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Dear Dr. Brimhall8 

Attached is  a r e p o r t   e n t i t l e d  A Uoro-Reoorder 
f o r  Yeasurine.  Skin  Tern~ewturo and S ~ 0 6 t i n g  i n  Airplane P i l o t r ,  by 
Walter R. yilem. The r epor t  i r  DUbmitted by t h e  Committee on 
Seleot ion nod Training o f  Airoraf t  P i l o t s  with the ' r e o o m n h t i o n  
that i t  be inoluded i n  the  serlos of t o o h d e n 1  roports i s e w d  by 
the Mvie ion  o f  Researoh, C i v i l  Aeronautics Adninlotration. 

T h i ~  report  desariber t h e  developmoat of a 
p r a o t i o a l   d a m - r e o o r d e r   f o r  meaewinz akin temperature ond 
meat ing .  The improvementm and  advantages of this i n a t r u m n t  
over esirt ing mioro-reoordors are deecribed  along wi th  nom re- 

The primary  value of  t h e  report i s  i n  tho dasor ip t lon  of a dsvel- 
stilts o f  its aoe i n  a prel iminary  experimnt  n i t h  student  pilot.. 

of "teneion." 
opment i n  instrumemtation f o r  future   rerearoh i n  t h e  maaouremnt 

C o r d i d l y  yours, 

Korrio 9. Viteler, Chairmrn 

Training of Airoraft Pilots 
C o d t t e e  on Seleot ion and 

National Researah  Counoll 
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AUTHOR' 5 FORE'd(X(D 

Xn ear ly  disoussione of tho Gommittse on Seleot ion acd T r a i n i n g  Of 
A i r c r a f t   P i l o t s   i n t e r e s t  was expressed i n  t h e  moaaurement of atreea  and 
tonaion i n  men who a m  boing t a u g h t   t o   f l y .  The assumption mas t h a t  some 
degroe of s t r o e e  would be t y p i o a l   o f   b e ~ i n n e r a  at t h e  time of their  e a r l y  

tinuiag t o  do so m i g h t  prove  temperamentally unsuited f o r  flying. 
flights. Those ahowing exeggerated  rosponeoa of t h i o  oharaoter  and oon- 

A l a rge   va r i a ty   o f   t eohn iqws  and  iaetrumente  for meaeuring dogroes 

aepeutn o f  t h e  c k o u l a t o  and rerp%ratory funutlonr have been  used. 
Of EtrOea hare  been  popoaed by phyeiOlOgist8  and  payohologi~te. VatiOPO 

Muacular and glandular re 7 laxasp  voluntary  and  involuntary movomants, skin 

npomeq and num6roue other   funat lons  hwe  bean make t h e   b a r i a  of a t tempts  
temperature and sweatings  mental asaooiatione and judgments,  verbal rse- 

t o  manure t h e  of leato  of motional  changes. The instrumonto  devised havs 
usual ly  boon f o r   l a b o r a t m y  usea un6sr oonditiona of rolativse  quiet  and 
frsedoa from mavoment oa t h e  part of the eubjaots. In  most ins tanorr  in- 
etrumolrts for moasuring ~ n o t i o ~ l  rtepcnsee are rather  oolnplicatsd  and 
cumbersome a 

Bhen Conaidering t h e   f a a n i b f l i t y  o f  uoicg avaihbls  laboratory in= 

Uleight and spaoe req!airerconte Were o r i t i o a l ,  The aturlent p i l o t  must be 
mtrumente in t r a i n i n g  planem$ msny d3ff ioul t tas   p resentad  themsslvss I 

allowed  adequate  freedom s f  mot ion  t o  porfom his  work and s a f e t y  muat be 
ssaurod. The author at t h i n  JunotuPo reaalled  having men R p r e l h l n a r y  
drmondra t ion  o f  B. mlaro-olircafo raoorder doviaad by Profaasor August 
Krogh of Ccperahsgsn for moasuring the body temper&,urc undornaaPh the  
clothing. Tho indrunent WRE buiit  on the  ohmais  of a %Ti& rat& nnd aZaa 

The  miorr;-olimate  raoorder not only qimlif iad i n  refereme t o  weight and 
eelb=aontainedB  requir lng no out3ida cmneGticne or aooeescry aquiyment. 

opaor but seemad em1nentl.y wel l   su i ted  for a p p l i o o t i o n   t o  a s tudent   p i lo t  
without of fe r ing  intsrferenao w i t h  h i s  maenar&s or dutfoe and prasantod 
m i n h a l  stimulw f o r  d i s t r a c t i o n .  Fi;s'bhsrmo?oe no aaa ia tan t  noad &re 
a t t e n t i o n  t o  t h i s  instruman:  during  the period ob reaording w h i l e  i n  tho 
plane. It wan eugges t ed   t ha t   t h s  author endosvor t o  mcura  such  instru- 
ments from Profasaor Krogh. After t !JV@ral  inonthat one of tho units  me 
proowedo Conditlona arising from tho  w ~ r  a d e  fur ther  proolarement from 
Copmnhagon impoosibloI If &fqrG-racordera were t o  ba used in the  Unitad 
S t a t e s  they would havo t o  bo hilt here. 

This roport embodies a discussion of t h e  devsloplnent of a modified . 
mloro-reoorder  and  present^ some preliminary resulto of I t a  &pplIoation. 

r e v e a l i n g   t o  indioa%e the   poes ib le  appl icat ion of t h i e  l n a t r m m t a  
iVhila these r o a u l t e  a r b  not d e f i n i t i v e  i n  oharaotera they  are o u f f i o i e n t l p  

The development of  a p r a o t i a a l  ~ioro-reo~rd6r For maaruring ohia  
temporature and rweotbng i n  airplane p i l o t s  is a dfn t lne t   con~br ibu t ion   t o  
the   i na t rmemta t ion  i n  t h l a   f i e l d  and Chi8 instrument all1 prove of oOn= 
sidorable  value i n  f u t w c   r s ~ t e r c h  oocuermd ~ t t h  *tensionc" 
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f o r  measuring .motional respomer  a m  not d i reo t ly   appl ioablo  for use  on 
la Y d  of t h e  large v a r i e t y  of laboratory  teohniquoo  and  instrumrrte~ 

Y i o r o - O l h t e  Recorder at fird eeemod t o  have poms ib i l i t i o s   fo r  auoh ueee 
s t u d e n t   p l l o t e   m i l e   l e a r n i n g  t o  f ly .  A emall instrument krmn 81 t h o  b o g h  

The Krogh reoorder  WRO@ howevers  deoigned t o  be worn u u d e r e a t h  thr  oloth- 

.M mounted on t ho  band mar t he  pelmar surfaoe. 
i w a  h a t u r o r  Of i t a  deaign  POVed ad t h e  leOdfapp.?OQl'htrWhOn t h e   r e o m d e r  

o o n d r u o t e d   p a r t i o u l a r l y   f o r  w e  on exposed areae of , tho  skin.   Thia  n w  
recordor malreo use of wme c f  t h e  pr inoip lee   - involvsd   in   the  Krogh i n s t r u =  
me&. A e m 1 1  watoh  movesent, ie smployad t o   d r i v e  Q rooording  diao  oapable 

humidity  unit wi th  smal l   wr i t ing   l evers  are mountod on t h s  i n s ide  of t h e  
o f  t a k i n g  reaords  over a period  of twelve hours. Atemperaturc   uni t   and a 

appropiiate  openinga i n   t h e  front p la t e   o f  t h o  m t o h  oaeer the eens i t ivo  
instrument at a pos i t i on  as close an p o e s i b l o   t o   t h o   f r o n t .  By me;urs of 

elementr a r e   d i r e a t l y  expored t o   t h o   t a a p e r a t u r e  and  humidity 1 an. from t h e  
s k i n ,  while the  e n t i r a  unit is mounted on a ring of porous rubber sponge 
material. 

2. A nwly  deeignod instrumentR the  C .A,A,*NoR.C a Yioro-fmoorderc M 

3. The d e t a i l e  for the   conetruot lon of t h e  C.A.A,-N.R.C. ~ l o P @ - ~ O O O r d 6 ~ ~  
its oal ibrat lon  and t h e  teohniquo of r ead ing   t he  r e o o r d e  are deocriboo and 
dieouerea i n  t h i s  repor t .  

4. Pre l imina ry   t e s t s  were made on a group of  Yale University  otudsnte 
park io ipa t ing  in t h e   l o o a l  Civil ian P i l o t  Trainine p r o m ,  a d  n fer  private 
studentr  . h o  were i n  prooese of t r a i n i n g  at a f l y i n g  echo01  noar Wew €lawn, 

roFthy eroeption t h a t  the  single inatruotor f e l t  unablo to   coopera te  by making 
Corneatiout. T h i s  rahsol  vu8 a favorable one f o r  ouah tes ts ,  w i t h  t h e  note- 

r a t i n g s  on t h e   e t u d e d e  for t ens ion  and emutioml. drear  durlng the pariode 

m i g h t  have been poeaible from t h s  reoordo  asoured. 
of fl ight.  Thia Unfortunate oirarrmstanoe limits t h e  i n t e r p r e h t i o m  t h a t  

5. A group O f  20 illuntratim recorde @E roproducodc  together With t h e  
porbinent  data  eeoured i n  uonnootion with them and  read Iron those  reaordr.  

