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2101 GConstitution Avenue, Washington, D. C,
Divislon of Anthrogology and Psychology

Committee on Seleotion and Training of Alreraft Plilots

Deceomber 11, 1943

Dr. Dean R. Brimhall

Director of Ressareh

Givil Asronautics Administration
Waghington, D, C.

Dear Dr. Brimhalls

Attached is a report entitled A Miorc~Resordar
for Meaguring Skin Temperature and Sweating in Airplane Pilots, by
Walter R. Miles. The report is submitted by the Committes on
Selection and Training of Airoraft Pilots with the resommendation
that 1t be inoluded in ths serice of toohnlcal roperts issued by
the Divislon of Research, Civil Aeronautics Administration.

This report deacribes the developmeat of a
practioal mloro-recordar for measurinz skin temperature and
sveating. The lmprovemanis and advantages of this instrument
ovar exlsiing miero-regorders are desoribed alonz with some ree
sults of iis upme in a prelimirary expsriment wilth studsnt pilota.
The primary valus of the report is in the desoription of a devel-
opmont in inpgtrumentation for future research in the measurement
of "tension."

Cordially yours,

...

¥orris 3. Viteles, Chelrman

Compittes on Selsotlon and

Training of Alrerafé Pllots
MSVirm Naticonal Ressareh Counoil



AUTHOR'S FOREWORD

In ezrly discussions of the Committee on Selection and Tralning of
Aireraft Pilots interast was expresssd in the measursment of stress and
tonslon in men who ars bolng tsught to fly. The assumption wap that some
degroes of etress would bs typical of boginners at the time of their early
flighta. Those showing exaggerated responseer of this charactor and con=
tinuing to do so might prove temperamsnatally unsuited for flying.

A large variety of technlques end instrumemte for measuring degroeasa
of stress have been proposed by physiologlste and psychologiste. Various
aspedis of the cirsulato and respiratory funotions hawve been uged.
Muscular and glandular reflezes, volustary and involuntary movoments, skin
tomperature and swenting, montal as2coiations and Judgments, verbel xe-
spongee, and numerous other funstions hevs bsen made the basls of attempis
t0 measure the effects of smotionel changea. The instruments devissd have
ususlly been for laboratory uee, under conditions of relative quiet and
frosdom from movement oa the pert of the subjeots, In meoet instances in-
ctrumsats for moasuring emotional responmes are rather complicated and
cumberaome . )

when conaidering the faaslbility of usisg available leboratory in-
strument e in training planes, many difficultisa preszntsd themsslves.
Welght and epaoce requiremonts were oriltiocal. The asiudent pilolh must be
allowsd adequate freedom ¢f motionm to parform hie work end sefety must be
asgureds The author nt this juncbure recalled havring eseen a prelimirnary
domonstration of a mlaro=climate recordar dovissd by Profassor August
Krogh of Copenhagen for meesuriag the body tempsratures undarneath the
clothing. The insirument wes bullt cn the chassle of g wrisi wotch and wus
self-contalned, requiriug nc outsids cunnecilcns or acoeascry aquipmant.
The migro=olimate rsocrdsr not only qualified in refersnce to welght and
opace but sesmed emismently weoll suited for e2pplication to a astudent pilot
without offering interference with hias mgvexmernts or duties and prasenisd
minimel stimulug for dletracstion. Furthsrmore; no assistant naed glve
attontion to this instrumemd during the paried of racording while in ths
plans., It woe suggested that the author endeavor teo sesure such Anstru-
ments from Professor Krogh. Afiar ssveral monthe, one of the unlts wap
prooursd. Conditions ariaing from the war made fariher procurement from
CGoponhagen imposalibles If miarg-recorders were 4o be used in the United
Etates thay would have to be bullt here, '

Thie roport embodies & diacussion of the devslopment of & modified -
mioro-recorder and pressnte somes nrelimlnery results of ites applligation.
#hile thase results are not definitive in character, they are suffiocismily
reveeling to indloate the poesible applicatlon of thls instrument.

The devslopment of a practisal mierg-recordsr Tor mapsuring ekin
temperaturs and sweating in sirplane pilots is a distinet ceniribution to
the instrumentation in this fleld ard this instrumsat will prove of con=
slderable valus in future resecerch oonceransd with ™ension.” ‘
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SUMMARY

l. Most of the large variety of laboratory techniquee and instruments
for measuring emotional responses ere not direoctly applicadle for use on
student pilots while learning to fly. A small instrument kncwn as the Krogh
Mioro=Qlimate Resorder at firast seemed to have posslbilities for such use.
The Xrogh recorder wes; howoever, designed to be worn underneath the oloth-
ing. Features of its deslign proved not the most &ppropriats whon the recorder
wan mounted on the hand near the palmar gurface.

2s A newly deaigned instrument, the C.A.A.,=N:R.C. Mlcoro=Hecorder, was
oonstructed partioularly for use on expoaecd areas of tho akin. This new
rocorder makes use of some cof the principlee involved in the Krogh instru-
ment. A small watoh movemeni: ls smployed io drive & reocording disa ospable
of taking recorde over a period of twelve houra. A temperature unii and a
humidity unit with amall writing lovers are mounted on the inside of the
instrument at =& positlon as close as poesible to the fronmt. By means of
appropriate openings in the fromt plate of tho watch cases the sansitive
eloments are directly sxposed to the temperature and humidity 1 om. from the
skin, while the entire unit is mounted on a ring of porous rubber aponge
material.

3o The details for ths construetion of the C.A.A.=N.R.C. Hlaro-Feagorder,
its oslibratilon and the technique of reeding the records are describea and
disguesed in this report.

4, Proliminary tests were made on a group of Yals Uniwersity students
partlioipating in the local Civilien Pilot Training prozrem. end s few private
gtudents who were in process of training at & flying school noar New Haven,
Connectiout . Thiz achool was a favorabls one for pueh testa, with the note-
worthy exosption that the single instrustor felt unable to conperate by meking
ratings on the students for tenslon and emotionsl strsss during the psriods
of flight. This unfortunate olrcumstance limits the interpretations that
might have been posaible Irom the records seoursd,

5. A group of 20 illustrative records are roproduced,; together with the
portinent data ssoursd in connectlon with them and read from thase reocords,

6. Thoe data, repreassnting the first trials for esch of ten men, are
grouped in separate tablez for tempsrature and humidity, end descrided in re-=
ference to individual differences and to average tendencies. Other tabular
grousings of data for individual students are presented and the averages
discusged.

T. The racords taken in these preliminary experiments show appreciable
changse in temperature and in humidity ssscolatsd with the experience of flight,
In genaral the humidity and the temperature during flight are found tgo sxaesd
the values regietsred before flight, The lavels for humidity mnd temperaturs
during flight tend to be prolonged into post-flight period, durimg which the
instructor was talking with the student and writing out the repcrt on his lesson,
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‘8: Ramoords for three first solo flights iadicate quite high humidity
and temperaturs during the flighi and contlzued after the rlight.

9c From the preliminary teste made, the C.A.A.=N.A.C. ¥ioro-Recorder
eppears t0 qualify as a self=contained lnstrument appllcable to fligit studerts,
and sensitive to their physical and menisl condiilons during these experi-
endes. Its possible usefulness depends largely on the degree of cooperation
that gan be secured from the instructor, and upon ths design and sontrol
of the test experiment,



A MICRO-RECQRDER FOR MEASURING SKIR TEMFERATURE AND
SWEATING IN AIRPLANE PILOTS

PART I

Micro-Recorders and Teshniqus of Use

The Krogh Micro-Glimate Azcorder

Krogh: in describing his recordsr unit: says:s “The inmediate problem
for which the recordsr hers dessribed was oonstructed was the study of -
the temperature and humidity rslatiouns insids the clothes of man, bdut it
is felt thet it may have a wider range of upefulness, and this is the
reason why it_is published before anything definite has been achievad by
means of it."" Garlier small recordsr units have besn devised for ume in
metesorologioal studieas. They were of such eise es could be semt up at=
tached to a pilot balloon, The resoords were made on smoked glase, and wers
road unde® s misroscope. Using a fairly large sised watoh as motlve power.
Weichmann, in 1938. deovised a recorder which included a bimetal *hermometsr
and a hair hyzrometer.® The hands of the watch were rsmoved; and a recording
diso of glass, lightly amoked, was sarriesd on the post which ordinarily
supporte the hour hand. Krogh found this instrument too large and too olumsy
for his purpose and. therefore. undertook to construoct a smaller one on
similar principles. Krogh's device was built from & wrist watoh 23 mmc in
diemeter and 5 om. thiok.

The watsh=works were mounted in e« spsoial oircular bresa box. The
watoh ie wound by a key. which may be inserted in a hole usually kept shui
to protect the works from moisture, The hour-hand post or-axle projects
into the upper ox partmsnt of the box whers ii supporte o brass disc on
which ths bimetal theraometor and hair hygromster are mounted.

The tempsrature sensitiva elemen: is a bimetal epiral strip of 1%
turns the central end of whish s ssourely fmstened to the diso. This
epiral strip unwinds slightly with inoreage in Lemperature and winds up as
the temperature falls. The fres snd ¢f the spiral ie connected by a fine
gllver wire to a amall recording lever which amplifies the movement of the
tip of the spiral by ebout throe limes.

The moisture sensitive slemeni ias a single human halr 20 mm. long
attached rigidly ai one end, while the other snd is festened to a ssoond
recording lewsr. ooth leveras. at iheir stinchment onds, are formed as
gmall spiral springs and asre made of thin sheet brass. &t the regording
snd of each lsver a fine needle poimt hae bsen fized. Theee needla pointe
trace thin 1ines in the smoke on the underside of a flat polished Blass

Ikroghs Acs A misro-olimate rocorder. Zoologys 1940» 21, 275-278.

zﬁoiohmann‘u reoordear was raported in the above arficle by A. Krogh
(Footnote 1).



disc 27 mm, in dlameter. whlch forms tha top of the unit mnd ocorrssponds
to the watoh orystal. A third writing point irecss a base line for ref-
eronss in measuring the deviaticns of the temperature and humidiiy trae-
ings. The entire unit weighs orly 208 grams. The baok portlion of the box
is 33 mm, in diemeter and the instrument is 11.5 mm. in thicknesa.

The environmental alr has ascess to the recording compartmemt: of ths
Krogh instrumsnt through a numbsr of nario¥ vertliocel alote cut in the
ciraular side wall of the round brase box. These slote provide alec the
needed flexibility in the rim of the watoh gase 0 that the emoked glase
digos may be insertsd end removeid. Tha disos are manipulated by rubber
suckers. By thls meana a smoked disc cap be removed from its storage
oarton, placed on the rim of the camwe nnd forcsd into poeition. The dlee
oan also bs withdrawn from ihe case rim in this manner and tranafered to
the mioroscope stage for reading., Thes reading stage for the raocords is
a supplemant o the ordinary restangular atage of a mioroecops ang is
oompossd of conaenbric rings. 'Tha innsr ring hae an opening of auitable
size to receive the glass dlad =snd may bs revolved. The ocutermost ring
is graduated in degrees; one dsgres gcorresponding to 2 min. of record,
The reacrd provides for a total duration of 12 hours. A miorometer scale
ig uned in the eys plimas of the migroacope with low magnifiocation. Methods
for the oalibration of the MYioro-Climate LRecorder are desaribed by Pro-
fossor Krogh.

