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AUTHOR'S FOREWORD

In early discussions of the Committee on Selection and Training of
Aircraft Pilots interest was expressed in the measuroment of etress and
toenaion in men who aras being taught to fly. The assumption was that some
degreo of streses would be typical of hoginners at the time of their early
flighte. Those showing exaggerated responses of this character and con-
tinuing to do so might prove temperamentally unsuited for flying.

A large variety of techniques and instruments for msasuring degrees
of gtress have been proposed by physiologlots and psychologiste. Various
aspoots of the cirgulatory and reepiratory funotions have been used.
Muscular and glandular reflexes, voluntary and involuntary movements, ekin
temperature and sweating, mental esscciatlions and Judgments., verbal ve-
sponses, and numerous other functions have bsen made the basis of attoempts
to measure the effects of emoticnel changes. The instrumente devised have
usually been for laboratory use, under vonditions of relative quiet and
freedom from movement on the part of the subjects, 1ln most inetances in-
struments for meaguring smotional responses ars rather complicated and
cumbersome s

Yhen considering the feasibility of using available laboratory in-
atrumsnts in training planes, many difficultics prassnted themselves.
Weight and space requiremonts were oritical. The student pilot must be
allowed adequate freedom of motion to perform his work and safety must be
assured. The author at this Junoture recalled having eden a preliminary
demonstration of e micro=climate recordsr dovised by Professor August
Krogh of Copenhagsn for msasuring the body temperaturs underneath the
clothing. The instrument was built on the chasasis of s wriszi watch and wag
self-contained, requiring no outside conneotions or avowsnory equipment,
The micro~climate recorder not only qualified in reference to weight and
gpace but geomed eminently well suited for appllcation to a student pilot
without offering interfarence with his movements or duties and prasented
minima) stimulus for distraction, Furthermore, no assistant need glve
sttention to 4his inetrument during the period of recording while in the
plane, It was suggested that the author endeavor to sscure such instru-
moentes from Professor Krogh: After gseveral monthe, ons of the units was
procured, OConditions arising from the war made further procurament froa
Copenhagen impossibles If micro-recorders were to bs used in the United
States they would have to be bullt hsre.

This report embodies & discussion of the dovelopment ¢f & modified
micro-recorder and presents same preliminery results of its application.
Ahile these rosults are not definitive in character, they are suffiociently
revealing to indicate the rossible application of this imstrument.

The development of a practiocal mloro-rocorder for measuring ekin
temperature and sweating in airplene pilote ie a distinot contribution to
the instrumentation in this field and this instrument will prove of ocon-
siderable value in future research concerned with “tension."
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ix

S IMMARY

l. Moet of the large variety of laboratory techniques and instrumente
for measuring emotional responses are not direotly applicable for use on
student pilots while learning to fly. A small instrwoent known as the Krogh
Mioro=-Climate Recorder at firet eocemed to have possibilities for such use,
The Krogh recorder was, however, dosigned to be worn underneath the cloth~
ing. Features of its design proved not the most appropriate when the recorder
was mounted on the kand near the palmar surface.

2. A newly designed instrument, the C.A,4.«N.R.C. Mioro=Regorder, was
oconstructed partioularly for use on exposed areas of the skin. Thie new
rocorder makes use of some of the principles involved in the Xrogh instru-~
mont. A small watch movement is employed to drive a reocording diac capable
of taking records over a period of twelve hours. A temperature unit and a
humidity unit with small writing levers are mounted on the inside of the
instrument at a position as close as poasible to the fromt. By menne of
appropriate openings in the fronmt plate of the watoh ocase, the sensitive
olements are directly exposed to the temperature and humidity 1 om. from the
skin, while the entire unit is mounted on a ring of poroue rubbdber aponge
materials. :

3. The details for the construction of the C.A.A.-N.R.C. Xiaro-Fecorder,
its calidration and the teochnique of reading the records are describea and
disocuseed in thisg report.

4, Proliminary tests were made on a group of Yale Uniworsity students
purticipating in the local Civilian Pilot Treining program., and a few private
students who were in procese of training at a flying school noar liew Haven,
Connectiout . This echool was a faverable one for such testa, with the note-
worthy exception that the single instructor felt unable to cooperate by making
ratinge on the students for tension and emotional ctress during the periods
of flight. Thie unfortunate circumstance limits the interpretations that
might have been poasidle from the records sacured,

$. A group of 20 1llustrative records are reproduced, together with the
pertinent data secured in connection with them and read fromx thoass records.

6. The data, representing the first trials for each ¢f ten men, are
grouped in separate tables for temperature and humidity: and desor ibed in re-
ferencs to individual differsncee and to average tendencies. Other tabular
grouzings of data for individual students are pressnted and the averagoea
discuased.

7. The records taken in these proliminary sxperiments show appreciable
changes in temperature and in humidity associated with the expsrience of flight.
In general the humidity and the temperature during flight are found to exceed
the valuse registered before flight. The levels for humidity and temperature
during flight tend to be prolonged into post-flight period, during which the
instructor was talking with the student and writing out the report on his leeeon.



8o Reoords for three first molo flights indicate quite high hiumidity
and temperature during the flight and continued after the flight.

9o From the preliminary tests made, the C.A.A.=N.R.C. Mioro-Recordar

- appears to qualify as a self-contained instrument appliocadle to fligit studerts,;
and asnsitive to their physical and mentzl oconditions during these experi-~
enges. Its poasible usefulness depends largely on the degrese of cooperation
that oan dbe seocured from the instruoctor, and upon the design and control

of the test experiment,



A MICRO-RECORDER FOR MEASURING SKIN TEMPERATURE AND
SWEATING IN AIRPLANE PILOTS

PART I

Mioro=-Rooordere and Teohnique of Use

The Krogh Micro-~Climate Rscorder

Krogh, in deeoribing his recorder unit; says: "The immediate problem
for which the recorder here described was constructed was the study of
the temperature and humidity relations inside the slothes of man, but it
is foelt that it may have a wider range of usefulnees, and this is the
reaeon why it _1is published before anything definite has been aohieved by
means of it."" Earlier small recorder units have been devisad for use in
meteorologisal studies. They were of such eiss es could be sent up at~-
tached to a pilot balloon, The records were made on smoked glaes, and were
road undefr a mioroscope. Using a fairly large sized watsh as motive power,
Weichmann, in 1938, dgzioed a recorder which inocluded a bimetal thermcmeter
and a hair hygromster.“ The hands of the waich woere removed, and a recarding
diso of glass, lightly smoked, was carriod on the post which ordimarily
supports the hour hand. Krogh found this instrument too large and too clumsy
for his purpose and, therefore, undertook to construct a asmaller one on
similar principles. Krogh®'s device was built from a wrist watoch 23 mm, in
diameter and 5 mm. thiok.

The watch-works were mountoed in a spscial circular brass box. The
watch 1g wound by a key, whioch may be inserted in a hole usually kept ehut
to proteoct the works from moisture, The hour=hand post or.axle projects
into the upper om partment of the box where it supports a brass dies on
which the bimetal thermometor and hair hygromoter are mounted.

The temperature sensitive elemont is s bimetal spiral strip of 3%
turns, the ocentral end of which 1s sesourely fastened to the dise. Thie
spiral strip unwinds slightly with increase in temperature and winds up as
the temperaturs fealls. The froe end of the spiral is connected by a fine
silver wire to a small recording lever which amplifies the movement of the
tip of the spirml by about three times,

‘the moisture sonsitive olement is a single human hair 20 mm. long
attached rigidly at one end, while the other end 1s fastened to a second
recording lever. uvoth levers, at their attachment ends, are formed as
small spiral springs and are made of thin sheot brass. &t the recording
end of each lever a fine needle point has deen fixed. These needle points
traoce thin lines in the smoke on the underside of a flat polished Blasas

lKrogh. A.» A micro-olimate recorder. Kogology.: 1940, 21, 275-2178,

zﬂoiohmann‘u reaorder was reported in the above article by A, Krogh
(Footnote 1).



diec 27 mx, in diameter, which forme the top of the unit and corrssponds

to the watoch orystal. A third writing point traces a base line for ref-

eronce in msasuring the deviations of the temperature and humidity trac-

ings. The entire unit weighe only 28 grems. The back portion of the box
is 33 mm, in diametor and the instrumsnt is 11.5 mm. in thickness.

