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the Division of Research,  Civil Aeronautics Administration. 

This report describes the development of a 
praetieal micro-recorder for measuring skin temperature and 
sweating.    The improvements and advantages of this instrument 
ovor existing mioro-recorders are described along oith some re- 
sults of its use in a preliminary experiment with student pilots. 
The primary value of the report is in the desoription of a devel- 
opment in instrumentation for future research in the measurement 
of "tension." 
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Morris S. Viteles, Chairman 
Committee on Seleotion and 
Training of Airoraft Pilots 
National Resesxeh Counoil 



AUTHOR'S FOREWORD 

In early discussions of the Committee on Selection and Training of 
Aircraft Pilots interest waa expressed la the measurement of stress and 
tension in men who are being taught to fly* The assumption was that some 
degree of stress would be typical of beginners at the time of their early 
flights* Those showing exaggerated responses of this oharaoter and oon«* 
tinuing to do so might prove temperamentally unsuited for flying. 

A large variety of techniques and Instrumenta for measuring degrees 
of stress hare been proposed by physiologists and psychologists* Various 
aspects of the circulatory end respiratory functions hare been used* 
Muscular and glandular refloxee* voluntary and Involuntary movements* skin 
temperature and sweating* mental associations and Judgments* verbal re- 
sponses* and numerous other functions have been made the basis of attempts 
to measure the effects of emotional changes* The instruments devised have 
usually been for laboratory use* under conditions of relative quiet and 
freedom from movement on the part of the subjects. In most instances in- 
struments for measuring emotional responses are rather complicated and 
cumbersome* 

Vhen considering the feasibility of using available laboratory in" 
atruments in training planes* many difficulties presented themselves* 
•/eight and space requirements were critical. The student pilot must be 
allowed adequate freedom of motion to perform his work and safety must be 
assured* The author at this Juncture recalled having seen a preliminary 
demonstration of a micro"climate recorder devised by Profeaaor August 
Krogh of Copenhagen for measuring the body temperature underneath the 
clothing. The instrument was built on the chassis of a wrist watch and was 
self-contained* requiring no outside connections or aeoessory equipment,, 
The micro-climate recorder not only qualified in reference to weight and 
space but seemed eminently well suited for application to a student pilot 
without offering interference with his movements or duties and presented 
minimal stimulus for distraction* Furthermore* no assistant need give 
attention to this Instrument during the period of recording while in the 
plane. It was suggested that the author endeavor to secure such instru«- 
ments from Professor Krogh* After several months* one of the units was 
procured* Conditions arising from the war made further procurement from 
Copenhagen impossible I If mioro-reoorders were to be used in the United 
States they would have to be built here* 

This report embodies a discussion of the development of a modified 
micro-recorder and presents some preliminary results of He application* 
JVhile these results are not definitive in oharaoter* they are sufficiently 
revealing to indicate the poesible application of this instrument* 

The development of a praotioal micro-rocorder for measuring skin 

temperature and sweating in airplane pilots is a distinot contribution to 

the instrumentation in this field and this Instrument will prove of con- 

siderable value in future research concerned with ^tension*" 
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SU01ARY 

1* Host of the largs variety of laboratory techniques and instruments 
for measuring •motional rasponsa* ara not directly applicable for uaa on 
atudent pilots while learning to fly, a small instrument known as the Krogh 
111 or o^ Climate Recorder at first ssamad to have possibilities for aaoh use» 
The Krogh recorder was* howoTer^ designed to be worn underneath the cloth" 
lng* Features of its design proved not the moat appropriate when the recorder 
was mountsd on ths hand near the palmar surfaoe* 

2* A newly designsd instrument^ the C .A. A*«=N,R.C ... Micro-Recorder,  was 
constructed particularly for use on exposed areas of the skin. This new 
recorder makes use of some of the principles involved in the Krogh instru- 
ment* A small watoh movoment is employed to drive a reoording diso oapablo 
of taking records over a period of twelve hours* A temperature unit and a 
humidity unit with small writing lsvsrs ars mounted on the inside of the 
instrument at a position aa close as possible to the front» By means of 
appropriate openings in ths front plats of the watoh case* the sensitive 
elements ars directly exposed to ths temperature and humidity 1 em* from the 
skint while the entire unit is mounted on a ring of porous rubber sponge 
material* 

3* The details for ths construction of the C.A.A.-N.R.C* Kioro-^ooorder, 
its calibration and ths tsohnique of reading the records are described and 
discusssd in this report. 

4. Preliminary tests were made on a group of Yale University students 
participating in ths looal Civilian Pilot Training program, und a fsw privets 
students who wers in process of training at a flying school noar New Haven* 
Connecticut * This school was a favorable one for suah tests i with ths note- 
worthy exception that the single instructor felt unable to apoperate by making 
ratings on the studente for tension and emotional stress during the periods 
of flight* This unfortunate circumstance limits the interpretations that 
might havs been possible from the records ssoured* 

5* A group of 20 illustrative records are reproduced* together with the 
pertinent data seoured in connection with them and read from these records* 

6* The data* representing ths first trials for each of ten men* are 
grouped in separate tables for temperature and humidityt  and described in re- 
ferenoe to individual differences and to average tendencies* Other tabular 
groupings of data for individual students ars presented and the arerages 
disoussod* 

T* The records taksn in thsse preliminary experiments ehow appreciable 
changes in temperature and in humidity associated with the experience of flight. 

In general the humidity and the temperature during flight are found to exceed 

the values rsgistered before flight* The levels for humidity and temperature 

during flight tend to be prolonged into post-flight periods during which the 

instructor was talking with ths studsnt and writing out the report on his lesson. 



80 Records for three first eolo flights indicate quite high humidity 
and temperature during the flight and oontinuad after the flight* 

9« From the preliminary teate made, the C „A.A,^NcR.C l'ioroeReoorder 
appears to qualify as a aelf'contained instrument applioable to flight students* 
and sensitive to their physical and mental oonditions during theee expert 
eneeao Its possible usefulness depends largely on the degree of cooperation 
that oan be seoured from the instructor, and upon the design and control 
of the test experimenta 



A MIGRO-RiSCORDSR FOR MEASURING SKIN TSUPSRATURE AND 
SWEATING  IN AIRPLANE PILOTS 

PABT I 

liloro=Reoordora and Teohnlgue of Uae 

The Krogh Micro-Climate Rsoorder 

Krogh* in deeeribing hi* recorder unite says* "The immediate problem 
for which the reoorder here deeoribed was ooostruoted was the study of 
the temperature and humidity relations inside the olothes of man, but it 
is felt that it may hare a wider range of usefulness * and this is the 
reason why it la published before anything definite has been achieved by 
means of ite"* Earlier small rscorder units have been devised for use in 
meteorological studies. They were of suoh site as could be sent up at* 
taohed to a pilot balloon* The records were made on smoked glass* and were 
read under a microscope. Using a fairly large sised watoh as motive power* 
•tfeiohmann* in 193&B devised a recorder which included a bimetal thermometer 
and a hair hygrometero  The hands of ths watoh were removed* and a recording 
disc of glass, lightly smoked* was carried on the post which ordinarily 
supports the hour handc Krogh found this instrument too large and too clumsy 
for his purpose and* therefore * undertook to construct a smaller one on 
similar principles, Krogh"a dsvloe was built from a wrist watoh 23 mm« in 
diameter and 5 ««&° thicks 

The watoh~worka were mounted in a speoial circular brass box. The 
watoh is wound by a key* whioh may be Inserted in a hole usually kept shut 
to protect the works from moisture0 The hour-hand post or axle projects 
into ths upper aspartment of the box where it supports a brass diss on 
which the bimetalthermometor and hair hygrometer are mounted; 

The temperature sensitive elemont is a bimetal spiral strip of 3£ 
turns, ths central and of whioh is seourely fastened to the dieo. This 
spiral strip unwinds slightly with increase in temperature and winds up as 
the temperature falla. The free end of the spiral is connected by a fine 
silver wire to a small reoording lever which amplifies the movement of the 
tip of the spiral by about three times. 

The moisture senaitlve element la a single human hair 20 mm. long 
attached rigidly at one end* while the other end is fastened to a second 
reoording lever, ooth levers* at their attachment ends* are formed as 
small spiral springs and are made of thin sheet brass. At the reoording 
end of each lever a fine needle point has been fixed. These needle points 
trace thin lines in ths smoke on the underside of a flat polishsd Class 

^ogh, A.» A mioro«olimate recorder, Zoology« 19*0, 21* 275°278. 

2«eiohmaj 
(Footnote 1). 