Applioabillity of the Kragh XMisro-Climate Recorder

The Nioro-Climats Hegorder was obvliously well adapted for the typs of
use for which it was specifically desigaed; 1.s.s t0 record the temper-
ature ard humidity lngide the slothing. Howsver: the quaation pertinenmt
40 the presemt diccussion is the adaptadllity of the Mioro=Climate Rescrder
t0 the study of emctional disturbancea in men who are being taught to fly.
For this use the recordor ahould not ke uader the nrlothling but supportad
neer some exposed area subjoat to mental sweating,l probably the palm or the
left hand. The method of support and of exposurs to the skin muet be taken
into aocount in refersnos to th» design of the recorder.

Method of Mounting Recorders

In wounting the rescording unit near ths palm it was not desirable to
place tha hand in a leather glove, sinoe thie would odbviously tead to produoce
e layer of maximally saturated air around the hand. Only slipght ohanges,
elther in humidity or in temperature, could be expected under thess oondltione
even though the student pilot might at one time be well relazxed and comfort-
able aund at another time smotional. lMessursment requirements, therefore,
pointed to the desirabllity of providing a highly porous pad to esrvs ns =mn
alr-filter boundary for the arsa of skin under measuromert. This pad took
the form of a ring to support the resording unit near the skin, but without
blanketing the erea in such s manner &8 to interfore oompletely with heat and

3 dieoussion of "mental” (or emotional) sweating 1s pressnted in Part II
of thie report.
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moisture loss from the surfacs covered., A sponge rubber material was
selected that coniained numerous capillary channels so that air oould
siroulate through it. From sheets of such material 1.5 om. thiok, discs,
6 am, in diameter, wore out. 4 hole, 3 om. in diameter, was out out of
the center of these disos. This sponge rubdber doughnut, with vertiesl
edges, supported the Krogh recorder. when the aponge was not compressed,
the glams dimsc of the recorder, now sunken into the genter of the dough-=
nut, was 1 om. above the surface on whioh the rubber doughnut rested.

a slowly ventilated cavity was thua formed boumisd on one side dy palmar
ekin, on the periphery by the porous rubber sponge, and on the other side
by the recorder. The doughnut and recorder were attached to the palm of
the hand by means of s atrap of rubber webbing attached to the slotted
openinge in the flange around the brass sase., Numerouse recordings were
made by means of a single Krogh unit mounted on the rubber doughnut,
lumidity and temperature changes were found to cocur and the tracings on
the smoked glass dise were readily msasurabls. The changes were, of course,
moat 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 gpikes in the temperaturs ourve due to the oo0ll spring form
of the bimetal thermometer. Thess disturbanoes are not so frequent, however,
as to spoll the temparature readings possible from the iracing.

The Krogh unit presented cne serious drawback for this particular type
of use. It had not been dasigned for ready acoeaslbility of environmental
air at the surfaoe closest to the skin. The type of mounting which seemed
most suitable for these measurememtsa of skin responss placsd the Krogh unlt
&t a disadvantage for prompt recording of ohaages in humldity and tempera-
ture. The glass face, whioh 13 a better heat insulator than the brama box,
is the part naturally placsad nearest tho skin. The ekin heat and humidity
must find ite way into the indloator oompartment wla tho sapillaries of {the
rubber and through ths slots in the smides of vhe box. A more favorable
design would present & well perforated metal surfacs directly oppozite the skin
through which air oould ocirculate freely and the skin heat would have direct
nocess to the tempsrature recording slementi. Siace a gholioo had to be
made betwean sttempting to dupllicats the Krogh unii{ or designing samething
similar. but more directly adapted to measursments of sudden responses in
semi-exposed skin arsas, the latter alternative was selected.

The C.A.A.=N:R.C. Hiero=Regorder

No one who 1s aaquainted with thes excellant ‘sharaoteristics of the
meny biologloal instruments designed by Profescor August Krogh would
lightly undertake to produce an improved model of one of thsm. The unit
about to be desoribed 1s not to be thought of as ouch an attempt. It is
a similar unit but deeigned for a purposs whish he did not havs in view,
Although thle instrument may be used also as a mioro=climate recorder for
studying temperature and humidity under clothing, no c¢laim i1s made that it
ia better than Or, Krogh's unit for thet purpose. In undertaking the
design and construction of the C.A.A.-N.R.C. NMloro=Recorder ii was of
immense adventage to have one of the Krogh unlie for study and experi=
mentation, and also the benefit of ccrrespondence with Professor Krogh



mp well as having the printsd desoription of hie instrumant=4

In planning the dealgn of the C.A.A.~N.R.G. Mioro-Regorder for use
in measuring the skin vesponses of student pilots, several features geemed

desirable of inogrporation. :

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 gensitive elements.

2, The temperature and humidity recording elements should be mounted
on the under side of the fromt plate to bring them closs to the skin.

3. inspectlon of the record and of the adjustment of the recording
nesdles should be possible without having to open up thes instrument ocase,

4, The unit should haves stem-winding and stem-setting features not
only for convenlienoe of operatlion but to provide for separating successive

records.

5, The manipulation of the instrument when inserting or removing e
record should not require ths uss of speclal tools,

In order to realirs these desirable features it was necessary to
depart from Krogh's design and plsca the resord disc near ths center,
between the watch movement which revolved it and the recording elemoentse
which were given stationary mountings on the fromt plate.

The wat oh movement finally aelected as motive power for the unit was
a standard Yaltham, 9 Jowel, 3=3/4 ligne, unomsed movement, without dial
or hands, and supplled with the longeet nvallabdle winding stem and center
arbor, The movement had a diamster of 19.5 mm. and a thiokness (not in~
oluding the arbor) of 3.5 mm. A one pisoe case of specinl design, with
retaining ring end oover all made of brass (bright niokel plated), houses
the movement and provides for the mounting and attechmemt of the unit to
subjects during memsurement. The form of the ocase and the reneral arrange-
ment of the parts whioh compose the C.A.A.=N.R.C, Mlcro-Reacarier are shown

in a scale drawing, Figure 1.

The movement fits the case snugly. No attachment acrews are used,
but only the pressure from the retalning ring, which ip held in plaoes by
two soeraws. The rim of the cover 1s perforated with seven slotted holes

"l‘hc writer wishes to aocknowledge generous advice and assistance from
Professor C.3. Draper of Masgsachusetts Institute of Technology, and from
Mr. C.E, Mann, a designing engineer, previously asscoliated with ths iialtham
Jatoh Company, who was retained part tims for service om the projest. Mr.
Mann, after conferenoss with Profeasor Draper and the author, suppllied data
concerning possidle watoh movements that could be used,; made up trial diagrams
and layouts for assembly of all the elements according toc esubtnitted detailg,
and supervised the construotion ¢f special cases, special %o0ls, and various
small parts. For the construction of the recording elements end for the final
design, assembly and adjustment of the C.A:A.~N.R.C. units; the author himeelf

¥as responsible,



Figure 1
Cross section Drawing of the C.A.A.-HN.R.C..
Micro-Recorder Showing Form of Case and
Arrangement of Partas
(Reproduced sbout 3X actual size)

Figure 2
Drawlng Showing the Layout of the Temperature,
Humidity and Base Line Recording Unlts Mounted
on the Under Side of the Front Plate
{Reproduced sbout 3X actual size)
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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 slze)
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3.5 mm. in diameter (not shown in the figure). It 1s therefore flaxible
at the free edge and with a little prsesure snaps over the protruding
collar on the case, A smll pin extending from this collar directly
opposite the winding stem end a notoh in the cover serve to give the
cover a fixed position when in plase on the came. The rim of the oover
i 6.2 mm. high and 28 mm. in diameter. (This is the portion that
projeocts into the rubber sponge when the unit is mounted on the sudject‘'s
hand.) A flange, made as a part of tho cmse, extends 3 mm. laterally
from the rim of the cover. The unit is suspended on this flange ap it

rests on the supporting sponge pad.

The front plate {ees the scaloe drawing reproduced as Figure 2} fits
flush with the top of the cover ring end is attached to it by means of thres
small sorewa. This plete 1s perforated with 15 holes to permit of ready
oiroulation of air mround the recording elementas.(These perforations do
not appear in Figure 2.) A group of 6 holes, each 2.5 mm. in diemster,
is placed near the center direoctly exposing a large portion of the bimetal
thermometer, A line of four 3.5 mm. holes directly exposes mcat of the
lengih of the hair ueed as the molsture indiocator. A single opsning, 7 mm.
in dismeter, exposes the tracing ends of the small levers to view after
the case has hesn olosed. Through the window the operator may assure him=-
gelfl that the levers are making sultable tracings on the smoked dlee.

The details of the recording olements for temporature and humidity
mounted on the inner side of the sover plate are illustrated in the soale
drawing, reproduced ss Flgure 3. The {smperature elomont is mude of a
strip of "Truflex A" bimetal etrip .010" thick by .048" wide by 3™ long.5
These wers coiled in spirals of 3 turns with the right-angle, outaide
tips (0.1" in lsngth) pierced with a small hole. After being formed into
a apiral the bimetal vas heat-ireated at 300° F for a period of 3 hours,

A oenter post attachzd %o the front plate, serves as support for the
btimetal epirals The mounting was made by means of s small, slotied, brags
spool with narrow flanges st the top and bottom, The separaiion between
these flanges is Just suffiocient to admit the 0,048" width of the bimetal
strip whioh is fastoned by soldering, The speol iz foroed on the center
post and held in plaoas by friotlon, By means of a sorew driver inserted
in the open slot of the spool, it (and the apiral)mmy be turned to any

degired position.

The recording levers are made of 0,002" spring brass shest out ioko
strips of 0.05" wide. Small threaded bress spoole wWith thin flangss ars
‘used for attachment. The lever strip is first soldered lightly %o the
8pool botween the flanges. then rolled around the spool loasely for 23
twne,. At a dietencs of 2 mm. from the oenter of the spool a small hole
in wade in the sirip. Through this hole e small wire conneots the record=
ing lever with the free end of the bimetal spiral. Beyond the acnneotion

SThe"Truflex A" bimetal strips were prooured from the Genersl Plate
Company, Attleboro, Maspachusetts. They coll- and heat~treat them o order.
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the laver ig iwistsd s0 as to Anoreasas itm floxibility at right anglas to
the recording surfase, mnd tbhe top i1s sherpsned and hent down so as to

form a thin tracqing polnt. The spool aupporting the writing lever ia
fastened to the front plate by a watoh sorew and held in pesition by
friotion e¢f the apool against the plate., Finer sdjustments in the position
of the levsr oan be mads by slight rotation of the spool attached to the
bimetal spliral.

The lever for the humidity elemenit 1s of similar design to that used
for the temperature recorder. It is atiached to a plece of human hair that
has an active length of 20 mm. One snd of this bit of hair, after belng
paseed through a emall hole in the lsver, is ticd in au knot. The other
end ims clamped by meane of & amall oylindrisal nut held to the froat plate
by a watch sorew. The olamplng must not be so tight or the nut so sharp
as to out off the halir. Garefully selected, thin; smoot» human Lairs are
eoaked in nurified gewolime for 24 hours and washed with other, aloohol,
and AAstilled watsr bsfaore being mounted.