The environmental air has acoese to the recording compartment of the
Krogh inatrument through a number of narrow vertioal slots out in the
oiroular side wall of the round brese box. These slote provide aleo the
nesded flexibility in the rim of the watch omse 80 that the esmoked glass
disocs mey be inssrted and removed. The disos are manipulated by rubber
suckers. By this means a smoked diso ocan b2 ramoved from its storage
oarton, placed on the rim of the came nnd forocsd into position. The disc
can also be withdrawn from the case rim in this manner and transfered to
the miorosoope stage for reading. The reading stage for the records is
a supplement to the ordinary rectangular astage of a miorosocope and is
ocomposed of concentrie rings., The inner ring has ar oponing of suitable
size to receive the glass diso and may be revolved, The cutermost ring
is gradusted in degrees, one degreo corresponding to 2 min. of reocord,
‘The record provides for a total duration of 12 hours. A miorometer soule
is used in the oye plsce of the mloroacope with low magnifiocation, Msthods
for the oalidration of the Kloro-Climate Recorder are desoribed by Pro-
fessor Krogh,

Applicability of the Krogh Micro~Climate Recorder

The Miaro~Climate Hecorder was obviously welil adapted for the type of
uge for whioch it wae specifiocally designed,; i.s., to record the tempor-
ature and humidity inside the clothing, However, the question pertinenmt
to the presemt discussion is the adaptability of the Mioro-Climate Recorder
to the study of emotional dieturbances Iin men who are being taught to fly.
For this uss the resorder should not be under the nlothing but supported
near some exposed area subject to mental sweating,3 probably the palm of the
left hand. The method of support and of expoeure to the skin must be taken
into acoount in reference to the design of the recorder,

Method of Mounting Recorders

. In mounting the recording unit near the palm 1% wes not desirable to
place the hand in a loather glove, since this would obviously tend to produoe
e layer of meximally saturated eir around the hand. Only slight changes,
sither in humidity or in temperature, ocould be expected undsr these conditions
oven though the student pilot might at one tims be well relaxed and comfort-
able and at another time emotiocnel, lisasuremont requirements, thsrefore,
pointed to the deesirabdility of providing a highly potrous pad to serve as an
air=filter boundary for the areas of skin under measurcment. This pad took
the form of a ring to support the recsording unit near the skin, dbut without
blanket ing the area in such a manner as t0 4interfere completely with hest and

3 discussion of "msmtal" (or emotional) sweating is presented in Part II
of this report.
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moisture loss from the surface ocovered. A sponge rubdber material wans
eelected that contained numerous oapillary channels so that alr ocould
circulate through it. From sheete of suoh material 1.5 om. thiok, discs,
6 om. in diameter, were ocut. A hole, 3 om, in diameter, was cut out of
the center of these disos. This sponge rudbber doughnut, with vertioal
edges, supported the Krogh reoorder., vhen the sponge was not ocompressed,
the glass disc of the recorder, now sunken into the center of the dough-
nut, was 1 om. above the surface on whioh the rubbor doughnut rested.

A slowly ventilated cavity was thus formed bounded on one side by palmar
skin, on the periphery by the porous rubber soonge, and on the other side
by the recarder. The doughnut and recorder were attaohed to the palm of
the hand by means of a strap of rubber webbing attached to the slotted
openings in the flange around the brass ocase. Numerous rsocordings were
made by means of a single Krogh unit mounted on the rudber doughnut.
tlumidity and temperature changes were found to occur and tho traoings on
the smoked glass disc were readily measurable. The changes ware, of ocourse,
most pronounced shortly after placing the unit on the hand and again fol-
lowing its removal. Sudden Jarring of the hand when wearing the instrument
caused sharp splkes in the temperature ourve due to the coil spring form
of the bimetal thermometer. These disturdances are not so frequent, however,
ans to spoll the temperature readinges possible from the traoing.

The Krogh unit presented one serious drawback for this particular type
of use., It had not been designed for ready acoesslbility of environmental
air at the surface clossst to the skin, The type of mounting which seemed
most suitadle for these measurcments of ekin response pleced the Krogh unit
st a dissdvantage for prompt recording of cheangees in humidity and tempera-
ture. The glasa face, which 1s a bettsr heoat insulator than the braszs box,
is the part naturally placed nearest the skin., The skin heat and humidity
must find its way into the indicator ocompartment via the capillaries of the
rubber and through the slots in ths sides of the box. A nmore favoradble
dosign would present a well perforated metal surface dirsctly opposite the ekin
through which air could oirculate freely and the skin heat would have direot
noceps to the temperature recording element. S5ince a ohoice had to be
made between attempting to duplicate tho Krogh unit or dsesigning sanething
similar, but more directly adapted to measurements of sudden responses in
seml~axposed skin arsas, the latter alternativs weap selscted.

'th c A A a"‘N 9:4 nc a niaro’Reoordﬂr

No one who 1s aocquainted with the exoellent characteristiocs of the
many biologioal instrumente designed by Professor August Krogh would
lightly undertake to produce an improved model of ons of thsm., The unit
about to be desoribed is not to be thought of as such an attompt., It is
@ similar unit but designed for a purpose whioh he did not have in view,
Although this instrunent may be used aleo as a mloro=climate recorder for
studying temperature and hwmidity under olothing, no ocleim is made that it
io better than Or. Krogh's unit for that purpose. In undertaking the
dasign and oconstruoction of the C.A.A.-N.R.C. Mioro-Recorder it was of
immonse adventage to have one of the Krogh units for study and experi-
mentation, and also the benefit of correspondence with Professor Krogh



as well as having theo printed desoription of hie instrument.4

In planning the design of the C.A.A.~N.R,C. Mioro~Recorder for use
in measuring the skin responses of studont pilots, several features geemed

desiradble of incorporation.

1. The front of the unit should be perforated with several openings
to permit ready circulation of air and direct radiation from the skin to
the sensitive elements.

2¢ The temperature and humidity recording elimontu should be mounted
on the under side of the fromt plate to bring them close to the skin,

3. imspection of the resord and of the adjustment of the recording
neoedles should be pocsible without having to open up the instrument ocase,

4. The unit should have stem-winding and stem-setting features not
only for conveonience of operation but to provide for separating successive

records.

5. Tho menipuletion of the Aimrstrument when inserting or removing a
record should not rsquire the use of speclal tools,

In order to realize these desirable features it was neceassary to
depart from Krogh's design and place the record disc near thes center,
botween the walch movement which rovolved it and the recording elements
which were given stationary mountings on the fromt plate.

The watoh movemsnt finamlly selected as motive power for the unit was
a standard Walthem, 9 jewel, 8-3/4 ligne, uncased movement, without dial
or hands, and supplied with the longest avallablo winding stem and center
arbor., The movement had a dlameter of 19,5 mme and a thiockness (not in-
cluding the arbor) of 3.5 mm. A one piece case of specim) design, with
retaining ring and cover all mads of brass (bright nickel plated), houses
the movement and provides for the mounting and attachment of {he unit to
subjeocts duwing moasurement. The form of the case and the rensral arrange-~
ment of the parts which oocmpose the C.A.A.=N,R.,C. Miecro-Recoriser are shown
in a scale drawing, Figure 1.

The movement fita the case snugly. No attachment screws are used,
but only the presasure from the retalning ring, which 1s hald in place by
two sorows, The rim of the cover is perforated with seven slotted holes

*rho writer wishes to acknowledge generous advice and aessistance from
Professor C.S. Draper of Massachusetts Institute of Technology, and from
¥r, Coi, Mann, a designing enginesr, previously assoocinted with the lialtham

Aatoh Company, who was retained part time for service on the project. MNr.
Mann, after conferences with Professor Draper and the author, supplied data
conocerning poesible watch movements that could be used, made up trial diagrams
and layoute for assemdbly of all the elements according to submitted detalls,
and supervised the construoction of special cases, special tools, and various
emall parts. For the construction of the recording elements ond for-the final
design, assembly and adjustment of the CoAoAe=N.R.Co units, the author himself

was responsible,
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Figure 1
Cross section Drawing of the C.A.A.-N.R.C.
Micro-Recorder Showing Form of Case and
Arrangement of Parts
(Reproduced about 3X actual size)

Figure 2
Drawing Showing the Layout of the Temperature,
Humidity and Base Line Recording Units Mounted
on the Under Side of the Front Plate
(Reproduced about 3X actual size)



Figure 3
Front View of the C.A.A.-N.R.C. Micro-Recorder Showing
the Writing Levers Visible Through the 7 mm. Opening
Near the Winding Stem
(Reproduced about 3X actual size)
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3.5 mm. in diameter (noct shown in the figure). It is therefore flexible
at the free edge and with a little pressure snaps over the protruding
oollar on the ocase. 4 smll pin extending from thims ocollar directly
opposite the winding stem and a notch in the oover serve tc give the
oover a fixed position when in plaoe on the case, The rim of the oover
is 6.2 mm. high and 28 mm. in diameter. (This is the portion that
projocts into the rubber sponge when the unit is mounted on the subjeot's
hand.) A flango,; made as a part of the ocase, extends 3 mm. laterally
from the rim of the cover. The unit 1e suspended on this flange as it
rests on the supporting sponge pad.

The fromt plate (moe the somle drawing reproduced as Figure 2) fits
flush with the top of the oover ring and is attached to it by means of three
small aorows. This plate is perforated with 15 holes to permit of ready
circulation of air around the recording elements,{These perforations do
not appear in Figure 2.) A group of 6 holes, eaoch 2.5 m. in diumeter,
ie placed near the oenter direcotly exposing & large portion of the bimetal
thermomster. A line of four 3.5 mm, holes directly exposes most of the
loength of tho hair uced as the moisture indiloator. A single opening, T mm,
in diameter, exposes the tracing ends of the emall levers to view after
the oase has been closed. Through the window the operator may assure him-
self that the levers are making suitable traoingas on the emoked disc.