2 
*eiohmann4a reoorder was reported in the above article by A. Kroph 



diao 27 mm. in diametorp which ferae tha top of tha unit and oorraaponda 
to tha wetoh crystal* A third writing point traoaa a basa line for ref« 
arenoa in meaauring tha deviationa of tha temperature and humidity trae- 
inga. Tha entire unit weighe only 28 grama., Tha baok portion of tha box 
is 33 nmo in diametor and tha instrument ia lla5 mm. in thicknessD 

Tha environmental air haa aooeea to tha recording compartment of tha 
Krogh instrument through a number of narrow vertical slots out in tha 
oircular aide wall of the round braaa box* These alota provide aleo the 
needed flexibility in tha rim of tha watoh onse ao that the smoked glaee 
diaoa may be inserted and removedo The dlsoa are manipulated by rubber 
auokere. By this meana a smoked diao oan be removed from its storage 
certon* placed on the rim of the case nnd foroad into position. The diao 
oan also be withdrawn from the oaae rim in thia manner and tranafered to 
the mioroeoope stage for reading* The reading stage for the reoorda is 
a aupplement to the ordinary reotangular stage of a mioroeoope and ia 
oompoaed of concentrie rings« The inner ring hae an opening of suitable 
aiie to reoeive the glass diao and may be revolved. The outermost ring 
ia graduated in degrcoa» one degree corresponding to 2 min, of reoord. 
The reoord provides for a total duration of 12 hours. A mlorometer aoale 
is used in the eye piaoe of the mioroeoope with low magnification* Methods 
for the oalibration of tha Kicro-Climate Recorder are deaoribed by Pro- 
fessor Krogh. 

Applicability of the Krogh Micro-Climate Reoordor 

The Mioro'Olimate Heoorder was obviously well adapted for the type of 
use for which it wae specifically designed*, i.e.* to record the temper- 
ature and humidity inaide the clothing. However, the question pertinent 
to the present discussion is the adaptability of the Micro-Climate Recorder 
to the study of emotional disturbances in men who are being taught to fly. 
For thia uae tha reoorder should not be under the clothing but supported 
near some exposed area subject to mental sweating»3 probably tha palm of the 

left hand. The method of support and of exposure to the skin must be taken 
into aooount in reference to the design of the recorder* 

Method of Mounting Reoordera 

In mounting the recording unit near the palm it was not desirable to 
place the hand in a leather glovet  since thia would obviously tend to produce 
a layer of maximally saturated air around the hand. Only alight ohanges, 
either in humidity or in temperature» could be expected under these oonditione 
oven though the student pilot might at one time be well relaxed and comfort - 
able and at another time emotional. Measurement requirement a* tharefore* 
pointed to the desirability of providing a highly porous pad to eerve aa an 
air^fliter boundary for the area of skin under measurements, Thia pad took 
the form of a ring to support the recording unit near the akin* but without 
blanketing tha area in auoh a manner ae to Interfere completely with heat and 

•*A discussion of "mental" (or emotional)  sweating ia presented in Part II 

of thia reports 
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moisture loss from the surfaoe covered. A spongs rubber material was 
eeleoted that contained numerous capillary ohannals so that air could 
oiroulate through it. From sheets of auoh material 1*5 cm. thick, discs, 
6 cm* in diameter, ware out. A hole, 3 em. in diameter* was out out of 
the center of these discs.. This sponge rubber doughnut, with vertioal 
edges* supported the Krogh recorder. .<hen the sponge was not compressed* 
the glass disc of the recorder, now sunken into the center of the dough- 
nut, was 1 cm. above the surface on which the rubber doughnut rested. 
A slowly ventilated cavity was thus formed bounded on one side by palmar 
skin* on the periphery by the porous rubber sponge* and on the other side 
by the recordero The doughnut and recorder wore attaohed to the palm of 
the hand by means of a strap of rubber webbing attaohed to the slotted 
openings in the flange around the brass oaac , Numerous recordings were 
made by means of a single Krogh unit mounted on the rubber doughnut. 
Humidity and temperature changes were found to ooour and the tracings on 
the amoked glass diso were readily measurable. The changes were* of oourse, 
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 spikes in the temperature curve due to the aoil spring form 
of the bimetal thermometer. These disturbances are not so frequent* however* 
as to spoil the temperature readings possible from the tracing. 

The Krogh unit presented one serious drawback for this particular type 
of use. It had not been designed for ready accessibility of environmental 
air at the surface closest to the skin. The type of mounting which seemed 
most suitable for those measurements of skin response placed the Krogh unit 
at. a disadvantage for prompt recording of changes in humidity and tempera- 
ture. The glass faoe* which is a better heat insulator than the brass box* 
is the part naturally plaoed nearest the skin. The skin heat and humidity 
must find its way into the indioator compartment via the capillaries of the 
rubber and through the slots in the sides of the box.. A more favorable 
design would present a well perforated metal surface directly opposite the skin 
through which air oould oiroulate freely and the skin heat would have direct 
aooess to the temperature recording element. Since a oholoe had to be 
made between attempting to duplicate the Krogh unit or designing something 
similar* but more directly adapted to measurements of sudden responses in 
semi^exposed skin areas* the latter alternative was selectedc 

The C.A.Ao-N.R.C* Micro=ftoc order 

No one who is acquainted with the excellent characteristics of the 
many biological instruments designed by Professor August Krogh would 
lightly undertake to produoe an Improved model of one of them. The unit 

about to be desoribad is not to be thought of as such an attempt. It is 
a similar unit but designed for a purpose whioh he did not have in view. 
Although this instrument may be used also as a sal or o= climate reoorder for 
studying temperature and humidity under clothing* no claim is made that it 
is better than Or* Krogh"s unit for that purpose. In undertaking the 

design and construction of the C.A,A.-Ncft*C- Micro-Recorder it was of 
immense advantage to have one of the Krogh units for study and experi- 

mentation, and also the benefit of oorrespondenoe with Professor Krogh 



as wall as having tho printed description of his instrument.* 

In planning the design of tha C.A.A.^N0R,C9 Miaro»Reoorder for use 
In measuring the akin responses of student pilots* several features seemed 
desirable of incorporations 

1«    The front of the unit should be perforated with several openings 
to permit ready oiroulation of air and direct radiation from the skin to 
the sensitive elemsnts« 

2*    The temperature and humidity reoordlng elements should be mounted 
on the under side of the front plate to bring them close to the skin. 

3>    inspection of the record and of the adjustment of the recording 
needles should be possible without having to open up the instrument  oaee« 

4«    The unit  should have stem-winding and at em-setting features not 
only for convenience of operation but to provide for separating sucoessive 
records. 

5«    The manipulation of the instrument when inserting or removing a 
record should not require the use of special tools* 

In order to realise these desirable  features it was necessary to 
depart  from Krogh's design and plaoe the record diso near the center* 
between the watch movement which revolved It and the recording elements 
which were given stationary mountings on the front plate. 

The watch movement finally selected as motive power for the unit was 
a standard Waltham,  9 jewelf  8-3/4 ligne,  uncased movement, without  dial 
or handsr and supplied with the  longest available winding stem and  center 
arbor.    The movement had a diameter of 19 »5 mm. and a thickness  (not  in* 
eluding the arbor) of 3*5 mm.    A one pieoe case of special design, with 
retaining ring and cover all made of brass  (bright nickel plated;, houses 
the movement and provides for the mounting and attachment  of the unit to 
subjects during measurement.    The form of.the case and the reneral arrange" 
ment of the parts which oompose the C tA.A.=N.R.C. Micro-Recorlor are shown 
in a scale drawing• Figure lo 

The movement fits the case snugly.    No attachment  eorews are used, 
but  only the pressure from the retaining ring, which  is held  in plaoe  by 
two screws.    The rim of the cover is perforated with seven slotted holes 

The writer wishes to acknowledge generous advioe and assistance from 
Professor C.S. Draper of Massachusetts Institute of Technology, and from 
Mr. Cj£« Mann, a designing engineer, previously associated with the Waltham 
</atoh Company, who was retained port time for service on the  project.    Mr. 
Mann, after conferences with Professor Draper and the author, supplied data 
concerning possible watch movementB that  could be used, made up trial diagrams 
and layouts for assembly of all the elements according to submitted details, 
and supervised the construction of special cases,  speoial tools, and various 
small parts.    For tho construction of the recording elements and for the final 
design, assembly and adjustment of the CoAeA6-N.R.C« 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) 



- 6 - 

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 SX actual size) 



3*5 «•* in diameter (not shown in the figure),, It is therefore flexible 
at the free edge and with a little pressure snaps over the protruding 
collar on the oase0 A snail pin extending from this collar directly 
opposite the winding stem and a notch in the oorer serve to give the 
oover a fixed position when in plaoe on the oase. The rim of the oorer 
is 6,2 mm. high and 28 mm, in diameter.  (This is the portion that 
projects into the rubber sponge when the unit is mounted on the subject's 
hand.) A flange* made as a part of the case, extends 3 mm. laterally 
from the rim of the cover* The unit is suspended on this flange as it 
rests on the supporting sponge pad* 