A third and Tixed lever for insoribing a bezee line Lo o/amped againat .
tho plate under the spusl which supporte the lever for the humidity element.
The positicn of the thrso lavers and trmcing pointe is a0 adjusted that
the levsrs do not interfore with azch other's rAitlior,

The Problsm of tha Recording Digeb

The recarding dieo end its mounting have oceaslonsd the major diffi-
sulty in deolgn of the G.A.A.~N.R.C. Mioro~Revorder. Several modificatiocns
of one sori and anoiher havs bosn trisd. The arrangements ashown in Figure
4 are not regarded ©86 opiimel although they are workable, The watoh
movement hae ample power to drive tho diso againet the friction of the
thres reoording needlea. The arbor la quite acecessible but i1s mot by it-
£@lf sulted to support the recording diec, It had to be supplemented by
a retailning diec,; D1, made of bronze, 9 mm. in diameter and .07 mm. in -
thickness. This diesc ie so formad ae t0 have & center pivot shoulder 1.7
mm,. in outside diameter, for centering and holdlng the perforated amoked
diee, D, This pivot shoulder was borad out to recelve a short section of
drill rod. the uppar end of which was formed as a oconical bsaring point,

To the underside of the retaining disc n small hour-whasl adapter
gear, D2, lp attached concentrio with this diso. The ‘retaining dise with
shoulder, pivot bearing point, and zear wheel, oconstitutes an aseembly

6It ia no doubt olear to the reader that the construction of a lMcro=-
Recorder from firat to last must be a "jeweler‘’s Job." The parts have t0 be
made with essentislly the same precision and size toleranse roquirad in
good watoh work, The unit must be adjusted and used with care and skill
similar to that which would be lavished on a good watch. In the desoription
the roader has been spared going over many details about materlals, dimen-
sions and construet lon whieh can be supplled to any who may be interestesd.
Glass record disos would bs preferable to those made of plastio but they were

not proourable.



Figure 4
Comparison of the Krogh Micro-Climate Recorder snd the C.A.L.-N.R.C.
Mlcro-Recorder
(Photographed slightly larger than the zsctusl size)

K ——Front view of Krogh unit
K1 ——/Xrogh record glass

Ky ——Krogr winding key

K5 ——XKrogh sucker for manipulating records

B —— (A 4.-N.R.C. unit showing watch movement
in case

B ——/Retaining ring

C ———Inside cover showing temperature, humidity,
and base line recorders

D ————ZRecord assembly

D} ——3Bronze retaining disc with pivot ghoulder

Dy ———Hour-wheel adapter gear

D, ———Unsmoked Lucite record disc

E —-L.AANR.Ce unit completely assembled
and ready for use



whioh can be elipped over the arbory and forms m light friotion fit with
it, The gear on this assembly meshes with a gear of the watch movement.
The retaining diso can bs slipped on or taken off at will, It provides
for ventering and supporting the record. The sharp pivot point pro-
Jocting from the top of the reteining disc aeats in a metal Jewsel formed
in the care of the ocdnter post on the front plate (shown in Figure 4, C).
This center post end-bsaring is made of a pisce of drill rod 1/8" long.

It forme a tight fraction fit in the tubular ¢emter post of the front
plate and its position may be adjusted to regulaie the amount of end play.
vYhen the gover of the case 18 smapped imto place, the pivet point of D)
neats in this Veshaped recess in the center post, and the reocord dise, now
held securely in a position horisontal to the oase, may be fresly turned
by the watch movement.

The recording disca, D3, aosommodated 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 diss. Ia the first experimental trials,
disos made of Luocite sheet .032" in thilokness were pressed omto the bronse
shoulder to fit snug and flat egalnst the upper surface of the retaining
diso. It was found that the pressure of the shoulder at tha center of the
diso soon caused it to loosen ity flatneas and assume the shape of a shallow
saucer,. This modification of the surface also ocoured when the dimcs were
made of Luoite aa thiock as ,040". Therefore; it seemed beet not to depend
on a presgure fit but to use a slightly larger hole in the cunter and to
cemoent the rescord diso to the bronge retalning diso., This iutroduces
something of a limitation since it does not permit of rapldly changing
from one recording disc to another for use in the same Mioro-Recorder unit,
However, it is a workablo socheme since the reocords usually do not last
longer than an hour and several can b# ipsoribed on ths sama diso in suo-=
cesnion by the simple expedient of stem ssttlng and making eupplementary

notes.

The record disce are very lightly amoked on one side over a candle or
amall kerosene lamp., 5Several discs can be prepared in advoncs and stored
in a smll box which has a center post tc hold them in order. They are
kept ssparated by emall washers. Rubber cement or any ons of a numbar of
varietles of cemeri are sultable for attaching the recording disc to the
bronse retaining dise. Several units may be aompletely arranped in advance
for use at an air field. It is expedient first to let the watch movement
run down and stop so that when the resording diec is put in plage and the
oree closed the unit will not rum until the operator is ready to use it,
at which time he winde it up snd starts the movement.

Eaoh Miloro-Recarder demands separate calibration and any results of
field tests muet be interpreted in referenoe to its own ocalibration ochart.

Calibration of the C.A.A -H.R.C. Pisru-Revordar

The calibration for temperaturs is not difficult. 3eéveral recorders are
pleved in a small water tight box which ls lmmorsed ln & constant temperature
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bath regulatzd by a thermostato! The bath is equipped with a stirring
devica. A high~grade theruomster, calibrated o 0.10° ¢, 1s placed in
it with the buld nesar the box. Ey sotting the thermoastat to different
readings and keeping 1t at any ningle rending for about 2 hours,; a serilaes
of reprosentative temperatures may be applied to the rocorders, The
resulte for tho several racording discs may be read and sharted separately
for emch recorder uait,

. The bimetalgthermometersars dependable and quite stable. Each spirml
is of course under somewhat different tenslon end by its recording lever
hap slightly differeny magnificatlion but for a given instrument the results
are consistent and have an ascurasy of 0,200 C.

The hair hygrometers must bes calibrated differently and in a manner
that is nescsssarily more intricate; and loss mocurate. The units are ax-
posad to 100% moisture by wrapping thom in several layers of wot filter
paper or in wot linen towels, Other peints on the humidity scale were
most convenlently supplied by following the method outlined by Krogh,®
This method takes advantage of the fact that well definsd moilsturs per~
contages are establlished over saturated asolutlona of water abscorbing
salts. MgCl, at 209 Ciy glves 33% humidésy and at 409 ¢,, 354 humidity;
K200y at 18,57 C., given 44%, and ut 24.5° C., 437 humiditys NeGl at
20% C., gives 76% and this is slmost independent of temperature. When
calibrations are made at 22=250 C., the corresponding moistures perosntages
can be taken es 33 for Mgll,: 43 for K,003, and 76 for NaCl, Humidity
meagurementa with the hair hygrometer oslement Indicsts an accurasy of
within about 5% in the rangs of 75% to 95% moleture, and for the lowsr

ranges an accuracy within 2% 3o 3%.

The chemlonls used for calibrating the hair hygrometers were placed
in deasicatora and the Angtruments, without being boxed up, were placed on
a poroelslsn shelf and inclossd with the chemicals for 3 or more hours. The
difficult part of $his procedurs is in adding just the right amcunt of
moisture to the chemicals eo thay cam bs molded into a large irregular mees
withcut theooaurrence of fluid surfaces, For further details of the rgathoda
of calibrating suoh instrumsnta reference is made to Krogh's article:.“ 4
dessicator is a suitable rsceptacle in which to keep the Hioro-Recorders
when not in use:. This is ohiefly for protection of the hygrometers. They
should not be allowed to dry out und every [ew days sheuld bes exposed Lo
95% moisture to keep them in good working order. Otherwlse now halre must
be mounted and new ci1librations mede,

After calibration, the position of the bimetal spiral, end tha form of
the tracing levers for temperature and humidity, should not be changed.

TA preacision temperature regulator made by the Zastern Zngineering
Gompany . New Haven, Comn., was uzoed., This rogulator makes use of a number
of sensitive liquids which give a very edequats range. The arrangomant
employed rsgulated to within Y0.05° O,

BKrogh, Ayp Opo oits
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Ficure 5
iy Reading the OD.4.A-N.R.C,
comder Records

Special Stage for uc~
Micro-

One of the clamps for fastening the stage to the microscope
is shown. The scale at the hottom of the illustration ig in
millimeters. The record suprorted in the central ring may be
turned by the attaches arm which serves aleo as an index
against the protractor scale. One degree cquals min. of
time.

jo}
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The watoh movement , however; may be regulated for thles oover 1ls taken off,
the record diso taken out; and the retaining rim, B, is removed. Then,

by means of the winding stem, the worke ars lifted out and turned over for
acoapa to the regulator arm. This disasgsembly plus the rsassemdly afier
regulation requires only two or three minutes. Ruhs for cheoking reoard-
diso speed by maans of smoke traocings for three or four hours are used.
An asgsembled Mioro-=Reoorder ready for use is illustrated in E of Figure 4.

The unit has a total welght of 26 grams.
Reading the C.A.A.=N.R.C:. Micro-Recorder

Most thermometers and hygrometers are currenily made as direct read-
ing instruments. This is a convenience greatly to be desired but ie not
feasible for the Mioro-Recorders. The sircular record insoribed by this
tiny instrument must be magnified Af useful quantitative data are to be
gotten from 1%, Two methods of magniflication are awveilebls., First, quan-
tative readings may de mads by meana of & mioroscope; fitted with a euit-~
able stage (mee Figure 5) and with a miorometer scele in the oye piece.
Second; large permanent records can be made with a photographio enlsarger
such as 1s commonly uaed for leica or other minilature gamera films. The
miorocsoops method is the one recommended by Profeassor Kregh. This method
was ueed 1n securing the data presented sand discussed in Part II of this

report. :

The enlargemant msthod is feasible and hae also been used by the author,
It employs =& transparsnt protractor dlsc 25 mm. in dieameter made of neg-
ative film, Thls dlac has an opening in the aenter. The record and the
protraotor are placed conoentriac in the eplarger go that the print shows the
tracing end the degree scale, Enlargement has one special advantage, in
that oopise of the traoclngs are svulilabla for filing with the notes and for
roeproduction when desired. '
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PART IIX

Proliminary Expeoriments with Student Pilots
¥Montal" Sweating

It ia sometimes observed that emotional disturbanos tends to pro-
duce sweating, espsolally at the axilla, on the soles of the feet; and on
the palms of the hande. "Montal"™ or emotional sweating, when it occurs,
tends to appear at all three purfaoes and on both sides.of the body, There
are considerable individual differsnces among people when they are measured
under what are arranged to be objectively similar oiroumstances. Montal
sweating also tends to oocur under a rather wide range of environmental
temperatures. According to the olassioal work of Krause,” who studied the
distribution and numdsr of gwoat glands on the human body, the palm of
the hand and the sole of the faoot, oontain psr unit area, more than twioce
as many sweat glanda as are found for the foreshead, The forohead itself
is very richly supplied with sweat glands in comparison with the goneral
surfaces of the body.

By use of the fuschsine dye method, ¥inerl® wyno devised this teohnique,
and oth.r.,ll have produced most interssting photographes showing the re-
lativo distribution of the sweat glands on the palm and on the sole of the
foot. The dyestuff when dry is a whita-green orystal powder that can be
dusted on the skin surfaces quite sasily. Vhen sweatling ooours the molsturs
dissolves the orystales and yields a brillient dark rad colaring matter, By
this nmethod 1t has heen found that the palmar line curving around tha bese
~of the thumb comes out almost colorlees, indlicating vary litile sweating.
However, beginning mear this line and on elther slda the deop coloring
indioatesd profuse sweating on what may be termed the large protuberant rozions
of the palms. The oolor tended to be darker on the fingertips than on the
other parts of the fingera. From this general picture it was demonstrated
that the parts of the palm which agome intc olcse contaot with objeots grasped
are thoss parts whioch tended to produce the greatest amount of sweatling.