The details of the recording olements for temperature and humidity
mountad on the innsr side of the cover plate are illustrated in the soale
drawing. reproduced as Figure 3. The temperature slement is made of a
etrip of "Truflex A" bimetal etrip 010" thick by .048" wids dy 33" long.5
These were coiled in spirals of 3 turns with the right-angle, outside
tips (0.1" in length) pleroed with a small hole. After being formed imto
o opiral the bimetal was heat=treated at 300° F for m period of 3 hours.

A center post attached to the front plaie,; serves as support for the
btimotal spiral: The mounting was made by means of a small, slotted, brass
spool with narrow flanges at the top and bottom. The eeparation betwesn
thege flanges is Just suffioient to admit the 0,048™ width of the bimetal
strip which is fastened by soldoring. The spool is foroed on the center
post and held in place by fricticn. By means of a sorew driver inserted
in the open slot of the spocl, it (and the spiral) ngy be turned to any

dasired position.

The recording levers are made of 0,002" wpring YWass sheot cut into
strips of 0.05" wide. Small threaded brass epoole with thin flanges are
used for attachment. The lever strip is first soldered lightly %0 the
s5pool between the flanges, then rolled around the espool loosely for 23
twne. At a distanoe of 2 mm. from the oenter of the spool a small hole
is made in the strip. Through tris hols & smell wire conneots the record-
ing lover with the fres end of the bimetal spiral. Beyond the connection

SThe"Truflex A" bimetal strips were prooured from the Gsneral Plato
Company, Attleboro, Massachusetts. They coll~ and hoat-treat them to order.



the lever i1a twiated so as to inorease its flexibility at right angles to
the recording surface; and the top is sharpened and bent down so as to

form & thin tracing point. The spool supporting the writing lever is
fastened to the front plate by a watoh screw and held in position by
friction of the spool against the plate. Finer adjustments in the position
of the lever ocan bo made by slight rotation of the spool attached to the
bimetal spiral.

The lever for the humidity elemont is of similar design to that used
for the temperature recarder. It is attached to a piece of human hair that
has an active length of 20 mm, One end of this bit of hair, after being
passed through a small hole in the lever; is tied in a knot« The other
oend is clamped by means of a small ocylindrical nut held to the front plate
by a watch sorew. The clamping must not be so tight or the nut so sharp
as to out off the hair, Carefully selested, thin, smcoi~ human %airs are
soaked in purified gasoline for 24 hours and washed with ether, aloohol,
and distilled water before being mounted.

A third and fixed lever for insoribing a bage line is o!2mped against
the plate under the spool whioch supports the lever for the humidity element.
The position of the three levers and trmocing points is 30 adjusted that
the levers do not interfere with ezoch other's s4tior.

The Problem of the Recording Disof

The recarding dlsc and its mounting have occasioned the ma jor diffi-
oulty in dosign of the C.A.A.~N.R.C, Mioro~Recorder, Several modifiocations
of one sort and another have baen tried. The arrangements shown in Figure
4 are not regarded Aas optimal although they are workable. The watch
movement has ample power to drive tho disc against the frictiom of the
three recording needles: The arbor s quite accessible but ie not by it~
g01f suited to support the recording disc. It had to be suppiemented by
a retaining disc, D1, made of bdronze; 9 mm. in diameter and .07 mm. in
thickness. This diso is so formed as to have a center pivot shoulder 1.7
mn. in outside diameter, for centering and holding the psrforated smoked
disa, D. This pivot shoulder was bored out %o reoceive a short seotion of
drill rod, the upper end of which was formed as & conical bearing point,

To the underside of the retaining diso a smell hour-wheel adapter
goear, D2, 1s sttached concentric with this disc. The retaining dioc with
shoulder, pivot bearing point, and gear wheel, constitutes an assembly

6It is no doubt olear to the reader that the construction of a Moro-
Recorder from firast to last must be a "jeweler's job." The parts have to be
made with essentially the same precision and sisze tolerance required in
good watch work. The unit must be adjusted and used with ocare and ckill
similar to that which would be lavished on a good watch. In ths description
the reader has been spared going over many dotails about materials, dimen-
sions and construction which can be supplied to any who may be interested.

Glass record discs would be preferable to those made of plastic but fhoy woere
not procurabls.
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Figure 4

Comparison of the Krogh Micro-Climate Recorder and the C.A.A.-N.R.C.
Micro-Recorder

(Photographed slightly larger than the actual size)

——Front view of Krogh unit

~——Xrogh record glass

———Krogh winding key

~——LKrogh sucker for manipulating records

——C.A.A.N.R.C. unit showing watch movement
in case 5

——-Retaining ring

Inside cover showing temperature, humidity,

and base line recorders

———Record assembly

-——>Bronze retaining disc with pivot shoulder

———Hour-wheel adapter gear

——Unsmoked Lucite record disc

——C.A.A.N.R.C. unit completely assembled
and ready for use
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which can be slipped over the arbor and forms a light frioction fit with
it. The gear on this amsembly meshes with a gear of the watch movement.
The retaining disc can be slipped on or taken off at will, It provides
for contering and supporting the record. The sharp pivot point pro-
Jocting from the top of the retaining disc seats in a metal jswel formed
in the core of the center post on the fromt plate (shown in Figure 4, C).
This center post end-bearing is made of a piecs of drill rod 1/8" long.

It forms e tight fraction fit in the tubular center post of the fronmt
plate and its position may be adjusted to rsgulate the amount of end play.
When the cover of the case is snapped into place, the pivot point of D1
seats in this V-ghaped recess in the center post, and the record diss, now
held seocurely in a position horiszontal to the case, may be frosly turned
by the watch movement.

The recording discs, D3, accommodated in this unit are 25 mm, in
diameter and are perforated at the center with a small hole to admit the
shoulder of the bronse retaining disec., In the first experimental itrials,
discs made of Lucite sheot 032" in thicknses were pressed omto the bronse
shoulder to fit snug and flat against the upper surface of the retaining
disc. It was found that ths pressure of the shoulder at the center of the
disc soon caused it to loosen its fletness and assume the ehape of a shallow
saucer. This modification of the surface also oocsured when the discs were
made of Luocite as thick as ,040". Therefore, it seomed best not to depend
on a presgure fi{ but to use a slightly larger hole in the aanter and to
cement the record disc to the bronse retaining diso. This introduces
something of a limitation since it does not permit of rapidly changing
from one recording disc to another for use in the same Miocro-HRecorder unit,
Howevor, it is a workeble schome sinoe the records usually do not last
longer than an hour and several can be insoribed on the seme disc in sug~
cession by the eimple expoedient of stem setting and making supplementary

notes,

The record discs are very lightly esmoked on one side over a ocundle or
small kerosens lemp. Several discs can be prepared in advance and stored
in a emll box which has a genter poest to hold them in order. They are
kept separated by small washers. Rubber cement or any one of a number of
varisesties of cemer are suitable for attaching the recording disc to the
bronie retaining disc. Several units may be completely arranped in advance
for use at an air field., It is expedient first to let the watch movement
run down and stop 8o that when the rocording diso is put in plece and the
case closed the unit will not ruan until the operator is ready to use 1it,
at which time he winds it up and starts the movement,

Eaoh Mioro-Recarder demands separate ocalidbration and any rosults of
field tosts muat be interpreted in reference to its own calibration chart.

Calidration of thse C.A.A.~N.R.C. ¥icru-Recordar

The calibration for temperature is not difficult. Jeveral recorders are
plaved in a small water tight box which is immersed in & constant temperature
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bath regulated by a thermostat.! The bath is equipped with a stirring
device, A high-grade thermomster, calibrated to 0.10° G,, 15 placed in
it with the buld near the box. By setting the thermoastat to different
roadings and keeping it at any eingle rending for about 2 hours, & series
of representative temperatures may be applied to the recorders, The
results for the several recording disos may be read and cherted separately
for each recorder unit, :

The bimetal thermometersare dependable and quite stable. Each spiral
is of course under somewhat different tension and by its recording lever
has slightly different magnification but for a given instrument the results
are consistent and have an accuracy of >0,20° C,

The hair hygrometers must be celibrated differently and in a manner
that 1s necessarily more intricate, and less accurate. The units are ex-
posed to 100% moisture by wrapping them in several layers of wet filter
paper or in wet linen towels. Other points on the humidity scale were
most conveniently supplied by following the method outlined by Krogh 8
This method takes advantage of the feot that well definad moisture per-
oentages are established over saturatod solutions of water absorbing
salts. MgCl, at 20° C., gives 33% humidézy and at 400 C,, 35% humidity;
x2003 at 18.30 Cep givesn 44%, and at 24, Cos #3% humiditys RaCl at
20® C., gives T6% and this is almost independent of temperature. when
calibrations are made at 22-250 C., the corresponding moisture percentages

an be taken as 33 for MgCl,, 43 for K;003, and 76 for NaCl, Humidity
measurements with the hair hygrometer eloment indicate an accuracy of
withir about 5% in the range of 75% to 95% moisture, and for the lower

ranges an acouracy within 2% to 3%.