The front plate (see the scale drawing reproduced as Figure 2) fite 
flush with the top of the oorer ring and is attached to it by means of three 
smell sorsws. 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* eaeh 2*5 on* in diameter* 
is plaoed near the oenter directly exposing a large portion of the bimetal 
thermometer* A line of four 3*5 mm. holes directly exposee most of the 
length of the hair used as the moisture indicator* A eingle opening* 7 mm. 
in diameter* exposes the traoing ends of the small levers to riew after 
the oase has been olosedo Through the window the operator may assure him- 
self that the levers ars making suitable tracings on the smoked disoo 

The details of the recording elements for temperature and humidity 
mounted on the inner side of the cover plate are illustrated in the soale 
drawing* reproduced as Figure 3* The temperature element is made of a 
strip of "Truflex A" bimetal strip e010" thick by .048" wids by 3ff" long.5 
These were ooiled in spirals of 3 turns with the right-angle, outside 
tips '.Ox*  in length) pieroed with a small hole* After being formed into 
a epiral the bimetal was heat-treated at 300° F for a period of 3 hours* 

A oenter poet attached to the front plate* serves as support for the 
bimetal spiral* The mounting was made by means of a small, slotted, brass 
spool with narrow flanges at the top and bottom. The eeparation between 
these flanges is Just sufficient to admit the 0,04-8" width of the bimetal 
strip which is fastened by soldering. The spool is forced on the oenter 
post and held in plaoe by friction* By means of a sorew driver inserted 
in the open slot of the spool, it (and the spiral) may be turned to any 
desired position. 

The recording levers are made of 0.002" spring brass cheat out into 
strips of 0*05" wide. Small threaded brass spools with thin flanges are 
used for attachment. The lever strip is first soldered lightly to the 
spool between the flanges, then rolled around the spool loosoly for 2tr 
turnso At a distance of 2 mm. from the oenter of the spool a small hole 
is made in the strip. Through this hole a small wire connects the record" 
lag lever with the free end of the bimetal spirals Beyond the connection 

5      m "The Truflex   A" bimetal strips were procured from the General Plate 
Company, Attleboro, Massachusetts*   They coll- and heat-treat them to order • 



the lever ie twiated so as to increase ita flexibility at right angles to 
the recording surface( and the top ie sharpened and bent down eo as to 
form a thin traoing pointe The spool supporting the writing lover ie 
fastened to the front plate by a watch screw and held in position by 
friot ion of the spool against the plate. Finer adjustments in the position 
of the lever oan be made by slight rotation of the spool attaohed to the 
bimetal spiral. 

The lever for the humidity element is of similar design to that used 
for the temperature recorder. It is attaohed to a pieoe of human hair that 
has an aotive length of 20 mm. One end of this bit of hair, after being 
passed through a small hole in the lever6 is tied in a knot* The other 
end is clamped by means of a small cylindrical nut held to the front plate 
by a watoh sorew. The clamping must not be so tight or the nut so sharp 
as to out off the hair* Carefully selected* thin* smooth human hairs are 
soaked in Tjurified gasoline for 2* hours and washed with ether , aloohol, 
and distilled water before being mounted* 

A third and fixed lever for inscribing a base line is o.'.'.mped against 
the plats under the spool which supports the lever for the humidity element. 
The position of the three levere and traoing points is so adjusted that 
the levers do not interfere with esoh other's e.4t'lor« 

The Problem of the Reoording Diso 6 

The reoording diso and its mounting have occasioned the major diffi- 
culty in design of the C.A.A.-N.R.C, Micro-Recorder, Several modifiostions 
of one sort and another have been tried* The arrangements shown in Figure 
4 are not regarded as  optimal although they are workable. The watoh 
movement has ample power to drive the disc against the friction of the 
three reoording needles* The arbor is quite aooessible but is not by it - 
self suited to support the reoording diso* It had to be supplemented by 
a retaining disc. Dl, made of bronse* 9 mm. in diameter and .07 mm* in 
thickness. This diso is so formed as to have a oenter pivot shoulder 1*7 
mm. in outside diameter• for centering and holding the perforated smoked 
diso* D, This pivot shoulder was bored out to reoeive a short section of 
drill rod. the upper end of which was formed as a conical bearing point* 

To the underside of the retaining diso a small hour-wheel adapter 
gear, 02* ie attaohed concentric with this diso. The retaining dioo with 
shoulder* pivot bearing point* and gear wheel, constitutes an assembly 

It is no doubt clear to the reader that the construction of a WLoro- 
Recorder -from first to last must be a "Jeweler's Job." The ports have to be 
made with essentially the same precision and sise toleranoe required 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 deeoription 
the reader has been spared going over many details about materials* dimen- 
sions and construction which oan be supplied to any who may be interested. 
Olass record disos would be preferable to those made of plastio but they were 

not procurable„ 



- 9 - 

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) 

K 

K2 

B 
C 

D 

Dl 
D2 

-Front view of Krogh unit 
-Krogh record glass 
-Krogh winding key 
-Krogh sucker for manipulating records 
-C.A.A.-N.R.C. unit showing watch movement 
in case 
-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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whloh oan be slipped over the arbor and forma a light friot Ion fit with 
it. The gear on thia assembly mashes with a gear of the watoh morement. 
The retaining diso oan be slipped on or taken off at will. It provides 
for oentering and supporting the reoordo The sharp pivot point pre 
Jseting from the top of the retaining diso seats in a metal Jewel formed 
in the oore of the oenter post on ths front plate (shown in Figure 4* C) 
This oenter post end-bearing is made of a piece of drill rod l/8" long* 
It forms a tight fraction fit in. the tubular oenter post of ths front 
plate and its position may be adjusted to regulate the amount of end play. 
When the cover of the oase is snapped into place* the pivot point of Dl 
seats in this V°shapsd recess in the oenter post, and Che reoord diso* now 
hold securely in a position horisontal to ths oase* may be freely turned 
by the watoh movement. 

The recording discs. D3» aooommodated in this unit are 2$ mm. in 
diameter and are perforated at the oenter with a small hole to admit the 
shoulder of the bronie retaining diso* In the first experimental trials* 
disos made of Lucite sheet .032" in thickness were pressed onto the bronse 
ehoulder to fit snug and flat against the upper surface of ths retaining 
diso. It was found that the pressure of the ehoulder at the oenter of the 
diso soon oaused it to loossn lit flatness and assume the ehape of a shallow 
sauoer. This modification of the surfaos also oooured when the discs were 
made of Luoite ae thick as .0*0"c Therefore* it seemed best not to depend 
on a pressure fit but to use a slightly larger hole in the canter and to 
cement the reoord diso to the bronse retaining diso* This introduces 
something of a limitation since it does not permit of rapidly changing 
from one recording diso to another for use in the same Mioro-Recorder unit. 
However» it is a workable soheme sinoe the reoords usually do not last 
longer than an hour and several oan be inscribed on the same disc in sue-" 
cession by ths simpls expedient of stem setting and making supplementary 
notes. 

The record disos are very lightly smoked on one side over a cundle or 
small kerosene lanp. Several disos oan be prepared in advanoe and stored 
in a small box which has a oenter poet to hold them in order * They are 
kept separated by small washers* Rubber cement or any one of a number of 
varieties of oemecii are suitable for attaching the recording disc to the 
bronie retaining disc. Several units may be completely arranged in advanoe 
for use at an air field. It is expedient first to let the watoh movement 
run down and stop so that when the recording diso is put in plaoe and the 
caee closed the unit will not run until the operator is ready to use it) 
at whloh time he winds it up and starts the movement. 