6 .  The da ta ,  repreaenting t h e  first trials for eaoh of tan .&ne a r m  
grouped in sopara te   t ab les   for   t empera ture  and humidity, and dosaribod i n  re= 
forenae t o   i n d i v i d u a l   d i f f e r e n o e s  and t o  average  tendencies, Other t abu la r  

discussed. 
grm?lnge of dato for individual  students  are  presented  and the averages 

'/* Tho rsaorda  taken  in   these  prel iminary  experimantr  show appreoiable 
ohangee in temperature and in   humidi t r   aseooiatPd w i t h  t h e  exprisnoo of flight. 
In  genwa l  t h e  humidity and t h e  temperature  during flight 9re Pound to esoee,j 
t h e  valwn reg ie te red   beforo   f l igh t .  h e  levelm f o r  humidity mnd temperatwo 
during flight tend t o  be proi.ongod into  poub=-ili&t periodp durin$ whi& t h e  
i n s t r u o t o r  ma0 t a lk ing   wi th   the   s tudent  and writing out tho report on 'hie ~e.aon,, 



and temperature during the  Pl igM and oontinued a f t e r  the I l igM.  
~ 6 ,  Hsoords for  threa first eolo €‘ll&trr iadiosta quits high hmidity 

9. From tha preliminary tes ts  made, t h e  C.A.A.-R,R.C.  Xioro=Reoordsr 

and senaltlva t o  their physioel and mental oondl t lona durlag  these exparip 
appears t o  qualify M a self-oorrtainod inatrumen& applloablo t o  fliglrt s.tuder&a8 

enoeeo Ita  posrlblr uaefulnesr depends largely on the  degrao of  oooperatlon 
that o m  be seoured frtm the  ialtruotorr and  upon the denign and oontrol 
of t h e  tent oxperiment, 



&tero=kboordere and Teohnlsue ob Ure 

The bogh  YioroSllmate  Recorder 



d ie0  21 in d i a m e t e r o   r h i o h   f o r m   t h e   t o p  of t h e  unit and oorreaponde 
t o  the wntoh orys t a l .  A t h i r d  writ ing point t n o e s  a b a a s  lins for ref- 
erenao i n  measuring t h e  doviat ions o f  t h e  temperature  and hrrmibity tras- 

I n  33 m. in d i e m t a r  and t h e  inetrumsnt i o  ll& nun. i n  thichneea. 
ings. The entiro unit r e i & s  orJy 28 grrups, The b o k  portion oi the  box 

The environmental air hae QOOEJRB t o   t h e  rooording oompartmeut of t h e  
Krogh instrument through a number of naF?ow ~ s r t i o a l  s l o t s  out  in t h e  

needed f l e x i b i l i t y  i n  the  rim of the  wartoh ease so that the  mohrd 6%0013 
o i rou la r  rid. wall of t h e  round brass box, These m a l o t o  provide aLeo t h e  

d isos  mag ba i n se r t ed  and remored, Thr d i soe   a ro  mmipulut,ed br  rubber 
suaksre, By t h i s  mean5 a smoked d iao  O&B be reuorod from i t a  dorage 
oartone placed oc t h e  rjm or t h e  oane nad foroad into posi t ion.  The d i a o  

t h e  niorosoopa atage for reading, The r8ading stage for the   reourdn is  
o a n  a l s o  be withdram frorn t h e  m ease rim in t h i s  mmer and t r ans fa red  t o  

a supplemsnt t o  the   o rd inary   rea tangular  rtags of a miorosoope and i e  

nice  t o  Feaeive t h e  glass ailla and m y  be r O V Q l V 8 d .  The outermoet rin$ 
oompooad of oonosntrie rings. Ths inner ring hau an opening of a u i t a b l e  

i s  graduated i n  degreoa8 one degree aorresponding t o  2 min. o f  reoord,  
I'hs reaord  provides for  a t o t a l  dura t ian  of 12  hours. A mioromaSer s0e.10 
is  uaed in t h e  eyo pieoe of t h e  microeoopo wi th  bow magnifioation. Methods 
for t h e   a a l i b r a t i o n  of t h e  Hioro-Climte  Recardor m e  deaoribed by Pro= 
feasor Krogh. 

ApplieabilLty of t h o  Krogh Yioro=Climat* Reoordsr 

ueo f o r  whioh it m a  epeolf ioal ly   designeds L o . *  t o  record t h e  tsmpar- 

t o  t h e  present diSOuleiOn is  t h e  a d a p t a b i l i t y  of t h e  MiOro-Climate fleoordsr 
ature ard humidity inside the   c lothing.  However6 the   quaa t ion  pertinent 

t o  the study of emot ioml  dieturbanoea in men rho are being  taught t o  f l y .  
For t h i s  use the  reoordor  should not be under the  d o t h i n g  but supported 
new some exposed moa subjeaf t o  mental swoatinga3 probably t h e  palm of t h e  

into aooount i n  referenos t o  tha design of the reoorder,  
lofk hand- The method of  s u p p o ~  and of exposure t o  t h e  skin muat be taken 

The Miaro-Dlimate  Neoorder h~ obviously well edapted  for  the type of 

Method of Mounting  Reoorders 

plmoe tho hard in  a laather glove, sinoe t h l a  would obviausly tend t o  produor 
In mounting the   rooord ing  'wit near t h e  palm 1% wan not deltirabla t o  

a l a y e r  of nuximally  saturated air around t h e  hand. Only slim ohanges, 
e i t h e r  in humidity or in temperatuser  oould be expeoted under these aondl t ionr  
even though the studerrt p l l o t  might at OM t ime be well relaxed  and oomforb- 

pointod t o   t h e   d o s i r a b i l i t y  of provlding a highly  porour pad t o  serve ne am 
ab le  and at Mother tlme emotional. Measurement requiremenfss   thsreforo,  

&-filter boundary for the  men of  skin under measuroment. Thio pad took 

,b lanket ing   the  mea in nuoh a pIMmr as t o  interfere  oompletely w i t h  h o d ' a n d  
t h e  form of a ring t o  mppor t  t h e  reoording un i t  nenr tho skin#  but without 



moirturo lose  from t h e  eurfaeo covered. A rponge  rubber material m e  ~~ ~ 

eoleoted  that   oontained numoroue oapillnry  ohannele eo t h a t  air oould 
o i r o u l a t e  through it. Prom aheete of such material lB5 om. t h ioks   d i ecs s  

t h e  oenter of these dieoe.  This  epong.  rubber  doughnut,  with r u t i o a l  
6 mn* i n  diameter, wero out. A hole 8 3 om, i n  d i d e r g  - o u t  out of 

t h e  g l ~ e  dim of t h o  reoorderg nos eunten into the  oenter of the dough- 
odgeeB'  supported  the Krogh recordera ahon t h e  apong. wne not oompreaeed, 

nut@ w 8 .  1 am. abovo the   aur faeo  on whioh tho  rubber  doughnut rested.  
A elowly  vent i la ted  oavi ty  wae thus  formed bounded on on0 eide by p a l ~ ~ r  
.kin, on tho  poriphery by t h e   p o ~ o u e  rubber epongaI and on t h e  othor eide 
by the   r eca rde re  The  doughnut mnd recordor were at taohed t o  t h o  palm of 
t h e  hand by meane of a e t r a p  of rubber webbing at tached t o  t h e  o lo t tod  
openinge i n  t he   f l ange  aroynd t h e   b r a e s  oasoo Numerous reoordinga mere 
mado by mano of a eingle Krogh unit mountod on the   rubber  doughnut. 
i lmid i ty  and temperature  ohanpa were found t o  ooow and t h e  traoingm on 

most pronounoed shor t ly  after p lao ing   the  unit on t h e  hand and again fo l -  
t h e  smoked glaee d i m  were r e a d i l y  moasurablo. The changes were8 of oourseg 