The ocenter of tho palm although not the most richly supplisd area was for
praoctioal reascns the place of choloe for location of the Mioro-Recorder,

Skin Temperaturs Changes

Emotional or mental temsion not only produces sweating strikingly cb-

9Krauso, K. F. The Vagner's Handudrtorbugh der FPhysiologle, 1.844,2,131,

l0Mimr, V. Ein neuss Verfahren su der klinlachen Untersuchung der
Schweissabsonderuns. Z. ges. Neur. Paychiat., 1927, 47, 800.

guno, Y. The Physiology of Human Perspiration, Londont Ghurchill,
1934, Pp. 268.
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servebla on tha palms and the other grosz msnblionsdy 1% alse produces some
ehange in tha skin tomparadurs. Tke resuli mey b2 & riss, 1f there is di-
latica of the capillarizs and artericls and increase of blocd pressure ro-
suvlting in increased oirculaticn, or a fell, Af there 1s constriction of
“he arterlcls and the olosing of soms of the osplllaries. The temperature
of the akin is medified by 4he vaporizatioa of the gueat and hence by the
sirouvlaticn of air over the skin.

From the larzs smourd of evidence about palmar swesting and temperature
change due to emotlon ¢r to the siress of msntal work, suoh as 1s involved
in mental arithmetic,lh thege areas appearsd to be particularly sultable for
study in student pilots.

.The C.A:.A,~N.R.C., Hioro=Recorder is deeigned for use in exsmining the
rasponses of pulirar skin areass during flight. It needs only to b9 held in
somp puitable aupport naar the palm of the hand, dut not azainst 1t, In
. this positlon it is influenced by shonges in the humldity of the alr imme=-
diately ovar the meml-blanketed skin arsa and by changes in temperzture
that might ocsur due to cheanges in goiroulation. The recorder in position
as worn on & pubjeci's hand ie shown in Figurs 6. Ths ring {doughnut) of
poroug rubber spongs suppoeris the racordsr at a distance of 1 om. from the
underlying skla, Ths touperature slomont is influenced by both conduotion
and radiation.

Experimental Arrangsmonts

Arrangemsnts wers made o ognduet tests at & school giving CFT traln-
ing to Iale Universiiy 5?udents.13 A total of 14 studenis wes thscretically
avelledle for this stuldy; but sinss it was lmpossibls for the laboratory
asgigtant 46 be et the Zisld oontinuously during all of the flying hours,
rodcrds on 2ll ¢f the men wera zct sesured. The insiruction hour sohsdule
for the Yale siudents (3soiznated by letters A~N) is shown in Table 1,

L%uno, Y., op. eit,

Brutverg Flying Sohool, Ine., Wallinford, Connectiout, ¥re. Re D, W,
Yroom, presidert and flight contractor for trzining. The author wighes
to expreaa cordial appreslation for ¥r, Vrocm's kind ocopsration during ths
pariod in which it wes possible to sonduct the tsaste, l.e., untll £iying
olees to 4he Aflantic Coast had to be dlesontinued.

It must be noted, however, that despite the fine cooperation given the
study by Mr. VYroom, the instructer at the alrport was not enthuslastis. Om
the whole ke was vather unfavorabls to the idea of oondusting any experimenta-
ticn in connsotion with the flight treining. Vhat he may have sald to the
studonts in regardas to the test iz not known. It had bsen planned to hsvs the
instructor wear one of the CG.A.A.~N.K.C. llero-Recorders regularly as a con-
trol for the student's record. This proved not to bs possible ms the insiruoct-
or did not ehoose to coocperate in this manner,

Acknowledgment 13 also made of the falthful services of Mr, Leonard Taddei,
laboratory eessistant, who atiended to teking the records at the flying fleld,
and who read and tabulated the results.
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Figure ©

The C.AA.-N.R.C. Micro-Reoordcr Mounted on the Hand
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Student K had finished CFT training and had received his solo license. e
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 still failed
to seours a private license. The others were regular CPT students.
Examination of Table 1 reveals that instruction was given ont all 7 days of
the week, and in general, that 45 minutes appear to be allowed for each
leason with 15 minutes beiween for merviocing the training crafi. Aotually
the lessons wore 30 minutes as & rule and between CPI lessons private
students were fitted into the day's program, Two-passenger, dual control v
Taylororaft planes were used in thie training programj three planes were -
ugually available. The trainming period extended from October 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 SCHEDULE
FOR YALE C.P.T. STUDENTS

Time Mon., Tuss. Wed. Thura. Fri. Sat. Sun,
8100 A M.=B145 AN, A H Iy H A H | B |
9100 A.M.=9145 A.M, B I ¢
10100 A.M.=10845 A.M, ¢ ¢ C A
11500 A.M.-11845 AM, I E a E
12100 AM.-12345 P.H, 1 B G
12345 P.M.-1130 P M, D D D D
1330 P,M,=2315 P.M, E H ;] E 1 J
2115 P.M.~3:00 PM. F F F r J
3100 P.M,-3145 PM, ¢ ¢ J
3145 P.M,~4:130 P.U, J

This particular tronining fleld was located in a walley betwaesn two
ranges of hills. The field was of avernce size, flat and oovered with firm
sod, It premented no unusual haszard, and the air trafflc around it was very
light. Usually not more than two or thres planes would be in the alr in
this vioinity at one time. No accidents of any importance occurred during
the weeks covered by thig training. The achool had a very exeellent record
in reference to accldonts,



Connecting with the hangar end adjolning office buildings there wae
a vaiting room whers students cams to oheok in before taking their lepsons,
The room was comfortably furnished with lounge chairs, and was heated by
ateam radistors, It was in thig room usually that the Mioro=Reocorderg wore
placed upon the students when they firat came for thelr day's lesson.
Following the lepgson the students returned to the waliting room to sipn
the log book and converse with the instructor as he made out the flight
jacker. Following this, Jhen they were ready to leave the flold, the ldoro-
Recorder was removed.

During their 4training flights studenta always wore parachutes but no
other speclal flying clothing. They wore ordinary shoes and trousers, and
in plece of conts and vests or overcoats, wore jackots. No gloves or mittens
or helmets waore used. There were never any open cockpit windows. .hile
the waiting room temperature was comfortably warm, the outdoor tomperature
and humidity varied considarably from day to day. The data on temperature
and humidity, taken from the losal weather report, are presented in oonneotion
with the records.

In intreducing the instrument and the test to the subjects, it was
oalled simply a "temperature recorder.® The real objective of the test was
not desoribed or dipocussed. The gtudent was told to treat the instrument
likxe a watoh and in genoral try not to smash it. He was agked not to keep
his hand closed tightly around the instrument and sponge, and not to try to keep
his hand flat open, or alternatsly opened and clogsed, squessing and releasing tho
sponge. He was to forpget it and use hie hand on the wheel in as nearly the
usual marmer as poasible. Notes were made in reference to each flipght studied.
These included the spubject's name, date, time, recorder number, the exact
time vhen the subjeot got into the plane and started taxiinz, the time vhen
the plane landed, the time when the recorder was removed.l5 Each student was
always questioned at ths end of the flight in reforence to eny speoial evente
that mipght have cocurred, but in general thias questioning revealed little in
the way of significant data axcept to show when a lesson was devoted chiefly
to praotiolng steop turna, spins, and lendins,

Review of Reprosentative Reocordes

In order that the readsr may have a first-hand impresslon of the records
secured with the C.A.A.«N.R.C. Mlero~Recorder used in connection with flight
training, 20 records are reproduced in the following few pajes {Charts 1, 2,
3, and 4), The records have boen enlarged 6 timea. The subjeocts ars dese
ignated by letters. For some subjects groups of records are shown, for others

14Thoy usually arrived five or ten minutes early. MUWoot of them cams by

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

]‘5.11'. first it was thought the assistant mizht watsh the plane during
flight and make notes concerning mancuvers and the time when {hey occurred.
This proved impractical as the planes usually wont off some distancs from
the fleld and vwere frequently lost to view,
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slngie reczords. Uppoaite sach record the easential data tabulated from

it are given, 1n the first lime appears the subjest 's letter designation.
the date, the recorder number, the weather report for temperaturey humidity,
and wind for the time of day nearest that of the flight lesson; and finally
the tralning plane that was used. The second line givea the time records
§ for start of the reacrd, E, enteriag of plans, usually promptly followed
by take=off, L landing of plane, and R removal of the regorder from the
subject’s hand. The third line (T CY) shows the temperature readings and
the fourth line,. (HZ) the humldity readinge. Eaoch reading given represents
the time indiocated above in the segond iine. A horizontal line eonnecting
two readings indicates that this value was substantlielly constamt for the
poeriod repressented, Following theme datw, brief notes have besn entersd
indieating the type of training given ir the lesascn and other pertinent

somment o,

The first and mest general obasrvation noted in these records is that
both temperature and humidity are variable during the perlods represented
by the records. Seoondly; i1t is obvious that the temperaturs rocorder ia
more sensitive and gives a larger dsflection than the hygrometar. Therefors,
to the eye the tempserature appears to change more than the humidity. The
soll spring form of the bimetal thermometer mskes this unit sleo more subject
to response from vibration.

In almoat all the reocords; as would be expacied; rises in temperature
and in humidity ere showa in the first minute or so after the recorder was
placed on the subjeot's hand. For general inspeotion each tracing can be
interpreted in terme of its own form, but the readings are always made from
the base line lebeled; B:. The rise in hunidity is more prompt then that for
tompernture, The latter gives a raiher gradunl changs. Following this
preliminary elevation; the two surves may show roughly parallel tracings,
each rieing or fulling during a partioular interval, or they may dlverge,
one showing & rise while the othar falls or indicates subetantlally no
change, Although temperature and humidity over the area of palmar askin
that is beoing studisd represent two related phasss of neuro-physlologiocal
processee aoctive in the tissue and in the body as a whole; these phases are
not necessarily highly and positively correlated. If thes palmdr skin area
was completely uncovered an ingrease in sweating would loglcally be followed
by a decline in skin tegperature due to cooling from evaporation, The porous
rubber aponge mounting retards air movement and evaporation is slowed down,
Sweating may therefors oocur and skin temperature may rise. Tests in the
laboratory have shown thet wearing the rscorder for 10 minutoe when the hand
is bara, but quits warm (34.3° C.)rcauses a rise of about 1.09 G,

1In some instancees it $s evident that whon the subject lsfi the walting
room and went to the plana, thare wae a fall in temperature. Probably this
48 to be credited to the sudden ohange in envirommental tomperature for the
subjast'e body es a whole, resulting in e genera) constriction of the skin
sapillaries. Deoreases in humidity at the time of going to the plans seem

lese pronounced.

The humidity ourves during the pericd of flight appears to be fairly
regular; although they sometlimes show obvious small waves. The tempersture

ourves, bacgaugs of ths comstruotion of the bimetal thermometer as a spiral



with one end free to vibrate, show many instances of pronounced vibration
¢f the recording lever. These widened portiona of the curves are partic-
ulerly prominent at times ocorresponding with texiing and lending the plans.
They aleo seem to ocour quite frequently from sudden movements of the sub-
Ject ‘s left hand, or from impaoct of vibration communolated to the laft hand.

Usually there is a change in both temperature and humidity closely
apsooiated with landing. Sometimes these changes Just precede that event)
at other times they follow it:. Unfortunately, as explained earlier, it
was not possible to secure intimate details of behavior data for teamporal
correlation during flight and in conneotion with the landing. We must therea-
fore be satisfied with a general view of what the experience of flyinr does
to0 the raasponses in the pkin.