Kaoh Mioro*Reoorder demands separate calibration and any results of 
field tests must be interpreted in reference to its own calibration chart* 

Calibration of the G0A*A,-H„R,C, Micrw-Rocorder 

The calibration for temperature ie not difficult» Several reoordere are 
plaoed in a small water tight box which ie immersed in a constant temperature 
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bath regulated by a thermoutato? The bath ia equipped with a stirring 
dovice. A high-grade thermometer* calibrated to 0.10° o0» is plaoed in 

it with the bulb naar the box. By setting the thermostat to different 
readings and keeping it at any single reading for about 2 hours* a series 
of representative temperatures may be applied to the recorders* The 
results for the several recording discs may be read and charted separately 
for each recorder unito 

The bimetal thermometers are dependable and quite stable 0 Saoh 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 aoouraoy of ~0020° C, 

The hair hygrometers must be calibrated differently and in a manner 
that is 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 Kroghr8 

This method takes advantage of the faot that well defined moisture per- 
centages are eetabliehed over saturated solutions of water absorbing 
salts. ligGl- at 20° C* gives 33^ humidity and at 40° C., $5% humidity» 
K2CO3 at 18*5° 0.| gives 44j(» and at 24.J> C„, 43/. humidity! NaCl at 
20c 0nf  gives 76^ and this is almost independent of temperature. When 
calibrations are made at 22*25° Co. the corresponding moisture percentages 
oan be taken as 33 for MgCl2t 43 for K2CO3, and 76 for NaCl. Humidity 
measurements with the hair hygrometer element indicate an aoouraoy of 
within about 5% in the range of 15% to 95^ moisture, and for the lower 
ranges an aoouraoy within 2% to 3^° 

The chemicals used for calibrating the hair hygrometers wore plaoed 
in desslaators and the instruments, without being boxed up, were plaoed on 
a poroelaii. shelf and inclosed with the chemicals for 3 or more hours. The 
diffioult part of this procedure is in adding just the right amount of 
moisture to the chemicals so they oan be molded into a large irregular mass 
without the occurrence of fluid surfaces. For further details of the methods 
of calibrating such instruments reference is made to Krogh's article." A 

dessioator is a suitable reoeptocle in which to keep the Uloro-Reoorders 
when not in use. This is chiefly for protection of the hygrometers. They 
should not bo allowed to dry out and every few days should be exposed to 
9$% moisture to keep them in good working order. Otherwise new hairs must 
be mounted and new calibrations made. 

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

7 
A preoision temperature regulator made by the Eastern Engineering 

Company* New Haven* Conn.* was used. This regulator makes U3e of a number 
of sensitive liquids which give a very adequate range. The arrangement 
employed regulated to Mthin to,05 c° 

"Kroght A., op* oit* 
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Figure 5 
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 may be 
turned by the attached arm which serves also as an index 
against the protractor scale. One degree equals 2 min. of 
time. 
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The watoh movement. however, may be regulated for this oover la taken off, 
the record diae taken out, and the retaining rim, B , la removed. Then, 
by means of the winding stem, the works are lifted out and turned over for 
aooess to the regulator arm. This disassembly plus the reassembly after 
regulation requires only two or three minutes. Runs for checking record- 
diso speed by means of smoke tracings for three or four hours are used. 
An assembled Mioro-Recorder ready for use is illustrated in £ of Figure *. 
The unit has a total weight of 26 grams0 

Reading the CaA.Ao=N.R„Cs Mioro-Reoordor 

Most thermometers and hygrometers are currently made as direct read- 
ing instruments. This is a oonvenienoe greatly to be desired but is not 
feasible for the Mioro-Reoorders. The circular record inaoribod by this 
tiny instrument must be magnified if useful quantitative data are to be 
gotten from it. Two methods of magnification are available. First, quan» 
totive readings may be made by means of a microscope, fitted with a suit- 
able stage (see Figure 5) aad with a micromotor scale in the eye piece0 
Seoond, large permanent records can be made with a photographic enlarger 
suoh as is commonly used for Leica or other miniature camera films c The 
microscope method is the one recommended by Professor Krogh. This method 
was uaed in securing the data presented and discussed in Part II of this 
report. 

The enlargement method is feasible and has also been uaed by the author. 
It employs a transparent protractor disc 25 nmu in diameter made of neg- 
ative film. This diso has an opening in the center.  The record and the 
protractor are placed concentric in the enlarger so that the print shows the 
tracing and the degree scale. Enlargement has one special advantage, in 
that copies of the tracings are available for filing with the notee and for 
reproduction when desiredc 
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PART II 

Preliminary Experiments with Student PIlote 

"Mental" Sweating 

It is sometime* obsenrsd that emotional disturbance tends to pro- 
duos sweating, especially at ths axilla, on ths solss of ths feetk and on 
ths palms of the hands„ "Mental" or emotional sweating^ whsn it occurs, 
tsnds to appear at all three eurfaoss and on both oides-of the body0 There 
are considerable individual differences among psopls wbsn they are measured 
under what are arranged to be objectively similar olroumstanoos <> Mental 
swsatlng also tends to occur under a rather wide range of environmental 
temperatures* According to the olassioal work of Krause,9 who studied ths 
distribution and number of sweat glands on ths human body, the palm of 
the hand and the sols of ths foot, contain psr unit area, more than twice 
as many sweat glands as ars found for ths forehead. Ths forahsad itself 
is very richly supplied with sweat glands in eomparison with ths general 
surfaces of ths body. 

By use of the fusehsine dys method, Miner10 who devised this technique, 
and othersp11 have produosd most interesting photographs showing tho re- 
lative distribution of ths sweat glands on the palm and on the sole of the 
foot. The dysstuff whsn dry is a white-green crystal powdsr that oan be 
dusted on the akin surfaces quite easily. Whsn sweating ooours tho moisture 
dissolves the crystals and yields a brilliant dark red ooloring matter. By 
this method it has bsen found that ths palmar line curving around ths bass 
of the thumb comes out almost colorless, indicating very little sweatingo 
However, beginning near this line and on either side ths deep ooloring 
indioatsd profuse sweating on what may be termed ths large protuberant rogions 
of ths palms. Ths color tended to be darker on ths fingertips than on ths 
othsr parts of ths fingers<> From this gsnsral picture it was demonstrated 
that the parts of the palm Thlch ooms into oloss contact with objeots grasped 
are those parts which tendod to produce the greatest amount of sweating. 
The oenter of the palm although not ths most richly supplied area was for 
praotical reasons the place of ehoios for looation of ths Micro-Reoorder, 

Skin Temperature Changes 

Emotional or mental tension not only produces swsating strikingly ob- 

^Krause, K. F. Th. Wagner's Ifandwortorbuch dsr Physiologic, 1844,2,131. 

1-OUimr, V. Ein nsuss Vsrfahrsn su dsr klinisobsn Untersuohung der 
Sohweissabsondsruns. Z. gos. Neur. Psyohiat., 1^27, 47, 800. 

^uno, I. The Physiology of Human Perspiration. London! Churchill, 
1934, Pp. 268. 
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servable on the palms and the other areas mentioned! it also produces some 
ohange in the skin temperature. The result may be a rise, if there is di- 
lation of the capillaries and arteriols and increase of blood pressure re- 
sulting in increased circulation, or a fall, if there is constriction of 
the arteriols and the dosing of some of the capillaries. The temperature 
of the skin is modified by the vaporisation of the sweat and henoe by the 
circulation of air over the skin* 

From the large amount of evidence about palmar sweating and temperature 
ohange due to emotion or to the stress of mental work, such as is involved 
in mental arithmetic*  these areas appeared to be particularly suitable for 
study in student pilots. 

The C.A.A»-N,R.C0 Micro-Recorder is designed for use in examining the 
responses of palmar skin areas during flight.. It needs only to be held in 
some suitable support near the palm of the hand, but not against it. In 
this position it is influenced by changes in the humidity of the air imme- 
diately over the semi-blanketed skin area and by changes in temperature 
that might oecur due to changes in circulation. The recorder in position 
as worn on a subject's hand is shown in Figure 60 The ring (doughnut) of 
porous rubber sponge supports the recorder at a distanoe of 1 em. from the 
underlying skin. The temperature element is Influenced by both conduction 
and radiation. 

Experimental Arrangements 

Arrangements were made to oonduot tests at a school giving CPT train- 
ing to Yale University Students.1} A total of 14 students was theoretically 
available for this study, but sines it was impossible for the laboratory 
assistant to be at the field continuously during all of the flying houre, 
records on all of the men were not secured. The instruction hour schedule 
for the Yale students (designated by letters A-H) is shown in Table 1. 

12 Kuno, Y., op. cit. 

•^Uifberg Flying Sohool, Inc. Wallinford. Connecticut, Mr. R» 0. W0 
Vroom, president and flight oontraotor for training. The author wishes 
to express cordial appreciation for Mr. Vroom's kind oooperation during the 
period in which it was possible to oonduot the tests, i.e.. until flying 
olose to the Atlantio Coast had to be discontinued. 

It must be noted, however, that despite the fine oooperation given the 
study by llr. Vroom, the instructor at the airport was not enthusiastic On 
the whole he was rather unfavorable to the idea of conducting any experimenta- 
tion in connection with the flight training. VThat he may have said to the 
students in regards to the test is not known. It had been planned to have the 
instructor wear one 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 possibls as the instruct- 
or did not ohooss to ooopsrate in this manner. 