The chemicals uged for callibrating the hair hygrometers were placed
in dessicators and the instruments, without being boxed up, were placed on
a porcelaln shelf and inclocsed with the chemicals for 3 or more hours. The
difficult part of this procedure is in adding just the right amount of
moisture to the ohemicals sg they can be molded into a large irregular mass
without theozsurrenes of fluid surfaces. For further details of the %cthodo
of cnlibrating such instruments reference is made to Krogh'se article.” A
dossicator is a suitable receptacle in which to keep the Mioro=-Recorders
when not in use. This is chiefly for protection of the hygrometers. They
should not be allowed to dry out and every few days should be exposed to
95% moisture to keep them in good working order. Otherwise new hairs must
be mounted and new calibrations made.

After calibration, the position of tho bimetal spiral, and the fora of
the tracing levers for temperature and humidity, should not be changed.

7A precision temperature regulator made by the Zastern Zngineering
Compeny; New Haven; Conn., was used., This regulator makes use of a number
of sensitive liquids which give o very adequate range. The arrangement
employed regulated to within Y0.05"° Co

8krogh, A., op. cite
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Figure §
Special Stage for use in Reading the C.A.A.-N.R.C.
Micro-Recorder Records

One of the clamps for fastening the stage to the microscope
is shown. The scale at the bottom of the illustration is in
millimeters. The record supported in the central ring msy be
turned by the attached arm which serves also as an index

against the protractor scale. One degree equals 2 min. of
time.



The watch movement, however, may be regulated for this cover is taken off,
the record disc taken out, and the retaining rim, B, is removed. Then,

by means of the winding stem, the works ere lifted out and turned over for
access to the regulator arm. This disassembly plus the reassenbly after
regulation requires only two or three minutes. Rune for checking record-
disc speed by means of smoke tracings for three or four hours are used.

An assembled Mioro-Recorder ready for use is i1llustrated in E of Figure 4,

The unit has a total weight of 26 grams.
Reading the C.A.A.=N.R.C. Migro-Recorder

Most thermometers and hygrometers are currently made as direoct read-
ing instruments. This 1s a convenienoce greatly to be desired but is not
feasible for the Micro~Recordera. The circuler record insoribed by this
tiny instrument must bo magnified 1f useful quantitative data are to be
gotten from it. Two methods of magnification are available. First, quan-
tztive readings may be made by means of a microscope, fitted with a suit~
able stage (mee Figure 5) and with a micrometer scale in the eye piece.
Second, large permanent records can be made with a photographic enlarger
such as is commonly used for Leica or other miniature camera films. The
mioroscope method is the ons recommended by Profeasor Krogh. This method
wae used in securing the data presented and discussed in Part II of this
report.

The enlargement method 1s feasible and has also been used by the author.
It employs a transparent protractor diec 25 mm, in diemeter made of neg-~
ative film. This disc has an opening in the center. The record and the
protrasctor are placed concentric in the enlarger so that the print shows t he
tracing and the degres scale, Enlargement has one spesial advantage, in
that coples of the tracings are available for filing with the notee and for
reproduction when desired.
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PART II
Preliminary Experiments with Student Pilots

"Mental™ Sweating

It is sometimes observed that emotional disturbanoce tends to preo-
duce sweating, espeoially at the axilla, on the soles of the feat; and on
the palms of the hands. "Mental"™ or emotional sweating; when it occurs,
tends to appear at all three surfaces and ¢n both pides.of the bod¥. There
are oconsiderabls individuval differences among people when they are measured
under what are arranged to be objectively similar oirsumstances. Montal
sweating also tends to oscur under a rather wide range of environmental
temporatures. Aocording to the classioal work of Krause,? who studied the
distribution and number of sweat glands on the human body, tho palm of
the hand and the sole of ths foot, oontain psr unit area, more than twloe
as many swoat glands as are found for the forehead. The forohead itself
is very richly supplied with sweat glands in comparison with the general
surfaces of ths body.

By use of the fuschsine dye method, Minerl0 who devised this technique,
and others,ll have produced most interesting photographs showing tho re-
lative distridbution of the sweat glands on the palm and on the sole of the
foot. The dyestuff when dry is a white-green orystal powder that can be
dusted on the skin surfaces guite easily. When swoeating oocurs the moisture
dissolves the orystals ard yields a brillient dark red coloring matter. By
this method it has been found that the palmar line curving around the base
of the thumd comes out almost oolorlegs, indicating very little sweating.
However, beginning near this line and on either side the deep coloring
indionted profuse sweating on what may be termed the large protuberant regions
of the palms. The color tended to be darker on the fingertipe than on the
other parts of the fingers. From this general picture it was demonstrated
that the parts of the palm which oome into close contact with objects grauspsd
are those parts whioh tended to produce the greatest amount of sweating,

The oenter of the palm although not the most richly supplied area was for
practical reasons the place of choice for location of the Micro=-Reoorder,

Skin Temperature Changes

Emotional or mental tension not only produces sweating strikingly odb-

9Krauso, K. F. Th. Vagner's Handyirterbugh der FPhysiologie, 2.844,2,131,

10Mimmr, V. Ein neues Verfahren su der klinisohen Untersuchung der
Schweissabsonderuns. Z. ges. Neur. Psyochiat., 1927, 47, 800.

guno, Y. The Physiology of Human Perspiration. lLondons Churehill,
1934, Pp. 268.
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sorvable on the palme and the other areas mentionedj it also produces some
change in the skin temperature. The result may be a rige, if theres is di-
lation of ths capillariess and arteriols and increase of blood pressure ro-
sulting in increased oirculation, or a fall, if there is constriction of
the arteriols and the closing of egoms of the capillaries., The temperature
of the skin is modified by tho vaporization of the sweat and hence by the
ciroulation of air over the skin,

From the large amount of evidence about palmer sweating and temperature
change due to smotion_gr to the stress of mental work, such as is involved
in mental arithmetic;*< these areas appeared to be particularly suitable for
ptudy in student pilots.

The C.A.A.,~N,R.C. Mioro~Racorder is designsd for ugse in examining the
responses of palirmr skin areas during flight. It needs only to be held in
some suitable support nsar the palm of the hand, but not against it. 1In
this position it is influenced by ohanges in the humidity of the air imme-
diately over the semi-blanketed skin area and by changes in temperature
that might oocur due to changes in c¢irculetion. The recorder in position
as worn on a subject's hand is shown in Figure 6. The ring (doughnut) of
porous rubber sponge supports ths recorder at a dietance of 1 om. from the
underlying ekin, The temperature element im influenced by both conduction
and radiation.

Experimental Arrangements

Arrengerents wero mado to conduot tests at a school giving CPT train-
ing to Yale University Students.l3 A total of 14 students wae theoretiocally
available for this study, but since it was impossible for the laboratory
assistant to be at the field continuously during all of the flying hours,
rocords on all of the men were not secured. The instrustion hour schedule
for the Yale students (designated by letters A-H) is shown in Tadle 1.

12Kuno, Y.y op. cit,

13Lufborg Flying School, Ino., Wallinford, Connecticut, Mr, R, D, W,
Vroom, president and flight contractor for training., The author wisheg
to express cordial appreciation for Mr, Vroom's kind cooperation during the
period in which it was possible to conduot the tests, i.e., until flying
oloee to the Atlantloc Coaat had to be discontinued.

It must be noted, however, that dsspite the fins cooperation given the
study by Mr, Yrocm, the instruotor at the airport was not enthusiastic, On
the whole he was rather unfavorable to the idea of conduoting any experimenta-
tion in comnection with the flight training, WVhat he may have seid to the
students in regards to the test is not known. It had been planned to have the
instruotor wear ons of the C.A.A.~N.R.C. Micro-Recorders regularly as a con-
trol for the student's record. This proved not to be possible as the instruct-
or did not choose to cooperate in this manner,

Aoknowledgment is also made of the falthful services of Mr, Leonard Taddei,
laboratory assistant, who attended to taking the records at the flying field,
and who read and tebulated the resulis.
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Figure 6
The C.A.A.-N.R.C. Micro-Recorder Mounted on the Hand



-2l o

Student K had finished CPT training and had received his solo lioense.
Students N and L were both private students. Student M had finished CPT
training, but after 74 hours flying (up to Nov. 4, 1941) had etill failed
to secure a privats license. The others were regular CPT students.
Examination of Table 1 reveals that instruction was given on all 7 days of
the week, and in general, that 45 minutes appear to be allowed for each
lesson with 15 minutes between for servioing the training craft. Aotually
the lessons were 30 minutes as a rule and between CFT lessons private
students were fitted into the day's program. Two~-passenger, dual control
Taylororaft planes were used in this training programs three planes were
usually available. The training period extended from Octobor 20 to December
2, 1941, This covered from the beginning of training for these boys until
near the end of their training.