lwing i t e  removal. Sudden jarring of t h e  hand when wearing t h e  instrument 
oauoed sharp  spikes i n  the  temperature  ourve due t o  t h e   o o i l   s p r i n g  form 
of t h e  bimetal themometer.  These  disturbanoes are not so frequent, however, 
ne t o  spoil   the  temperature  readings  poaaiblo from the   t r ac ing ,  

~~~ .. ~ 

.~ 
~ .. ~ 

of useo It had not been deaigned fo r  ready  aooessibi l i ty  of environmental 
air a t  t h e  auriaoe oloaeel t o  the   skin.  Tho type of mounting whioh seamed 
most s u i t a b l e  f o r  t heee  mearurameutaoi s k i n  reeponeo  plaoed t h e  Krogh wit 

turo.  The gl800 face# whioh i s  a be t t e r   hea t   i n su ln to r  t h a n  tho  brano box, 
ad a diradvantago for prompt reoordiag of ohangee i n  humidity and tempere- 

must f i n d  i t e  ray into  Che induiboater oorapsrtment via t h o  o a p i l l a r i e s  of t he  
i e  t h o  part naturally  plaoad n s a ~ e s t  the  akinb Ths  ekin hmrt and  humidity 

rubber and through  tho e l o t r  i n  t h e  aides of t he  box, A m o m  favorable 
deeign would present a well perforded  mota1  surfaoe dirfldPy oppoSl*a t h e  akin 
through  rhioh air oould   o i roula te   f ree ly  and t h e  sk in  heat would have dirsot 
aooom t o  the  temperature   recording r1emoDto Sinoe a ohoioo  had t o  be 
mado betwoen at tompting t o  duplioato t h e  Rrogh unit or doeignlng  sanething 

e d = o x p o e o d  ekin  areass t h e  l a t t e r  a lCernat iW m e  aeleptod, 
e imi la r I  but more d i r e c t l y  sdaptod t o  maeur=mente of sudden  responees i n  

The Krogh unit presented one serious  drarbaok for  t h i s   p a r t i c u l a r   t y p e  

The C.P..R,-N.R,C,. WloPo-Roaorder 

m a y  biologioal  instruments  designed by Professor A u g u s t  Krogh would 
l i gh t ly  undertake t o  produoe an improved  model o f  one of  them.  The unit 
about t o  bo d*aOribad I s  not t o  be thought of aa euoh m-, attempt. It i s  
0 similar unit  but  doeigned f o r  ~1 purpose whioh he d i d  not ha*@ i n  i ia .  
Although t h i s  instrumen9 m y  be used a l s o  am a mioro-o lba to   reoorder   for  

i a  bet ter  than  We Ksogh'r unlt  for Chat purpose. In undertaking  the 
rtudying temperature  and  humidity  under olothihgl no alakn i s  made t h a t  it 

deoiga and oonstruotfon of t h e  C,A,A.-N,R,C, Micro-Reoordor it m o  of 
he1100 adrantag* t o  haw, on@ of t h e  Rro& u n i t e  for study and eXP*ri= 
mentation,  and also t h e  benefit of oortsopondenoo  with ProfeOeor Q O g h  

No on0 rha  i s  aoquainted w i t h  t h e   o r o e l l a d   . a h a r a o t e r i s t i o r  of  t h e  



no w a l l  eu having  the  pr intad  deeoript ion of hie  i n ~ t r u n e d , ~  
~ . .  . ~. . 

In planning  th6  design of t h e  C.A.A.-N.R.C. Uoro-Reoorder for me 
i n  measuring  the skin responses of s t u d e n t   p i l o t s r   s e v e r a l ~ f e a t u r e s  ee.med 
des i r ab le  of inoorporation. 

1. The front of t h c  unit  should be perforated w i t h  several opening8 

the   Mnsi t iTO elOlDOnt8a 
t o  permit  ready o i r o u l a t i o n  of air  aad  direot   radiat ion from t h e  s k i 0  t o  

on t h e  under s ide  of t h e  front p l a t e  t o  br ing  them a lose  t o  t h e  s k i n .  
2. The temperature and h d d i t y  rooording  elemente  should  be mounted 

needles  should k poesible  without having t o  open up t h e  inotrunent oase. 
3. inopeation of the   reoord and o f  the  adjustment of the  rooording 

4. The unit ehould  have e t e s d n d i n g  and d m - s e t t i n g   f e a t u r e s  not 
only for oonvonislroe of oparation but t o   p r w i d e  for eaparat ing suooesaive 
records. 

5. The umnipulntion of the   instramout  when ineerting or removing a 
reoord  ahould not require t h o  usa of epeolnl   tools .  

depart from Krogh‘e dosign  and  plaae the reoord diro mar the   oenterp 
In  order t o  real iro theas   doa i rab le  features it m a 8  neeeesary t o  

whioh mere given stationary mountiagr on t h e  f r o n t  p l a t e .  
betvbbn t h e  m t o h  movement WMoh rOTolVed it and t h e  rooording elemente 

a d a n d a r d  t d t h a m 8  9 jewel + 8-3/4 l i gne ,  unoased movement, v i t h o u t  dial 
The n t o h  moTement f iaa l ly   no looted  M motive p w e r  for t h e  u n i t  R e  

or hand.# and  supplied with t h e  longest   avai lable  winding  etem  and mnter 
arbor. The movement had a diameter of 19.5 mm. and a thioknsaa (not in- 

r e t a i n i n g  ring and owor a l l  made of brase (bright niakol  plated)  houees 
o lud ing   t h s   a rbo r )  of 3.5 inm- A o w  pieoe oaae of spea ia l  d e 3 i g n ~  with 

t h e  rnovemept and provide6 for t h e  mounting  and  attaoluuerk of the u n i t  t o  
eubjeote d v i n g  measurement. Tho form of t h e  anse and t h e  f s n e r a l  arnngo- 
meat of t h e  park. whioh oompoee t h e  C.A.A.=N.R.C. Yioro-R.oorier are shown 
i n  a eoale  drawings Figuro 1. 

The movement f i t .   t h e  caee snugly. No attaohmenf eorem9 are usedp 

two sorews. The rim of t h e  cover i s  perforated  with #even s lo t t ed   ho le s  
but only t h e  preesure from t h e   r e t a i n i n g  ring, h i o h  i s  h e l d  i n  plnoe b.y 
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Cross sect ion Drawing of  the  C. A.A.4.R.C. 
Figure 1 

Micro-Recorder Showing Form of Case and 
Arrangement of P a r t s  

(Reproduced  about' 3X ac tua l   s ize)  

I .  

Drawing Showing t he  Layout of the Temperature, 
Figure 2 

Humidity  and Base Line Recording  Units Mounted 
on the  Under Side of the   Front   P la te  

(Reproduced about 3X ac tua l  siee) 
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Front View of the  C . A . A . 4 . R . C .  Micro-FLecorder Showing 
Figure 3 

t he  Wri t ing  Levers  Visible Through the  7 m. Opening 
Near the  Winding Stem 

(Reproduced about 3X ac tua l   s ize)  

i 



-'I- 

3.5 -* i n  d i m o f o r  (not shown i n  t h e  figun). It i s  t h e r e f o r e   f l e x i b l e  
at t h o  fro. edge  and with a l i t t l e  pressure enape over the   protruding 
o o l h r  on t h e  o u e a  4 onnU pin  extending f rom this oollar d i r e o t l y  
oppoei te   the  Tinding stem and a notoh i n  t h e  omer serm t o  g i n  the  
wver a f i r e d   p o s i t i o n  when in plaoe on t h e  oaae. The rim of t h e  omer 
ie 6.2 m. high  and 28 nuno  in d i a m a t e r e  (This i s  the   po r t ion  that 
projeot~  into  tho  rubber  sponge when t h e  u n i t  i o  mounted  on t h e  subjeot'r 
hand.) A flanga, mnde ne a prt of t h e  onso, extends 3 uno. l a t e r a l l y  

.:.zs<*~ :-.~/ 
~. 

~~ 

I f rom t h e  r b  of the  covere The u n i t  i s  euaponded on this fl- ae it 
~ reatr  on t h e  supporting sponge pad. 

The front plat. (eeb t h e  eoale drawing reproduoed a. Figure 2 )  fit. 
f l u s h   w i t h   t h e   t o p  of the cover riag and i o  s t taohed  t o  it by means of t h r e e  
mall s o r w s o  This   p l a t e  .is perforated  wlth 15 h o l e s   t o  permit of ready 

not appear i n  Figure 2.) A group o f  6 ho les#  eaoh 2.5 me i n  diameter, 
o i rou la t ion  of air around t h e  rocceding  elaaente.(These  perforations  do .~ 

i o  p l a o d  nenr t h e  oenter   direot ly   exposing a large por t ion  of the   b imeta l  
thermometer. A l i n e  of fou r  3-5 ma. holes   direot ly   axposes  mcat o f t h e  
lengbh of t h e  h a i r  used as t h e  moidure ind ioa to r .  A singlo opening, 7 mn. . 

t h e  oaae h e  been OlOsedo Through t h e  vlndow the   opera tor  may as3ua-e hlm- 
s e l f  t h a t  t h e  levers are IEaking m i t a b l e   t r a o i n g a  on t h e  smoked d i m .  

i n  dismeter, expo800 the traoiw end6 Of t h e  emall levera t o  View after 

The d e t a i l s  of t h e  recording elements for temporaturo and humidity 