Acknowledgment is also made of the faithful services of Mr. Leonard Taddei, 
laboratory assistant, who attended to taking the records at the flying field, 
and who read and tabulated the resultso 



Figure 6 
The C.A.A.-N.R.C. Micro-Recorder Mounted on the Hand 
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Student K had finished CFT training and had reoeivod hie solo license. 
Students N and L were both private students. Student If had finished CFT 
training, but after 74- hours flying (up to NOT. 4, 1941) had still failed 
to secure a private license. The others were regular CPT studente. 
Examination of Table 1 reveals that instruction was giren on all 7 days of 
the week, and in general, that 45 minutes appear to be allowed for eaoh 
lesson V7lth 15 minutes between for serriolng the training craft„ Actually 
the lessons wore 30 minutes as a rule and between CPT lessons private 
students were fitted into the day's program. Two-passenger, dual control 
Taylororaft planes were used in this training programf throe planes were 
usually available. The training period extended from October 20 to Oeoember 
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 TALE O.P.T. STUDENTS 

Time Uon, Tues. Ved. Thurs. Frl, Sat. Sun. 

8t00 A.U.-8l45 A.U. A H A H A H B 

9»00 A.M.-9S45 A.U. B I 0 

10100 A.M.-10145 A.M. C C C A 

moo A.U.-III45 A.it. I E a E 

12100 A.U.-12I45 P.M. 1 B 0 

12145 P.M.-1I30 P.M. D D D D 

1130 P.1I.-2I15 P.M. E H B E I J 

2115 P.U.-31OO P.M. r F r T J 

3100 P.M.-3145 P.M. a C j 

3l45 P.U.-4I30 P.M. J - 

This particular training field was looated in a valley between two 
ranges of bills. The field was of average size, flat and oovered with firm 
sod. It presented no unusual hasard, and the air traffio around it was very 
light. Usually not more than t.70 or three planes would be in the air in 
this vioinity at one time. No accidents of any importance oocurrod 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 offico buildings there was 
a waiting room where students eamo to oheok in before taking their lessons. 
The room was oomfortably furnished with lounge chairs, and was heated by 
steam radiators. It was in this room usually that the Mioro-Reoordera wore 
plaeed 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 conrorse with the instructor as he made out the flight 
jacker. Following this* when they were ready to leave the field, the Micro- 
Re cordor was removed* 

During their training flights students always wore parachutes but no 
other special flying clothing. They wore ordinary shoes and trousers, and 
in place of coati and rests or overcoats, wore jackets. No gloves or mittens 
or helmets wero used. There were never any open cockpit windows. ..hile 
the 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 oonneotion 
with the records. 

In introducing the instrument and the test to the subjects, it was 
sailed simply a "temperature recorder." The real objective of the test was 
not dsseribed or discussed. The student was told to treat the instrument 
like a watoh 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 
his hand flat open, or alternately opened and closed, squeeiing and releasing tho 
sponge. He was to forget it and use hie hand on the wheel in as nearly the 
usual manner as possible. Notes were made in reference to each flight studied. 
These inoluded the subject's name, dato, time, recorder number, the exact 
time when the subject cot into the plane and started taxiing, the time when 
the plane landed, the time when the recorder was removed.^-5 Each student was 
always questioned at the end of the flight in reference to any special events 
that might have oocurred, but in general this questioning revealed little in 
the way of significant data except to show when a lesson was devoted chiefly 
to practicing steop turns, opine, and landing. 

Review of Representative Records 

In order that the reader may have a first-hand impression of the records 
secured with the C.A.A.*N.R.Co Micro-Recorder used in connection with flight 
training. 20 records are reproduced in the following few pages (Charts 1, 2, 
3, and 4). The records have been enlarged 6£ times. The subjects are des- 
ignated by letters. For some subjects groups of records are shown, for others 

They usually arrived five or ton minutes early. Host of them came by 
auto from New Haven, about 12 miles distant. Subject N came from Herlden, 
5 miles, and Subject K from Hiddletown, about 17 miles away. 

^At first it was thought the assistant might watoh the plane during 
flight and make notes concerning maneuvers and the time when they occurred. 
This proved impraotioal as the planes usually wont off some distanoe from 
the field and were frequently lost to view. 
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single records* Opposite each reoord the essential data tabulated from 
It are givenc In the first line appears ths subject • letter designation, 
the date* the recorder number* the weather report for temperature, humidity* 
and wind for the time of day nearest that of ths flight lesson, and finally 
the training plane that was used* Ths second line gives the tine recordi 
2 for start of the reoord* S, 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 G°7 shows ths temperature readings and 
ths fourth line. (H^) the humidity readings* Kaoh reading given represents 
the time indioated above in the second line. A horisontal line connecting 
two readings indicates that this value was substantially constant for the 
period represented* Following these data, brief notes havs been entered 
indioating the type of training given In the lesson and other pertinent 
oomment s « 

The first and most gsnsral obssrvation noted 
both temperature and humidity are variable during 
by the records. Secondly* It is obvious that ths 
more sensitive and gives a larger deflection than 
to the eye the temperature appears to change more 
ooil spring form of the bimetal thermometer makes 
to rssponse from vibration* 

in theso records is that 
ths periods represented 
temperature recorder is 
the hygrometer. Therefore* 
than the humidity* The 
this unit also more eubjsot 

' In almost all the recordsp as would be expected* rises in temperature 
and in humidity are shown in ths first minute or so after the recorder was 
placed on ths subject's hand* For gsnsral inspection each tracing oan be 
interpreted in terms of its own form, but the readings are always made from 
the bass line labeled* B, The rise in humidity is more prompt than that for 
temperature* The latter gives a rather gradual change. Following this 
preliminary elevation, the two curves may show roughly parallel tracings* 
eaoh rising or falling during a particular interval* or they may diverge* 
one showing a riss while the other falls or indicates substantially no 
change* Although temperature and humidity over the area of palmar skin 
that is being studied represent two related phases of neuro-phyeiologioal 
prooessee active in the tissue and in the body as a whole* these phases are 
not necessarily highly and positively correlated* If the palmar skin area 
was completely uncovered an inorease in sweating would logically be followed 
by a decline in skin temperature due to cooling from evaporation* The porous 
rubber sponge mounting retards air movement and evaporation is slowed down* 
Sweating may therefore occur and skin temperature may rise* Tests in the 
laboratory have shown that wearing the reoorder for 10 minutes when the hand 
is bars, but quite warm (3*«3° cT'oauses a rise of about 1.0° 0. 

In some instances it is evident that when the subject left the waiting 
room and went to the plane* there was a fall in temperature. Probably this 
is to be credited to the sudden change io environmental temperature for the 
subject's body as a whole* rssultlng in a general oonstriotlon of ths skin 
capillaries. Decreases in humidity at the time of going to the plane seem 

less pronounced. 

The humidity curves during the period of flight appears to be fairly 
regular, although they sometimes show obvious small waves. The tomperature 
ourvee, because of ths construction of the bimetal thermometer as a spiral 
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with one end free to vibrate* ahow many instances of pronounced vibration 
of the recording lover* These widened portions of the curves are parti*. - 
ularly prominent at times corresponding with taxiing and landing the plans* 
They also seem to occur quite frequently from sudden movements of the sub- 
ject *s left hand, or from impact of vibration oommunoiated to the left hand. 

Usually there is a change in both temperature and humidity closely 
associated with landing. Sometimes these ohanges just precede that eventf 
at other times they follow it. Unfortunately, as explained earlier* it 
was not possible to secure intimate details of behavior data for temporal 
correlation during flight and in connection with the landing* »'/e must there* 
fore be satisfied with a general view of what the experience of flyinr does 
to the responses in the skin. 

Records 1 to 4 (Chart l) represent four different students i Subject K 
(Record l) was not a novioe (he had his solo license) but even so he shows 
temperature and humidity ohanges 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 been in the air for about ten minutes 
the temperature slowly fsll and the humidity also declined0 There were 
periods* however* when both curves tended to rise again. At the time of 
landing his temperature was at the lowest point shown* Prom hero It grafts 
uill/ rises* The humidity however* rose at ths time of landing and made no 
special change after that? 