TABLE 1

INSTRUCTION HOUR SCHEDUIE
FOR YALE C.P.T. STUDENTS

Time Mon, Tues. Wed. Thurs. Fri, Sat. Sun,
8100 A M.~8145 A.M, A H A H A H B
93100 A.M.-9345 A M, B I G
10300 A.M,»10845 A.M, c c c A
11:00 A.M,-11345 AM, I Ei G E
12300 A M.-12145 P M, 1 B G
12845 P.M,~1330 P M, D D D D
1130 P M,-2115 PN, E H B E 1 J
2115 P.M.-3100 P.M, r F ¥ | 5 J
3300 P.M.=~3145 P.M, G c J e
33145 P.M,-4130 PN, J

This partioular traoining field was located in a walley between two
ranges of hills. The field was of average size, flat and covered with firm
sod., It presented no unusual hagard, and the air traffio around it was very
light. Usually not more than two or three planes would be in the air in
this vioinity at one time. No accidents of any importance occurred during
the weeks covered by this training. The school had a very excellent record
in reference to accidents.
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Connecting with the hangar and adjoining offioe buildings there was
a waiting room where students oamo to cheok in before taking their lessons.
The room was gomfortably furnished with lounge chairs, and was heated by
steam radiators. It was in this room usually that ths Micro-Recorderg wore
placed upon the students when they first came for their day's lesson,
Following the lesson the students returned to the waiting room to sign
the log book and convorse with the instructor as he made out the flight
jacker. Following this, vhen they wers ready to leave the fiold, the Micro-
Reoorder was removed.

During thoir training flights students always wore parachutes but no
other special flying clothing. They wore ordinary shoss and trousers, and
in place of ooats and vests or overcoats, wore jackets. No gloves or mittens
or helmets woro used. There were never any open coockpit windows. .hile
ths waiting room temperature was comfortably warm, the outdoor temperature
and humidity varied considerably from day to day. The data on temperature
and humidity, taken from the looal weather report, are presented in conneotion
with the records.

In introducing the instrument and the test to the subjects, it was
oalled simply a "temperature rscorder.” The real objective of the test was
not desoribed or discussed. The gtudent was told to treat the instrument
like a watch and in general try not to smash it. He was asked not to keep
his hand closed tightly around the instrument and sponge, and not to try to keep
hig hand flat open, or alternately oponsd and closed, squeesing and releasing tho
sponge. He was to forget it and use his hand on the whesl in as nearly the
usual manner as possible. Notes were mads in reference to each flight studied.
These included the subject's name, datso, time, reoorder number, the exact
time when the subjeot got into the plane and started taxiing, the time when
the plane landed, the times when the recorder was removed.l> Each gtudent was
always questioned at the end of the flight in reforence to any special events
that might have occurred, but in gonoral this questioning revealed little in
the way of significant data except to show when a lesson was devoted chiefly
to praotieing steep turns, spins, and landing,

Review of Ropresentative Records '

In order that ths reader may have a first-hand impression of the records
- geeured with the C.A.A.N.R.C. Micro=Recorder usod in connsction with flight
training, 20 records are roproduced in the following few pazes (Charts 1, 2,
3, and 4), The rocords have boen enlarged 6} times. The subjects are des-
ignated by letters. For some subjeots groups of records are shown, for others

14Thoy usually arrived five or ton minutes early. Moot of them oame by

auto from New Haven, about 12 miles distant. Subject N came from MHeriden,
5 miles, and Subject K from Middletown, about 17 miles away.

15At first it was thought the assistant might watoh the plane during
flight and make notes ooncerning manceuvers and the time when they occurred.
This proved impractiocal as the planes usually wont off some distance from
the field and were froquently lost to view,
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single records. Opposite each record the sssential data tabulated from

it are given, In the first line appears the subjeoct ‘s letter designation,
the date;, the recorder number, the weather report for temporature, humidity,
and wind for the time of day nearest that of the flight lesson, and finally
the training plane that was used. The second line gives the time record;
8 for start of the record, E, entering of plane, usually promptly followed
by take-off, L landing of plane, and R removal of the recorder from the
subject's hand. The third line (T GY) shows the temperaturs readings and
the fourth line, (HZ) the humidity readings. Bach reading given represemts
the time indicated above in the second line. 4 horiszontal line conneoting
two readings indicates that this value was substantially constant for the
period represented. Following these data, brief notes have been entered
indiocating the type of training given in the lesson and other pertinent
comment 8,

The first and most general observation noted in these records is that
both temperature and humidity are variable during the periods represented
by the records. Seocondly, it is obvious that the temperature recorder is
more sensitive and gives a largsr defleotion than the hygrometer. Therefore,
to the oye the temperature appears to change more then the humidity. Ths
c0il spring form of the bimetal thermometer makes this unit also more subject
to response from vibration.

In almost all the records, as would be expected, rises in temperature
and in humidity are shown in the first minute or so after the recorder was
placed on the subject's hand. For general inspection each tracing can de
interpreted in terms of its own form, but the readings are always made from
the base line labeled; B, The rise in humidity is more prompt than that for
temperature, The latter gives a rather gradual change. Following thie
preliminary elevation, the two ourves may show roughly parallel tracings,
each rising or falling during a particular interval, or they may diverge,
one showing a rise while the other falls or indicates substantially no
change. Although temperature and humidity over the area of palmer skin
that 1is being studied represent two related phases of neuro-physiologiocal
prooesses active in the tissue and in the body as a whole, these phases are
not necessarily highly and positively correlated. If the palm®r skin area
was completely uncovered an inorease in sweating would logically be followed
by a decline in skia temperatures due to cooling from evaporation., The porous
rubber sponge mounting retards air movement and evaporation is slowed down.
Sweating may therefore ooccur and skin temperature way rise, Tests in the
laboratory have shown that wearing the recorder for 10 minutes when the hand
is bare, but quite warm (34.3% C.)rcauses a rise of about 1.0° C,

In some instances it is evident that when the subjeot loft the waiting
room and went to the plane, there was a fall in temperature. Probably this
is to be credited to the sudden shange ip enviromnmental temperature for the
subject ‘s body as a whole, resulting in a general constriction of the skin
capillaries., Decoreases in humidity at the time of going to the plane ceem

less pronounged.

The humidity ocurves during the period of flight appears to be fairly
regular, although they sometimes show obvious emall waves. The tomperature

ourves, because of ths construction of tha bimetal thermometer as a spiral



with one end fres to vibrate, ehow many instances of pronounced vibration
of the recording lever. These widened portions of the curves are partic-
ularly prominent at times corresponding with taxiing and landing the plane.
They also seon to ocour quite frequently from sudden movements of the sub=
Ject 's left hend, or from impact of vibration communociated to the left hand.

Usually there 1s a change in both temperature and humidity closely
anssociated with landing. Sometimes these changes just precede that event;
at other timen they follow it. Unfartunately, as explained earlier, it
was not possible to secure intimate details of behavior data for temporal
correlation during flight and in conneotion with the landing. e must there=
fore be satisfied with a general view of what the experience of flyiny does
to the responses in the skin.

Records 1 to 4 (Chart 1) represent four different students: Subject K
(Record 1) was not & novice (he had his solo license) but even so he shows
temperature and humidity changes during the one hour of flight represented,
The temperature and humidity were actually highest just before he began his
flight. After he had taken off and besn in the air for about ten minutes
the temporature slowly fell and the humidity also declined. There were
pericds, however, whon both ourves tended to rise again., At the time of
landing his temporature was at the lowest poinmt shown. From here it grad-
vally rises. The humidity however, rose at the time of landing and made no
special change after that.

Subject I (Record 2) had taken about ome=third of his flight course.
The westher humidity “as moderately high (70%) while over his palm the record
gives 48.5% as the highest during flight. The temperature curve is quite
evon, but the humidity line shows several) small vaves. Following landing,
both curves rise.

Subject G (Recard 4) was taking his socond flight lesson. This was, in
faot,y the soscond record taken at the field, His temperature rose irrsgularly
throughout the emtire flight period, and the humidity line remained quite
consistently smooth and relatively high, falling promptly after landing.

Subject N (Record 4) had about six hours of flying. His lesson was rel
atively brief. Attention ehould be cazlled to the upswing in the temperature
ourve, also in the humidity curve, which occurred several minutes prior to
his flight. This is coincident with a conversation he had with the flight
director, in the presence of the sssistant; and during which he seemed to be
emotionally upset by the change in plans which the director told him must be

followed.