rnourrted on t h e  i ~ e r  side of t he  oover p l a t e  are  i l l u s t r a t e d  i n  t h e  soale 
drawing, reproduoed 8 8  Figure 3. The tamperatur.  element is  mde of a 1 s t r i p  of "Truflor A" bimetal e t r i p  .010" t h i c k  by .048" wide by *" l0ng.5 

~ t i p e  [OA" in, iengtb)   pierood with a sua11 hole. After being formed id0 
Thsso were  ooiled in s p i r a l s  of 3 t u r n s  with  the  r ight-angle8 outside 

i a ep i r a l   t he   b ima ta l  was hoat=treeted at NOo B for a period of 3 hours. ~. 

A o e d e r  poet  at taohsd t o   t h e  front plat., rervee ae support for t ho  
bimetal  epirnl. The.mou&hg wae made by means of a emnllr s l o t t e d ,  braas 

those  Plangee i s  just a u f f i o i e n t   t o  aQmLt tho  0.048" width of t h e  bimstal  
epool with narrow  flangea at t h e   t a p  and bottom. The aepnration betwean 

post and held i n  plaoo by fr iot iono By means of a sorew driver i naa r t ed  
s t r i p  whioh , l a  fastened by soldering. The spool i s  foroed on t h e  oenter 

i n   t h e  open d o t  o f  the  opool,  it (and t h e  s p i r a l )  may be turned  t o  any 
deaired  poai t ion.  

. t r ips  of 0.05" vide.  SmU threaded b a a 8  spools with t h i n  flange. are  
The rooording leverr are  made of 0.002" spr ing braem shest oub info 

,used ?or dtaohment. The lever s t r i p  is  firet so ldered   l i$h t ly  t o  tho 
apool  between t h e  flnngea, t hen   ro l l ed  a r o u n d  the apool lOOsOly for 
turm. At a d i d a n o a  of 2 um. from t h d  oenter of the  epool a d l  holo 
i s  rmdo i n  t h e  atrip. Through t h i s   h o l e  R emall wire oonneote t h e  r*OOrd- 
ing lever w i t h   t h e  free end of  the bimetal   apiral .   kyond the  QOnneOtiOn 

5Tho"Trufler A" b i m s t a l   s t r i p e  wero prooumd from t he   OIna ra l~PLa te  
Compmy, Att loboro,   koeaohueet ts .  They coil-   and  hea+treat thrm t o  order. 



'It l e  no doubt o l s a r  t o  t h e  r e a d e r   t h a t   t h e  oonstruotion of a b%oro- 
Rooorder from first t o  last m e t  bo a "Jewelerme job." The p a r t s  hare t o  be 
made w i t h   e a e e n t i a l l y t h e  erne preoiaion and s i ae   t o l s r anoe   r squ i r ed  in 
good vat  oh work.  The unit must be adjusted and ueed with oare and e k i l l  
s imi la r  t o  that shioh  would be lavished on a good watoh. fn t he   deso r ip t ion  
t h e   r e a d e r  h e  been rpared going over nany detail .   about materials, dimen- 
eione and  ooantruot ion whioh o a n  bs supplied t o  m y  who m y  be ln te ree ted .  
0l-m reoord  disoaPoaLibs  preferable  t o  t hose  =de of P h d i O  but the]r Were 
aOt proourable. . 
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ThiOh 
S t  e The gels on'ihis  aeeembly meshee with a gear of t h e  -tab movement. 

t h e  arbor  and forms a light fr id ion f i t  w i t h  

The retaining d i so  o m  be s l ipped  on or taken off at will. .It provides 

j eo t ing  from t h e  t o p  of t h e  ratafning dioo emats i n  a m e t a l  jewel formsd 
for clenterlag  and  supporting  the  reomd, The o h u p  pivot point p o -  

i n  t h e  O Q O  of t h e  dnter poet on t h e  front p l a t e  (ohom in Figwe 4B C). 
This omnter poet  end-bearing I# made of a p i s m  o f  d r i l l  rod 1/8" long. 
It forme a tight f'radion fit i n  t h e  tubular oeder poet of t h e  frout 
p l a t e  and i t a  pos i t i on  may be adjunted t o  regulate t h e  emount of end play. 
W n  t h e  emor of t h e  onso is  saapped i n t o  p l sae8   t he  pirot point of Dl 

held  eeourely in a posit ion ho r i ron ta l  t o  t h e  moop m y  be f ree ly   tu rned  
seats i n  t h i s  V-ohapod reoeoe i n  t h e  oenter poet ,  sad Che reoord d i so ,  now 

by t h e  r a t o h  movemente 

diameter and w e  perforatmd at t h e  oenter ' n i th  a small hole t o  admit t h e  
The rmoording  dimosp D3, rooomodnted I n  this u n i t  arm 25 mu. in 

diooo made of Luoite a h s t  .Oj2" in t h i ak luso  were pressed onto the  brolue 
shoulder of t h e  bronre re taining  diso.  Ia t h e  firat experimental trialsr 

shoulder t o  fit snug and flat against t h e  upper ourfaoe of t h e   r s t k i n i n g  
dire. It a s  found that t h e  pressure of the   shoulder  at t h e  oenter of t ho  
d iso  moon  oauamd it t o  loosen iQs flatness and nosum t h e  shape of  a shallow 
sauoer. This modif imt ion  of t h e  eurfaoe also oooured when the   d iaos  -re 
made of Luoitm as th iok  as .040"~ ThereforeI it seemed beet  not t o  depend 
on e pressure fit  but t o  urn a s l i g h t l y  largar holm i n  t h e  omtor  and t o  
come?& t h e  r eao rd   d i so   t o  t h e  b o a m  r e t a i n i n g   d i s o p  Thin  introduoms 
sonething.of a l imitation sinoe it doe0 not  permit of r ap id ly  ahanging 
from one  reoording  die0 t o   a n o t h e r  for use i n  t h e  WJUO Mioro-&corder unitd 
HWeTOr8 it i s  a workable eohsme sin00 the   reoords  usua l ly  do not l a d  
longer t h a n  an hour and several e m  be insoribod on t h e  name diso  i n  SUO- 
aeseion by t h e  simple expedient of stem a e t t i n g a n d  making supplementary 
notes. 

-11 kePOOem 1-e SOTOml d b 0 8  oan b. prepared i n  adrnnor  M d  s tored  
The rmoord d isoa  are  very   l i gh t ly  moookod on one s ide  ovor a oandle or 

kept separated by -11 wnshere.  Rubber cement or any one of B number of 
in a mull box which has a oenter pout t o  hold them in  order, They arm 

vnrletieo of oemer:> a r e  eu i t ab le  for a t taohing  the rooording d ieo  t o   t h e  
.bromo  retaining  diao.  Smverdl u n i t s  may be o a n p h t e l y  arrenpd  in advhnoe 

run down and s top  so that vhsn the   r e so rd ing  d i s c  i s  put i n  plaoe  and t h e  
for uae at an air f i e l d .  It i s  expedient f lrd t o  1st t h o  ra toh  movement 

oase olosed the unit rill not run until tho  operator  l e  ready t o  use it, 
at which time he d n d e  it up and starts t h e  movemest. 

Enoh El[ioro-~ecorder  dernuda separate oal ibrat ion  and any result0 of 
f i e l d  tests must be  interpreted i n  referenos t o  its om oal ibrs t ion   ohar t .  

Cal ibra t ion  of t he  C , A J , - 4 ? , R b C . .  khrr&aordmr 

n e  c a l l b r a t i e n  for tmIps~Et.UT!3 La nat diffiCuLt-.  SoPerd r eoord . r s  a m  
plaoed i n  a small water tight box vhich ie ioarPersoa a conotant  temporat- 



" 3 

b a t h   r e g d a t s a  by a therzaataC.7 The bath i s  cqdipped v i th  a stirring 

it wi th  t h e  kalb near t ho  box.  Ey se t t i ng   t he   t he rmos ta t  t o  different 
readings  and keeping it a t  any  eingle  rending for about 2 houras a serieb 
of representat ive  temperatures  may be a p p l i e d   t o   t h e   r e o o r d e r s .  The 

fo r  eaoh recorder  u n t t .  

~: ~~-. ~.. __ ~ 

~~. device. k high-grade  thoml0meterp  oaiibTate6 t o  o,lcO C,, i s  plaoed i n  

. .  r e su l t s   fo r   t ho   s eve ra l   r eco rd ing  discs may be read  and  oharted  separately 

. The bimetalthermos&@rsaro  drpendable  and  quite  stable.  Eaoh s p i r a l  

h a m  s l igh t ly   d i f fe ren t   magni f ioa t ion  but for n given  inatrummt t h e  r eeu l t e  
i s  of wuree under eomewhat diffsa'ent tension and  by i t a   rooord ing  lever 

me consistent  and  hero an aoouraoy  of 3 B 2 0 0  C. 

t h a t  io' neaeaoari ly  more i n t r i c a t e g  and l a s s  noourate. The u n i t s  are ex- 
posed t o  103% moisture by wrapping thorn i n  several l a y e r s  of w e t  f i l t e r  
paper or i n  wet l inen  towels .  Other points  on  the  humidity soale were 
most conveniently  supplied by fo l lowing   the  method out l ined  by Krogh.8 
This  method taker  advantage  of  the faot t h a t  well def ined moimturs per- 
oentagrs are eetabl iehed  over   eatyrated  eolut ions of water absorbiw 