Subject I (Record 2) had taken about one-third of his flight course* 
The weather humidity 'as moderately high (70/0 while over his palm the record 
gives 48*5^ as the highest during flight* The temperature curve is quite 
even* but the humidity line shows several small vavoe* Following landing* 
both ourves rise* 

Subjeot G (Record 4) was taking his seoond flight lesson. This was* in 
fact* the seoond record taken at the field* His temperature rose irregularly 
throughout the entire flight period, and the humidity line remained quite 
consistently smooth and relatively high, falling promptly after landing* 

Subjeot N (Record 4) had about six hours of flying* His lesson was rel 
atively briefc, Attention should bo called to the upswing in the temperature 
curve, also in the humidity curve* whioh occurred several minutes prior to 
his flight . This is ooinoidsnt with a conversation he had with the flight 
director* in the presence of the assistant, and during which he seemed to be 
emotionally upset by the change in plans whioh the director told him must be 
followed* 

Records 5 to 8 (Charts 1 and 2) represent four flights for Subjeot H, 
taken at different periods in his CP.T* training, but all with the sans re- 
corder (No* 36)* Reoord 5 (Chart l) represents his seoond lesson* It was 
uneventful. he was practicing level flight* The temperature curve riaae pro- 
gressively throughout the flight with little or no change until the very end, 
giving a quiok descent after landingo Humidity rises a little slowly at first, 
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but remains oonaiatontly high and oven throughout the flight with a 
fairly prompt decline following landing, Record 6 (Chart 2) shows a 
lowered temperature probably related to the fact that the enrironmental 
temperature waa 6,7 on this day, compared with 18»3° C. on the day of the 
preylous record. During flight the temperature ourre riaea, but not as 
prominently aa in No. $,    Landing is not followed by a fall in temperature, 
but after four or five minutes thsre begins a prominent rise whioh continues 
for some time. This is associated with entering the waiting room. The re- 
corder waa removed from the student and the continuation of the record marks 
the adjustment of the instrument to room temperature.  The humidity ourre 
during flight shows some undulations, but following landing tends to bo 
somewhat higher. Record 7 (Chart 2) represents a lesson in whioh landings 
and take-offs were praotioed. The humidity line is fairly constant during 
pro-flight, flight) and post-flight periods. At the time of entering the 
plane there was a sharp deoline in temperature followed by the irregular 
riss whioh continued through the flight and held its general level following 
the flight. Landings seem to hare been executed rather smoothly since there 
is no clear indication of them in the temperature record. This is not true 
for the same recorder when tracing Record Rumbsr 8 (Chart 2). This was a 
long lesson, (the entire record is not reproduced) ae the notes indicate, 
during the latter part of whioh the student soloed, and was considered ready 
for solo license. It is interesting to note that the humidity line in this 
record is the highest in general for the four rooords representing this sub- 
ject. >Jhile he was soloing he hit the top with lOOjt humidity, and hla temp- 
erature record also seems to have been at its peak for that day, although 
not higher than on other days. Thi« may be an expression of the oooling 
effect produced by the sweating. Following final landing the temperature rose 
still hierher. while the humidity rmanlned at 10O/Cc 

The three Records 9 to 11 (Charts 2 and 3) inclusive are all for Subject 
0 and were taken with the same recorder (No. 3o). These were all representative 
of the second half of the oourse for Subject D. In Records 9 to 10 (Chart 2) 
the student was practicing landing and taking off*    Indications of landing 
seem to be present„ The humidity ourre bumped the top of 100^ regularly for 
this man. The temperature curve tended to rise throughout flights represented 
by Records 9 to 10 and to be still higher following the flight, while the 
humidity went down. In Reoord 11 (Chart 3) Subject 0 had a fairly long flight, 
50 minutes. The plans was landed during this interval, the instructor left 
the ship, and the student was allowed to solo. The reoord is not a particularly 
legible one, but it seems to indicate that he got along nicely. He was prob- 
ably doing considerable mental sweating as the humidity was 100^ for 16 minutes 
during the latter part of the flight, while the temperature curve remained 
at 29.7« Following landing the temperature curve quickly rose to 31, and the 
humidity fell off to %%.    It is noteworthy that the first solo flight of Sub- 
ject 0 seems muoh lees emotionally eventful than does that of Subject H 
(Reoord 8). Both records were taken with the same recorder, and under closely 
similar environmental conditions, temperature 12u2° $f  humidity 78/t, the 
same wind conditions, and ths same plane« 

These records for Subject E are included as Numbers 12, 13* and 14 
(Chart 3)0 The first two wore taken with recorder 36, the last with reoorder 
number 2o No special oommente are necessary exoept that Judging from the 
temperature and the humidity during flight, the strain seems to be greater on 
the subject in Records 13 and 14- than in Record 12• The last two records were 
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probably more tryingo ainoo the subject was praotiolng landing and taking 

Records 15 to 20 (Charts 3 and 4) inoluaivo.are all for subject Fc 
Number 15 (Chart 3) oame at the very first of his course,  and number 20 at 
the Tory end. It is noteworthy that oscillations in the curves seem rather 
to increase with the progress of his training. Perhaps this is the general 
picture that should be expeoted if a relatively large number of tracings are 
taken representing the entire course* At the first the subject may be al- 
most oontinuously tense and emotionally wrought up, Aa he progresses his 
periods of tenseness may be interrupted by periods of relative relaxation 
and ease reflected by oscillations in the traced curves. In order to prove 
such a statement. it would certainly be necessary to have a detailed aeoount 
from the instructor. How or why the humidity curve shows such a sharp and 
relatively square notch as is indicated in Record 17 (Chart 4) just prior 
and after the interval of entering the plane» is at present wholly unexplained. 
The precipit&ot drop in humidity in the few minutes just preceding landing 
(Record 17) associated with the rise in temparature is also difficult of 
explanation.  If it may be assumed that changes in temperature and sweating 
represent emotional responsiveness then Subject F certainly seems to have exs 

perienced these conditions both before and during the lesson in which he was 
permitted to solo, which is represented by Record 20o 

In general) for the records at our disposal) it seems that the solo 
lessons give the best illustrations of rapid temperature and humidity mod- 
ulations whereas the first or very early lessons give the smoothest and most 
regular curve* 

Review of Grouped Data 

From tho preliminary Investigation carried out by use of C»A.A.»N.R.C. 
Micro-Recorders it is possible to present only very general findings* No 
grades 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.  All the OPT students were just beginning 
their training. The school was a small one, air traffio was alight» and other 
oonditions favorable. All the training was by the same instructor. Three 
dual oontrol Tayloraraft planes were used. 

It seems possible to group the results and present them in tabular forme, 
The following Tables» 2 to 10 inclusive* are all similarly arranged* The re- 
corder traoings for eaoh man have been divided into three chronological por- 
tions) representing the pre-flight, flight) and poet~flight periodso The 
duration of the flight period varied somewhat• but not as greatly as did the 

^A curious portion exists near the middle of the flight record for number 
14 where a large and continuous amount of oscillation of both tracing levers is 
shown for a period of about 10 minutes. It is tantalising not to know the mean- 
ing of such features of these tracings) and the writer feel* most apologetic for 
these gaps in the information that should be available both to him and to the 
readero 
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Sub.j-K: ll/ll/41,#2,5A.M.6.7°C,58H,W-4,NC27644 
S1:45P.M. 1:56 E2:02 2:30 2:45  L3:02 3:17R3:32 
TC 32.0  29.2 29.2 23:5_23.5  18.7 22.7 27.3 
R%  33 97, 97,  97 92.5 85,94, 94 88,97, 94 
Note:  This subject had his solo license. 

H 

a— 
I -f- 

—'R 

I. n-n-'f-i *x 

Sub .j-I: 11/31/41,#2, 8A .M .5.0°C ,70H ,Calm,NC27646 
S8:57A.M. 8:59 E9:02A.M.9:15 3:27L9:35 9:47 RIO:05 
TC23.5   21.7 17.9  15.0_15.0 14.5 13.2 17.3 22.2 
E%  36,    33   33   37, 48.5,39,58,43     58,  79 
Note: Usual procedure: Level flight. 

2 A 

Sub.j-G:   10/20/41,#36,5P.M.15.6°C,57H,SW-8,NC29590 
S3:45 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 
U%  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- 
essary turns taken at 1000 to 1500 ft. 

N. /«-2°-'w *? 

Sub.j-N: 10/20/41, # 3,5P .M .15.6°C ,57H ,SW-3 ,NC'?9590 
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) :io.O 
ti%  40 92 100 94 88.5(20 min)   88.5(3 min)88.5 
Note: Landed and took-off twice dui-in:.: period. This 
subject's readings run normal continuous!'' 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 
S2:00P.M.    E?.:05P.M.,2:16,2:32,2:42,L2:44P.M.R2:47P.M, 
TC28.6       28.0    31.0 34.0 34.2 32.3    31.0 
E%  42, 64.5,  86.82   (57 min)  82      68.5 
Practicing level flight. 

