pressure rises at the start and remalns at aboot 160,
As often happens when systolle ia high, there is not & very marked rise in pulse, There
18 mo evidence of clreulatory fatigue, and he reaches a low oxygen percentage with
excellent command of hia faculties. His present performance i8 frst clags, bot it Is

ely that he would remalo in condition long if he runs such & blood pressure when
he fiies, Class B,
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No. 217.—D. R. CADET. Age 20 years, § months.
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There was a roughening of the first heart sound heard before the test. No demonstrable
enlargement, second sounds equal. During the test a definite systolic murmur developed
and the pulmonic second sothd was accentuated. There {8 no doubt of the dlagnosis
of mitral Insufficlency well compensated.

The chart is typleal of most cases of valvular lesions. The pulse is high throughout
the test. The systolic pressure Is high and uniform. Diastolle pressure begins to fall
between 9 and 10 per cent, but is in control at all times. Respiration shows rather a
markéil response. Efficlency 1s well preserved, the psychologleal rate belng A. This s
accomplished at the expense of marked overwork of the heart. Although this 18 well
borne at the present time, the presumption is that the sobject would soom show the
effects of wear, and permanent damage to the heart might easlly result. Class D,
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CHarr 12,

No.——F.B.I. CADET. Age, 26 years & monthe.

An unusually bad record Systolic pressure very hizh and at the end rises to 210k
Dlastolle shows marked fatigue though the oxygen percentage reached 1s oot very low.
Pulse rather high at the start shows very little acceleration later and at about 9 per cent
begins to fall rapidly. :

The heart sounds became roughened, suggesting a valvular leslon, which seems ex-
tremely likely from the blood pressure. Should be studled further; test should he re-
peated. On the showing of the chart givem the rating should not be better than I,
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CHART 15.
No. 82 —D, H. O. CADET. Age, 24 yvears T months.

Only significant finding in history or physical examination was a rather red throat.
Blood pressure reclining 120, standing 132, after exerclse 1468 and two minutes later 138,
Was rather nervous on test.

Pulse reacts normally but rather excesslvely consldering the percentage reached. Res-
piration somewhat full from the start, but shows no Increase. Systolle pressure high
and stendily Increases to 180. At this point (above 10 per cemt) the combimation of
high pressure and pulss geems fo bé more than the heart can stand. There was probably
a dilatation; at any rate the subject almost fainted as indleated by the fall In both
systolle and dlastolic pressures. A very bad runm, hardly sufficlent to rate C. The test
was repeated a week later. At this time the percentage reached was much lower before
Ineflclency. Thammdpnmuwunﬂlnuﬂatwhlth 134 rising to 156. On the
lmnﬁmﬂnnnhwnﬂdhiuﬂmdtoﬂ,mﬂnmhuM1hm high blood pressure
twiee, very high once, it was coosldered safer to rate him C, :
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vestibular apparatus, and the eyes. The central nervous system con-
nections must functionate perfectly to use the information it receives
to the best advantage. Finally, the muscles should be in condition
to carry out the commands of the central nervous system.

That many aviators depend largely upon their visual impressions
in the maintenance of equilibrium is evidenced by the fact that they
often tie a piece of string as a streamer to one of the forward struts,
so that they may more readily note the first evidence of a side slip
when they are flying in a cloud. In spite of the fact that we miss the
visual impressions when they are not received, we are still able to
control the plane if the remainder of the balance mechanism is
functioning normally.

IX. Retinal sensitivity to light—It is important that the retina
be sensitive to light impressions, especially for those men who are
carrying out night bombing expeditions. With this in mind, most
of the allied nations require special tests for retinal sensitivity. A
test of the contrast sensitivity of the retina is believed to be the most
useful for our work, and only men who have normal sensitivity in
this respect will be selected for night flying.

THE CARE OF THE FLIER AND THE EFFECT OF ALTITUDE AND THE STRAIN
OF FLYING O THE EYE.

Even though our aviators have been examined with the greatest
care and their eyes are as nearly perfect as nature permits, the adapt-
ing mechanism of the human machine, including the eye, was de-
signed for use on earth, and altitude adds an unusual strain. Medi-
cal men agree that definite physiologic changes oceur in man living
at high altitudes which permit them to withstand lack of oxygen,
but they believe from the examinations that have been made of fliers
that they do not become acclimated, but often show rather rapid
physieal deterioration.

The most important ocular symptom is failing vision. The pilot
complains that he can not see the ground clearly in landing and has
difficulty in picking out enemy planes. There may be no defect in
vision, but there is usually some slight error which was previously
correctable by an unconscious muscular effort. The muscles become
fatigued, due to the strain of flying, and the defect shows itself. A
few days’ rest has been sufficient in the few cases Maj. James L. Bir-
ley, R. A. M. C., has seen, to restore normal vision.

Certain individuals with apparent perfect acuity of vision are
ocularly weak in that they are unable to make use of both eyes, due
to some defect in binocular vision or fusion sense. This interferes
somewhat with judgment of distance, and the disability tends to
increase under the strain of aviation and lack of oxygen, resulting in
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JOHNSON VISUAL ACUITY TESTING APPARATLES.