The h a i r  hygromsfere must be c a l i b r a t e d   d i f f e r e n t l y  and i n  a manner 

oalts. UgC1 at  20° C., gives  33% y and at 40° C., 35% humidity8 

ZOC c., givsa 76% and t h i e  i s  almost indopendent of temporatwe.  #hen 
oa l ib ra t io s s  are mde a t  22-250 C., t h e  oorresponding  moisture  peroentagea 

measurements with t h e  h a i r  hygrometer  element i n d i o i t e   a n  aoouraoy of 
oan  be  taken ee 33 for Y & l Z s  43 f o r  K2CO3, and 76 f o r  NaC1. Humidity 

wi th in  about 5% i n  t h e  range o f  75% t o  95% moisture,  and for %he lower 
raegss aa aacuracly within 2% f o  & 

Kg03 at 18eP c.1 g i V O S  44%# and 0.a 43% humidity1 NaCl at 

i n   deae ioa to r s   and  t h e  i n s t m n s n t s r  without  being boxed up, were pleoed on 
a poroelair:  shelf and iacloeed wi th  the  chemicals for 3 o r  more hours. The 

moisture  to,  the ohemicale 80 thay  can be molded i n t o  a l a r g e   i r r e g u l a r  maes 
d i f f i c u l t  part oPfhiSproaedure i o  in adding juet t h e  right amount Of 

withcut   theosoursoncsof   f lu id  swfsoee .  For f u r t h e r   d e t a i l s  of t h e  
of calibrating suoh  instruments reference is mads t o  Krogh'a a r t i o l e b  vYds 
when !I& i n  .UEO. This  i s  oh ia f ly  f o r  proteot lon of t h e  hy@onI8tere. They 
deesioator  i s  a sui table  receptac le  i n  rhioh t o  keep t h e  Mioro4ieoordere 

should  not  be  allowed t o  dry oat and  every Pew days  should be expoeed t G  

be mounted and new c- i l ib ra t iona  made. 
95% moisture t o  keep then  in good working  order. OtherWise new h a i r s  nuat 

The oherPimrle usad fox  e,alibr&ing  the  hair   hy&Tmaters wera placl00. 

After c a l i b r a t i o n ,   t h e   p o s i t i o n  of t h e   b i m e t a l   s p i r a l ,  and t h e  form of 
t h o   t r a o i n g   l e v e r s  for temperature and humidity,  should  not be ohanged. 

'A preois ion  temperature   regulator  mado by t h e  Astern  Znginaoring 
Oompanyt New Haven, CormQr wae used. This r egu la to r  makos use of a number 
of s e n s i t i v e   l i q u i d s  which give E vsry  adequatc range. The arrangcment 
employed regulgE6d t o  w i t h h  %a.05 0 0  

8i(roghs A,* op. 0 1 t h  
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The . a t o h  movementQ howeverB may be regulated for t h i o  oover 11 taken off ,  
t h e  reomd diso taken outp and t h e   r e t a i n i n g  r l P 9  B v i n  r a m o d .  Thenp ~. 

by m s m e  of t he  winding stam, the  w o r k 8  are  l i f t e d  out and  turnod mer for 
aooeas t o  the regulator arm. This dieassembly p l u s  t h e  reaseem9l.y m a 6  
r egu la t ion  requires only two or three minutes. Rube for oheoking  reocrd- 
disa  speed by merne of moke traoinge for three or four houre are  ueed. 

The unit has a total  weight o f  26 grama, 
An assembled U o r a b o o r d e r  ready for use is  i l l u d r a t e d  in E of F i g u n  4* 

~~ .~ 
~~ . 

Reading t h e  C . A . A . d . R . C .  Hioro-Reoorder 

Host thermometers and hygrometers nre ourront ly  made am direot read- 
ing instrumout as. Thio i s  a oonvonienoe greatly t o  be desired but ia not 
f-sible for t h e  Yioro-lboorders. The oircular reoord  iM0rib.d by t h i s  
t i n y  instrument muat be mugnified if ueefu l   quant i ta t ive  data are  t o  be 

ta t i re  readings may be mudo by  moans of 8 mioroeoupep f i t t ed   w i th  a suit- 
got ten  from it, h o  methods of magnification are aoai lablo.  F i r s t 8  quan= 

ab10 s t age  (res Pigure 5 )  and with a mioromoter soale i n  the eye pieoe. 
Saoond, la rgo  permanent records oan be made v i t h  a photographlo  enlatger 

mioroaoope method is  t h e  one r e o o m d s d  by FTofeaaor Krcgh. This method 
suoh au i s  oommonly uaad for Leica or other  miniature oamera films. The 

Was used i n  wowing  t h e  data presented and  disoussed i n  Part I1 of thim 
report  

The enlargement method is i e a a i b l e  and has a lao  been used by the  author .  

atioo film. T h i s  diao ha8 an  opening 111 t ha  oenter. The reoord and t h e  
It employ. a t ransparent  protraotor dleo 2.5 mm. in diimeter made of aeg- 

protraotor are plaoed oonocpntrio i n  t h e  edarger 00 t h a t  the p r i n t  shows the  
t r a o i n g  and t h e  degree soales Enlargement haa one special   advantage, in  
t h a t  oopies of t he   t r ao ings  a r e  avai lab le  for f i l i n g   w l t h  the nutee and for 
nproduot ion  whon des i redo  ~ 



P r n  11 

Prelimlaam Exrreriments with  Student PlloU 
"Mental"  Sweating 

duo. aweating,  eopeoially at t h o  axilla, on t h e  solea  of tho  foeto and on 
t h o  palm of tho  hande. 'Mental" or  emotional  sweating,  rhon it occurs, 
tends t o  appear at all t h r e e  e u r f m o n ~ a n d  on both  eide.nf  tho body. Them 
are   oomiderable   individual   dif ferenoea among paopls  whenthoy are measured 
undor w h a t  are  arrangod t o  bo  objootively sirdlar oirolmutanoea. Uental 

temperaturen. b o o r d i n e  t o  t h e   o l a a s i o a l  work of  Krauae,9 who etudiod  tho 
enea t ing   a l so  tend. t o  ooour under a r a the r  r i d e  range of  environmental 

d i s t r i b u t i o n  and n&er of sweat glands  on  the hllmsn body, t he  palm of . 
t h e  band  and the   so l e  o f  t he   foo t ,  oontain per unit area,  mote than  t n i o e  
as many smat glands as are found for   the  forehead.  The forahead itself 
l a  very r ichly  nuppl ied d t h  eweat g h d s  i n  oomparison with   the  general ' 

surfaoes of  t he  body. 

It l a  n o m a t h o  obaervod tha t   emot iona l   d i s turbanoe   tendo  to   pm-  

and o t h e r # , n   h a t e  produced mort i n t e r e s t i n g  photograph.  ahoking the  re- 
l a t i r o   d i s t r i b u t i o n  of t h r   mea t   g l ande  on t h o  palm and on t h e  so le   o f   the  
foot .  The dyestuff whon dry is  a Whita-grGetI o w e t a 1  powder t h a t  o m  ba 
dustod on the  skin surfaoes quit0 eas i ly .  \'&on sweating OOOUI-E the   moisture  
d i s so lves   t he   o rya ta l e  and yields a br i l l i an t   da rk   r ed  oolaring matter. By 

. o f  t h e  thumb oomeo out aImost o o l o r l o e ~ ,   i n d i o a t i n g  v e r y   l i t t l e   a s e a t i n g o  
th i e  nethod it ham been found ttat the  p a h r  U n a  e m i n g  around tha   base 

HorPevor, beginning war this Uno and OB e i ther   e ide   ' tho   deep   oo lor ing  
iadioated  profuoo  awat ing on r h u t  mar be  termed  tho large protubernnt tosions 
of t h o  palm. Ilhe oolor   tended  to  be darker on t h e  fingertips t han  on t h e  
o the r  parts of t he  fingers. From t h i s   g e n r r a l   p i c t u r e  it vas demonstrated 
t h a t   t h e  parts of  t h e  palm f i l c h  oomo into  oloao oontaot  d t h  objeots  grasped 

Tho oenter  of t h e  palm although not the mot rich17  supplied area van for 
are  thoee  par ts   vhioh  tended  to  produoe t h e   g r e n t e r t  amount of meat in& 

p rao t ioa l  reaeow the  plaoo of ohoioe for looat ion o f  the  Moro-Rooorder, 

By uae'of t he   fwohs ine  dye &hod,  Hinorlo  rho  devised  thfr  teohnique, 

Skin  Temperature Changes 

Emotional o r  mental tension  not'only  produoee sweating s t r i k i n g l y  ob- 

1934, Pp. 260. 
"lruna, Y. The Physioloay of Human Porupiwtion.  hndont Churchill ,  
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Student K had f inlnhsd CFT t r a i n i n g  and had r s o e i w d  hie ro lo  Uoenee. 
Studentr N and L were both  pr ivate   s tudents .   Student  Y had f iniehed OFT 
t ra in ing ,  but after 74 hours   f lying (up t o  Nor. 4, 1941)-bmd bill f a i l e d  
t o  eeaure a private   l ioenee.  The others  wre regular CP" sfuderrtr. 
$xamlnation of  Table 1 rereale that ino t ruot ion  m a  glven on a l l  7 daye of  
the week, and i n  gmneral, that 45  minutes  appear t o  be allowed for eaoh 