Rocords 5 to 8 (Chartsl and 2) represent four flights for Subject H,
taken at different periods in his C.P.T. traiming, but all with the same re-
corder (No. 36)s Record 5 (Chart 1) represents his second lesson. It was
uneventful, he was practicing level flight. The temperature curve rises pro-
gressively throughout the flight with little or no change until the very end,
giving a quiock descent after landing. Humidity rises a little slowly ait first,
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but remains consistently high and even throughout the flight with a

fairly prompt deoline following landing. Redord 6 (Chart 2) showe a

lowered temperature probebly related to the fact that the environmental
temperature was 6,7 on this day, compared with 18.3° C. on the day of the
previous rocord. During flight the temperature ourve risos, but not as
prominently as in No. 5. LlLending is not followed by a fall in temperaturs,
but after four or {ive minutes there begins a prominent rise whioh continues
for somoe time. This 18 asscolated with entering the waiting room. The re-
corder was romoved from the student and the continuation of the record marks
the adjustment of the instrument ¢t o0 room temperature. The humidity ourve
during flight shows some undulations, but following landing tends to be
somewhat higher. Recard T (Chart 2) represents a lesson in which landings
and take-offs were praocticed. The humidity line is fairly comnetant during
pro=flight, flight, and poat-flight periods. At the time of entering the
plane there was a sharp decline in tomperature followed by the irregular
rise which continued through the flight and held its general level following
the flight. Landings scem to have bsen executed rather smoothly since there
is no olear indlocation of them in the temperature recards This ie not true
for the same recorder when traoing Record Number 8 (Chart 2). This was a
long leasson, (the entire record ie not roproduoqd) ae the notes indiocate,
during the latter part of which the student goloed, and was considerad ready
for eolo liconse. It 1s interesting to note that the humidity line in this
record 18 the highest in gemeral for the four records represermting this sub-
Jeot. .hilo he was zoloing he hit the top with 100X humidity, and hin temp-
erature reocord also seoms to heve been at ite peak for that day, although
not higher than on other days. This may be an oxpreesion of tho ocooling
offect produced by the sweating. Following fins)l landing the temperature rose
st111l higher. while the humidity remained at 100%.

The throe Records 9 to 11 (Cherts 2 and 3) inclusive aro a2ll for Subjest
D and were taken with the same recorder (No. 36). These were all representative
of the second half of the course for Subject D, In Records 9 to 10 (Chart 2)
the student was praoticing landing and teking off. Indications of landing
seom to be present. The humidity ourve bumped the top of 100% regularly for
this man. The temporature curve tended to rise throughout flights reopresented
by Records 9 to 10 and to be still higher following the flight, while the
humidity went down. In Record 11 (Chart 3) Subjeoct D had & fairly long flight,
50 minutes. The plane was landed during this interval, the inetruotor left
the ship,; and the studeni was allowed to solo. The record is not a particularly
legible one, but it seems to indicate that he got along nicely. He wae probe-
ably doing oconsiderable mental sweeting as the humldity was 100£ for 16 minutes
during the latter part of the flight, while the temperature ourve remained
at 29.7. Following landing the temperature curve quickly roses to 31, and the
humidity fell off to 86%. It is noteworthy that the first solo flight of Sub-
Joect D seeme much loss omotionally eventful than does that of Subjeot H
(Record 8). Both records were taken with the same recorder, and under closely
similar environmentel oconditions, temperature 12.2° ¢, nymidity 78%, the

same wind conditions, and the same plane.

These recorde for Subjooct E are included as Numbers 12, 13, and 14
(Chart 3)c The first two were taken with recorder 36, the last with recorder
number 2. No spocial sommonte are neocsssary exoept that judging from the
tomperature and the humidity during flight, the sirain seems to be greater on
the sudbjoot in Records 13 and 14 than in Record 12. The last two recorde were

P ——
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probggly more tryinge sinoe the subjeoct was praotiocing landing and taking
off,

Records 15 to 20 (Charts 3 and 4) inolusive are all for subjeot F.
Number 15 (Chart 3) came at the very first of his course, and number 20 at
the very end. It is noteworthy that oscillations in thes curves seem rather
to increase with the progress of his training. Perhaps this is the general
picture that should be expeotsd if a relatively large number of tracings are
taken representing the entire courss. At the firs{ the sudjeot may be al-
most continuously tense and emotionally wrought up. As he progresses his
periods of tensensss mey be interrupted by periods of relative relaxation
and ease reflected by osoillations in the traced curves. In order to prove
such a statement, it would certainly be necessary to have a detailed aocount
from the instructor. How or why the humidity curve shows such a sharp and
relatively square notoh as ie indicated in Record 17 (Chart 4) Just prior
and after the intervel of entering the planc, is at present wholly unexplained.
The precipitent drop in humidity in the few minutes just preceding landing
(Record 17) associated with the rise in tempoarature is alao difficult of
explanation. If it may be assumed that changes in temperature and sweating
ropresent emotional responsiveness them Subject F certainly scems to have
perienced these oonditicms both befors and during the lesson in which he was
permitted to solo, whioh is represonted by Record 29,

-
..:5

In general, for tho records at our diepcsal, it zeems that the eolo
lessons give the best illustraticns of rapld temperature and humidity mod-
ulations whereas the first or very sarly lescons give the smoothest and most

regular ourve.

Review of Grouped Data

From the preliminary investigation ocarried out by use of C.A.A.=N.R.C.
Mloro-Recorders it is possible to present only very general findings. Ko
gradea or ranks on the students for tension or relaxation were available,

The instructor regarded the tests as an interference with his work and could
or would not lend cooperation. 411 the CPT studente wers juet begianing
their training. The school was a small oneo, air traffic was slight, and other
oonditions favorable. All the training was by the same instrustor., Throe
dual oontrol Taylororaft planes were used.

It seems possidle to group the results and present them in tabular form,
The following Tables, 2 to 10 inclusive, are all similarly arrangeds The re-
ocorder tracings for cach man have besn divided into three chronological por-
tions, representing the pre=flight, flight, and poet=flight periods. The
duration of the flight poriod varied somewhat, but not as greatly as did the

16A curious portion exists near the middle of thoe flight record for number
14 where a large and continuous amount of oscillatlon of both tracing levers is
shown for a period of about 10 minutes: It is tantalizing not {0 know the mean-
ing of such features of these traocings, and the writer feels most apologetic for
these gaps in the information that should be available both to him and to the

readero
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e e——. Subj—K: 11/11/41,#2,5A.M.6.7°C,58H ,W-4 ,NC27644
/J(’ l‘\' S1:45P.M. 1:56 ER:02 2:30 2:45 L3:02 3:17R3:32

" s R Tc 22.0 29.2 29.2 23: 6 25.5 | [3B.7 22,7 27.5

- T\g HE 33 97, 97, 97 92.5 85,94, 94 88,97, 94
s ”—_\'I-'—"' Meoks: - This subject. had his solo license.

Subj-I: 11/31/41,#2,8A.M.5.0°C,70H,Calm,NC27646
s {'“ & \},«\ $8:57A.M. 8:59 E9:02A.M.9:15 2:27 1,9:35 9:47 R10:05
1623 .5 21.7 17.9 | 15,0 _185.0 14.5 15,2 17.5 22.2
Tf H% 36, 33 33 37, 48.5,39,58,43 58, 79
S"(L ——R Note: Usual procedure: Level flight.
- ~~

r E Subj-G: 10/20/41,#36,5P .M.15.6°C,57H ,SW-8 ,NC29520
H 4 5%:45 E 3:55,4:02,4:19 4:25 L4:30 R4:32
——— TC25.2 25.7 27.3 29.5 31.0__31.0 32.4 32.4
\ 3 R H® 33,82,77.5 86__ (33min) 86 77.5 775
g 8_- ,—--‘lr-—w-.p Note: Practiced level flying. Plane took off, made
/ TA.) r first turn at 500 ft., rose to 1000 ft., minor nec-
essary turns taken at 1000 to 1500 ft.

\ G. (©-20-4/ *36

Subj-N: 10/20/41,#3,5P.M.15.6°C,57H ,SW-3,NC29590
4 S4:05, 4:34,4:45 E4:55 L5:15 R5:18

TC28.0__26.0 30.0 28.0(20 min) 28.0(3 min) 2.0

, SR H% 40 92 100 94 88.5(20 min) 88.5(3 min)88.5

.-s -‘\f\ Note: Landed and took-off twice during period. This

/f‘_’\* FR subject's readings run normal continuousl+ for thirty-
five minutes, then there is a sudden rise, believed
due to a conversation with Mr. Vroom regarding a

N. !0-20"‘” *3 cnange in his flying schedule. Has had some hours of

flying, about 6.

ol 3 28.0 31.0 34.0 34.2 32.3 31.0
-‘ﬁ“’ o H% 42, 64.5, 86,82 _ (37 min) 82 68.5

Practicing level flight.

£ , ”  Subj-H: 10/21/41,#%6,5P.M.18.3°C , 75H ,SW-5 ,NC29590
E S2:00P .M. E2:05P.M.,2:16,2:32,2:42,L.2: 44P .M.R2: 47P .M.
sof ¢ } TC28.6

'
i

T
Sl
4 36 H. c~21-"%: #36

CHART 1
C.AA-N.R.C. Micro-Recorder Records 1-5
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Subj-H: 11/11/41,#36,5P.M.6.7°C,58H ,W—4 ,NC27646

£ L S1:26P.M.1:28,E1:34P.M.1:46,1:58,L2:06P.M.2:21 R2:50
H {*,ﬂﬁ__ ,1028.4 22,5 28,9  24.4(12 min)24.4 25.1 29.1 35.2
P g 33,86 86 90, 82 91 91

H, i2-2-"4 #3¢

9
HH
i R
T ¢
; L
Az ’
D w124 3¢
10.

E L

8

E D iyt #34

H, 1-19-41 *3é

Note: Recorder removed from student and left to con-
tinue under "waiting room" conditions. Practiced level
flying.