Records 1 to 4 {Chart 1) represent four different studenmts: Subject K
{Record i) was not a novice (he had his solo license) but even so he shows
temperaturs and humidity changea during the ons hour of flight represssnted.
The temperature and humldiiy were eotually highest just before he began his
flight . After he had taken off and been in the ailr for about tem minutes
the temperature slowly fell and the humidity aiso deoclined. There were
poricds, however, when both curvea tended to rise again., At the time of
landing his temperature was at the lowest polnt shown., From here it grad.
vally rises. The humldity howsver, rose et the time of landing and made no
special ohange after theat.,

Subject I (Record 2) hed tekem about ome=third of his flight oourse.
The weather humidity as moderately high (70%) while over his palm the recoerd
gives 48.5% as the highest during flight. The temperature ourve is guite
even; but the humldity line showe seoveral emmll wvaves. Following landing,
both curvea rise:

Subject G (Rescord 4) was taking his second flight lessoa. This was, in
faot, the sccond record taken at the field. His temperature rose irregularly
throughout the emtire flight perlod, and the humidity line remained quite
consistently amooth and relsiively high, falling promptly efier landing.

Subject N (Reoord 4) bad about six hours of flying. His lesson was rs)
atively brisf, Attontion aehould bs called to the upswing in the temperature
ourve, also in the humidity ourve; which ocourred aseveral minutes prior to
his flight. This ie ooinoident with a aconversation he had with the flight
direotor, in the presence of the aassistant; and during whioh he seemed to be
emotionally upset by the change in plans which the director told him must be

followsd.

Records 5 to 8 (Chartal and 2) represent four flights for Subjeat H,
taken at different perlods in his GC.P.T. training; but all with the seme re-
oorder (Ko. 36). Record 5 (Chart 1) represents his sscond lesson. It was
uneventful, he was practioing level flight. The temperature curve rises pro-
gresaively throughout the flight with little or no change uatil the very end,
giving a quick descsnt after landing. Humidity rises a little elowly atl first ,



but remaine consietently high and esven throughout the flight with s -
feirly prompt decline following landing. Record 6 (Chart 2) shows a R
lowered temperature probably related to the faoct that the envirommental
temperature was 6.7 on this day, compared with 18.3° G, on the day of the
previous recard. During flight the temperature curve rises, but not as
prominently as in No. 5. Lending is not followed by a fall in temperature.
but after four or five minutes there begina a prominent rise which scntinues
for some time. This is assoocinted with entering the walting room. The re-
corder was removed from the student and the continuation of the record marks
the nd)Justment of the instrument to room tempsrature. The humidity ocurve
during flight shows some undulations, but following landing tends to be
aonewhat higher. Record 7 (Chart Z) repreaemts a :~sson in which landings"
and take=offs were practiced. The huwmldity iine ia fairly coustant during
pre=flight, flight, and post<flight periods. At the time of entering the
plane there was a eharp decline in temperature followed by the irregular

ripgs which continued through ths £light and held its general level following
the flight: landinga eeem to have bosn executed rather smoothly since there
ie no clear indisation of them in the tomperatwre recard. This is not true
for the pame recorder when tracing Record Fumber 5 (Chart 2). This was a
long leseon, {the sntire record is not ruproducod) ap the notes indioate,
during the latter part of which ths student solced, and was conaidersd ready
for asolo license., It le interesting to note that the humidity line in this
record is the highest in gameral for ths four records repressming thias sub-
Jeot. .hile he wae soloing he hit the top with 100% humidity,; and his temp=-
eraturs resord also sesms to have beer at ita peak for that day, although

not higher thep on other days. Thig may be an expresession of the ocogling
offeat produced by the sweating. Following final landing ths temperature rose
still higher, while the humidity remsined =t 100%,

The three Records 9 to 11 {(Charts 2 and 3) inolusive are all for Subjeat
D and were taken with the same resordsr (No. 36). These wer2 all represantative
of the second half of the oourss for Subjeot B, In Records 9 to 10 (Chart 2)
the student was praoticing landing mnd taking off. Indications of landing
geem to bs present. The bumidity curve bumped the top of 1004 regularly for
thie man. The temperaturs ocurve tended to rise throughout flights repreasnted
by Records 9 to 10 and to bo ptill higher following the flight, while the
humidity went down, In Reoord 11 (Chart 3} Subjest D had a fairly long flight.
50 minutes:; The plane was landed during this intervel, the inetructor left
the ship, and the atudent was sllowed to solo. The rasord is not a partiocularly
legibles one, but it seema to indicats that he got aslong nicely. He wap prob-
ably doing considerable mental sweating as the humidity was 100X for 16 minutas
during the latter part of the flight,. while the temperature curve remained
at 29.7. Following landing tha temperature curve quickly rose te 31, and the
humidity fell off to 8613 It 43 notsworthy that the firet eelo flight of Sub-
Jact D sesme much lesa smotionally eventful than does that of Subjeot H
{Record B), Poth records were taken with the sams recorder, and under closely

similar environmental conditions, temperaturs 12.2°% ¢, pumidity 78%, the
same wind conditlions: and the same plenwm.

Thees records for Subjeat E are inoclvded ae Numbers 12; 13, and 14
{Chart 3). The first two wers taken with rsccrder 36 the laust with reoarder
number 2, No special oomments are necssgary except that jJudging from the
temperaturs and the humidity during flight, ths sitraln peems to be grestor on
the subjeot in Racorde 13 end 14 than in Rezord 12. The last two records were



© . ‘ond saes roflacted by sacillaticns in the trased curves, In order to prove

pormitted to wolo, whioh iy rapresentzé by KHecord 20,

" regular aur 78,

o

hgf%y more trytngp ﬂinno the aubjacy
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Reaords 15 to 20 (Gharta 3 and 4) inoluaive are all for :ubjidt F.

xbgr 15 (Ohart 3} oame -at the very firet of his coursa; and number 20 st .
%o very ond. It 1s noteworthy taat ocacillatiops id the surves seen rether
1o Anoreasc with the progreas of hin tralnifg, Perheps this is the general.

takan representing the entire sourse- 4t the first the mibject may be al-
mosh continucusly tease end wmotiosnally wrought tp. 4s ho progresses his
periode of fLensenaes mey be interrupted by perlads of relative relaxation

such & statement Iitrwoulﬂ cortaitiy be neceasaary Lo hevye a2 detalled ascoum
from the instrusior. Iow or why the huaidity ourve shows such e sharp and
relatively squars notoh as les indicated 4n Recnrd 17 (Ghart 4) Just pricey

periencged Lhepe conditicns Yoith befors and during the lesgon in whilsh he vns

In generals for ths veoo~dd et cur dlaposal, it ssems that the sclo
leseons give the bost illustrnt icre of rapld tsiperature snd humliity mod-
ulstione wharese the iirat er very sarir leaacns give the smoothest arnd most

Raview of Lrovne i Dakn

From the prellsinary fnveriipstlen osrrisd ouk-by uzs of oA A=N.E.C.
Mlaro-Reoorcders it ia puaoible to sressidt enlv very ponseral {indings.- Ho - -
‘grades or runks.or ths cindanls for tensdon g2 relasatioa were avalledle,
The instrucior regardsd the Suete na sa nber?arenay with hig work snd oonld
or would aot lend sooparmtioz. 411 thy OPFT etudsmia wers Juat begimning -

their tradaiag. The zotood wae s 3uall ope, air traffic wes glight, and otiep

ponditions favorsble. &Ll tne training waa by“tho'mane lnatrusior. Three

" ¢ual pontrol Taylorerafi plaﬂha yooa vasd,

It swoma pomsibls tu group ths reevlts and pressxt them in tadular fﬂrﬂs E
The £ollowing Tablag, 2 te 12 inelusivse, ars 2ll similerly arrangsd: The re-
corder trasinge for -asoh ran have bean civided inte ihree chronclogical por-

ticna, roprosenting tho yre-flizat. £11:ht, erd post-filght perlod:. Tha
‘ duratton af she flight porhod varied sorewhat . but rot es greatly as did the

- s e st —

6& ourious partion sxisbs nenr tie middle of the fidght reoord for nurhas -

those gaps in the inforsadior hoab eghow.d be avsdlabie both to him and to the
resader., .

' plsture that should ba expsated 17 e rolatively large pumbsr of ireoings men .-

aed after the imterwval of entaring the plana, is &t present wholly unsxplainsd, .
" The pre¢ipiteat drop in humldity in the few minutes just proseding lmnding
_..AReoard 17) assoointed with the riss iu temperaturs ie alec difflcult of-

- ¢xplanation. ‘If it may be asswied thet chunges in tempercture and swestling
"papredent emotlonal reaponeivmoss then Bubject F-gertainiy socme to have ex=

SRV

: AL
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14 =hera & large aad oortinuels aweunt o osaillativz of both tracing levers iw- -
shown for n period of atout 10 nuimdsos, It ls tentelising aot to kno¥ the meaae -
15 of such featurss of these tTavings. and the writear fael® moet apologetiec faor .
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Subi-K: 11/11/41,#2,54 .M.6.7°C,58H ,W-4,NC27644
S1:45P.M. 1:56 E2:02 2:30 2:45 L3:0% 3:17R3:32
TC 32.0 29.2 29,2 2B:5_23.5 18.7 22.7 27.3
Hf 38 97, 97, 97 92.5 85,94, 94 88,97, 94
Note: Tuls subaect had his solo llcense.

Subj-I 11/51/41,#2 84 .M.5.0°C,70H,Calm,NC27646
SB-S?A.M 8:59 E9:02A.M.0:15 @127 L9 0385 9:47 R10:05
TCR3.5 21,7  17.9 15. 0_15.0 T14.5 13.2 17.3 22.2
H% 36, 353 33 37, 4B.5,;32,58,43 58, 79
Hote: Usual procedure: Level flight.

Subj-G: 10/20/41,#536,5P .M.15.6°C,57H ,5W-8,NC29590

$%:145 E 5:55,4:02,4:19 4:25  L4:130 R4:32
TC26.2 25.7 R7.3 29,5 31.0_31.0 32.4  32.4
Hf 33,82,77.5 86__(35min) 86 77.5  77.5

Note: Practiced level flying. Plane took off, made
first turn at 500 ft., rose to 1000 ft., minor nec-
essery turns taken at 1000 to 1500 ft.

Subj-N: 10/20/41,#3,5P .M.15.69C,57H ,SW-3,NC29590
84:06, 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
H$ 40 92 100 94 88.5(20 min) 88.5(3 min)88.5

Note: Landed and took-off twice during period. This
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
change in his flying schedule. Has had some hours of
flying, about 6.

Subj-H: 10/21/41,#36,5P.M.18.3°C, 75H ,SW—5 ,NC29590
oub )=l ’ ’

S2:00F .M. E2:05P M. ,R:16,2:32,2:42,L2:44P .M.R2: 47P M.

TC28.6 28.0 31.0 34.0 34.2 32.3 21.0
H% 42, 64.5, 86,82 (37 min) gg 68.5
Practicing level flight.

CHART 1

CeheAe-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,HC27646
L B81:26P .M.1:28,E1: 34P M.1146,1:58,L.2: 0P .M.2: 21 R2150
- TC28.4 22.3 23.9  24.4(12 min}24.4 23.1 29,1 35.2
;g 33 86 86 90, g2 91 @91
Note: Recorder removed from student and left to con-

T e
‘H S
L
o

-

o

$ g . tinue under "waiting room" conditions. Practiced level
. ™~ flying.
5;?- £ v u'hh‘H. " :‘:&‘#136

iz

E : 11/19/41,#36,8:004 .M.11.1°C,64H ,SW~6 ,NC27646

. L G2:55P.M. 3105,5:35E3:145 L4:15 4:23 R4:41
o I:/_+\ TC26.7  29.5 B54.4 29.1 B54.4 %4.4 34.0 36.2
i 2P M35, 8 91 86_ (30 min) 86 91 88.5

— L\Note: Landings and teke-off's were precticed.