the   l essone  were 30 d n u t e r  as a rulo and bstveen Cm lersorui p r iva t e  
lemson with 15 minutee between for eervioing t h e   t r a l n l n g  a m f t a  h t u a l l y  

mtudents were f i t t e d  i n t o  t h e  day'r program. Fao-paesenger, dual   ooutrol  
Taylororaf t  planer were w e d  i n  t h i o   t r a i n i n g  program) th ree   p lanea  wen 
usual ly   a ra i lab lo .  Tho training period  extended from October 20 t o  boamber 

near the end of t h e i r  t r a ln ing .  
2 #  1941. Thin oorered from the beglming of  t r a i n i n g   f o r   t h e s e  boy@ Until 

~. 

TABLE 1 ~~ 

This p a r t i o u l a r  training f ie ld  m a  located i n  a valley between  two 
ranges of hills. The f ie ld  wan of average s i z e ,  flat  and oorered d t h  firm 
sod. It presented no unupual haxard, and t h e  air t r a f f i o  around it wae very 
llght. Ueually  not more than t : ~ o  or t h r e e   p l a m e  would be i n  the  air i n  

the weeks covered  by t h i s  t r a in ing .  "he achool had a very sxoel len t  record 
t h i s  v i a i n i t y  a t  one time. No acoidente of any importanoe oocurred  during 

i n  r e fe rence   t o  moclldonts. 



a mriting room where atudents  d a m  t o  oheok i n  before   t ak ing  t h e i r  l a e s o ~ .  
Connecting d t h  the  hangar snd adjoining off loe buildinge there  rae 

The room m a  0opiortably furnished with lounge cha i rs ,  ad m e  heated by 
steam radiators :  It wao i n  t h i e  room ueually that tho  Mioro-Reoorde 
plaoed upon t h e  students when they first oamb for Weir day's leeeon. %-Ore 
Following the lesson  the students r e t u r n e d   t o  the wai t ing room t o  eign 
t h e  log  book and comeroe a l t h  t h e  i w t r u c t o r  w he  made out t h e  fllght 
j acker .  P o l l o d n g   t h i o ,   u h e n t h e y  mere ready t o  leave tho f io ld ,  the   Moro-  
Rooorder was removed. 

other opec ia l   f ly ing   c lo th ing .  They =re o r d i m r y  oh000 and trowere, and 
During t h d r  training fl ighte   s tudenta   a lmyo mre perachuteo but  no 

i n  plaoo  of  ooatn and rents or  overooate,  Bore jackete.  Fb gloves or mittens 
o r  helmet8 wore wed. There were never any open oookpit alndow. .:hi10 
t h e   D s t i n g  room temperature man oomfortably mrm, the outdoor temperature 
a d  h d d i t y  varied  conoiderably from day t o  day. The data on teqmrature 
and  hwnidity,  taken from t h e  looa l  weather repor t ,  are  preeented i n  oonneotion 
with the records. 

o a l l e d  elmply a "temperature  rooorder.* The real objeot ivo of  the  t e a t  r a e  
In in t roducing   the  inotrument and t h e  test t o  t h e  eubjeds, it m u  

not dororibed  or  dineussod. The atudent mas t o l d  t o  treat t h e  inat-nt 
l i k e  a r a t o h  snd i n  general  trJ not to sma6h it. H. WM asked not t o  keep 
hi6 hand c l o s e d   t i g h t l y  around the iMtrtumlt and epong., and mt t o  try t o  keep 
h i s  had f l a t  open, or a l t e r n a t e l y  opened and closed, equoesiag ad releasitq tho  
npon&e. He ra n  t o   f o r g e t  it and uee hie  hand on the dheel i n  as nearly the 
usual -or as poasibl.. &tee were mado i n  referewe t o  each flight studied. 
Thsse inoluded  the  subjeot 'e  -, date ,  t h ,  recorder  nwnber, the  exaot 
tiam when the   sub jeo t  Cot in to  the plane an4 darted t ax i ing ,  t h e  tima vhen 
the plane landed, the t h  nhm the reoorder r a m  r ~ q o v e d . ~ 5  Each dude& .8s  
alaayo  queetioned at  tho  end of the I n  referewo t o  any opeoial erente 
t h a t  might  have  oocurred, but i n   g e n e r a l  th ia  questioning  revealed little i n  
the way of eignlfioant data exoept t o  show when a l esson  w o  devoted  ohiefly 
to   p rao t io ing   s toop  turns, spins ,  and law. 

Review of Representative Rooords 

aeoured  with the C.A.A.-N.R.C. Uioro-Recorder used i n  aonnection witb flight 
t r a i n i n g  20 reoords are reproduced i n   t h e  fol lowinc few pazes ( C h e r t 8  1, 2, 
3,  and 41. The reoorda have been enhrgd e timeee. The eubjeoto are dew 
igmted by lettem. For eome eubjsote  groups of reeordo are ah-, for  other.  

I n   o r d e r  t h a t  t he   r ende r  may ham a f l rs t -hand lmpreneion of  t h e  reoordn 

14mey  ueually arrived fire o r   t e n  dnutea ear ly.  Yoat of  them aame by 
au to  from Nm €Wen, about 12  miles dietant. Subjeot R o m  from Meriden, 
5 d l e n ,  aud SubJeot K from Mlddlatown, about I7 d l e a  amy. 

15At flrst it m thou- t h e  aseietant mia t   na toh   t ho   p l ane   du r ing  

Thio prored bqraotioal ae the planee usual ly  wnt off  e m  dietame iron 
flight and make notea oonoerning maneuvers and t h e  tiau when they occurred. 

t h e '  field and nere f r o q u e n t l y   l o s t   t o  view. 



2j - 

olrr&ls records.  Uppoeite each reoord the oasentLai da ta  tabulated f'rm 
it are given. t h e  f irs t  l i n e  appoare t h e   s u b j o o t " ~  lotter dOsignatiopp 
tnb d a t e Y  the   reoorder  nutibsr, the  TtX4th.r report  for tesporature$  humiditye 
and wind for the time of day nemreet that of t h o   f l i g h t  loeeon, md f i n a l l y  
t h 6  t r a i n i n g   p k n l  that m e  used. The eoooad l ine  given the  tj00 rooordB 
3 for o f a r t  of t he   r eoord r  entering o f  p l a n e s   u s u l l y  prolnptly f o l l o m d  
by take-off, & landing of planes and R removal of the   reoorder  from t h e  
eubjeot 'e hand. The t h i r d  l i n e  (T COT &OTO the   t anpera turo   readinga   md 
the   fou r th  l ines .  (*) the  humidity  readings.  &oh reading given represoztke 
t h e  time indioated  above i n  t h e  sooond l ino .  A h o r i r o n t a l  l ino  soluuoting 
two rOadinge indioatoo that t h i s  mlue Tan eubotant ia l ly   oonotad  for  tho  
period  repreaented.  Following  theee data, brier notee hare been entored 
ind ioa t ing  t h e  typo of t ra in ing   g iven  i n  the   leeaon and o the r  pestinmzt 
00mment 8. 

~~ ~ 

- . .  

m e  first and moat general  obeervqtion noted i n  these reoords is  that 
both  temperature and humidity are  var iab le   dur ing   the   per iods   represented  
by the reoords.  Seoondly, it i e  obvious t h a t  t h e  t a m p e r a t u r r   r e c a d e r  i o  
more renoi t i re   and  sireo a l a rge r   de f l eo t ion  than t h e  hygrometer.  Thorefores 
t o   t h e  eyo t h e  tmp6ratUrO  appsare t o  ohango more t han   t he   hmid i ty .  Tho 

t o  response from vibratione 
oo i l   sp r ing  f o m  of t h e  bimetal  thermometer make0 t h i s  unit also more eubjeot 

and i n  humidity are s h w a  i n  t h e  firs& minuto  or so after the   reoorder  was 
In almost a l l  the  reoordes as would be expeoted, riser in tenpera turo  

plnoed  on the   sub jeo t ' e  hand. For general   inspeation  eaah  tracing  can be 
i n t e rp re t ed  in torme of its o m  form. but  the  readings a r e  always made f r o m  
the  baas l i n e  labe led#  B. The ria.  i n  humidity i s  more prompt 3han that for 
temperature. The la t ter  g ives  a rather gradual ohango. Following t h i r  
p re l tn ina ry  e leva t ion ,  t h e  two  aurves may s h w   r o u g h l y   p a r a l l e l t r a o i n g e s  
eaoh r i s i n g  or  f a l l i ng   du r ing  a pa r t i au la r  interval, or t h e y  may divergee 
one shoring a rieo while t h e  o ther  fa l l s  or bndioatee  subetarrt ially no 
ohango. Although temperature and humidity over  the area Of pamr ekin 
that is  being atudied  represent  t w o  r e l a t e d  phaeee of  neuro-phyeiologioal 

aot m o e s a a r i l y  highly end pot l i t ively cor re la tede  If t h e  palm* ekin arm 
prooeesee aotive in t h e  t i a s u a  and i n  the  body ae a wholes these  phaeee are 

m a  oompletely  unoovored an inorease In sweating would log ica l ly  be followed 