Lieut, Johnson's vi=zonal acuity test| with subject on rebreathing apparatus,
Oxygen at end of experiment, 10%. Lower parts of curve indicate maximal
vision., Suabject LIII?‘L"I"I.:'!'C test object for periods of three minntes, with one
minunte intervalzs of rest,

Fest object ob=erved during periods of three minutes with one minute intervals
of rest, Amyl nitrite (2 minim=) inhaled daring third period, [.ower ax-
eursions of curve indicate clearer vision.

CADET D. W. MILLS, 5/9/18.
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qualify for combat work no matter how well the candidate performs
otherwise.

Aside from ocular deficiencies or general physical conditions of a
distinctly abnormal nature, the rating of a subject depends on the
answer to two questions. How well does he adapt himself to the
unusual environment, i. e., how well does he preserve his efficiency at
altitudes (as expressed by the psychological tests) and, second, at the
expense of how much strain on his circulatory system does he do it?
Many subjects will compensate admirably, preserving their efficiency
to a very high altitude, but only by means of a very high blood
pressure, high pulse, or violent vasomotor reactions such as would
lead us to expect that this man would wear out quickly in service or,
perhaps, actually have a circulatory collapse in the air and faint.

As to the first question, that of general condition and the proper
functioning of the compensatory apparatus, our most delicate eri-
terion is the performance on this psychological test. If a man is
able to keep his brain clear, he is certainly compensating against low-
oxygen effects, for the brain is not only the most important tissue to
protect, but it is also the most sensitive to defective nutrition. After
much experimentation with different systems of rating a fairly em-
pirical method of computation has been adopted (fully described
elsewhere) which takes into account the percentage of oxygen at
which various effects appear and the duration of the test, since longer
exposure to moderate oxygen deficiency may produce more profound
effects than a short exposure to a high degree. The rating is based
both on the early slicht signs of abnormal effect and on the more
pronounced manifestations up to complete inefficiency. One man may
be moderately inefficient from 8,000 feet up, but only break com-
pletely at 25,000 feet. Another may remain perfectly clear until
20,000 feet and then suffer a complete loss; probably the second man
would be a more useful flier than the first.

The second question, that of the amount of circulatory strain
involved in preserving compensation, is answered largely by the
behavior of pulse and blood pressure and by the sound of the heart
during the test.

A fuller discussion will be found elsewhere of the method of rating
based on circulatory effect. A subject who has a definitely diseased
heart, no matter how well compensated, is put in class D, and it is
recommended that he be kept at ground work. No man is passed
in class A whose blood pressure is so high that the heart will be
continually undergoing severe strain. Signs of circulatory exhaus-
tion or fainting are causes for rating in class B or C.

Tt should be stated that some of these circulatory reactions are
signs not of constitutional inferiority but of temporary lack of con-
dition. They none the less give a clear index of how the man may
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13. Rebreathing tests may be made separately for the purposes
of the different departments, but in rating fliers a single test will
be made as a routine. If it seems desirable an unsatisfactory test
may be repeated.

14. Results should not be indicated to the aviator except in the
most general form—especially to be avoided is any statement of
“how far he went” in terms of thousands of feet altitude. It may
be made plain there is no direct parallel between oxygen percentage
in the rebreathing test and low atmospheric pressure, and that in
the rapid progression of the test the results would be very fallacious
if applied to active working conditions at high altitudes.

15. The duties of the officers are:

(@) The physiologist will have immediate charge of enlisted men
A and B, see that their work is being done properly, that all appa-
ratus is in order, and that necessary supplies are kept in sufficient
stock. He will take pulse and blood pressure before the rebreathing
test in the manner prescribed on page 2 of the history. He will pass
on the character of the pulse, respiration, and blood pressure, con-
ferring with the clinician as to their bearing upon the normality
of the circulatory apparatus, He will enter this judgment on these
matters under “ summary ” on page 2 of the history.

(b) The clinician will carefully read the history prepared by en-
listed men C; go into more detail as to points suggested, especially
as to the exact condition at time of test., He will then make a phys-
ical examination and fill in the entries on the history form or dic-
tate them. He will be present at each rebreathing test, following
carefully the condition of the subject, interrupting the test if he con-
siders that the subject’s physical condition demands it, being the
one man responsible for ending the experiment. On completion of
the test he will enter on the blank (p. 3) the exact condition at
beginning and at close of test (especially whether unconscious, faint-
ing, etc.), note. manner of recovery, and any other remarks as to
progress of test. He will summarize on page 2 the behavior of the
subject’s general physical fitness both before and during the test,
especially the behavior of the heart. He will consult with the phys-
jologist as to respiration, pulse, and blood pressure.

(¢) The ophthalmologist will conduct preliminary tests, and tests
during the rebreathing experiment. He will base his rating on the
results of both tests.

(d) The psychologist will observe the performance of the subject
during the test. He will plainly signal to the clinician when he is
ready to terminate the experiment, and the clinician will ordinarily
take the subject off at this time. He will base his rating on both
the preliminary performance and on performance under low oxygen.

16. The duties of the enlisted men are as follows:
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EHOWING MARK IN POSITION.
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