H, 1-19-34 #36

Subj-H: 12/2/41,#36,5P.M.12.20C, 78H,5W-4,NC27644

B4 - S2:00P M.2:12E2116 2:38 35102 3:48 L4:01 R4:19
e ‘ TC26.5 26.0 28.3(60min)28.5 23.0 29.5__ 29.5
-3 H " HE 35 95 95 86, 9% 100 100___ 100
= > Note: Plane landed at Z2:52P.M. Instructor left ship.
; L Landing -and tal_ce-off'a practiced, student solotd.
Ready for solo license.
AT, H, f2~1% #*3¢ Note: Indications caused by landings. Flight periocd
i f longer than usual.
v
s
.3 Subj-D: 11/13/41,#36record"B" 5P .M,8.3°C,55H ,5W-9,NC27646
3 He ¢ _,sﬁ‘iﬁ'fzg E12:556 ~ 1:00 :12 "1:14 1127 1:55,1:37R1144
E A’""‘"‘“\\ﬂ TCR5.2 5.7  26.5(12 min)26.5 29.5 _ 29.5 52.4 34.5
= R %33 86 91 100 91,100 91 86 95 86
3 T N # Note:; Plane landed 1:15, and book-off.
5 g
4;3: D it~13-41 #36
i
H & N Subj-D: 11/17/41,#36,5P .M.8.5°C,51H,W-5,NC27646
f 512:137 12344 E12145 1:05 L1:18 1:20R1:30
* TC23.0 23.9 28.4 29.5 29,5 32.5 35.2 26.4,%7.,0

5 H$ 3586 100 100 100 95, 86 91 86 91
. Note: Landings and take-off's practiced during entire period.
D oweiry w35 —

et

e |

Chart 2
C.AAN.R.C. Micro-Recorder Records 6-10
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H . :
/\ ' \’\ﬁ S81:10 1:12 1:17 ;E_Lzo 1:30 1:36 1:48 1:58 L2:06 R2:18
: £ TC22.2m39.7, 26.5 26.5 28.1 30.7 29.3 27.5,26.526.7

L
T r""\ H%48, 85 88 88 94 94 100_100 97,94,88
WR\. Note: Ten minutes during flight when readingsz impossible.

SR:18 E 236 -~ L3:25 R3:32
{—Y—*\ TCQS.O,S;.3,55.0 33.0 29.7 29.5 31.0 31.0
H% 33 95 95 100 100 86_B6 91 91
Note:Flight period longer than usual for C.P.T.
y 8 student, since he was allowed to solo, after plane
landed and instructor left ship.

Subj-D:12/1/41,#36,5P.M.12.2°C, 78H ,SW-4 ,NC27646

TC25.7 23.5 24.1 28,1 27.5 26.5 25.0 35. 5 35.%
H% 33 77.5 82 (30 min) 82 64 86 77.5 64
Note: Practiced level flying.

H ¢ Subj-E: 10/30/41,#36,5P M. 11.19C,71H,W—4,NCR7647 - - .
- ST:%5° £i:38 1148 '1:58  2.06L3:10,2:18,0:4102:54
3 ~— \
R
B

Subj-E: 11/3/41,#36,5P.M.14,0°C,53H,5W-3,NC27647
B1:32 E1:38 2:02 L2:10 R 2:22
TC22.0 27.6 35.2 24.5 24.5 24.7

N % 3% 80 95 100 100 95_ 95 91 g1
Note: Landing and take—off clearly shown by bubble

€ E. u-3-%t #36

like indications. Usual precedure.

Subj-E: 11/10/41,#2,5P .M.7.7°C. ,64H ,NW~3 ,NC27646

Landed and took-off twice during flight,1:44,2:00

sy HE : Subj-F: 10/20/41,#35,5P .M.15.60C ;57 ,5W~8,NC29590

Note: Recorder placed on student whlle seated in pla.ne
to beg:Ln flight.

E3:06P.M. 3:16 3:26 L3:41 343 R3:50
TC 21:0 25.0 25.5 _25.5 26.1 26.1

HE 33 73 95 (25 min) 95 98__ 98

Y | Note: Recorder placed on subject while seated in plane,
(;’/{3 o, ———
/// E w0-20-%;, ®35 plane ready for teke-off. Practiced level flying.

Chart 3
C.A.A.-N.R.C. Micro-Recorder Regords 11-15
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Subj-F: 11/3/41,#2,5P.M.14.0°C,52H ,SW-3,NC27647
S1:56P.M.2:00 2:14 E2:20 2:36 2:40 L2 :54 R3:00 -
TC20.7 27.8 35.1 35.6_35.8 %4.8 34.0 35.4
H$48.5 88 69,5 B2 91 69.5 9.5 7979 -
Note: Practiced level flying.

" Subj-F: 11/4/41,#2,5P.M.13.3°C,44H ,5-7,NC29590
S2:00P.M. 2:08,2:18 E2:2] 2:46 2:56 L2858 R3:0%

TC22.7 33.0 35.7 35. 5 35.5 36.6 736.9 36.9
HE 33 42 91 48 84 B8 66 39 62 69

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

81:27 1:57 2:12 E2 16 L2 4b Re:54
T025 8 351.8__33.1 31.0__31.8 32.5. 35.1
H$ 55 86 56 77 42 82 84,68 b0.5

Note: Landings and take-off's practiced. Has seven hours
of flying at this periloed.

Subj-F: 11/27/41,#2,5P.M.,12.200,44H,SW—7,NC—27644
BR:09P.M. 2:13 2:17 ER:18 2:25 2:43 L2:57 R3:10
TCR6.3 . 33.5 30.7 30.7 32.5 26.3 25.0 22.5 33.5

H% 33 72.5 33 33 79 35 45745 75 94 33

Note: 7-20'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 4102 L4 10 R4 :17

TC55 0 3B8.5 33 30.7 14.4 17.8  20.6

H%54 5 79 48 79 85 69 73 69 79

Note: During period plane-landed and instructor left the
ship, student solo'd remainder of periocd. EReady for solo
license.

F lgrz-§?!ﬂl L

Chart 4
C.A.A.-N.R.C. Micro-Recorder Records 16-20




pro=flight and post-flight periods. S3ome students oame Just before the
time for their scheduled lessona. Henoe the recorder was attached for only
& brief poriod before they went to the plane. Others came sarly, or after
they arrived their lessons were delayed, and longer tracings were pro-
sured. Similarly for the post=flight period; some students wanted to leave
imnediately, others stayed about for seversl minutes.

In Table 2 temperature results ere presented for the first trials made
on each of ten men; most of whom were CPFT students. The oolumns beginning
&t the left represents The subjeot , designated by letter, the numbsr of
the Mioro-Recorder that was used; the weather temperature, and the total
number of minutes for the entire record. The remainder of the tables is
divided into three portions for the three periods. Under "pre~flight period"
there is a oolumn giving the duration in minutes after the recorder wag
mounted on the aubject's hand befors he won% to the plane, This interval
varied from 2 to 50 minutes. The next column, headsd & shows the temperaturs
reading at the time the recorder was mounted on the subject‘s hand. The
next two columns are headed “reproesentat ive temperature,” one is headsd

_"early,® the other “later.® The timea which corresponded to these t smper-

atures were of course recorded in our notes, but for sake of simplioity they
have been omitted from the tablea, The last oolumn under "pro-flight period”
represents the highest tempsrature found in this poricd, The eame arrange-
ment of columns is followsd for the "f1ight period," and in genetal for the
"poat=flig s period.® In the lster division there is only one o:lumn for
"repreeent: tive temperaturs.” The same gcheme of tabulating the date is
followed 1., Table 3, which glveas humidity results on these ten men during
first trials. Tabdles 2 and 3 should be considersd together.

Viswing the tempearature results in Table 2 as a whole it is evident
that some men‘s hands were grott}' oold and some warse protty warm, The range
before flight was from 15.0° for Subject C to 33.59 C. for Subject B, both
Feoords being made with the gams recorder. If the comparisons are limited
to the column whioh gives the "highest™" value, the range is 20.7% o 35,59 g,
Four of the men are 309 or higher, six are below 309 but higher than 209

In the flight period the temporature range ie still greater, from 14,59 3,
35.09; pubject B egain showing the highest value, while Subject I is low
here as well as in +he post=flight period. Subjest I had his lesson on &
day when the weather temperaturs was the lowest for the eroup {5.0°%¢g,)

This undoubtedly has somothing to do with his temperature picture. In these
preliminary records it was not poepible 40 equate the redords for the weather

temperaturs. The averages for Tabls 2 ahow & rather smooth trend. In the
pro=flight period after the recorders were put on, there was & gradual
4, 26,4, 26,8, with 27.8 as the average

elevation indicated by the values 26.
for the highest poimt. it leaving the waiting room and entering the plane
there wae a deoline. on ths average 0.8 degreeca, This was followed by a
further alight descent to 25.7. Latoer im the flight there was an insreanse
to an avoerage of 27.8, whioh heppens to be identioal with the average for the

nighest poinmt before flight, & landing, the temperature remained st the level
shown in the later part of the flighi. There was @ slight deolins correg<
ponding to the piloi’s loeving the plane and going to the walting room,
Averages far the highsat pointe ahow an upweard trend from pro=flight to post=

flight, 27.8, 29.0, and 30.0° Cc



TABIE 2

GFT STUDENTS FIRST TRIALS - TEMPERATURE RESULTS

 sub- o Temp. Record wﬁi@?s%”T é’-rmp s ?:;:sgz- i P L Rap. Higaen
ot . .
jeot No. co ';iin::, :121: co ;:;y G:r ;aot t:&:l ¢o cxo'y c:r og‘l‘;) t;::. c? go co
N 3 15.6 13 50 2@8.0126.0 30,0 |30.0 | 20 28,0 |28,0 28.0)20.0| 3 28.0 28,0 28,0
G 36 15.6 47 10 25.7 {25.7 25.7 | 2507 | 35 25.7[25.2 29.5)32.4| 2  32.4 32.4 32.4
M 3 18.3 98 45 27,0 128.0 29,2 | 31.7 | 35 29.2}30.5 32.7| 31.7{ 18 3.7 30.5 317
i 36 18,3 47 5 28.€|27.8 27.8 [ 28.6 | 39 28.0|31.0 34.0] 34.0] 3 32,3 31.0 32.3
R 2 20.0 58 18 32,61 32.6 33.5 | 33.5 | 35 32.0]33.5 35.0] 35,0{- 5 35.0 34.5 35.0
s 2 11.1 39 2 15,0207 207 1 20.T | 35 2047 |23.6 29.2] 30.7] 2  30.7 26.5 30.7
E 36 1.1 78 2 25.7123.5 235 j25.7 | 32 23.5 24,1 27.5] 23.1| 44 26,5 25.0 35.3
K 2 6.7 107 17 32.0§31.029.2 {32.0| 60 29.2|23.5 25.0{29.2] 30  18.7 20.7 22.9
1 2 5.0 &8 5 23.5)21.7 217 {23.5 | 33 17.9[15.0 14.5)15.0{ 30 14.5 13.2 22.2
A 36 12.2 98 17 26,00 27,0 26,3 | 27.0 { 67 25.T | 22,5 23.5] 25.7} 14 25.T 28.3 29.5
iverages 264 | 26.4 26,8 |27.8 26.0 | 2.7 27.8129.0 27.6 27.0 30,0
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TABIE 3