Subj-H: 11/19/41,#36,8:004.M.11.1°C,64H ,SW—6,NC27646
S2:55P.M. 3:05,3:35E3:45 L4:15 4:23 R4:41
G287 29.5 34.4 29.1 34.4 34.4 34.0 35.2
H% 33, 86 91 86__ (30 min) 86 91 88.5

L\Note: Landings and take-off's were practiced.

Subj-H: 12/2/41,#36,5P.M.12.2°C, 78H,SW~4,NC27644
S2:00P M.2:12E2:15 2:38 33102 3:48 L4:01 R4:19
TCR26.5 26.0 28.3(60min)28.3 23.0 29.5___ 29.5

HE 33 95 95 86, 95 100 100 100

Note: Plane landed at 2:52P.M. Instructor left ship.
Landing and take-off's practiced, student solo'd.
Ready for solo license. :
Note: Indications caused by landings. Flight period
longer than usual.

Subj-D: 11/13/41,#36record"B",5P.M.8.3°C,55H ,SW-9,NC27646
jgiifgi E12:55 1:00 f:12 1:14 £1:27 L:35,1:37R1:44

TC25.2 R5.7 26.5(12 min)26.5 29.5 _ 29.5 32.4 34.5
H%33 86 91 100 91,100 91 86 95 86

Note: Plane landed 1:15, and took-off.

Subj-D: 11/17/41,#36,5P.M.8.3°C,31H,W-5,NCR7646

S512:37 12344 E12:45 1:05 L1:18 1:20R1:30
TCR3.0 23.9 28:4 29.5 . 2£9.5 52.% 56.2 26.4,57.0
H% 33 86 100 100 100 95, 86 91 86 91

Note: Landings and take-off's practiced during entire period.

Chart 2

C.A.A.-N.R.C. Micro-Recorder Records 6-10
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” Subj-D:12/1/41,#36,5P.M.12.2°C, 78H ,SW-4,NC27646
Seals E 2:35 L3:25 R3:32
H TCl3.0,52.3,33.0 33.0 22.7 29.5 31.0 31.0
!\Q HE 33 95 95 100 100 86. 86 91 91
. Note:Flight period longer than usual for C.P.T.
v § Vs i student, since he was allowed to solo, after plane
d : j d i ip.
5 n - Mk landed and instructor left ship

Subj-E: 10/30/41,#36,5P.M. 11.1°C,71H,W-4 ,NC27647
S1:36 E1:38 1:48 1:58 2.06LR:10,2:16,2:41R2:54
TC2/.7 25.5 2.1 28.1 - 27.8.85.8'95.0.55.5. 8.5
B¢ 38 77.5 82_ (30 imin) 82 64 86 77.5 64
Note: Practiced level flying.

Subj-E: 11/3/41,#36,5P.".14.0°C,53H,SW~3 ,NC27647

S1:52 E1:38 2:02 L2:10 R 2:22
TC22.0 27.6 35.2 24.5 24.5 24.7
H$ 33 80 95 100___100 95__ 95 9l 91

Note: Landing and take-off clearly shown by bubble
like indications. Usual procedure.

14
H Subj-E: 11/10/41,#2,5P .M.7.7°C. ,54H ,NW~3 ,NCR7646
‘/\"“‘\1\‘ S1:10 1:12 1:17 E1:20 1:30 1:36 1:48 1:58 L2:06 R2:18
£ l TC22.2m39.7, 26.5 26.5 28.1 30.7 29.3 27.3,26.526.7
T " el e H¥48, 85 88 88 94 94 100_100 97,94,88
WR\\ Note: Ten minutes during flight when readings impossible.
' £ Landed and took-off twice during flight,1:44,2:00
€ F, -0 #2 .
0 / H J . b Subj-F: 10/20/41,#35,5P.M.15.6°C,57H ,SW~8 ,NC29590
J vy Note: Recorder placed on student while seated in plane
L ; to begin flight.
E 4 E3:06P.M. 3:16 3:26 L3:41 343 R3:50
& \ TC 21:0 25.0 25  25.5 2641 P61l
" 35 B% 33 73 95 (25 min) 95 98 98
2 5 ————g Note: Recorder placed on subject while seated in plane,
/’7// E 0-20-%, ®35 plane ready for take-off. Practiced level flying.
Chart 3

C.A.A.-N.R.C. Micro-Recorder Records 11-15
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e A c
,/—-f-—\w
s o JF T
S F. we3-91 #2
17,
iy E &

.- \f"a

F oa~2-¢#2 o

S5 (0) e

Subj-F: 11/3/41,#2,5P.M.14.0°C,52H,SW-3,NC27647
S1:56P.M.2:00 2:14 ER:20 2:36 2:40 L2:54 R3:00

TCR0.7
H%48.5
Note: Practiced level flying.

27.8 3.1 35.6 35.8 34.8 34.0

35.4

88 69.5 82 91 69.5 69.5 79__ 79

Subj-F: 11/4/41,#2,5P.M.13.3°C,44H ,5-7,NC29590
SR:00P.M. 2:08,2:19 E2:21 2:46 2:56 L258 R3:02

TCR22.7

BE 33 42 91 48 84 88 66 39

33.0 35.7 35.5_35.5 36.6 36.9 36.9
69_ 69

Subj-F: 11/18/41,#36,5P.M.14.0°C,61H,5-8 ,NC27646

S1:27 1:57 2:12 E2:16 L2:46 R2:54
TC25.8 31.8__ 33.1 31.0__ 31.8 32.3  33.1
H% 33 86 56 77 42 84 84,68 50.5

Note: Lanaings and take-off's practiced.
of flying at this period.

Has severn hours

Subj-F: 11/27/41,#2,5P.M.,12.29C,44H,SW-7 ,NC-27644

S2:09P.M. 2:13 2:17 E2:18 2:25 2:43 L2:57 R3:10
TC26.3 33.5 30.7 30.7 32.5 26.3 25.0 22.5 33.5
Hf 33  72.5 33 33 79 33 45-45 75 94 33

Note: 7-R0's, steep turns and spins were practiced during

period.

Subj-F: 12/2/41,#2,5P.M,12.2°C, 78, SW~4 ,NC27646

S2:42 3:00 E3:06 3:16 4:02 L4:10 R4:17
TC35.0 36.5 33 30.7 14.4 17.8 20.6
Hg54.5 79 48 79 85 69 T9 69 179

Note: During period plane lanced and instructor left the

ship, student solo'd remainder of period.

license.

Chart 4

C.A.A.-N.R.C. Micro-Recorder Records 16-R0

Eeady for solo
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pre=flight and post=flight periode. Some studente ocame just before the
time for their echeduled lessons. Henoe the recorder was attached for only
& brief period before they went to the plane. Othere came early; or after
they arrived their lessons were delayed, and longer tracings werse pro=~
sured. Similarly for the post=flight periodj; asome studente wanted to leave
immediately, othere stayed about for several minutesz,

In Table 2 temperature rosults are presented for the first triala made
cn esach of ten men, most of whom were CFT students. The columne beginning
at the left representt The subjoot, designated by letter, the number of
the Micro-Recorder that wae used, the weather temperature, and the total
number of minutes for the entire record. The remainder of the table ia
divided into three portione for the three periods. Under "pre=flight period"
there ia a column giving the duration in minutes after the recorder was
mounted on the subject's hand bofore he went to the plane. This interval
varied from 2 to 50 minutes. The next column, headed § showe the tsmperature
reading at the time the recorder was mounted on the subjsot ‘s hand., The
next two columne are headed "representative temparature;" one is headed
"early," the other "later."™ The times which corresponded tc these temper~
aturee were of oourse recorded in our notee, but for esake of simplicity they
have beon omitted from the tables. The last column under "pre-flight period"
ropresents the highest temperature fourd in thie period., The same arrange-
mernt of columns is followed for the “flight periody™ and in geneial for the
"post=f1ig}t pericd.” In the later divieion thare iz only one cclumn for
"represent: tive temperature.” The same scheme of tabulating the data is
followed i.. Table 3, which givee huxidity resulte on these ten men during
first triale. Tables 2 and 3 should be considered together.