by a dec l ine  i n  akin  temperature due t o  cooling from evaporation. The porous 
rubber  sponge  mounting  rotards air movement and  eveporation l e  slowed d m .  
Sweating may the re fo re  O O C ? ~ '  and akin temperature m y  rise. Tests in tho 

i o  bars, but   qui te  w m  (34.30 C. ~oeuaes a r i e e  of about  1-0' C. 
laboratory have ehom that wearin t h e  recorder for 10 minuter Then t h e  hand 7 
room and  went t o  the   p lana ,   thore  m e  a fall in   t smpera ture .   Probably   th i s  

In some inatanoee it is evident   that  whon the  eubjout lef t  the  wai t ing 

i o  t o ' b e   o r e d i t e d   t o  the sudden ohange i n  environmental  tamperatwo for t h e  

oap i l l a r i ea .  Deoreaeea i n  humidity at the  time of going t o  t h e  plane sewn 
eubjeot ' s  body as a wholes r e s u l t i n g  i n  a genoral   oonstr ia t ion of t h e  ekin 

l e se  pronounoed. 

although  they e a & i m e s  Shov obvioue SmDll ' h e  temperatura 
humidity O U I ' . ~ ~  dur ing   the   per iod  Of flight appears t o  be f a i r l y  

ouryees  beoauee of t h s  oonstruotbon Of t h e  btmdal thennWUetm ae a apira 

. 



w i t h  one end freo t o  r i ka t s ,  show many inetanoes of pronounaod v ib ra t ion  
of  t h o  rooording  leverz  Them widened portions of t h e  ourvas a r e  partic- 
u l a r l y   p r o d w d  at t imes   aor reaponding   r i th   t ax i ing  and l a n d i n g   t h e   p l w .  
They also seem t o  ooour qui te   f requent ly  from sudden  movmenta of t h e  sub- 
ject ' e  left hand, or from impaot of -v ib ra t ion   oamuno ia t ed   t o  t h e  ldt hand, 

Usually there is a ahango i n  both temperature and  humidity  olosely 
aeeooiated w i t h  landing. Somotimee these  ohangee juet precede t h a t  e v o n t ~  

m e  not possible  t o  seoure i u t h t e ~  d e t s i l e  o f  behavior data for  temporal 
at o t h e r  t imes   they   fo l lor  it. U n f f s t u n a t e l y r  am oxpla inod   ear l ie r ,  it 

oorrelation dur ing   f l i gh t  and i n  oonneution with the  landings de must there- 

t o  the  roaponaee in t h e  s k i n ,  
fore be s a t i e f i e d  with a gonoral v iew of w h a t  the experience of flyink- does 

R.cords 1 t o  4 (Chart 1) represent  four  d i f fe ren t   a tudentec   Subjed  K 

temperature  and  humidity champs during  tho o w  hour of f l igh t   represented .  
(Reoord I)  WE^ aot  a novioc (be had h i s  solo license) but even so he ohor# 

The temperature and h a d i t y  were autual ly   highset  juat before he began h i s  

t h e  temperature e l m l y  fe l l  and the  humidity also deolined. There ware 
flight. After he  had taken  o f f  and been i n  t h e  air for  about ten minutes 

periods,  however, when both curves tended t o  rise again. A t  t h e  tima of 
landing  his   temperature  WEIS crt t h o  lorsat point & o m a  From here it -6- 
u l l y  riser. The humidity however# roe. at the  t ime of landing and made no 
speo i s l  ohnng. after t h a t a  

Subjeat I (Reoord 2 )  had taken about o w - f h i r d  of h ie  flight o w m e .  
Tho reather humidity '-?as moderately high (70%) while over h i s  p a l s  the   record 

evens but the  humidity l i n e  shore eatera1 em11 vtweee Pollom-ing landingr  
gives r8.S M the  bigbed during ill&. The temperature ourve is q u i t e  

both ourves rises 

Subjeat Q (Record 4 )  n r m  taking h i e  seoond flight lessoa. Thia m e #  i n  

thFoughout t he  e&irO night priod, and the  h d d i t y  1iM remained qu i t e  
fa&, t h e  eooond reoord taken at th  f io ld .  Him temperature rose i r r egu la r ly  

conaimteutly smooth and r e l a t i v e l y  high, falling promptly l i t e r  landing. 

Subjeet N ( b o o r d  4)  bad  about six hours of f ly ing .  His l esson  n: 
& i w 4  brief. Attention  should be oal led  t o  t h e  upsr ing in t h e  temperature 
o m e ,  a l s o  in t h o   h d d i t y  ourvep rhioh ocourred eeveral minutem prior t o  
h i s  P l igh t ,   This  i s  ooinaident  with a oonversation he had with t h e  flight 
d i r eo to r ,  i n  t h e  presence of t h e  assietante and during which he eeemed t o  be 
O m U t i O M l l Y  upset by t h e  ohange i n  p l ans   vh i&  tho   d i r eo to r   t o ld  him met be 
f o l l o n d .  

taken at d i f fe ren t   per iods  i n  h i s  C.P.T. t r a i n h g s  but all w i t h  t h e  Same re= 
o a d a r  ( !bo s)e Reoord 5 (chart 1) represents  him seoond 10OaOne It ram 
uncten t fu l (  he wss praotioing level flight. The temperature ri-0 pro- 

Rooordo 5 t o  8- (Charta1 and 2 )  represent four f l i g h t s  for subjeot  A S  

gressively  throughout the  flight With l i t t l e  or no until the  m- end& 
gLving a qui&  descent after landing,  Humidity  riaen a l i t t l e  elowlY at 



but r O r P a X n a  oonsietentiy  high and even throughorrt t h e  flight r i t b  b 

fairly ps@mp& O o o l l ~  following landing, ReoOrd 6 ( C h a r t  2 )  shore a 
loworad  temperaturo  probably  related t o   t h e  faot that t h o  environmentaZ 
tsmperatuPe Was 6.7 on t h i s  day,  compared with 18.3O C. on t h e  &y of t h e  
p€mlOus reeard.  During flight the  temperaturs  o m s  rises, but. not M 
prominently as i n  NO. 5-  Landing i s  not followed by a f a l l  i n  tecuperaturr. 

for some t i no .  Th i s  is assooiated e t h  en te r ing   t he  raiting room. The re-  
but after four o r  f ive  minutee  there  begin0 a prominent r i s e  which oontinues 

oorder was removed from the   s tudent  and the   oont inuat ion OP t he   r eoord  marks 
t h e  a.djustmeut of t h e  instrument t o  room tamperaturn. The humidity o m  
during f l i g h t  shows soma undulations,  hut  follloring  landing  tends t o  . b o  

and take-offs were praotioed. Tho humidity l ine I s  fa i r ly   conetan t   dur ing  
emowhat  higher. Reoard 7 (Ch& 2) ropresmts  a lwson  in whicth landingr .  

pro-f l ight ,  flightB and post-f l ight   per iods.  A t  the   t ime of entoring t h e  
p lane   there  wan a sharp  decl ine in temperature  followed by t h e  irregular 
rise whioh oontinud t h rough   t he   f l i gh t  and  held i ts  g e n e r d  leve l  following 
the  flight  Landings seem t o  hare  been exeouted rather smoothly B ~ O Q  t h e r e  
i s  no olear   ind ioa t ion  of them i n  the  tsmperaturr  reocrd.   Thie i o  not true 
for t h e  ssme reoordeP when t r a o h g  Wemrd Xumber 8 (Chart 2 ) .  This  wan a 

during t h e  l a t te r  part of whioh the  s tudent  eoioed, ana m e  considered  ready 
long lossonJ [the s n t i ~ e  reoord i s  not  reproduead) as t h y  notes   ind ioa te ,  

for eo10 l ioense.  It i s  i n t e r e s t i n g  t o  note that the   humidi ty   l ine  i n  t h i a  
recard i s  the   h ighes t  fa geasral f o r  t h e  four reoorde  representing this eub- 
jeOt. h l l e  he m e  soloing he h i t  t h e  t op   w i th  100% humiditys and h i s  tamp- 
erature   reoord a loo  0eeme t o  have beer? at i t s  peak f o r  that   dayt   a l though 
not higher than on other  days.  Thio may be an expression of t h e  oogling 
Offout produoed by t h e  saeatfng. Following final landing t h e  temperature rosa 
still higher.  while  tho  humidity  remained at lO@* 

. ~~ 

~~ . ~ .~ ~ ~ .~ ~ 

The t h r e e  Records 3 t o  11 iChart6 2 and 3) i no lue i r e  are all f o r  Subjeat 
D and mere t aken   w i th   t he  mme recorder  (No, 36IQ Thoee war* a l l  representa t ive  
of t h o  sooond h a l f  of t h e  ooureo for  Subjeat Do In Reoorda 9 t o  10 (Char t  2 )  
t h e   s t u d e n t  war pmot i a inq   l and ing  and t ak ing  off, Indioat ione of landing 
seem t o  be  present. The humidity o w e  bumped t h e   t o p  o f  100% regu la r ly  for 
t h i s  man, The temperaturs aurva  tended t o  r i m  throughout flights Pepreaented 
by Reoorda 9 t o  10 and t o  be dill higher   fo l lowing   the   f l igh5 ,   whi le  t h e  