GPT STUDSNTS FIRST TRIALS ~ HUMIDITY RESUITS

Pre-¥Flight Period Flight Period Post.~Flight Period

Rooor- Weather fotal Rop. Hum. Rep. Huas ‘

“ub= der Humidw- Record|Durs= “S" |Early Later!High- | Durn-~ "E" |Early later|Highe|Dura- "L Rep, Highost

jact Feo ity Time (tion HE | ML CHE |est [tion HL ] HE  HE |est [tdenm
s

e

Min, |Min. L | ¥in, Hf. |Min,

P 3 S 73 |50 40 [92.5 100 1100 | 20 88.5| 88.5 88.5 [66.5 | 3 B0.5 BB.5 8BS
r 26 57 47 10 33 |82 77.5| 82 35 8 86 B 86 2 8 8o 85
B 3 95 98 |45 70 (88,5 B8.5| 88.5} 35 88,5 10 70 [88.9) 18 8B.5 96 96
2 36 15 47 5 42 (64,5 64,5 64.5( 39 B6 g2 82 '86 3 ‘86 68 86
P 2 45 58 118 7yiea 19l M |3 79 |9 & |9 5 12 19 19
i il 3 39 2 KX IR b1 61 33 61 | 91T 94 91 2 9% 73 9%
i 36 Vi 16 2 3333 7.5 7.5 32 717.5{ 82 82 82 44 64 7.5 86

2 58 107 17 33ler 91 L9t |60 971 |97 94 |91 | 0 9 88 9

70 60 5 36 133 33 36 33 33 48.5 39 58 3 3 M 17
36 s¢ 98 N1 33les 86 195 ler 95 |91 100 poo | 24 100 200 200
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“he aumidlly weesulle 3o glven ia Tebie 3 clso spow falrly wide indi-
vidual differens4s. ln the pre-flight period only one subjeci toushed 100%,
vut esvan were 75% or above (ses solumn headed "latsr®). Subjeot 1 ig
azzin low man, In the flight period and alao in the post=flight period,
there was only one osse that raached 100%. I terma of averagas, the flight
pericd as a whole seems to be a full 5% eboyo the gensrzl level for the later
portion of the pre-fligkt period. With the sxueption of ths drop that oc-
aurred at the tims of landing, the pest~flight period continusa at the sams
level a3 shown for ths {light peried. Examination of Tablas 2 and 3 to-
gother reveals that the fiight psriod iz not sharply marked off from the pra=
flight and peat-flighi psriodec There lo; however, some tondsnoy for the
humidity o0 rise during the early part of flight. The rise in humidity
with flight le demonotratod with seven of tha Len gubjocts. Six appesr to
demonstrats a rloe in terperaturs,

The ascond trisls for seven subjests are presenmisd in Tablss 4 and 5,1?
Table 4 shows s narrower range of individusl differences tban is found in
Table 2. The everages iadisete that the flight pericd taken sz a whole 1s
sharacteriged by higher temperatures than were recordsd during the pre-flight
parlod. The pest=flighi period oontinves ai spproximately ths same lavel
w2 found for the flight psvisde There is a progressive rise in the averages
for “higheat™ valuea ln the thrae periode, The bumldity resulta (Table 5?
ere in gonoral simllar fo those for tempsraturs. They show a narrower TRUZY
of individual diffsrsnses than fovnd in Table 3, and in terms of Averagesr
m elightly higher persentags of humidity for ths flight paricd as contrast~d
with the pre=flight pesriod; #iih a alighi tendensy for a declime in the post-
Tl1ieht marlaed.

aopenied vrialsc were Inken on scme subjects et diXfersnt nednde in the
trelining. Tables 6 2ad T give temperature snd humigity results for two of
these gubjeocte, M and B, It is svident that oubject i: the man who had been
vpnatle Lo geh hlse privets ilcenss following Z.P.T. training, follows ths
sattern of showing higher tespsreturss in £1ight then ir pre-flight. In
post~{light hls temperatures deelirsd in three out of four trials (Tsblse 6}.
The humidity reeults for subjeo M (Table 7) ere nigher in ths flight peried
than 1n tho pre=flizht intsrvel end in the vost=flipht period ure still higher
than in the flipht puriod. Subjzel H reverszes thla pisture to some extsnt
For tomperaturs, ithe flight perlsd 25 hkipher than the pra=flignt peried,
but not sz Righ iz ganoral o the pest-=rlight perisd. ohile far humidity
(Table T) the Flizht psvicd 1e Lhs highest, the post -flight -erioed somswhaib
lower, and ithe pre-Tlighd nsrics aiill lower.

i

similar reaulta fop two sthier Subjeots 5 and B ars givan in Tablsg B
and 9, respmotively. 7The genasral {ampareiurs level for both subjecte is higher
in the flight perled than In % pre-{light period, but for Subjeot B the
porb=Liight period s8bovi g dezline, vhile for Bubjoct B the post=flight period
ahicws an Inoresres. For hualdity Sudbjeol I ehoww e {airly marked incresse in

H
e My

it

1iThess are not in =211 casss the sams aubjecie as represanted in Tablee 2
aad 3 becguse unfertunately Begorder No. 17 {uasd in both first and sscend trials
on soms asubjects) had its adjustmont chorgsd in somz manner afber oalibraticn.
and the humidity records wit: it occuld anct bo uased.



TABLE 4

GFT STUDENIS SECOND TRIALS -~TEMFPERATURE RESULT 3

§

Total Pro-Flight Period Flight Period Pogt-Flight Period
Recor- #eather Resord|[Dura- “S¥ | Rep. Tempo]High- | Dura- "&" | Rep. lemp.| Righ-|Dura- "L Rep. Hignest,
Sub- der Temp. Time [tion C° [Early Later|est |tion C? [Early Laterjest [tlon c® ¢ c°
ject No. %  Min. |Min. c® " ¢ [ g% |Min. co ¢o |¢® |Minm,
H 36 6.7 84 8 234 )22,3 22.3122.3 31 22.3] 23:9 24,4 |24.4 | 45 23.1 35.2 35.2
M 3 5.6 150 94 25.0 27,0 22.3 |2B.5 55 22,3]| 25.5 28.0 | 30.5 1 28.0 28.0 23.0
kB 36 15.6 57 16 25.7| 26.0 26.5 |27.8 § 37 28.0] 27.6 28.0 28,0 4. 28.0 28.4 28.6
L 2 5.6 73 |26  28.0|29.3 30.3 |31.3 | 33  31.3| 28,0 25.6 {29.3 | 34 25.6 21.7 27.5
E 36 14,0 59 & 22.0127.6 27.6 [27.6 32 27.60 31.2 35.2 [35.2 | 12 30.1 24.5 24.7
|4 36 Be3 52 3 25.2 |25.7 25.7 125.7 | 32  25.7) 26.5 26.5 129.5 | 17 29,5 30.0 34.5
J 36 11.1 60 23 29.5 [31.0 2603 [33.0 | 34 2603|2505 25.T {25.7 3 25.7 25.7 25.7
Averages 26.3 127,0 25.9 |28.0 26.2) 26.9 27.6 {28.9 27.1 27.6 29.2




TABIE 5

CPT STUDEZNTS SKCOND TRIALS = HIMIDYTY BRESULTS

| Total Pro-Flight Perilod Flight Period Post-Flight Period
sub- e P Tame|ion B [acky atar|est [tion E [Ty G vt [tion M W M
jest Ho. Min. |Min. 1y SR 4 Min. HL IMin.
i 36 58 84 8 33 1 86 86 86 31 86 92 86 92 45 B2 91 9
i 3 49 150 94 33 1 92,5 86 [100 | 55 Bé 86 96 | 100 1 8 8 86
# 36 78 57 16 55 | 55 86 86 31 86 TT.5. 64,01 T7.5] 4 T17.5 33 175
. 2 49 73 26 33 |85 94 924 33 94 91 94 94 ¥ % 94 94
B 36 53 50 6 33 {80 9% 5 32 95 100 % 1100 12 9% i n
iu 36 55 52 3 33 |86 86 86 32 86 | 81 91 |100 17 91 86 95
of 36 21 60 23 42 |77.5 82 B2 33 TT.5] 91 95 95 i« N 91
Averages 37.4|80.3 88.0) 90.0 87.2| 88.4 88.7| 94.1 88.1 B82.0 89,3
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TABLE 6

REFEATED TRIALS WITH INDIVIDUAL SUBJECTS -~ TEMPERATURE RESULTS

Subjeot = M
Recor= Weather Total | Pra_f_k_;light Period Flight Pariod Posteﬂig Period |
dor Tﬂgpu Record|Bura= "S;r RBsp, Temp.| High-|ura~ . Repe 1OMp o} Biphe |Dule- Lo “p- Highgat
No, c Time c Barly Later| est [tion G° |[Early Ilateriogt [tion ¢ G ¢
Min., ce c® | ¢° |Min, C°  ¢° | ¢9 [|uim.
3 18.3 98 1 45 27,0 28.0 29.2 {317 { 35 29.2{30.5 31.T |31.T7 | 18 31,7 30.5 3L.7
3 5.6 150 24 25,07 27.0 22,3 [28.5 55  22.325.5 28.0 }130.5 | 1 28.0 28.0 23.0
2 11,1 61 6 - 307|307 30.7 [30.7 42  304T[29.2 32,0 §32.0 | 13 32,0 30.% 31.5
36 13.3 72 | 39 27.0|26.0 25,7 [26.0 | 10 25.46[26.3 26.3 [26.3 | 23 26,3 27.0 28.0
Averages 27.4 | 27,9 27.0 |29.2 26.9]27.9 29.5 {30.1 29.5 28.9 29,6 |
Subjeot - H
36 18.3 47 5 28,6 {27.8 27.8B {28.6 -] 39 28.0{31.0 34.0 §34.0 | 3 32,3 31,0 32.3
36 6.7 84 28.4 22,3 22.3 122.3 | 31 22.3|23.9 24.4 [24.4 | 45 23,1 35.2 35.2
36 11,1 106 | 50  25.7 |28.5 33.5 [34.4 30 30.2031.3 32.9 [34.4 } 26 34,4 32,0 3$;2
36 12,2 139 |15 26,5 [25.5 26.0 {26.0 [106 26,0]28.3 28.5 [29.5 [ 18 29.0 29.5 30.0
Averages ] 27.3 126,0 27.4 {27.8 26.6128.6 30.0 [30.6 29.T7 32.4 34,2