CHART 1 
C.A.A.-N.R.C. Micro-Recorder Records 1-5 



- 28 - 

Sub.j-H; 11/11/41 ,#56 ,5P .M. 6.7°C ,58H ,W-4 ,NC27646 
S1:26P.M.1:28,E1:54P.M.1:46,1:58,L2:05P.M.2:21 R2:50 
TC28.4 22.3  23.9   24.4(12 min)24.4 23.1 29.1 55.2 

**"}$  33,86     86     90, 82 91  91 
Note; Recorder removed from student and left to con- 
tinue under "waiting room" conditions. Practiced level 
flying. 

Sub.j-H: 11/19/41 ,#36,8:00A.M .11.1°C ,64H ,SW-6 ,NC27646 
S2:55P.M. 3:05,5:35E5:45 L4:15 4:25 R4:41 
TC25.7 29.5 34.4 29.1 34.4 34.4 34.0 35.2 
H% 33, 86 91 86 (50 min) 86 91 88.5 
Note: Landings and take-off's were practiced. 

Subj-fl; 12/2/41,#36,5P.M.12.2°C,78H,SW-4,NC27644 
S2:00P.M.2:12E2:15 2:38 5:02 5:48 L4:01 R4:19 
TC26.5  26.0 28.3(60min)28.3 23.0 29.5 29.5 
^35    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. 

t 

A u-a-fj #36 

Subj-D:   ll/l3/4I,#36record"B",5P.M.8.5°C,55H,SW-9,NC27646 
£512:52   E12:55        1:00 1:12    1:14 Ll:27 L:55,1:37R1:44 
TC25.2      25.7 26.5(12 min)26.5  29.5 29.5 32.4 34.5 
H*55    86       91  100      91,100 91 86    95  86 
Note: Plane landed 1:15, and took-off. 

10. 

D.  >M/4/ #36 

Sub.j-D:   11/17/41,#36,5P .M .8 .5-C ,51H,W-5 ,NC27646 
S12:57      12:44 E12:45 1:05 Ll:18 1:20R1:50 
TC25.0  25.9      28.4 29.5 29.5 52.5 55.2 26.4,5.7.0 
y%  55 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 71/41 .#56.5P .M .12.2°C. 78H .SW-4 .NC27646 
S2:18 E 2:35 L5:25 R5:32 
TC~:3.0,52.5,55.0 33.0 29.7 29.5    31.0  31.0 
n%  33 95    95    100 100 86_86 91  91 
Note:Flight period longer than usual for C.P.T. 
student, since he v,as allowed to solo, after plane 
landed and instructor left ship. 

Subj-E: 10'30'41,#36,5P.M. 11.1°C,71H,W-4,NC27647 
SI: 56  El:58 1:48  1:58  2.06L2:10,2:16,2:41R2:54 
TC25.7 23.5 24.1  28.1  27.5 26.5 25.0 35.3_55.3 
H%  55  77.5  82  (50 min) 82   64 86 77.5 64 
Note: Practiced level flying. 

iO-30-*l  *3(, 

13. 

If.- 

H-3-Vf 

r% 

SuD.j-E: ll/5/41,#56,5P.r-,.14.0°C,53H,SW-3,NC27647 
SI:32 El:38    2:02    L2:10       R 2:22 
TC22.0 27.6    35.2    24.5 24.5  24.7 

bubble 
33 80 95 100 100 95_ 

Note: Landing and take-off 
like indications. 

clearly shown by 
Usual procedure. 

Subj-E: 11/10/41 ,#2,5P .M.7.7°C. ,54H ,NV,-3,NC27646 
SI:10 1:12  1:17 El:20 1:30 1:36 1:48 1:58 L2:06 R2:18 
TC22.2m59.7, 26.5 26.5 28.1 30.7      29.3 27.3,26.5,26.7 
H%48, 85   88    88 94 94      100_100 97,94,88 
Note: Ten minutes during flight when readings impossible. 
Landed and took-off twice during flight,1:44,2:00 

a 

a/3ir/ 

H 

T] 

sY^ *t 
% 

F. te-ZC^Ki   «MS" 

Sub.j-F: 10/20/41 ,#35,5P.M.15.6°C,57Pi,SW-8,NC29590 
Note: Recorder placed on student while seated in plane 
to begin flight. 

E5:06P.M. 5:16 5:26 L5:41 545 R3:50 
TC   21:0    25.0 25.5 25.5 26.1_26.1 
H% 35     75  95 (25 min) 95 98 98 
Note: Recorder placed on subject while seated in plane, 
plane ready for take-off. Practiced level flying. 

Chart 5 
CA.A.-N.R.C. Micro-Recorder Records 11-15 
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76. 
Sub.j-F:   ll/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  34.8  34.0      35.4 
HJ648.5 88    69.5    82    91 69.5 69.5  79_79 
Note:  Practiced level flying. 

in w 

i 

E  iHH'fl *2 

Sub.j-F: 11/4/41 ,#2,5P.M. 13.3°C,44H,5-7,NC29590 
S2:00P.M. 2:08,2:19 E2:21 2:46 2:56 L258 R3:02 
TC22.7 33.0 35.7    35.5_35.5  36.6    36.9 36.9 
E% 33 42 91 48 84 88 66 39      69    69 

18. 
H  

T F'  # 
. n-ie-*/ 

Sub.j-F:   11/18/41,#36,5P.M.14.0°C,61H,S-8,NC27646 
SI:27      1:57      2:12 E2:16 L2:46 R2:54 
TC23.8 31.8 33.1 31.0 31.8 32.3 " 33.1 

* H%  33 86  56  77  42 84        84,68 50.5 
Note: Landings and take-off's practiced. Has sever, hours 
of flying at this period. 

11. 

sJPfV 

\tr~a/ 

//•27-J-/ 
L 
0 2 

Sub.j-F: 11/2 7/41 ,#2, 5P.M., 12.2°C,44H,SW-7,NC-2 7644 
S2:09P.M.  2:13 2:17E2:18 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 
R%  33   72.5 33      33  79 33 45-45  75 94 33 
Note: 7-20's, steep turns and spins v.ere practiced during 
period. 

Sub.j-F: 12/2/41,#2,5P.M,12.2°C,78I!,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 
f#54.5   79 48 79     85  69   79 69 79 
Note: During period plane lanced and instructor left the 
ship, student solo'd remainder of period. 
license. 

Ready for solo 

«-?-*/ *>* 

C.A.A.-N.R.C 
Chart 4 

Micro-Recorder Records 16-20 
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pra~flight and post-flight  periods ,    Son* students oaino Just bsfors the 
tires for thslr sohsdulsd lessons-,    Hsnos the recorder was attaohsd for only 
a brief psriod before they went to the plane«    Others oams earlyy  or after 
thsy arriTSd thsir lessons wsrs delayed* and      longer tracing* were pro* 
cured*    Similarly for ths post-flight period! some students wanted to leare 
immediately,, others staysd about   for several minutes* 

In Tabls 2 temperature results are preesntsd for the first trials made 
on eaoh of ten men* most  of whom wsrs CFT students»    Ths columns bsglnning 
at ths left represent I    The subject, designated by letter* the number of 
the Uioro Recorder that was used* the weather temperature* and the total 
number of minutes for ths entire record.    The remainder of the table is 
divided into three portions for the three periods.    Under "pre-flight period" 
there is a column giving ths duration in ninutes after the recorder was 
mounted on the subject's hand before be went to ths plane.    This interval 
varied from 2 to $0 minutes      The next  column* headed §. shows the temperature 
reading at the time the recorder was mounted on the  subject's hand*    The 
next two columns  are headed "representative temperature," one Is headed 
"early,." the other "later*"    The times which corresponded to these temper-* 
aturee ware of course reoorded in our notes* but for sake of simplicity thsy 
have been omitted from the tables*    The last  column under "preflight period" 
represents ths highest temperature found in this period*    The same arrange- 
ment of columns is followed for the "flight period*)" and in geneial for the 
"post-fligit periodo"    In the later division there is only ons o.-lumn for 
"represent! tive temperatures"    The earns scheme of tabulating the data is 
followed Li Table 3* whioh gives humidity results on these tsn men during 
first trialst    Tables 2 and 3 should be considered together* 