humidity went down, I n  Reoord 11 (Ch& 3 )  Subjeot D had a f a i r l y  long flight t 
50 minutes. Tho plane was landed during t h i s   i n t e r v a l 9  t h e  instrUOtOr lefc  
t h e   s h i p $  and t h e   s t u d e d  was allowed t o  solo. The rsoord i s  not II p a r t i o u l a r l y  
legible   one,  but it seems t o  i n d i c a t e   t h a t  h e  got along  niaely.  He was prob- 
ably  doing  oonsiderable mental. sweating a8 t h e  humidity TaO lclo% for 16 minute8 
d u r i n g   t h e  latter p a r t  of t h e  f l i g h t  vhile the   t empera turs  oume remained 
at 29.T0 Following  landing  the  temperature ourve quickly rosa t o  318 and t h e  
humidity f e l l   o f f  t o  86$, It i s  nateworthy t h a t  t h e  f irst  solo flight of Sub-. 
j e o t  D seema muoh l e se  emotionally  eventful  than  does t h a t  of SubjeUt H 

similar  enviromentab  aonditions,  temperature  12-2' c, humidity 78$E t h e  
same wind oondi t lonsp and t h e  nmo plens,  

(Reoord 81, Eoth r e w r d e  were t aken   wi th   the   r soorderF  and  under  Closely 

(Chart 3). The firat two were taken s i t h   r e c a r d e r  36, t t i s  laat with rrpoprder 
These reoorda for.Sub:est E Q ~ Q  ino lvds l  as  Numbers 12. 138 and 14 

number 2 ,  No epeoial  aorrenenta are neoeseary exoept t h a t  judging from t h e  
temperature  and  the  humidity  during  f l ightp the hrais. seem8 t o  ba grea tor  on 
t h e   s u b j a d  in Raoords 13 end 14 thtln i n  Rsoord 12, The lest too reoords V6ba 
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w: 11/11/41,#2,5A.M.6.7°C,58H,W-4,NC27644 
Sk4SP.M. 1:56  E2:02  2:30 245 L3:02  3:17R_3:32 
FC 32.0  29.2  29.2  23:5_23.5  18.7  22.7  27.3 .~ 

H% 33  97,  97, 97 92.585,94, 94 88,97, 94 - Note: This  subject bad his so lo  l icense .  
~ .~~ %.~ ; 

r -  L .. ~ 

c € 

Subj-I: 11/31/41,#2,8A.M.5.O0C,70H,~m,NC27646 
- S8:57A.M.  8:59  E9:02A.M.9:15  9:27  L9:35  9:47 ElO:O5 
TC23.5  21.7  17.9 15.015.0 14.5  13.2  17.3 22.2 
H% 36,  33  33  37,  48.5,39,58,43  58,  79 - Note: Usual procedure: Level f l i g h t .  

Subj-G: 10/20/41,#36,5P.M.15.6°C,5,51,SW-8,NC29590 

TC25.2  25.7  27.3.29.5  31.0-31.0  32.4  32.4 
H$ 33,82,77.5 86  (33min) 86 77.5  77.5 
- Note: Pract iced level fxying.  Plane  took  off, made 
first t u r n  a t  500 f t . ,  r o s e   t o  1000 f t . ,  minor nec- 
essary  turns  taken a t  1000 t o  1500 f t .  

- S3:45 E 3:55,4:02,4:19  4:25  L4:30  &4:32 

Subj-N: 10/20/41,#3,5P.M.15.6°C,57H,SW-3,NC~!9590 

TC28.0-26.0  30.0  28.0120 min) 28.0(3 m?n)%.O 
H% 40 92 100 94 88.5j20 min) 88.5(3 min)88.5 

f i v e  minutes,  then  there i s  a sudden r ise ,  believed 
subject ' s   readings run normal continuous1.- f o r   t h i r k r -  

due t o  a conversation  with Mr. Vroom regarding a 
change in   h i s   f ly ing   schedule .  Has had some nours of 
flying,  about 6. 

- s4:05,  4:34,4:45  E4:55 - L5:  15 R5: 18 

- Note: Landed and  took-off twice durin:: period. This 

Subj-H: 10/21/41,#36,5P.M.18.3°C,75H,SW5,NC29590 I 

S2:OOP.M. 
TC28.6  28 .o 31.0  34.0  34.2  32.3  31 .O E . 

i _  <. % 

:. . , 

- - E:!:O5P.M.,2:16,2:32,2:42,L2:44P.M.E2:47P.M. ';~[ 

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

~~ 

r 



- ~~ f 

~ i. 
I 

~- 

L 

86 82 91 91 
. 

f lying.  

1 ~P 

Subj-H: ll/19/41,#36,8:~.M.11.l0C,64H,SW-6,NC27646 
.M. 3:05,5:3533:45 

29.5  34.4  29.1 54.4 34.4  34.0  36.2 
H% 33, 86 91 86 (30 min) 86 91 88.5 

- L4:lS  4:23E4:41 

: Landings and take-off's were practiced. 

Subj4-I: 12/2/41,#36,&.M.12.2°G,78E,SW-4,NC27644 - S2:OOP.M.2:1~2:15  2:38 3102 3:48  L4:01E4:19 
TC26.5  26.0 28.3(6W128.3 23.0 29.5-29.5 

Note: Plane landed at 2r52P.M. Instructor l e f t  ship. 

Ready for solo ' l icense.  

' G  33 96 96 86, 96 100 100- 100 

'Landing .and take-off's  practiced,  student solo'd. 
- 

- Note: Indications caused by landings.  Flight  period 
longer than Uew. 

T. 
SP.M.8.3°Cm  SW-9,NC27646 'w f:12  lr14  Ll:2$  L:33,1:37&1:44 

32.4 34.5 

- 
86 91 100 91,100 91 86 95 86 

Note: Plane  landed l:X, and t o o b o f f .  
S. 

D. 11-13-+v 9% 

Subj-D: ll/17/41,#36,5P.M.8.3.C,3U,WS,NC27646 

TC23.0  23.9 28.4 29.5-29.5  32.3  35.2  26.4,37.0 

Note:  Landings and take-off 1s practiced  during entire period. - 

c s m 3 7  Er44 - E12: 45 1: OS Ll: 18 lr 2 m :  30 

a I$ 33  86 100 100- 100 95,  86 91 86 91 

E D. H.17-ht 
Chart 2 

C .A .A.-N .R.C . Micro-Fiecorder  Records 6-10 



. .  
6 Note:Flight  period  long?- 

I' * student,  since he was  allowed  to 6010, after plane 
landed and instructor  left  ship. h 12-I-$/ *& C.~. ;;i 

\'. 3 

. ~- 
i: , ~ !..; 

2. ++--\ & s1:38 1:48 1:58 2.06L_2:10,2:16,2:41R_2:54~ 
Sub'-E: 10/30/41,#36,5P.M.  11.1°C,71H,id-4,NC27647 ~: 

T e e  H$ 33  77.5 82 (30  min) 
TC25.7  23.5  24.1  28.1  27.5  26.5 .?!i.O 35.335.3 

82 64 86 77.5 64 
s - Note:  Practiced l e v e l  flying. 

f3. 

4? 

,. 
1. 

Subj-E: 11/3/41,#36,5P.?.:.14.0°C,53H,SW-3,NC27647 
$1: 32 El: 38 2: 02 L2: 10 R 2:22 - 
TC22.027.6 35.2 24.5  24.5- 24.7 

91 

- - 

h.$ 33 80 95 100-100 95-95 91 
- Note:  Landing  and  take-off  clearly  shovm by bubble 
like  indications. Usual procedure. 

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

TC22.2m39.7,  26.5-  26.5  28.1  30.7  29.3  27.3,26.%6.7 2j.5 
G48, 85 88 88 94- 94 100-100 97,94,88 
Note:  Ten  minutes  during  flight  when  readings  impossible. b-' 
Landed  and  took-off  twice  during  flight,l:44,2:00 ${j 

C ~ .  +3;; 
'& - S1:lO 1:12 1:17 El:20 1:30 1:36 1:48 1:58 L2:06 R2:18 7:~:: ..~. 

.. ,'. ~. I , 

- ~? 

~. . 

%;; 
; .-~ 

r I .I. 

/ k  Ev-* Subj-F: 10/20/41,#35,5P.M.15.6°C,57S,SW-8,NC29590 
5 - Note:  Recorder  placed  on  student  while  seated  in  plane 

to  begin  flight. 

TC 21:O 25.0 25.525.5 26.1-26.1 

0- . ~ -  -fi - Note: Recorder  placed  on  subject  while  seated  in  plane, 

. *..~ 
E3:05P.M.  3:16  3:26  L3:41  343  I(3:50 C~'i 

g; 
"-5 

< " ;: 
ild 

- t;~.': 

K% 33  73  95 (.?5 min) 95 98-98 c .. 
i 

E to-rc.i~ s35- plane  ready  for  take-off.  Practiced  level  flying. 

5'4 . I, 

Chart 3 
C.A.A.4i.R.C.  Micro-Xecorder  Records 11-15 



. . ? ~  W*! -a . .  
~ . .  

, .~ .^ 
, .  . ~ 
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~~ , .  ~ . 
.. . 
:> % .. . 

H 
SUb1-F: ,11/3/41,#2,5P.M.14.0~C,52H,SW-3,NC?.7647 

2:14  E2:20  2:36  2:40  L2:54  E3:OO 
. I  ~ ~. TC20.7  27.8  35.1 %.ti-35.8 34.8 34.0, 35.4 . .  H848.5 88 69.5 82 ~ 91 69.5-69.5  79-79 . 

Note: Prac t iced   leve l   f ly ing .  
. ~I 

.~ 

~~ e >  :. ~ + . .. 

Sub.i-F: 11/4/41,#2,5P.M.13.3°C,4411,5-7,Nc29590 
S2:OOP.M. 2:08,2:19  E3:21  2:46  2:56 L258 A3:02 
TC22.7  33.0  35.7  35.5-35.5  36.6  36.9  36.9 
H%  33 42 , 91 48 84 88 66  39  69  69 

E 41-441 *2 
- 

;.::,a 
?>*> 

:.a- 
> "% 

~.".< : .* 18. 
~ y i  

I 

. .. 
M,68 50.5 
32.3. 33.1 

- Note: L a d i n g s  and take-off ' s   pract iced.  Ras  sever. h o ~ s  
of f l y i n g  a t  t h i s  period. 

tf Subj-F: 11/27/41,#2,5P.?4. ,12.Z°C,44iI,SW-7,NC-27644 
S2:OgP.M. 2:13  2:17 E2:18 2:25  2:43 L2:57,  R3:10 

a TC26.3 . 33.5  30.7  30.7  32.5  26.3  25.0  22.3~33.5 

'v- - a H$ 33 72.5 33 33- 79  33  45-45 75 94 33 

S ?  
Note: 7-20's, s teep   tu rns  and spins were pract iced  during 

L period.  
ll-27-9t f Z  

Subj-F: 12/2/41,#2,5P.M,12.2OC,78;:,Sd-4,NC27646~ 
- S2:42  3:OO  E3:06  3:16  4:02  L4:lO  &4:17 
TC35.0  36.5  33  30.7  14.4  i7.8 20.6 * G54.5  79 48 79 85 69  79 69 79 
- Note: During period  plane..lanced and i n s t r u c t o r   l e f t   t h e  
ship,  student  solold  remainder of period. Read:? f o r  so lo  
l icense .  

Chart 4 
C.A.A.-N.R.C. Micro-Recorder  Records 16-20 
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11.1 106 

12.2 139 7 31.0 34.0 34.0 

23.9 24.4  24.4 

31.3 32.9 34.4 

28.3 28.5 29.5 
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