TABLE 7

REPEATED TRIALS WITH INDIVIDUAL SUBJECTS — HUMIDITY RESULT 3

Sublect = M
‘:T" Reoor- Geathar Tobal Pre~Flight Foriod Flight Period Fost~Flight Period
der Hun, Record/Duru= "5 | Rep, Hum, | High-| Dura- “&" | Rep. Hum, | High~| Dura= "LY Reop. Bighost|
Noo Time |tion Hf [Early Later ot |tion 8% [Early Later] eet |tion HE B{ H{
Min. |[Min, B RHL | BE |Min. o nHL | L |uin,
3 15 98 45 70 | GB.5 BB.5 [88.5 | 3y . 88.5] 70 70 | 48.5) 18 BB.5 96 96
3 49 150 94 33 | 92.5 86 poo %5 B6 | 86 96 ROO 1 8 86 86
I 2 73 61 6 48.5| 48,5 48,5 48,5 | 42 48,51 85 63 | 94 13 94 B2 94
16 44 72 39 3.8 68 B 10 b6 Bz 82 & 23 82 9 91
Edmmmgm 46.0] 79,0 TT.1| 81,0 77.0] B1.0 77.8 91.0 87.5 88.8 92.0
Subjoet - H
?:;s 15 a1 | 5 42 |64s56e506e.5) 39 06 8z 82 |8 | 3 8 68 8
% 36 . 58 84 33 (8 86 | 86 3 b6 ! sz 86 | 92 45 82 91 91
E 36 64 106 |50 33 [86 8 |91 {30 8 |66 56|86 | 26 8 82 9
3 36 78 139 |15 33 1088 95 195 106 95 | 8 95 aoo | 18 100 95 100
gwﬁwam 35.2 ] 81.0 83,0 | 64,2 88.2] 86.5 B871.4 91.0 88.5 84.0 92.0

cgin
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TABLE 8

REPEATED TRIALS TITE INDIVIDUAL SUBJUCTS - TEMPTRATURE RESULTS

Sibject - E 3
],f Rocor- Weather Total Pro-Flight Period ___Flight Perlod Pogt-F1li Poriod | ﬁ
i der Temp. Record] Dura=- 5" | Rep. Temp. |High- | Dura= “E% Rep. Temp. | Figh~| Dura- "LT gg. gk :_‘
Mo, g° Time | tion C° |Barly Iater | egt |tion 4° |Early later | est | tion €° &  og* :
| Min, | Mn. ® 0 | & |wn, ¢ ¢ | e Min. g
! 36 11.1 78 2 25.7|23.5 23.5 25.7( 32 23.5124.1 27.5 | 28.1] 44 26.5 25,0 35.3 j
% 35 11,0 50 & $2.0(27.6 27.6{ 27.6] 32 Z7.82}31.2 15.2 | 35.2 12 30,1 24.5 24.7 ' H\é’
g 2 7.7 63 10 22.2 [30.7  26.5| 30.7] #6 28,1 {30.7 27.3 {30.7| 12 27.3 26.5 26.5] ., *
- - ?
{&varﬂgﬂﬁ 23’-\3 27 w3 £5.9 28.1-0 2604 2887 30-0 3193 27 a9 25-33 2315 i
Subjest « D
36 8.3 52 3 25.2125.7 25.74 25.7| 32 25.7]26.5 26.5 | 29.5| 17 29.5 30.0 34.5 |
36 8.3 53 8 23.0 284 23.9] 28.4! 33 28.4129.7 34.4 | 35.2] 12 35.2 37.0 37.0

36 3.0 14 17 23.0 L3203 33.0 i'3350 50 33.0 [29.7 29.7 | 29.7 T 29.7 31.0 31.0
Aversges 23.7 1215 21.5 ; 24,7 | 29,1 | 28.6 30.2 | 31.5 31.5 32.7 34.2

gl comr—




TABLE 9

REPEATED TRIALS “ITH INDIVIDUAL SUBJECTS - RUBXDITY ROSULTS

Subject « I
Rasor~ \sather Total _Tre-Flight Period g!.‘l.g,rht Porloed Popt-Flicht Poriesd %
der ¥um., Record| Dwra- “S” | Ren, Hum. | High< Dura~ "E” | Rep. Hum, |Mizh~ Tura=- "L° 5
Na. 2 Time | tion HS [Barly lator| est |sion Nl Barly later | ect ltioa HL Rep. Highest |
Mp. | _Mn, ®wh ol oMl i oMin, IR wWE 1 HE | ita HE . 1T 1
% 1 18 2 3B p 3 5| ensf 32 g e ez e | 4 e T % |
3 53 50 6 33 |8 95 |95 |32 95 ja0 95 {0 | 22 s 9w o5 |
T 68 0 aes] 85 88 |66 | 46 83 ) 9s0100 100 | 2 9r w8 9y
Avorazay 38.2 6610 b6.8] 86.5 _ 36,8'; 92,0 92.3f 94.0  85.3 85.5 93.% ;

Subject ~ B
i 36 55 52 3 033 | 86 86 | BE 32 B -—:- m;:. 160 l 79 a-;_ ;mt
16 51 53 & 33 86 10 100 33 100 1100 95 | 2CC 12 91 HE 31' i
36 &l 74 33 _%‘_195 55 )95 ) 50 55 100 b6 1100 7 8 91 9 _é
Averazes 33.0} 83,0 24.0) 94.0 94.C1 94.0 9i.0{100 | Bg"i,,?iﬁ__ 9_‘3:55;___,%

)
4



TABLE 10

RECORDS ON THREE STUDENTS DURING THIZR FIRST S0LO FLIGHPS

. Tomperature —_—
Sub= Recor- Veather Total E_r':w!:i:li t Perloed “F%_i_@_ Period Po:t:ﬂig]:g I-“erio;di

Jeot  der Temp. Record| Dura- "S* | Rop. Temp,! High-| Dura=- "E] | Rep. Tewp.ffigh- Dura- "L Rep. Highes

No, 6o Tine tion (° Bagly later| egt | tion G |Eaply Later egt tion ¢ ¢ ¢
Min. | Min, c c c Min. g g c Min,

b 36 3 4 17 23.0{32.3 33.0| 33,07 50 33.0} 29.5 29.7{30.00 7 30.0 3i.0 31,0
H 36 12,2 139 . 15 26,5125.5 26,0 26,5 | 106 26,0} 28.3 23.0|28.5] 18 29,7 29.5 30.0 |
F 2 12.2 35 24 35.0 {36.0 36.5| 36.5 64 34,2} 27.0 4.4 30,71 7 17.8 20.6 20.% :
Averages 28.2 |31.3 31.8] 32.0 3.1 28.3 22,4 129.7) 258 27,0 27,5 |
Humidity | sy
i
Hum .. Pre-Flight Period F1i Fariod Pogt ~F1irht Pari_qgg
D 36 61 74 17 33 |95 95 $5 50 ¢5 (100 66 |00 7T 91 91 91 E
B a6 78 1319 5 33 95 95 95 06 95 91 95 300 18 160 100 100 E
F 2 78 95 ¢ Sa.5(79  63.5] 79 | 64 485]79 B2 {85 11 99 79 79 |
Averagss 40.2 1 89,7 84,5 89.7 79.5| 90  88.0] 95.0 90 90 90 M}

LR - e raeDoiml
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the tlight peried over the pre-fiight period., and in ths post={iight
psriod a desline to the level sf the pre=Fflight peried. 3 ¢as about
squelly hlgh in both the pre=flignt and the Llight perieds: but in ihe
pogt~flight perlod siows & decrsass.

Thore ware ihres aubjenta (Subjecﬁa B, 4, and F} on whom records
ware gecuresd during Lhelr first sole flighta. Uo avsreging thess throe
records (Table 10), 13 was found thet the pre~flient periled wes cheragters
ized in the twc roprasentaiive tempersturss, by 31.3°% ana 31.8° 5., the f1ight
veaord oy 28.3% and 22.4% C.; the powi-flight record by 27.0% 4. While for
humidity the pre-~fiight period showed 89.7% and 04.7%, the flight period
90.0% sand BE.C4 and the pont =flight pericd, 90,0%. This would seem te ln=
ticate qulte e dafinite fall ia tempsrature during flight coupled with a
rise in humidgtyc Tre high humidity and low {omperaturas continued after
+he flights.: :

Discuenlon apd Genslugiona

The ayppearance of tensien and smotional sirsas in coancstion with the
sxperlenss of lsuraing to fly haw boen commesly reported by flight instruociors
and slsc avt lafrequently by thoes who are beisg teugkt. Inetructors fre=
guarsly t2l) atudente nol to be se tense, to hold ths stiok ligh%ly rather
than {0 grip it; and $t0 lot the plane fliy iteelf. Studsota in their lsesons
find 45 difficull e hood thassa instrustions. Those interested in piled ualeo-
tion and training have given sounsiderable thought to the poeeibliiiy of mea=
auring tension and esmotionel stress and of ddantifving thoase atudents inm
vhox thege payehologieal phenomena arsz proncunced. It has sesmed probmble
that mecsursmenis of this charreter might be bzaed on circulstory and gland-
ular respons®z, Aa one line of sxploretion in thia dirsction, the C.i: 4.~
H.R.C. Micro~Racordsr oas designed and dullt. It 4z o swall sslf~contaianed
unlt whioh registers graphically the tompsrature and molsturs noar the sur-
face of the palm af ons hand, It san be worn conveniasatly by the siudent
pilot ®lthout interfaring with hie setivitles whlle flying. Having developed
ssveral auch uwnite and bhaving siangarized them; tho naxt step wan te LTy
them sut on & few studenits whe were wliling 10 gogperalo, bui wors uninlmrmed
in reference o ths sxact objeciives of the test. The trials wers made im
the Fall eand aarly Winter wher the westher ismperaiurea wsre asuch as not to
cause sweating independentily of nervous tonsionc

The reegults vhizh have been gotton so far with the was of the C.A.4.~
H.R.L. Uiero-Racorder must b rezarded as praiiginary aand quite tsmtative,

In gertmin respectisn they sosu esuggestive, bud as a ¥hole they sre not very
defiritive in raference to the msjor proklem which oeeseloned the develicp-
mevt of this instrument. The data at hand neem 4o indicate that changse in
the temperaiure and humididy oloss 0 ths palm Jdo coour during flight. in
oontrast 4o pre=fiight and post=Ilight perlcds, arnd that these shanges can
be recorded objeotively acd convenisntly. I3 appears that in wozi oeses Lhe

laTho pliots Wers extramsly keysd up on these ¢oasslons and their rg=
oords zive evidezce cf this tensionm, {5ee Recurds 8, 11, and 20, Charte 2, 3,
and &, of the groap illustreted. )
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humidity tonde to bde higher during flight then preceding it, and in most

instances the tempersiure nlso tends to be higher. This follows; beoa:uss
¢ooling of the skin by svaporation of tha sweat ceannot take place as nor-
welly for sxposed skin aince the rasorder and iis mounting tend to inter-

fore with the normal rate of aveporation.

It sesms probable that ths himidity rosults are a better indication
of the smotional uvondition of the subjest then are the temperature traclngs.
The latter are more influsnced by the environment, In the experiments pre=
sented in this report the dealgn was not appropriais for dealing With the
fagtor of envirormental temperature.

A teat of this chermeter nspesanrily involves a number of variables,
most of them difficult or impossible of ocmplete control, The weather is
one guch group of variables. HReoords of this type depend upon the physisal
and mental ocondiiion of the subjecty on his gon: 1dence in, and rapport with
the instruotorj on the wtudent ‘s stege of progress in.nis training odurses
on wvhat kind of manauvers he 1z practioings on his sonfidense or leok of
csonfidence for doing what is expested of hics and onm the cosurfence of mig=
takaes, socidents or hazerds. Kach fiight azxperisnce hae its owm individ-
uality, and oan only be approximated in attempts to repeat it.

The C:A.A.~N.R.C. dloro-Recordar appeaTs {0 poasess possible ussful-
ness far etudying pilots. Like other peasurag, 1t will yield only meager
results unless used in & very aystemaiic mannsr. The sxperimental design
should include a behavior redcord tha* can be acupared or correlated againgt
the objective tracings. If difforsnt students are %o be ccmperad, insirugh-
ors’ ratings are nesded, nct only for ths flight as a whale, dut designeting
the condition of the setudent during 41fferent parts of the flizht and during
the ezsoution of ¢Afferont maneuvera. When ons student is comparsd agningt
himaelf the experimenta) design would 1nalude attempte et repgyting the
name plandard flight under similar conditions: end 4ifferers typon of ma-
zouUverpg under fairly simller sonditiounn,
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