Viewing the temperature resulte in Table 2 as a whole it ie evident
that some men'‘s hande were grotty o0ld and some were pretty warm. The range
before flight wae from 15.0° for Subject C to 33.5° C. for Subject B, both
records being made with the same recorder. 1If the comparisoas are limited
to the column which gives the "highest" value, the rangs ie 20.7° to 35.5° G,
Four of the men are 30° or higher; eix are below 300 but higher than 20°,
In the flight pericd the temperature rangs ies still greater, from 14.5° to
35.0%, subject B again showing the highest value, while Subjeot I io low
here as well as in the post=flight period. Subject I had hie lesson on a
day when the weather temperature wae the lowest for the group (5.0° G,)
Thie undoubtedly has something to do with hiec temperature picture. In theee
preliminary records it was not possible to equate the records for the weather
temperature. The averagee for Table 2 show a rather smooth trend. In the
pre=flight period after the recorders were put on, there was a gradual
slevation indicated by the values 26.4, 26.4, 26,8, with 27.8 as the average
for the highest point. At leaving the waiting room and entering the plane
there wae & decline, on the average 0.8 degrees. This was followsd by a
further elight deecent to 25.7. Later in the flight there was an increase
to an average of .27.8, which happens to be identical with the average for the
highest point before flight. 4t landing, the temperature remained at the level
shown in the later part of the flight. There was s slight decline corrce-
ponding to the pilot's leaving the plans end going to the waiting room.
Averages for the highest points ahow an upward trend from pre-flight tc post-~

flight, 27.8, 29,0, and 30.0° Co
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The humidity rosults ae gilven in Table 3 alszo ghew fairly wide indi-
vidual differenses. In the pre-flight period only one subject touched 100%,
but seven were 75% or above (usee column headed "later®). Subjeoct 1 1is
again low man., In ths flight period and also in the post~flight period,
there was only one onss that reached 100%. In terme of averages, the flight
period aa a whole aeemz to bs a full 5% sbove the general level for the later
portion of the pre=flignt period. Witk the oxception of the drop that oo~
ourred at the time of landing, the post-flight period continuee at the same
lovel as shown for the flight psriod. Kxamination of Tables 2 and 3 to-=
gother reveals that the fiight period is not sharply marked off from the pre-
flight and posi-flight periods. There is, however, some tendenoy for the
humidity tc rise during the early part of flight. The rise in humidity
with flight 1s demonstrated with seven of the ten subjects. Six appear to
denmonstrate a rice in temperature.

The second trials for seven subjects are presented in Tables 4 and 5.17
Table 4 shows a narrower range of individual differences than is found in
Table 2. The averages indicate that the flight period taken as a whole is
characterigsed by higher temperatures than were recorded during the pre-flight
period. The post~flight period continues at approximately the same level
es found for the flight period. There is a progressive rise in the averages
for "highest™ values in the three periods. The humidity results (Table 5?
are in general similar to those for tempsrature. They show a narrower rauge
of individual differences than found in Table 3, and in terms of averages:

a slightly higher percentage of humidity for the flight period as contrast-d
with the pre~flight period, with a slight tendensy for a decline in the pcsi-
flight period. :

Repeated triale were taken on some subjects at different points in the
training. Tables 6 end 7 give temperature and humidity results for two of
these subjeote; M and H. It 1is evident that subject L, the man who had been
unable to got his private license following C.P.T. training, follows the
pattorn of showing higher temperatures in flight than in pre-flight. In
post-flight his temperatures declined in three out of four trials (Table 6).
The humidity results for subject M (Table 7) are higher in the flight period
than in tho pre=flight interval and in the nost=flight period are still higher
than in the flight period. Subject H reverses this pioture to some extent.
For temperature, the flight period is higher than the pre=flight period,
but not as high in general as the post-flight peried. vhile for humidity
{(Table 7) the flight period is the highest, the post-flight -<sriod somewhat
lower, and the pre=flight period still lower.

simiiar results for two other Subjects £ mand B are given in Tables 0
and 9, respectively. The general temperature level for both subjects is higher
in the flight oeriod than in the pro~flight period, but for Subject E the
post=tlight reriod €hows a decline, while for Subject B tho post-flight period
ehows an increass. For humidity Subject 5 shows a fairly marked increuse in

11Theas are not in ell bases the same subjects as represented in Tables 2
and 3 because unfortunately Recorder No. 17 (used in both firat and second trisls
on some subjocts) had its adjustment changed in aome manner after celibration,
and the humidity records with it cculd not be used.
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the flight period over ths pre-flignt period, and in the poet-flight
period a deoline to the leval of the pre~flight pericd. B ware adbout
egually hizh in btoth tho pre-flight end the flight perioda, but in the
post~flight period chows e decreaso.

Thars were three subjecte (Subiects B, H, an¢ F) on whom recerds
wars secursd during thelr firet solo flights. Oc sverapging these thraoe
rocords (Teble 10), it was found thzt the pre-flighi period wes character~
1zed in the two reprcaentative temperatures, by 31.3° eng 31.8° C,, the flight
rscerd by 28.3% and 22.4° C.; the post-flight resord by 27.0° C. While for
humicity the pre-flight pericd showed 89.7% and 04.5%, the flight pericd
50.0% and 83,0/ and the post-fiight period, 90.0%, Thls wculd sesm to in=-
dicate quite a definite fall in tompsrature during fiight coupled with a
rise 4in humidétyo Tho nigh Lumidity and low temperaturs continued afier
thse f]ighﬁsnl

Diescugslon aaa Concluleng

Ths appearance of tension and ¢notional strege in connsoticon with the
exparienss of lsarning $o fly hes dsen comnanly reported dy flight instructors
and alzo anxt infraquantly Ly thoes whe ars being taught. Iustructoras fre-
quantly tell students not te De so tense, tc¢ hold tha stick lighily rather
ther Yo grip ity end to lst the plane fly itself. Studonte in their lessons
Zind it QAUffScult tc heed thamso Anstructions. Thoee inderested in nilot selec-
ticn and training have given coneiderable thought to the poselbillity of msa-
suring tensioa and ewoilonzl eiress and of identifying those studenis in
whom these paychsicgloal phensmine sre proanounceds It has scemed probadle
that measurenents of this choracler wmight de bmssd on circulstory snd glaad-
ular reosponges. 4s ons llnos of axploratinm ir this dirsction, the Colelde-
N.R.C. Mloro~Heocorder was deslignad and Yullt, It fo o oomll self-soniainad
unit whiok regivters graghisally the tempsvaturs and moisturs nser ths sute
faco of “hs palm of oune hamdc J& can be wors convenleatly by the siudont
pllot without lunberfering wiih hls seilvition whille flylng. laving devsloped
soveral such unitp and baving ziandsrized them, ths nsxt atep was to iry
than out on a few atvdents who wayvae willing to ooopsrate; but were uninformed
in refeconse to the sxaot obvjeutlves of the tost. The iriale were mads in
the Fall und carly #inler when the weather teppersiures were auch as not to
cause swzaling indepsndently of wesvcus tension.

The regulis vhich have hasn gottexn so far with the uze of the C.AA
N.R.C. Hicro~Racorder must ba recarded aa pralininary and juite tertative,
in certain respecic they seen suggestive, bul as & whols Lhay are net very
definltive in reforcnoe to the major nrablem which ousaecioned the dsvelop=
ment of this jnatrument. Thas dete et hand sesm +to indisato thal shanges in
the tempoerature end humidity olese %g ihe palia a3 ocour during flight, in
contrast to pro=flight snd poet-flizht paricia, aud that {hess changee ocan
be recorced objeciively mnnd cenverdoutly. It appencs (hat in woat cacos the
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lehc pilots were oxhrrmaly kavad up on Hkese ooconelons and thsir o=
cords give evidence of this tenslon,{Ses Records & 11, and 20, Charis 2, 3,
and 4, of the group Allustrated.)
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humidity tends to be higher during flight than preceding it, and in moet
instancee the temperature also tends tc be higher. This follows, bacause
cooling of the ckin by evaporstion of the sweat cannoct take place as nor~
mally for oxposed skin since the recorder and its mounting terd to inter-
fere with the normal rate of evaporation.

It sesms prodbable that the humidity results are a better indleation
of the emotional condition of the subject than are the temperature trumoeings,
The latter are more influenged by tho environment. In the oxperiments pre=
sented in this report the design was not appropriste for dealing with the
factor of eavironmontal temperaturs, Y

A test of thia charnster noecassarily involves a nuzber of variables,
most of them difficult or impossitle of complete control. The weather 1y
ono such greup of variables, Records of this typs depend upon the physieal
and mentael condition of the subject; on hias cony idenoce in, and rapport with
the inatrustory cn the student ‘s stege of progrees 4in his training ocourae;
on what kind of maneuveres he is practicings on his conficenscs or lack of
confidenoce for doing whet 1a expested of himj3 and on the ocourrence of mig~
takes, nocldsnte or hasards. Faoh Ilignht experieacs has ite own individ-
vality, and oan only be approximeted in atlempta t¢ repeat it,

The CcAsA.~N.R.C. Micro=Racordar appears t9 poauvess poesiple useful-
ness for atudying pilots. Like cthe:r measurss, it will yleld only meager
resvliio unless used in a very systematic manner., The oxperimental design
ghould include a bshavior record that can be comparad or ccorrelated againet
the objective tracings. I1f different studants ars tc be compared; instruct~
ors’® ratings are nesded, not only for tha flight as a w¥hole, but dosignating
the condition of the ptudent during differeat parts of the flight and during
tho exsoution of different maneuvers. VWhen one siudsnt ls compared against
himeelf the experimental design would include attempts at repsating the
same standard flight wider similar conditions, and different types of ma-
peuvers under fairly simllar oconditicns.