Viewing the temperature results in Tabls 2 as a whola it is evident 
that some men's hands were pretty sold and some were pretty warou    The range 
before flight was from 15.0° for Subjsot G to 33*5° C„ for Subject B* both 
records being made with the same reorder 0    If the comparisons are limited 
to the column whioh gives the "highest" value* the range is 20CT° to 35*5° C* 
Pour of ths men are 30° or higher* six are below 30° but higher than 20°. 
In the flight period the temperature range is still greater* from 14*5° to 
35»0°* subjsot B again showing ths highest value* while Subject I is low 
here as wsll as in the poet -flight periodo    Subjeot I had his lssson on a 
day whan ths wsathsr temperature was the lowest for ths group (5*0° C.) 
This undoubtedly has something to do with his temperature plot are;     In these 
preliminary records it was not possibls to squats ths records for ths wsathsr 
temperature„    The averages for Tabls 2 show a rather smooth trend*    In ths 
pre-flight period after the recorders were put on* there was a gradual 
slsvation indioatsd by ths valuss 26.•* 26.4, 26.8,    with 27,8 as the average 
for the higheet point.    At leaving the waiting room and entering the plane 
there was a decline, on the average 0*8 degreesc    This was followed by a 
further slight descent to 25»1«    Later in the flight there was an lnorease 
to an average of 27.8, whioh happens to bs identioal with the average for the 
highest point before flighto     At  landing, the temperature remained at  the level 
shown in ths later part of the flightc    There was a slight deoline  corres- 
ponding to ths pilot's lsaving the plane and going to the waiting roomc 

Averages for ths highest points ahow an upward trend from pre-flight to post- 
flight* 27.8, 29*0, and 30*0° °° 
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Tho humidity ro suite as &T9a in Table 3 also show fairly wide    indi- 
vidual differences*     In the pre^flight  period only one  subject touohed 100% p 

but seven wore 75^ or above  (see  ooluibn headed "later").    Subject 1 is 
again low man.    In the flight period and also in the post-flight period* 
there was only one oase that rsaohed 1G0£«    In terms of averages* the flight 
period as a whole seems to bo a full $% above the gensral level for the later 
portion of the pre-flight period*    With the exception of the drop that  00 
ourred at the time of landing* the post-flight period continues at the same 
level as shown for the flight period*    Hlxaraination of Tables 2 and 3 to** 
gether reveals that the flight period is not sharply marked off from the pre-" 
flight and post-flight periods•    There is* however* some tendency for the 
humidity to rise during the early part of flight a   The rise in humidity 
with flight is demonstrated with seven of the ten subjects.    Six appear to 
demonstrate a rise in temperatures 

The second trials for seven subjects are presented in Tables 4 and 5.1^ 
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 
characterised by higher temperatures than were recorded during the pre-fllght 
period*    The post-flight period continues at approximately the same level 
as 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 temperature.    They show a narrower range 
of individual differences than found in Table 3* and in terms of averages* 
a slightly higher percentage    of humidity for the flight period as contrasted 
with the pro-flight period* with a slight tendency for a deoline in the post- 
flight period. 

Repeated trials were taken on some subjects at different points in the 
training*    Tablee 6 and 7 give temperature and humidity results for two of 
these  subjects; U and H.     It  is evident that   subject  tip the man who had been 
unable to get his private license following 3»P.T. training* follows the 
pattern 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 U (Table 7) are higher in the flight period 
than in tho pre-fllght  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 i& higher than the pre-flight period* 
but not as high in general as the post-flight period.    .»hile for humidity 
(Table  7) the  flight  period is the highest,  the  post-flight   period  somewhat 
lower* and the pre-flight period still lower. 

iimilar results  for two other Subjects £ and B are given in Tables 6 
and 9* respectively.    The general temperature level for both subjecte is higher 
in the flight  period than in the pre-flight  period* but  for Subject j£ the 
post-flight period shows a decline, while for Subject  B tho post-flight  period 
shows an increcas.    For humidity Subject  £ shoes a fairly marked increase in 

^These are not in all dases the  same subjects as represented in Tables 2 
and 3 because unfortunately Recorder No.  17  (used in both first and second trials 
on some subjects) had its adjustment  changed in some manner after calibration* 
and the humidity records wit'-  it  oculd not be used,. 
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the flight period over the ore-flight period, and i« the poet=flight 
period a decline to the level of the pre-flight periods    B wae about 
equally high in both the pr«~flight end the flight periods , but in the 
post "flight period shove a decrease» 

There were three sub'eeto  (Subjects B, H, and F) on whom records 
were secured during their first  solo flight So    Oc averaging these throe 
records  (Table 10} t it was found thrt the pre-flight period, was character- 
ised in the two representative temperatures, by 31»3° and 31.6° C,, the flight 
record by 28*3° and 22.4° C, the post-flight ro.^ord by 27.0° 0.    While for 
humidity the pre-flitht period showed 8?.?^ and 84v?£, the flight period 
90,0^ and 83„0/> and the poot-flight period, 90.0^4    Thie would seem to in- 
dioate quite a definite fall in temperature during flight coupled with a 
r'-se in humidity,,    The high tumidity and low temperature oontinued after 
the m$hf.3o18 

atecugiior, and Conclusions 

The appaarenae of teneion and saotional streeo in connection with the 
expsrler.oe of learning to fly hes boon commonly reported by flight  inatruotore 
and aleo not infrequently by those who are being tr.ught.    Instructors fre- 
quently tell ttud»nta not tc bs eo tenee, to hold the etio\ lightly rather 
than to grip it, and to let the piano fly itself«    Students in their lesuocs 
find it difficult So heed those instructions. Thoee iutore:rt«d in pilot selec- 
tion and training have given considerable thought to the poseibility of mea- 
suring tension and waotlonel etress end of identifying whose atulsnte in 
whoa theae psychological phenomena are pronounced.    It has eoemed probable 
that measurement* of this character mi^ht be based on circulatory and gland" 
ular responses;,    A» one line of exploration ir. this direction, the Ct£.A*~ 
M,a,C<. 5fcLozo~fteeorder wae aeeSgned and built*     It  ie a SJSRII self-contained 
unit which regiertore graphically the* tcunperutur* a?'d moisture necr the sur- 
face  of the palm of one hands     Ih  can be wcrs conveniently fcy the  cr^udout 
pilot without  interfering with hie activities vhilo flyi&3«,    Maying developed 
several such units end having •tandcxlsed thea? tha next iit*p wae to try 
them out on a f«w atvdente who wava willing to aoopsrato, but were uninformed 
in referonca to the exaot objectives of the toat«    The trials were made in 
the fc'all and early Winter when the weather temperatures w*re auoh as not to 
cause sweating independently of nervous tonsjaao 

The results which luvs been gotten ao far vith the uae of the G,AaA.«» 
H.a.C. Micro-Recorder must be regarded aa prallmir^ary and quite tsctative* 
JCR certain respeeia they eeesa eugg&jtlvef but as a whole they arc cot r»ry 
definitive in reference to the srajor problem vhiah oooaeionod the develop- 
ment of this instrument e    The de%a at hand setfa    to iadioeto that  changes ir. 
the temperature end humid5.ty olsse to the pa3m uo ocour during flight* in 
contrast to pro~flight and post~flight periods* ai-i. that t»ee« changes can 
be recorded objectively and convenientlye    It appears that in coat,  oaees the 

THie pilots were extromely ksyed up on these occasions and their t-*- 
corde give evidence «f this tension,,(Sea Bsoorda 8» 11, and 20, Charts 2, 3« 
and *» of the grcup illustrateda) 
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humidity tends to be higher during flight than preceding it, and in moat 
instances the temperature aloo tende to be higher*   This follows, b»cause 
cooling of the   akin by evaporation of the event  cannot take plaoe aa nor- 
mally for exposed akin sinoe the reoorder and it a mounting tend to inter- 
fere with the normal rate of evaporations 

It  aeems probable that the humidity results are a better indloation 
of the emotional condition of the subject than are the temperature tracings. 
The latter are more influenced by tho environment,     In the experiments pre* 
sented in this report the design was not appropriate for dealing with the 
factor of environmental temperatureo 

a teat  of this character necessarily involves a nuzter of variable** 
moat of then difficult or impossible of complete control.    The weather ia 
one such group of variables*    Records of this type depend upon the physical 
and mental condition of the subject}  on hla  con; ideuoe in* and rapport with 
the instructor} on the student's stage of prograco in his training ooursej 
on what kind of maneuvers he is practicing! on his oonfldenos or laok of 
oonfldenoe for doing what is expected of him} and on the occurrence of mis- 
takest nocld*nts,or hasardsc    Each flight axporieaoe has its own individ- 
uality, and can only be approximated in attorr.pt* to repent it* 

The CJA,AD--K;.RVGC Uioro^Reoorder appears to posoess possible useful0 

ness for studying pilots*    Like other measuresf it will yield only meager 
results unless used in a very systematic manner*   The experimental design 
should include a behavior record that  oan be compared or correlated against 
the objective tracings*    If different students are to be compared,  instruot- 
or3" ratings are needed* not only for the flight as a inole» but designating 
the oondltion of the utudent  during different  parts of the flight and during 
the exeoution of different maneuvers.    When one sturtsnt  is compared against 
himself the experimental design would include attempts at repeating the 
seme standard flight under similar condition*, and different types of ma- 
neuvers under fairly similar oondltions* 




